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CELL DEATH-INDUCING DFFA-LIKE EFFECTOR B (CIDEB) iRNA COMPOSITIONS AND
METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority to U.S. Provisional Application No. 63/239,271,
filed on August 31, 2021, and claims the benefit of priority to U.S. Provisional Application No.
63/341,848, filed on May 13, 2022. The cntirc contents of the forcgoing applications arc hereby
incorporated herein by reference.

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted electronically in
XML format and is hereby incoroporated by reference in its entirety. The XML copy, created on June 14,
2023, is named A108868 1300WQO_SL.xml and is 18,162,483 bytes in size.

BACKGROUND OF THE INVENTION

Cell death-inducing DFFA-like effector B (CIDEB), a member of the CIDE protein family, is
primarily expressed in liver and small intestine. CIDEB is an endoplasmic reticulum (ER)- and lipid droplet
(LD)-associated protein. Overexpression of CIDEB protein induces cell death, but the physiological function
of CIDEB is more closely related to various lipid metabolic pathways, particularly the VLDL pathway.

Non-alcoholic fatty liver disease (NAFLD) is the commonest form of liver disease in all regions of the
world with modern industrialized economies, including Korea and many other Asian countries. Patients
usually present without symptoms or clinical features are non-specific. Instead, liver abnormalities are found
incidentally by hepatic imaging, particularly ultrasonography, and/or there are raised liver enzymes (alanine
aminotransferase [ALT] and gamma-glutamyltranspeptidase). The diagnosis of NAFLD requires exclusion of
other disorders, particularly viral hepatitis, significant alcohol intake, and exposure to potentially hepatotoxic
medications. By agreements such as the Asia-Pacific Guidelines on NAFLD), the term NAFLD is now retained
for cases of fatty liver associated with metabolic complications of over-nutrition, usually with central obesity
and overweight.

Non-alcoholic steatohepatitis (NASH) is considered the progressive form of nonalcoholic fatty liver
disease (NAFLD) and 1s characterized by liver steatosis, inflammation, hepatocellular injury and different
degrees of fibrosis. Adipose tissue dysfunction and the hepatic inflammatory response have a fundamental role
during NASH development. Cellular and molecular response mechanisms also promote liver inflammation in
the absence of a fatty liver by inducing a chronic inflammatory response that results in hepatocyte damage.

Accordingly, there is a need for improved methods of treating chronic inflammatory discases of the

liver, such as NASH, including agents that can sclectively and efficiently inhibit the CIDEB gene.
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BRIEF SUMMARY OF THE INVENTION

There 1s a need for improved methods of treating chronic inflammatory diseases of the liver, such as
NASH, including agents that can selectively and efficiently inhibit the CIDEB gene. Current standards of care
for subjects with chronic inflammatory diseases include lifestyle modifications (diet and exercise, cessation of
smoking, drinking, etc.), steroidal and/or nonsteroidal anti-inflammatory medications, and management of
associated comorbiditics, e.g., hypertension, hyperlipidemia, diabetes, efc. Once established, chronic
inflammatory conditions can maintain a self-perpetuating cycle of inflammation, tissue damage, release of
proinflammatory damage-associated molecular patterns (DAMPs) from injured cells, and cytokine release
leading to further inflammation. Abrogation of liver inflammation could be achieved by exploiting active,
physiological pro-resolving mechanisms instead of the classical passive blockade of pro-inflammatory
mediators. (Schuster et al., Nature Reviews Gastroenterology & Hepatology, volume 15, pages 349-364,
2018).

The present invention provides iRNA compositions which effect the RNA-induced silencing complex
(RISC)-mediated cleavage of RNA transcripts of a cell death-inducing DFF A-like effector b (CIDEB)
gene. The CIDEB gene may be within a cell, e.g., a cell within a subject, such as a human. The present
invention also provides methods of using the iIRNA compositions of the invention for inhibiting the expression
of a CIDEB gene and/or for treating a subject who would benefit from inhibiting or reducing the expression of
a CIDEB gene, e.g., a subject suffering or prone to suffering from a CIDEB-associated disease, for example, a
chronic inflammatory disease.

Accordingly, in one aspect, the present invention provides a double stranded ribonucleic acid
(dsRNA) agent for inhibiting expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell.
The dsRNA agent includes a sense strand and an antisense strand, wherein the sense strand comprises at least
15 contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from the nucleotide sequence of
SEQ ID NO: 1 and the antisense strand comprises at least 15 contiguous nucleotides differing by no more than
1, 2, or 3 nucleotides from the nucleotide sequence of SEQ ID NO: 2. In some embodiments, the dsRNA agent
includes a sense strand and an antisense strand, wherein the sense strand comprises at least 15 contiguous
nucleotides from the nucleotide sequence of SEQ ID NO: 1 and the antisense strand comprises at least 15
contiguous nucleotides from the nucleotide sequence of SEQ ID NO: 2.

In another aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent
for inhibiting expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA
agent includes a sense strand and an antisense strand forming a double stranded region, wherein said antisense
strand comprises a region of complementarity to an mRNA encoding CIDEB which comprises at least 15
contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from any one of the antisense

sequences listed in Tables 3-6. In some embodiments, the dsRNA agent includes a sense strand and an
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antisense strand forming a double stranded region, wherein said antisense strand comprises a region of
complementarity to an mRNA encoding CIDEB which comprises at least 15 contiguous nucleotides from any
one of the antisense sequences listed in Tables 3-6.

In one embodiment, the present invention provides a double stranded ribonucleic acid (dsRNA) agent
for inhibiting expression of cell death-inducing DFFA-like effector b (CIDEB), wherein the dsRNA agent
comprises (a) an antisense strand comprising a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700555 and a sense strand comprising a nucleotide sequence comprising at least 15 contiguous nucleotides,
with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1700555; (b) an
antisense strand comprising a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2,
or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-1700821 and a sense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
from the sense strand nucleotide sequence of duplex AD-1700821; (c) an antisense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the
antisense strand nucleotide sequence of duplex AD-1700369 and a sense strand comprising a nucleotide
sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand
nucleotide sequence of duplex AD-1700369; (d) an antisense strand comprising a nucleotide sequence
comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand
nucleotide sequence of duplex AD-1699976 and a sense strand comprising a nucleotide sequence comprising
at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of
duplex AD-1699976; (¢) an antisense strand comprising a nucleotide sequence comprising at least 15
contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex
AD-1700374 and a sense strand comprising a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1700374;
(f) an antisense strand comprising a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0,
1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-1700314 and a sense
strand comprising a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3
mismatches, from the sense strand nucleotide sequence of duplex AD-1700314; (g) an antisense strand
comprising a nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches,
from the antisense strand nucleotide sequence of duplex AD-1700376 and a sense strand comprising a
nucleotide sequence comprising at least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the
sense strand nucleotide sequence of duplex AD-1700376; (h) an antisense strand comprising a nucleotide

1,2

2 2 2

sequence comprising at least 15 contiguous nucleotides, with 0 or 3 mismatches, from the antisense

strand nucleotide sequence of duplex AD-1699964 and a sense strand comprising a nucleotide sequence

1,2

? ? ?

comprising at least 15 contiguous nucleotides, with 0 or 3 mismatches, from the sense strand nucleotide

3

SUBSTITUTE SHEET (RULE 26)



WO 2023/034837 PCT/US2022/075715

sequence of duplex AD-1699964; or (1) an antisense strand comprising a nucleotide sequence comprising at
least 15 contiguous nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence
of duplex AD-1700556 and a sense strand comprising a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-1700556.
In another embodiment, the region of complementarity comprises at least 15 contiguous
nucleotides differing by no more than 1, 2, or 3 nucleotides from any one of nucleotides 29-51, 67-89,
154-176, 163-185, 173-195, 184-206, 196-218, 206-228, 257-279, 270-292, 446-468, 459-481, 468-490,
518-540, 530-552, 641-663, 687-709, 702-724, 711-733, 727-749, 758-780, 769-791, 781-803, 790-812,
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807-829, 839-861, 850-872, 874-896, 907-929, 917-939, 958-980, 974-996, 983-1005, 999-1021, 1009-
1031, 1018-1040, 1027-1049, 1036-1058, 1045-1067, 1054-1076, 1080-1102, 1089-1111, 1098-1120,
1108-1130, 1140-1162, 1156-1178, 1174-1196, 1183-1205, 1192-1214, 1205-1227, 1214-1236, 1225-
1247, 1254-1276, 1263-1285, 1273-1295, 1282-1304, 1292-1314, 1316-1338, 1337-1359, 1350-1372,
1364-1386, 1375-1397, 1408-1430, 1417-1439, 1429-1451, 1454-147, 1478-1500, 1487-1509, 1496-
1518, 1507-1529, 1519-1541, 1542-1564, 1552-1574, 1562-1584, 1573-1595, 1585-1607, 1597-1619,
1607-1629, 1623-1645, 1633-1655, 1642-1664, 1651-1673, 1668-1690, 1677-1699, 1691-1713, 1700-
1722, 1712-1734, 1749-1771, 1764-1786, 1773-1795, 1784-1806, 1796-1818, 1807-1829, 1824-1846,
1833-18535, 1847-1869, 1856-1878, 1865-1887, 1881-1903, 1896-1918, 1905-1927, 1921-1943, 1938-
1960, 1948-1970, 1961-1983, 1970-1992, 1994-2016, 2008-2030, 2017-2039, 2056-2078, 2066-2088,
2075-2097, 2087-2109, 2096-2118, 2106-2128, 2116-2138, 2129-2151, 2176-2198, 2185-2207, 2196-
2218, 2207-2229, 2220-2242, 2236-2258, 2247-2269, 2256-2278, 2265-2287, 2274-2296, 2299-2321,
2309-2331, 2318-2340, 2349-2371, 2371-2393, 2382-2404, 2391-2413, 2401-2423, 1267-1289, 1270-
1292, 1271-1293, 1272-1294, 1273-1295, 1274-1296, 1275-1297, 1276-1298, 1278-1300, 1285-1307,
1294-1316, 1295-1317, 1327-1349, 1330-1352, 1371-1393, 1372-1394, 1374-1396, 1407-1429, 1410-
1432, 1413-1435, 1414-1436, 1415-1437, 1416-1438, 1419-1441, 1420-1442, 1421-1443, 1422-1444,
1425-1447, 1426-1448, 1427-1449, 1428-1450, 1429-1451, 1430-1452, 1431-1453, 1432-1454, 1433-
1455, 1478-1500, 1498-1520, 1500-1522, 1501-1523, 1502-1524, 1503-1525, 1504-1526, 1545-1567,
1548-1570, 1549-1571, 1550-1572, 1551-1573, 1559-1581, 1560-1582, 1562-1584, 1565-1587, 1567-
1589, 1568-1590, 1569-1591, 1572-1594, 1577-1599, 1580-1602, 1581-1603, 1582-1604, 1583-1605,
1584-1606, 1589-1611, 1590-1612, 1593-1615, 1616-1638, 1617-1639, 1624-1646, 1626-1648, 1627-
1649, 1628-1650, 1634-1656, 1635-1657, 1648-1670, 1655-1677, 1656-1678, 1657-1679, 1658-1680,
1659-1681, 1661-1683, 1681-1703, 1710-1732, 1711-1733, 1712-1734, 1713-1735, 1716-1738, 1717-
1739, 1718-1740, 1720-1742, 1744-1766, 1751-1773, 1752-1774, 1775-1797, 1781-1803, 1784-1806,
1786-1808, 1787-1809, 1788-1810, 1789-1811, 1790-1812, 1795-1817, 1796-1818, 1797-1819, 1799-
1821, 1800-1822, 1801-1823, 1808-1830, 1811-1833, 1816-1838, 1822-1844, 1824-1846, 1825-1847,
1826-1848, 1827-1849, 1828-1850, 1829-1851, 1830-1852, 1831-1853, 1837-1859, 1838-1860, 1840-
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1862, 1841-1863, 1842-1864, 1843-1865, 1844-1866, 1846-1868, 1847-1869, 1848-1870, 1850-1872,
1855-1877, 1856-1878, 1857-1879, 1858-1880, 1859-1881, 1860-1882, 1880-1902, 1882-1904, 1883-
1905, 1885-1907, 1886-1908, 1894-1916, 1895-1917, 1896-1918, 1897-1919, 1898-1920, 1899-1921,
1900-1922, 1911-1933, 1933-1955, 1934-1956, 1936-1958, 1937-1959, 1940-1962, 1945-1967, 1946-
1968, 1948-1970, 1949-1971, 1951-1973, 1954-1976, 1957-1979, 1958-1980, 1959-1981, 1960-1982,
1961-1983, 1962-1984, 2011-2033, 2013-2035, 2014-2036, 2016-2038, 2074-2096, 2076-2098, 2082-
2104, 2085-2107, 2086-2108, 2087-2109, 2088-2110, 2089-2111, 2090-2112, 2092-2114, 2095-2117,
2098-2120, 2105-2127, 2107-2129, 2108-2130, 2110-2132, 2112-2134, 2114-2136, 2192-2214, 2239-
2261, 2240-2262, 2249-2271, 2250-2272, 2253-2275, 2300-2322, 2346-2368, 2347-2369, 2348-2370,
2432-2454, 2433-2455, 2434-2456, 1267-1289, 1276-1298, 1277-1299, 1279-1301, 1283-1305, 1284-
1306, 1285-1307, 1286-1308, 1292-1314, 1295-1317, 1319-1341, 1328-1350, 1329-1351, 1330-1352,
1331-1353, 1332-1354, 1340-1362, 1341-1363, 1342-1364, 1343-1365, 1344-1366, 1345-1367, 1346-
1368, 1368-1390, 1371-1393, 1373-1395, 1375-1397, 1408-1430, 1417-1439, 1418-1440, 1419-1441,
1423-1445, 1424-1446, 1430-1452, 1431-1453, 1437-1459, 1443-1465, 1478-1500, 1503-1525, 1512-
1534, 1544-1566, 1545-1567, 1546-1568, 1547-1569, 1552-1574, 1553-1575, 1560-1582, 1561-1583,
1563-1585, 1566-1588, 1567-1589, 1570-1592, 1571-1593, 1572-1594, 1573-1595, 1574-1596, 1578-
1600, 1579-1601, 1580-1602, 1584-1606, 1585-1607, 1586-1608, 1593-1615, 1595-1617, 1599-1621,
1600-1622, 1603-1625, 1609-1631, 1611-1633, 1612-1634, 1613-1635, 1614-1636, 1616-1638, 1618-
1640, 1619-1641, 1620-1642, 1621-1643, 1622-1644, 1623-1645, 1625-1647, 1629-1651, 1632-1654,
1633-1655, 1635-1657, 1640-1662, 1645-1667, 1647-1669, 1651-1673, 1656-1678, 1657-1679, 1660-
1682, 1680-1702, 1704-1726, 1705-1727, 1707-1729, 1709-1731, 1713-1735, 1714-1736, 1715-1737,
1716-1738, 1719-1741, 1720-1742, 1749-1771, 1773-1795, 1774-1796, 1775-1797, 1776-1798, 1778-
1800, 1782-1804, 1783-1805, 1784-1806, 1785-1807, 1791-1813, 1792-1814, 1793-1815, 1805-1827,
1809-1831, 1810-1832, 1812-1834, 1813-1835, 1815-1837, 1817-1839, 1818-1840, 1819-1841, 1826-
1848, 1833-1855, 1834-1856, 1836-1858, 1838-1860, 1839-1861, 1841-1863, 1844-1866, 1846-1868,
1847-1869, 1851-1873, 1852-1874, 1853-1875, 1854-1876, 1856-1878, 1860-1882, 1861-1883, 1880-
1902, 1881-1903, 1882-1904, 1884-1906, 1887-1909, 1888-1910, 1889-1911, 1893-1915, 1900-1922,
1902-1924, 1910-1932, 1912-1934, 1917-1939, 1936-1958, 1941-1963, 1942-1964, 1944-1966, 1945-
1967, 1949-1971, 1955-1977, 1962-1984, 2011-2033, 2015-2037, 2016-2038, 2074-2096, 2075-2097,
2076-2098, 2083-2105, 2091-2113, 2093-2115, 2094-2116, 2095-2117, 2096-2118, 2102-2124, 2103-
2125,2106-2128,2109-2131, 2111-2133, 2112-2134, 2113-2135, 2115-2137, 2117-2139, 2241-2263,
2250-2272, 2253-2275, 2300-2322, 2301-2323, 2343-2365, 2347-2369, 2349-2371, 1796-1818, 1270-
1292, 1624-1646, 1795-1817, 1822-1844, 1847-1869, 1582-1604, 1582-1604, 1582-1604, 1570-1592,
2110-2132, 1954-1976, 2013-2035, 1840-1862, 2114-2136, 1565-1587, 1808-1830, 2249-2271, 1614-
1636, 1655-1677, 1581-1603, 1717-1739, 1717-1739, 1717-1739, 1883-1905, 1894-1916, 1957-1979,

5

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

1957-1979, 1957-1979, 1786-1808, 1681-1703, 1589-1611, 2098-2120, 1327-1349, 2432-2454, 1374-
1396, 1911-1933, 1372-1394, 1816-1838, 2240-2262, 1577-1599, 2105-2127, 2092-2114, 1951-1973,
2346-2368, 1781-1803, 2014-2036, 1410-1432, 1940-1962, 1718-1740, 1859-1881, 1744-1766, 1787-
1809, 1787-1809, 1787-1809, 1855-1877, or 2082-2104 of SEQ ID NO: 1. In some embodiments, the
region of complementarity comprises at least 15 contiguous nucleotides from any one of nucleotides 29-
51, 67-89, 154-176, 163-185, 173-195, 184-206, 196-218, 206-228, 257-279, 270-292, 446-468, 459-481,
468-490, 518-540, 530-552, 641-663, 687-709, 702-724, 711-733, 727-749, 758-780, 769-791, 781-803,
790-812, 807-829, 839-861, 850-872, 874-896, 907-929, 917-939, 958-980, 974-996, 983-1005, 999-
1021, 1009-1031, 1018-1040, 1027-1049, 1036-1058, 1045-1067, 1054-1076, 1080-1102, 1089-1111,
1098-1120, 1108-1130, 1140-1162, 1156-1178, 1174-1196, 1183-1203, 1192-1214, 1205-1227, 1214-
1236, 1225-1247, 1254-1276, 1263-1285, 1273-1295, 1282-1304, 1292-1314, 1316-1338, 1337-1359,
1350-1372, 1364-1386, 1375-1397, 1408-1430, 1417-1439, 1429-1451, 1454-147, 1478-1500, 1487-
1509, 1496-1518, 1507-1529, 1519-1541, 1542-1564, 1552-1574, 1562-1584, 1573-1595, 1585-1607,
1597-1619, 1607-1629, 1623-1645, 1633-1653, 1642-1664, 1651-1673, 1668-1690, 1677-1699, 1691-
1713, 1700-1722, 1712-1734, 1749-1771, 1764-1786, 1773-1793, 1784-1806, 1796-1818, 1807-1829,
1824-1846, 1833-1855, 1847-1869, 1856-1878, 1865-1887, 1881-1903, 1896-1918, 1905-1927, 1921-
1943, 1938-1960, 1948-1970, 1961-1983, 1970-1992, 1994-2016, 2008-2030, 2017-2039, 2056-2078,
2066-2088, 2075-2097, 2087-2109, 2096-2118, 2106-2128, 2116-2138, 2129-2151, 2176-2198, 2185-
2207, 2196-2218, 2207-2229, 2220-2242, 2236-2258, 2247-2269, 2256-2278, 2265-2287, 2274-2296,
2299-2321, 2309-2331, 2318-2340, 2349-2371, 2371-2393, 2382-2404, 2391-2413, 2401-2423, 1267-
1289, 1270-1292, 1271-1293, 1272-1294, 1273-1295, 1274-1296, 1275-1297, 1276-1298, 1278-1300,
1285-1307, 1294-1316, 1295-1317, 1327-1349, 1330-1352, 1371-1393, 1372-1394, 1374-1396, 1407-
1429, 1410-1432, 1413-1435, 1414-1436, 1415-1437, 1416-1438, 1419-1441, 1420-1442, 1421-1443,
1422-1444, 1425-1447, 1426-1448, 1427-1449, 1428-1450, 1429-1451, 1430-1452, 1431-1453, 1432-
1454, 1433-1455, 1478-1500, 1498-1520, 1500-1522, 1501-1523, 1502-1524, 1503-1525, 1504-1526,
1545-1567, 1548-1570, 1549-1571, 1550-1572, 1551-1573, 1559-1581, 1560-1582, 1562-1584, 1565-
1587, 1567-1589, 1568-1590, 1569-1591, 1572-1594, 1577-1599, 1580-1602, 1581-1603, 1582-1604,
1583-1605, 1584-1606, 1589-1611, 1590-1612, 1593-1615, 1616-1638, 1617-1639, 1624-1646, 1626-
1648, 1627-1649, 1628-1650, 1634-1656, 1635-1657, 1648-1670, 1655-1677, 1656-1678, 1657-1679,
1658-1680, 1659-1681, 1661-1683, 1681-1703, 1710-1732, 1711-1733, 1712-1734, 1713-1735, 1716-
1738, 1717-1739, 1718-1740, 1720-1742, 1744-1766, 1751-1773, 1752-1774, 1775-1797, 1781-1803,
1784-1806, 1786-1808, 1787-1809, 1788-1810, 1789-1811, 1790-1812, 1795-1817, 1796-1818, 1797-
1819, 1799-1821, 1800-1822, 1801-1823, 1808-1830, 1811-1833, 1816-1838, 1822-1844, 1824-1846,
1825-1847, 1826-1848, 1827-1849, 1828-1850, 1829-1851, 1830-1852, 1831-1853, 1837-1859, 1838-
1860, 1840-1862, 1841-1863, 1842-1864, 1843-1865, 1844-1866, 1846-1868, 1847-1869, 1848-1870,
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1850-1872, 1855-1877, 1856-1878, 1857-1879, 1858-1880, 1859-1881, 1860-1882, 1880-1902, 1882-
1904, 1883-1905, 1885-1907, 1886-1908, 1894-1916, 1895-1917, 1896-1918, 1897-1919, 1898-1920,
1899-1921, 1900-1922, 1911-1933, 1933-1955, 1934-1956, 1936-1958, 1937-1959, 1940-1962, 1945-
1967, 1946-1968, 1948-1970, 1949-1971, 1951-1973, 1954-1976, 1957-1979, 1958-1980, 1959-1981,
1960-1982, 1961-1983, 1962-1984, 2011-2033, 2013-2035, 2014-2036, 2016-2038, 2074-2096, 2076-
2098, 2082-2104, 2085-2107, 2086-2108, 2087-2109, 2088-2110, 2089-2111, 2090-2112,2092-2114,
2095-2117, 2098-2120, 2105-2127, 2107-2129, 2108-2130, 2110-2132, 2112-2134, 2114-2136, 2192-
2214, 2239-2261, 2240-2262, 2249-2271, 2250-2272, 2253-2275, 2300-2322, 2346-2368, 2347-2369,
2348-2370, 2432-2454, 2433-2455, 2434-2456, 1267-1289, 1276-1298, 1277-1299, 1279-1301, 1283-
1305, 1284-1306, 1285-1307, 1286-1308, 1292-1314, 1295-1317, 1319-1341, 1328-1350, 1329-1351,
1330-1352, 1331-1353, 1332-1354, 1340-1362, 1341-1363, 1342-1364, 1343-1365, 1344-1366, 1345-
1367, 1346-1368, 1368-1390, 1371-1393, 1373-1395, 1375-1397, 1408-1430, 1417-1439, 1418-1440,
1419-1441, 1423-1445, 1424-1446, 1430-1452, 1431-1453, 1437-1459, 1443-1465, 1478-1500, 1503-
1525, 1512-1534, 1544-1566, 1545-1567, 1546-1568, 1547-1569, 1552-1574, 1553-1575, 1560-1582,
1561-1583, 1563-1585, 1566-1588, 1567-1589, 1570-1592, 1571-1593, 1572-1594, 1573-1595, 1574-
1596, 1578-1600, 1579-1601, 1580-1602, 1584-1606, 1585-1607, 1586-1608, 1593-1615, 1595-1617,
1599-1621, 1600-1622, 1603-1625, 1609-1631, 1611-1633, 1612-1634, 1613-1635, 1614-1636, 1616-
1638, 1618-1640, 1619-1641, 1620-1642, 1621-1643, 1622-1644, 1623-1645, 1625-1647, 1629-1651,
1632-1654, 1633-1655, 1635-1657, 1640-1662, 1645-1667, 1647-1669, 1651-1673, 1656-1678, 1657-
1679, 1660-1682, 1680-1702, 1704-1726, 1705-1727, 1707-1729, 1709-1731, 1713-1735, 1714-1736,
1715-1737, 1716-1738, 1719-1741, 1720-1742, 1749-1771, 1773-1795, 1774-1796, 1775-1797, 1776~
1798, 1778-1800, 1782-1804, 1783-1805, 1784-1806, 1785-1807, 1791-1813, 1792-1814, 1793-1815,
1805-1827, 1809-1831, 1810-1832, 1812-1834, 1813-1835, 1815-1837, 1817-1839, 1818-1840, 1819-
1841, 1826-1848, 1833-1855, 1834-1856, 1836-1858, 1838-1860, 1839-1861, 1841-1863, 1844-1866,
1846-1868, 1847-1869, 1851-1873, 1852-1874, 1853-1875, 1854-1876, 1856-1878, 1860-1882, 1861-
1883, 1880-1902, 1881-1903, 1882-1904, 1884-1906, 1887-1909, 1888-1910, 1889-1911, 1893-1915,
1900-1922, 1902-1924, 1910-1932, 1912-1934, 1917-1939, 1936-1958, 1941-1963, 1942-1964, 1944-
1966, 1945-1967, 1949-1971, 1955-1977, 1962-1984, 2011-2033, 2015-2037, 2016-2038, 2074-2096,
2075-2097, 2076-2098, 2083-2105, 2091-2113, 2093-2115, 2094-2116, 2095-2117, 2096-2118, 2102-
2124, 2103-2125, 2106-2128, 2109-2131, 2111-2133, 2112-2134, 2113-2135, 2115-2137, 2117-2139,
2241-2263, 2250-2272, 2253-2275, 2300-2322, 2301-2323, 2343-2365, 2347-2369, 2349-2371, 1796-
1818, 1270-1292, 1624-1646, 1795-1817, 1822-1844, 1847-1869, 1582-1604, 1582-1604, 1582-1604,
1570-1592, 2110-2132, 1954-1976, 2013-2035, 1840-1862, 2114-2136, 1565-1587, 1808-1830, 2249-
2271, 1614-1636, 1655-1677, 1581-1603, 1717-1739, 1717-1739, 1717-1739, 1883-1905, 1894-1916,
1957-1979, 1957-1979, 1957-1979, 1786-1808, 1681-1703, 1589-1611, 2098-2120, 1327-1349, 2432-
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2454, 1374-1396, 1911-1933, 1372-1394, 1816-1838, 2240-2262, 1577-1599, 2105-2127, 2092-2114,
1951-1973, 2346-2368, 1781-1803, 2014-2036, 1410-1432, 1940-1962, 1718-1740, 1859-1881, 1744-
1766, 1787-1809, 1787-1809, 1787-1809, 1855-1877, or 2082-2104 of SEQ ID NO: 1.

In one embodiment, the dsRNA agent comprises at least one modified nucleotide.

In one embodiment, substantially all of the nucleotides of the sense strand comprise a modification.
In another embodiment, substantially all of the nucleotides of the antisense strand comprise a modification. In
yet another embodiment, substantially all of the nucleotides of the sense strand and substantially all of the
nucleotides of the antisense strand comprise a modification.

In one aspect, the present invention provides a double stranded ribonucleic acid (dSRNA) agent for
inhibiting expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent
includes a sense strand and an antisense strand forming a double stranded region, wherein the sense strand
comprises at least 15 contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from the
nucleotide sequence of SEQ ID NO:1 and the antisense strand comprises at least 15 contiguous nucleotides
differing by no more than 1, 2, or 3 nucleotides from the nucleotide sequence of SEQ ID NO:2, wherein
substantially all of the nucleotides of the sense strand and substantially all of the nucleotides of the antisense
strand are modified nucleotides, and wherein the sense strand is conjugated to a ligand attached at the 3°-
terminus. In some embodiments, the dsRNA agent includes a sense strand and an antisense strand forming a
double stranded region, wherein the sense strand comprises at least 15 contiguous nucleotides from the
nucleotide sequence of SEQ ID NO: 1 and the antisense strand comprises at least 15 contiguous nucleotides
from the nucleotide sequence of SEQ ID NO:2, wherein substantially all of the nucleotides of the sense strand
and substantially all of the nucleotides of the antisense strand are modified nucleotides, and wherein the sense
strand is conjugated to a ligand attached at the 3’ -terminus.

In one embodiment, all of the nucleotides of the sense strand comprise a modification. In another
embodiment, all of the nucleotides of the antisense strand comprise a modification. In yet another
embodiment, all of the nucleotides of the sense strand and all of the nucleotides of the antisense strand
comprise a modification.

In one embodiment, at least one of said modified nucleotides is selected from the group consisting of a
deoxy-nucleotide, a 3’-terminal deoxy-thymine (dT) nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro
modified nucleotide, a 2'-deoxy-modified nucleotide, a locked nucleotide, an unlocked nucleotide, a
conformationally restricted nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, a 2°-amino-
modified nucleotide, a 2’-0-allyl-modified nucleotide, 2°-C-alkyl-modified nucleotide, 2’-hydroxyl-modified
nucleotide, a 2°-methoxyethyl modified nucleotide, a 2°-0-alkyl-modified nucleotide, a morpholino
nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran modified
nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclohexenyl modified nucleotide, a nucleotide

comprising a phosphorothioate group, a nucleotide comprising a methylphosphonate group, a nucleotide
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comprising a 5”-phosphate, a nucleotide comprising a 5°-phosphate mimic, a glycol modified nucleotide, and a
2-0-(N-methylacetamide) modified nucleotide, and combinations thereof.

In one embodiment, the nucleotide modifications are 2’-O-methyl and/or 2’-fluoro modifications.

The region of complementarity may be at least 17 nucleotides in length; 19 to 30 nucleotides in

5 length;19-25 nucleotides in length; or 21 to 23 nucleotides in length.

Each strand may be no more than 30 nucleotides in length, e.g., each strand is independently 19-30
nucleotides in length; each strand is independently 19-25 nucleotides in length; each strand is independently
21-23 nucleotides in length.

The dsRNA may include at least one strand that comprises a 3~ overhang of at least 1 nucleotide; or at

10 least one strand that comprises a 3 overhang of at least 2 nucleotides.
In some embodiment, the dSRNA agent further comprises a ligand.
In one embodiment, the ligand is conjugated to the 3 end of the sense strand of the dSRNA agent.

In one embodiment, the ligand is an N-acetylgalactosamine (GalNAc) derivative.

In one embodiment, the ligand is

Ho °H
0
0

15

and, wherein X is O or S.
In one embodiment, the X is O.
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In one embodiment, the region of complementarity comprises any one of the antisense sequences in
Tables 3-6.

In one aspect, the present invention provides a double stranded for inhibiting expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent includes a sense strand complementary
to an antisense strand, wherein the antisense strand comprises a region complementary to part of an mRNA
encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides in length, wherein said dsSRNA

agent is represented by formula (Ij):

sense: 5'1p-Ng-(X X X) i-Np-Y Y Y -Np-(Z Z Z);-N; - ng 3'
antisense: 31y N (XXX )Ny -YY'Y'-Ny'-(ZZ'Z')-Ny-ng' 5 (Ij)
wherein;

1, ], k, and 1 are each independently O or 1;
p.p’. q. and q are each independently 0-6;
cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;
each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thereof;,
each np, ny', ng, and ng', each of which may or may not be present, independently represents an
overhang nucleotide;
XXX, YYY, ZZZ, X'X'X', Y'Y'Y', and Z'Z'Z’ each independently represent one motif of three
1dentical modifications on three consecutive nucleotides;
modifications on Ny differ from the modification on Y and modifications on Ny’ differ from the
modification on Y'; and
wherein the sense strand is conjugated to at least one ligand.
In one embodiment, 11s 0;j1s 0;11s 1;j1is 1; both 1 and j are 0; or both 1 and j are 1. In another
embodiment, k 1s 0; 11s 0; k 1s 1; 11s 1; both k and 1 are 0; or both k and I are 1.
In one embodiment, XXX is complementary to X'X'X', YYY 1s complementary to Y'Y'Y', and ZZZ is
complementary to Z'Z'Z".
In one embodiment, the YY'Y motif occurs at or near the cleavage site of the sense strand, e.g., the
Y'Y'Y' motif occurs at the 11, 12 and 13 positions of the antisense strand from the 5'-end.

In one embodiment, formula (Ij) is represented by formula (Ik):

sense: 5'1p-Na-Y Y Y -Ny-ng 3'
antisense: 3'np-Na- YY'Y'-Ny-ng 53' (Ik).
In another embodiment, formula (Ij) is represented by formula (I1):
sense: 5'mp-Na-YYY -Ny-ZZZ -N;-ng 3'
10
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antisense: 3'ny-Na- YY'Y'-Ny-Z'Z'Z'- No- ng 5' (1)

wherein each Ny and Ny' independently represents an oligonucleotide sequence comprising 1-5
modified nucleotides.

In yet another embodiment, formula (Ij) is represented by formula (Im):

sense: 5'mp -Na XXX -Np-YY Y -Ny-ng 3

antisense: 3" np-Ng- X'X'X“Np- YY'Y'-Ny-ng 5" (Im)

wherein each Ny and Ny’ independently represents an oligonucleotide sequence comprising 1-5
modified nucleotides.

In another embodiment, formula (Ij) is represented by formula (In):

sense: 3'0p N XXX-Ny-YYY-Ny-ZZZ -N; -4 3'

antisense: 3'np-Ng- X'X'X'-Np-YY'Y'-Ny-Z'Z'Z'- Ng-ng 5 (In)

wherein each Ny and Ny’ independently represents an oligonucleotide sequence comprising 1-3
modified nucleotides and each N, and N’ independently represents an oligonucleotide sequence comprising 2-
10 modified nucleotides.

The region of complementarity may be at least 17 nucleotides in length; 19 to 30 nucleotides in
length:19-25 nucleotides in length; or 21 to 23 nucleotides in length.

Each strand may be no more than 30 nucleotides in length, e.g., each strand is independently 19-30
nucleotides in length.

In one embodiment, the modifications on the nucleotides are selected from the group consisting of
LNA, HNA, CeNA, 2'-methoxyethyl, 2’-O-alkyl, 2’-O-allyl, 2'-C- allyl, 2’-fluoro, 2°-O-methyl, 2'-deoxy, 2°-
hydroxyl, and combinations thereof.

In one embodiment, the modifications on the nucleotides are 2'-0-methyl or 2'-fluoro modifications.

In one embodiment, the Y' is a 2'-O-methyl or 2°-flouro modified nucleotide.

In one embodiment, at least one strand of the dSRNA agent may comprise a 3 overhang of at least 1
nucleotide; or a 3” overhang of at least 2 nucleotides.

In one embodiment, the dsRNA agent further comprises at least one phosphorothioate or
methylphosphonate internucleotide linkage.

In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage is at the 3°-
terminus of one strand. In one embodiment, the strand is the antisense strand. In another embodiment, the
strand 1s the sense strand.

In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage is at the 5°-
terminus of one strand. In one embodiment, the strand is the antisense strand. In another embodiment, the
strand is the sense strand.

In one embodiment, the strand is the antisense strand. In another embodiment, the strand is the sense
strand.
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In one embodiment, the phosphorothioate or methylphosphonate internucleotide linkage 1s at both the
5’-and 3’-terminus of one strand.

In one embodiment, the base pair at the 1 position of the 5'-end of the antisense strand of the duplex is
an AU base pair.

In one embodiment, p>0. In another embodiment, p'=2.

In one embodiment, q’=0, p=0, q=0, and p’ overhang nucleotides are complementary to the target
mRNA. In another embodiment, q’=0, p=0, =0, and p’ overhang nucleotides are non-complementary to the
target mRNA.

In one embodiment, the sense strand has a total of 21 nucleotides and the antisense strand has a total
of 23 nucleotides.

In one embodiment, at least one n,' is linked to a neighboring nucleotide via a phosphorothioate
linkage. In another embodiment, wherein all ny’ are linked to neighboring nucleotides via phosphorothioate
linkages.

In one embodiment, all of the nucleotides of the sense strand and all of the nucleotides of the antisense
strand comprise a modification.

In one embodiment, the ligand is conjugated to the 3° end of the sense strand of the dSRNA agent.

In one embodiment, the ligand is one or more N-acetylgalactosamine (GalNAc) derivatives attached
through a monovalent, bivalent, or trivalent branched linker.

In one embodiment, the ligand is

Ho OH
O :
\/\/\“/\/\/N

0
AcHN t
Ho OH 5
A=<V N Og«
N
poe \/\/\rr \”c])/\/ -
HO OH
AN

In one embodiment, the dsRNA agent is conjugated to the ligand as shown in the following schematic
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and, wherein X is O or S.

In one embodiment, the X is O,

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting the expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent
includes a sense strand complementary to an antisense strand, wherein the antisense strand comprises a region
complementary to part of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides
in length, wherein the dsRNA agent is represented by formula (Ij):

sense: 5'np-Nag-(X X X) i-Np-Y Y Y -Np«(Z Z Z); -N, - ng 3'
antisense: 3' 1 -Na (XX X)e-No'-Y'Y'Y'-Ny'«(Z'Z'Z')-No-ng' 5* (1))
wherein:

1,],k, and 1 are each independently 0 or 1;
p.p’»q, and q' are each independently 0-6;
each N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;
cach Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thereof;
cach np, ny', ng, and ng', each of which may or may not be present independently represents an
overhang nucleotide;
XXX, YYY. 277, X'X' X', Y'Y'Y', and Z'Z'Z’ ¢ach independently represent one motif of three
identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-O-methyl or 2'-
fluoro modifications;
modifications on Np differ from the modification on Y and modifications on Ny’ differ from the
modification on Y'; and

wherein the sense strand is conjugated to at least one ligand.
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In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting the expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent
includes a sense strand complementary to an antisense strand, wherein the antisense strand comprises a region
complementary to part of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides
in length, wherein the dsRNA agent is represented by formula (Ij):

sense: 5'1p-Na-(X X X) i-No-Y Y Y -Np-(Z Z Z)j -Ny - ng 3'
antisense: 31y -Na (X' X' XN-No'-YY'Y'-Ny'-(ZZ'Z')-Ny'-ng' 5*  (I))
wherein:

1,1, k, and 1 are each independently 0 or 1;
each np, ng, and ng', cach of which may or may not be present, independently represents an overhang
nucleotide;

p. . and q' are each independently 0-6;

n,' >0 and at least one n,' is linked to a neighboring nucleotide via a phosphorothioate linkage;

cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;

each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thereof’

XXX, YYY. Z2ZZ, X'X'X',Y'Y'Y', and Z'Z'Z’ cach independently represent one motif of three
identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-O-methyl or 2'-
fluoro modifications;

modifications on Ny differ from the modification on Y and modifications on Ny' differ from the
modification on Y'; and
wherein the sense strand is conjugated to at least one ligand.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting the expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent
includes a sense strand complementary to an antisense strand, wherein the antisense strand comprises a region
complementary to part of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides
in length, wherein the dsRNA agent is represented by formula (Ij):

sense: 5'1np-Ng-(X X X) i-Np-Y Y Y -Np-(Z Z Z);-N; - ng 3'
antisense: 3' 1y N - (X' XX N=Np'-YY'Y'-Ny'-(Z'Z'Z')-Ni-ng' 5 (Ij)
wherein:

1,], k, and 1 are each independently 0 or 1;
each np, ng, and nq’, cach of which may or may not be present, independently represents an overhang
nucleotide;
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p. g, and q' are cach independently 0-6;

np,' >0 and at least one ny' is linked to a neighboring nucleotide via a phosphorothioate linkage;

cach Ny and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;

cach Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thereof’

XXX, YYY,ZZZ, X'X'X',Y'Y'Y', and Z'Z'Z' each independently represent one motif of three
identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-O-methyl or 2'-
fluoro modifications;

modifications on Ny differ from the modification on Y and modifications on Ny’ differ from the
modification on Y'; and

wherein the sense strand is conjugated to at least one ligand, wherein the ligand is one or more
GalNAc derivatives attached through a monovalent, bivalent, or trivalent branched linker.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting the expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent
includes a sense strand complementary to an antisense strand, wherein the antisense strand comprises a region
complementary to part of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides
in length, wherein the dsRNA agent is represented by formula (Ij):

sense: S'p-Na-(X X X) i-No-Y Y Y -Np-(Z Z Z)j-Na-ng 3'
antisense: 3"y Ny -(X'X'X)-No'-YY'Y'-No'-(ZZ'Z'W-Ny-ng' ' (1))
wherein;

1,], k, and 1 ar¢ cach independently 0 or 1;

each n,, ng, and ng', each of which may or may not be present, independently represents an overhang
nucleotide;

p, g, and q' are cach independently 0-6;

n,' >0 and at least one n,' is linked to a neighboring nucleotide via a phosphorothioate linkage:

cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, cach sequence comprising at least two
differently modified nucleotides;

cach Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thercof;

XXX, YYY, ZZZ, X'X'X', Y'Y'Y', and Z'Z'Z’ cach independently represent one motif of three
identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-O-methyl or 2'-
fluoro modifications;
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modifications on Ny differ from the modification on Y and modifications on Ny’ differ from the
modification on Y';
wherein the sense strand comprises at least one phosphorothioate linkage; and

wherein the sense strand is conjugated to at least one ligand, wherein the ligand is one or more
GalNAc derivatives attached through a monovalent, bivalent, or trivalent branched linker.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting the expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent
includes a sense strand complementary to an antisense strand, wherein the antisense strand comprises a region
complementary to part of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides
in length, wherein the dsRNA agent is represented by formula (Ij):

sense: 3'mp-Na-YY Y -N;-ng 3
antisense: 3'mp-Na-YYY'-N,/-n'5  (Ik)
wherein:

each np, ng, and ng’, each of which may or may not be present, independently represents an overhang
nucleotide;

p, g, and q' are each independently 0-6;

n,' >0 and at least one n;' is linked to a neighboring nucleotide via a phosphorothioate linkage;

each N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, cach sequence comprising at least two
differently modified nucleotides;

YYY and Y'Y'Y' each independently represent one motif of three identical modifications on three
consecutive nucleotides, and wherein the modifications are 2'-O-methyl and/or 2'-fluoro modifications;

wherein the sense strand comprises at least one phosphorothioate linkage; and

wherein the sense strand is conjugated to at least one ligand, wherein the ligand is one or more
GalNAc derivatives attached through a monovalent, bivalent, or trivalent branched linker.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting the expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell. The dsRNA agent
includes a sense strand and an antisense strand forming a double stranded region, wherein the sense strand
comprises at least 15 contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from the
nucleotide sequence of SEQ ID NO: 1 and the antisense strand comprises at least 15 contiguous nucleotides
differing by no more than 1, 2, or 3 nucleotides from the nucleotide sequence of SEQ ID NO:2, wherein
substantially all of the nucleotides of the sense strand comprise a modification selected from the group
consisting of a 2’-O-methyl modification and a 2’-fluoro modification, wherein the sense strand comprises
two phosphorothioate internucleotide linkages at the 5°-terminus, wherein substantially all of the nucleotides
of the antisense strand comprise a modification selected from the group consisting of a 2’-O-methyl
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modification and a 2’-fluoro modification, wherein the antisense strand comprises two phosphorothioate
internucleotide linkages at the 5°-terminus and two phosphorothioate internucleotide linkages at the 3°-
terminus, and wherein the sense strand is conjugated to one or more GalNAc derivatives attached through a
monovalent, bivalent or trivalent branched linker at the 3°-terminus. In some embodiments, the dsRNA agent
includes a sense strand and an antisense strand forming a double stranded region, wherein the sense strand
comprises at least 15 contiguous nucleotides from the nucleotide sequence of SEQ ID NO:1 and the antisense
strand comprises at least 15 contiguous nucleotides from the nucleotide sequence of SEQ ID NO:2, wherein
substantially all of the nucleotides of the sense strand comprise a modification selected from the group
consisting of a 2’-0-methyl modification and a 2’-fluoro modification, wherein the sense strand comprises
two phosphorothioate internucleotide linkages at the 5°-terminus, wherein substantially all of the nucleotides
of the antisense strand comprise a modification selected from the group consisting of a 2°-O-methyl
modification and a 2’-fluoro modification, wherein the antisense strand comprises two phosphorothioate
internucleotide linkages at the 5’-terminus and two phosphorothioate internucleotide linkages at the 3°-
terminus, and wherein the sense strand is conjugated to one or more GalNAc derivatives attached through a
monovalent, bivalent or trivalent branched linker at the 3°-terminus.

In one embodiment, all of the nucleotides of the sense strand and all of the nucleotides of the antisense
strand are modified nucleotides.

In one embodiment, the region of complementarity comprises any one of the antisense sequences listed in
Tables 3-6.

In one embodiment, the sense strand and the antisense strand comprise nucleotide sequences selected
from the group consisting of the nucleotide sequences of any one of the agents listed in Tables 3-6.

In various embodiments of the aforementioned dsRNA agents, the dsRNA agent targets a hotspot
region of an mRNA encoding CIDEB.

In another aspect, the present invention provides a dsRNA agent that targets a hotspot region of a cell
death-inducing DFFA-like effector B (CIDEB) mRNA.

The present invention also provides cells, vectors, and pharmaceutical compositions which include
any of the dsRNA agents of the invention. The dsRNA agents may be formulated in an unbuffered solution,
e.g., saline or water, or in a buffered solution, e.g., a solution comprising acetate, citrate, prolamine, carbonate,
or phosphate or any combination thercof. In one embodiment, the buffered solution is phosphate buffered
saline (PBS).

In one aspect, the present invention provides a method of inhibiting cell death-inducing DFFA-like
effector b (CIDEB) expression in a cell. The method includes contacting the cell with a dSRNA agent or a
pharmaceutical composition of the invention, thereby inhibiting expression of CIDEB in the cell.

The cell may be within a subject, such as a human subject.
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In one embodiment, the CIDEB expression is inhibited by at least 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, or to below the level of detection of CIDEB expression.

In one embodiment, the human subject suffers from a CIDEB-associated disease, disorder, or
condition. In one embodiment, the CIDEB-associated disease, disorder, or condition is a chronic
inflammatory disease, such as a chronic inflammatory discase of the liver and other tissues. In one
embodiment, the chronic inflammatory disease 1s chronic inflammatory liver disease. In one embodiment, the
chronic inflammatory liver disease is selected from the group consisting of accumulation of fat in the liver,
inflammation of the liver, liver fibrosis, fatty liver disease (steatosis), nonalcoholic steatohepatitis (NASH),
nonalcoholic fatty liver disease (NAFLD) and cirrhosis of the liver.

In one aspect, the present invention provides a method of inhibiting the expression of CIDEB in a
subject. The methods include administering to the subject a therapeutically effective amount of a dSRNA
agent or a pharmaceutical composition of the invention, thereby inhibiting the expression of CIDEB in the
subject.

In another aspect, the present invention provides a method of treating a subject suffering from a
CIDEB-associated disease, disorder, or condition, The method includes administering to the subject a
therapeutically effective amount of a dsRNA agent or a pharmaceutical composition of the invention, thereby
treating the subject suffering from a CIDEB-associated disease, disorder, or condition.

In another aspect, the present invention provides a method of preventing at least one symptom in a
subject having a discase, disorder or condition that would benefit from reduction in expression of a CIDEB
gene. The method includes administering to the subject a prophylactically effective amount of the agent of a
dsRNA agent or a pharmaceutical composition of the invention, thereby preventing at least one symptom in a
subject having a disease, disorder or condition that would benefit from reduction in expression of a CIDEB
gene.

In another aspect, the present invention provides a method of reducing the risk of developing chronic
liver disease in a subject having steatosis. The method includes administering to the subject a therapeutically
effective amount of a dsRNA agent or a pharmaceutical composition of the invention, thereby reducing the
risk of developing chronic liver disease in the subject having steatosis.

In one aspect, the present invention provides a method of inhibiting the accumulation of lipid droplets
in the liver of a subject suffering from a CIDEB-associated disease, disorder, or condition. The method
includes administering to the subject a therapeutically effective amount of a dsRNA agent or a pharmaceutical
composition of the invention, and a dsRNA agent targeting a CIDEB gene or a pharmaceutical composition
comprising a dSRNA agent targeting a CIDEB gene, thereby inhibiting the accumulation of fat in the liver of
the subject suffering from a CIDEB-associated disease, disorder, or condition.

In another aspect, the present invention provides a method of treating a subject suffering from a

CIDEB-associated disease, disorder, or condition. The method includes administering to the subject a
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therapeutically effective amount of a dsRNA agent or a pharmaceutical composition of the invention, and a
dsRNA agent targeting a CIDEB gene or a pharmaceutical composition comprising a dsRNA agent targeting a
CIDEB gene, thereby treating the subject suffering from a CIDEB-associated disease, disorder, or condition.

In another aspect, the present invention provides a method of preventing at least one symptom in a
subject having a disease, disorder or condition that would benefit from reduction in expression of a CIDEB
gene. The method includes administering to the subject a therapeutically effective amount of a dSRNA agent
or a pharmaceutical composition of the invention, and a dsSRNA agent targeting a CIDEB gene or a
pharmaceutical composition comprising a dSRNA agent targeting a CIDEB gene, thereby preventing at least
one symptom in a subject having a disease, disorder or condition that would benefit from reduction in
expression of a CIDEB gene.

In another aspect, the present invention provides a method of reducing the risk of developing chronic
liver disease in a subject having steatosis. The method includes administering to the subject a therapeutically
effective amount of a dsRNA agent or a pharmaceutical composition of the invention, and a dsRNA agent
targeting a CIDEB gene or a pharmaceutical composition comprising a dsRNA agent targeting a CIDEB gene,
thereby reducing the risk of developing chronic liver disease in the subject having steatosis.

In another aspect, the present invention provides a method of inhibiting the progression of steatosis to
steatohepatitis in a subject suffering from steatosis. The method includes administering to the subject a
therapeutically effective amount of a dsRNA agent or a pharmaceutical composition of the invention, and a
dsRNA agent targeting a CIDEB gene or a pharmaceutical composition comprising a dsRNA agent targeting a
CIDEB gene, thereby inhibiting the progression of steatosis to steatohepatitis in the subject.

In one embodiment, the administration of the dsSRNA agent or the pharmaceutical composition to the
subject causes a decrease in CIDEB protein activity, e.g., a decrease in the interaction of CIDEB with ApoB
and/or a decrease in lipid maturation in liver; a decrease in CIDEB protein accumulation, a decrease in
CIDEBenzymatic activity, a decrease in CIDEBprotein accumulation, and/or a decrease in accumulation of fat
and/or expansion of lipid droplets in the liver of a subject.

In one embodiment, the CIDEB-associated disease, disorder, or condition is a chronic inflammatory
discase.

In one embodiment, the chronic inflammatory disease is chronic inflammatory liver disease.

In one embodiment, the chronic inflammatory liver disease is selected from the group consisting of
accumulation of fat in the liver, inflammation of the liver, liver fibrosis, fatty liver discase (steatosis),
nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver discase (NAFLD) and cirrhosis of the liver.

In one embodiment, the chronic inflammatory liver disease is nonalcoholic steatohepatitis (NASH).

In one embodiment, the subject is obese.

In one embodiment, the methods and uses of the invention further include administering an additional

therapeutic to the subject.
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In one embodiment, the dsRNA agent is administered to the subject at a dose of about 0.01 mg/kg to
about 10 mg/kg or about 0.5 mg/kg to about 50 mg/kg.

The agent may be administered to the subject intravenously, intramuscularly, or subcutancously. In
one embodiment, the agent is administered to the subject subcutancously.

In one embodiment, the methods and uses of the invention further include determining, the level of
CIDEB in the subject.

In one aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent for
inhibiting expression of cell death-inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA
agent comprises a sense strand and an antisense strand forming a double stranded region, wherein the sense
strand comprises a nucleotide sequence of any one of the agents in Tables 3-6 and the antisense strand
comprises a nucleotide sequence of any one of the agents in Tables 3-6, wherein substantially all of the
nucleotide of the sense strand and substantially all of the nucleotides of the antisense strand are modified

nucleotides, and wherein the dsRNA agent is conjugated to a ligand.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 depicts the gPCR results for CIDEB mRNA in a mouse i# vivo single dose (3 mg/kg) study
using exemplary human CIDEB dsRNA duplexes. The results are presented as the percent mRNA

remaining normalized to PBS.

Fig. 2 depicts the qPCR results for CIDEB mRNA in a mouse in vivo multi-dose (1.5 mg/kg and
0.75 mg/kg) study using exemplary human CIDEB dsRNA duplexes. The results are presented as the

percent mRNA remaining normalized to PBS.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides IRNA compositions, which effect the RNA-induced silencing complex
(RISC)-mediated cleavage of RNA transcripts of a CIDEB gene. The CIDEB gene may be within a cell, e.g.,
a cell within a subject, such as a human. The present invention also provides methods of using the iRNA
compositions of the invention for inhibiting the expression of a CIDEB gene, and for treating a subject who
would benefit from inhibiting or reducing the expression of a CIDEB gene, e.g., a subject that would benefit
from a reduction in inflammation, e.g., a subject suffering or prone to suffering from a CIDEB-associated
disease disorder, or condition, such as a subject suffering or prone to suffering from chronic inflammatory
diseases of the liver and other tissues, e.g., a subject suffering from chronic inflammatory liver disease, such
as liver fibrosis, nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), alcoholic
steatohepatitis (ASH), alcoholic liver diseases (ALD), cirrhosis of the liver, HCV-associated cirrhosis, drug

induced liver injury, hepatocellular necrosis, insulin insensitivity and diabetes.
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The iRNAs of the invention targeting CIDEB may include an RNA strand (the antisense strand)
having a region which is about 30 nucleotides or less in length, e.g., 15-30, 15-29, 15-28, 15-27, 15-26, 15-25,
15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-
23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30,
20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-
24, 21-23, or 21-22 nucleotides in length, which region is substantially complementary to at least part of an
mRNA transcript of a CIDEB gene.

In some embodiments, one or both of the strands of the double stranded RNAi agents of the invention
1s up to 66 nucleotides in length, e.g., 36-66, 26-36, 25-36, 31-60, 22-43, 27-53 nucleotides in length, with a
region of at least 19 contiguous nucleotides that is substantially complementary to at least a part of an mRNA
transcript of a CIDEB gene. In some embodiments, such iRNA agents having longer length antisense strands
may include a second RNA strand (the sense strand) of 20-60 nucleotides in length wherein the sense and
antisense strands form a duplex of 18-30 contiguous nucleotides.

The use of the IRNA agents described herein enables the targeted degradation of mRNAs of a CIDEB
gene in mammals.

Very low dosages of the iIRNAs, in particular, can specifically and efficiently mediate RNA
interference (RNA1), resulting in significant inhibition of expression of a CIDEB gene. Thus, methods and
compositions including these iRNAs are useful for treating a subject who would benefit from inhibiting or
reducing the expression of a CIDEB gene, e.g., a subject that would benefit from a reduction of inflammation,
e.g., a subject suffering or prone to suffering from a CIDEB-associated disease disorder, or condition, such as
a subject suffering or prone to suffering from chronic inflammatory diseases of the liver and other tissues, e.g.,
a subject suffering from chronic inflammatory liver disease, such as liver fibrosis, nonalcoholic steatohepatitis
(NASH), nonalcoholic fatty liver disease (NAFLD), alcoholic steatohepatitis (ASH), alcoholic liver diseases
(ALD), cirthosis of the liver, HCV-associated cirrhosis, drug induced liver injury, hepatocellular necrosts,
insulin insensitivity and diabetes..

The following detailed description discloses how to make and use compositions containing iRNAs to
inhibit the expression of a CIDEB gene, as well as compositions and methods for treating subjects having

diseases and disorders that would benefit from inhibition and/or reduction of the expression of this gene.

I. Definitions
In order that the present invention may be more readily understood, certain terms are first defined. In
addition, it should be noted that whenever a value or range of values of a parameter are recited, it is intended

that values and ranges intermediate to the recited values are also intended to be part of this invention.
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The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at least one) of the
grammatical object of the article. By way of example, “an element” means one element or more than one
element, e.g., a plurality of elements.

The term "including” is used herein to mean, and is used interchangeably with, the phrase "including
but not limited to".

The term "or" is used herein to mean, and is used interchangeably with, the term "and/or," unless
context clearly indicates otherwise.

The term “about” is used herein to mean within the typical ranges of tolerances in the art. For
example, “about” can be understood as about 2 standard deviations from the mean. In certain embodiments,
about means +10%. In certain embodiments, about means +3%. When about is present before a series of
numbers or a range, it is understood that “about” can modify each of the numbers in the series or range.

The term “CIDEB,” also known as “cell death-inducing DFFA-like effector b”, “Cell Death Activator
CIDE-B” or “cell death-inducing DFF435-like effector B”, refers to the well-known gene encoding a CIDEB
protein from any vertebrate or mammalian source, including, but not limited to, human, bovine, chicken,
rodent, mouse, rat, porcing, oving, primate, monkey, and guinea pig, unless specified otherwise,

The term also refers to fragments and variants of native CIDEB that maintain at least one in vivo or in
vitro activity of a native CIDEB.

CIDEB, a member of the CIDE protein family, is primarily expressed in liver tissues as well as in the
small intestine, for example, the jejunum and ileum sections of the small intestine (Zhang et al., Lipid
Res.;55(7):1279-87; 2014). CIDEB is an endoplasmic reticulum (ER)- and lipid droplet (LD)-associated
protein. As a CIDE family member, overexpression of CIDEB protein induces cell death, but the
physiological function of CIDEB is more closely related to various lipid metabolic pathways, particularly the
VLDL pathway. For instance, CIDEB mediates VLDL lipidation and maturation by interacting with ApoB;
CIDEB is also required for the biogenesis of VLDL transport vesicles and for chylomicron lipidation in the
small intestine. CIDEB mutant mice displayed significantly increased insulin sensitivity and enhanced rate of
whole-body metabolism and hepatic fatty acid oxidation (Li ef al., Diabetes. 56(10):2523-32. 2007).
Therefore, CIDEB may represent a new therapeutic target for the treatment of obesity, diabetes, and liver
steatosis (Li ef al., Diabetes. 56(10):2523-32. 2007). CIDEB is transcriptionally regulated by hepatocyte
nuclear factor 4a (HNF4a), the most abundant transcription factor in the liver; HNF4a is crucial for VLDL-
mediated lipid transport and participates in HCV assembly/release. As a key transcriptional coactivator of
HNF40, peroxisome proliferator-activated receptor-gamma coactivator-1o (PGC-1a) also regulates HCV
production and PGC-1a stimulates VLDL assembly in a CIDEB-dependent manner (Cai et al., Scientific
Reports, volume 6, Article number: 27778, 2016).

CIDEB is required for HCV entry into hepatocytes and HCV assembly (Xu ez al., J Virol., 88, 8433—
8444, 2014). CIDEB interacts with the HCV NS35A protein and regulates the association of HCV particles
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with ApoE. CIDEB also regulates the post-entry stages of the dengue virus (DENV) lifecycle (Cai ef al.,
Scientific Reports, volume 6, Article number: 27778, 2016).

Exemplary nucleotide and amino acid sequences of CIDEB can be found, for example, at GenBank
Accession No. NM_001393338.1 (SEQ ID NO: 1; reverse complement SEQ ID NO: 2) for Homo sapiens.

Additional examples of CIDEB mRNA sequences are readily available using publicly available
databases, e.g., GenBank, UniProt, and OMIM.

Further information on CIDEB is provided, for example in the NCBI Gene database at
http://www ncbi.nlm nih.gov/gene/27141.

In some embodiments, the iIRNAs that are substantially complementary to a region of a mouse or rat
CIDEB mRNA cross-react with human CIDEB mRNA and represent potential candidates for human
targeting.

The term “CIDEB” as used herein also refers to a particular polypeptide expressed in a cell by
naturally occurring DNA sequence variations of the CIDEB gene, such as a single nucleotide polymorphism
in the CIDEB gene. Numerous Single Nucleotide Polymorphisms (SNPs) within the CIDEB gene have been
identified and may be found at, for example, NCBI dbSNP (see, e.g., www.ncbi.nlm.nih gov/snp).

As used herein, “target sequence” refers to a contiguous portion of the nucleotide sequence of an
mRNA molecule formed during the transcription of a CIDEB gene, including mRNA that is a product of RNA
processing of a primary transcription product. In one embodiment, the target portion of the sequence will be
at least long enough to serve as a substrate for iRNA-directed cleavage at or near that portion of the nucleotide
sequence of an mRNA molecule formed during the transcription of a CIDEB gene.

The target sequence of a CIDEB gene may be from about 9-36 nucleotides in length, e.g., about 15-30
nucleotides in length. For example, the target sequence can be from about 15-30 nucleotides, 15-29, 15-28,
15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-
26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22,
19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-
27, 21-26,21-25, 21-24, 21-23, or 21-22 nucleotides in length. Ranges and lengths intermediate to the above
recited ranges and lengths are also contemplated to be part of the invention.

As used herein, the term “strand comprising a sequence” refers to an oligonucleotide comprising a
chain of nucleotides that is described by the sequence referred to using the standard nucleotide nomenclature.

“G,”“C.” *A,” “T” and “U” each generally stand for a nucleotide that contains guanine, cytosine,
adenine, thymidine and uracil as a base, respectively. However, it will be understood that the term
“ribonucleotide” or “nucleotide”™ can also refer to a modified nucleotide, as further detailed below, or a
surrogate replacement moiety (see, e.g., Table 2). The skilled person is well aware that guanine, cytosine,
adenine, and uracil can be replaced by other moicties without substantially altering the base pairing properties

of an oligonucleotide comprising a nucleotide bearing such replacement moiety. For example, without
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limitation, a nucleotide comprising inosine as its base can base pair with nucleotides containing adenine,
cytosine, or uracil. Hence, nucleotides containing uracil, guanine, or adenine can be replaced in the nucleotide
sequences of dsSRNA featured in the mvention by a nucleotide containing, for example, inosine. In another
example, adenine and cytosine anywhere in the oligonucleotide can be replaced with guanine and uracil,
respectively to form G-U Wobble base pairing with the target mRNA. Sequences containing such
replacement moieties are suitable for the compositions and methods featured in the invention.

The terms “IRNA”, “RNA1 agent,” “IRNA agent,”, “RNA interference agent” as used interchangeably
herein, refer to an agent that contains RNA as that term is defined herein, and which mediates the targeted
cleavage of an RNA transcript via an RNA-induced silencing complex (RISC) pathway. iRNA directs the
sequence-specific degradation of mRNA through a process known as RNA interference (RNAi). The iRNA
modulates, e.g., inhibits, the expression of CIDEB gene in a cell, e.g., a cell within a subject, such as a
mammalian subject.

In one embodiment, an RNAI agent of the invention includes a single stranded RNA that interacts
with a target RNA sequence, e.g., a CIDEB target mRNA sequence, to direct the cleavage of the target RNA.
Without wishing to be bound by theory it is believed that long double stranded RNA introduced into cells 1s
broken down into siRNA by a Type III endonuclease known as Dicer (Sharp er al. (2001) Genes Dev. 15:485).
Dicer, a ribonuclease-III-like enzyme, processes the dsRNA into 19-23 base pair short interfering RNAs with
characteristic two base 3' overhangs (Bemstein, ef a/., (2001) Nature 409:363). The siRNAs are then
incorporated into an RNA-induced silencing complex (RISC) where one or more helicases unwind the siRNA
duplex, enabling the complementary antisense strand to guide target recognition (Nykanen, ef a/., (2001) Cell
107:309). Upon binding to the appropriate target mRNA, one or more endonucleases within the RISC cleave
the target to induce silencing (Elbashir, ef al., (2001) Genes Dev. 15:188). Thus, in one aspect the invention
relates to a single stranded RNA (sssiRNA) generated within a cell and which promotes the formation of a
RISC complex to effect silencing of the target gene, i.e., a CIDEB gene. Accordingly, the term “siRNA™ is
also used herein to refer to an RNAI1 as described above.

In another embodiment, the RNA1 agent may be a single-stranded RNA1 agent that is introduced into a
cell or organism to inhibit a target mRNA. Single-stranded RNA1 agents (ssRNA1) bind to the RISC
endonuclease, Argonaute 2, which then cleaves the target mRNA. The single-stranded siRNAs are generally
15-30 nucleotides and are chemically modified. The design and testing of single-stranded RNA1 agents are
described in U.S. Patent No. 8,101,348 and in Lima et al., (2012) Cell 150: 883-894, the entire contents of
cach of which are hereby incorporated herein by reference. Any of the antisense nucleotide sequences
described herein may be used as a single-stranded siRNA as described herein or as chemically modified by the
methods described in Lima et al., (2012) Cell 150; 883-894.

In another embodiment, an “iIRNA” for use in the compositions and methods of the invention is a

double-stranded RNA and is referred to herein as a “double stranded RNAi agent,” “double-stranded RNA

24

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

(dsRNA) molecule,” “dsRNA agent,” or “dsRNA”. The term “dsRNA”, refers to a complex of ribonucleic
acid molecules, having a duplex structure comprising two anti-parallel and substantially complementary
nucleic acid strands, referred to as having “sense™ and “antisense” orientations with respect to a target RNA,
i.e., a CIDEB gene. In some embodiments of the invention, a double-stranded RNA (dsRNA) triggers the
degradation of a target RNA, e.g., an mRNA, through a post-transcriptional gene-silencing mechanism
referred to herein as RNA interference or RNAI.

In general, the majority of nucleotides of each strand of a dSRNA molecule are ribonucleotides, but as
described in detail herein, each or both strands can also include one or more non-ribonucleotides, e.g.. a
deoxyribonucleotide and/or a modified nucleotide. In addition, as used in this specification, an “RNAi agent™
may include ribonucleotides with chemical modifications; an RNAi agent may include substantial
modifications at multiple nucleotides. As used herein, the term “modified nucleotide™ refers to a nucleotide
having, independently, a modified sugar moiety, a modified internucleotide linkage, and/or a modified
nucleobase. Thus, the term modified nucleotide encompasses substitutions, additions or removal of, e.g., a
functional group or atom, to internucleotide linkages. sugar moieties, or nucleobases. The modifications
suitable for use in the agents of the invention include all types of modifications disclosed herein or known in
the art. Any such modifications, as used in a siRNA type molecule, are encompassed by “RNAi agent” for the
purposes of this specification and claims.

The duplex region may be of any length that permits specific degradation of a desired target RNA
through a RISC pathway, and may range from about 9 to 36 base pairs in length, e.g., about 15-30 base pairs
in length, for example, about 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, or 36 base pairs in length, such as about 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24,
15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-
22,18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29,
20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-
23, or 21-22 base pairs in length. Ranges and lengths intermediate to the above recited ranges and lengths are
also contemplated to be part of the invention.

The two strands forming the duplex structure may be different portions of one larger RNA molecule,
or they may be separate RNA molecules. Where the two strands are part of one larger molecule, and therefore
are connected by an uninterrupted chain of nucleotides between the 3”-end of one strand and the 5°-end of the
respective other strand forming the duplex structure, the connecting RNA chain is referred to as a “hairpin
loop.” A hairpin loop can comprise at least one unpaired nucleotide. In some embodiments, the hairpin loop
can comprise at least 2, at least 3, at least 4, at Ieast 5, at least 6, at least 7, at least 8, at least 9, at least 10, at
least 20, at least 23 or more unpaired nucleotides.

Where the two substantially complementary strands of a dSRNA are comprised by separatc RNA

molecules, those molecules need not, but can be covalently connected. Where the two strands are connected
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covalently by means other than an uninterrupted chain of nucleotides between the 3’-end of one strand and the
5’-end of the respective other strand forming the duplex structure, the connecting structure is referred to as a
“linker”. The RNA strands may have the same or a different number of nucleotides. The maximum number of
base pairs 1s the number of nucleotides in the shortest strand of the dsSRNA minus any overhangs that are
present in the duplex. In addition to the duplex structure, an RNA1 may comprise one or more nucleotide
overhangs.

In one embodiment, an RNA1 agent of the invention is a dsSRNA, each strand of which comprises less
than 30 nucleotides, e.g., 17-27, 19-27, 17-25, 19-25, or 19-23, that interacts with a target RNA sequence, e.g.,
a CIDEB target mRNA sequence, to direct the cleavage of the target RNA. In another embodiment, an RNAi
agent of the invention is a dSRNA, each strand of which comprises 19-23 nucleotides, that interacts with a
target RNA sequence, e.g., a CIDEB target mRNA sequence, to direct the cleavage of the target RNA. In one
embodiment, the sense strand is 21 nucleotides in length. In another embodiment, the antisense strand is 23
nucleotides in length.

As used herein, the term “nucleotide overhang™ refers to at least one unpaired nucleotide that
protrudes from the duplex structure of an iRNA, e.g., a dsRNA. For example, when a 3'-end of one strand of a
dsRNA extends bevond the 5'-end of the other strand, or vice versa, there is a nucleotide overhang. A dsRNA
can comprise an overhang of at least one nucleotide; alternatively, the overhang can comprise at least two
nucleotides, at least three nucleotides, at least four nucleotides, at least five nucleotides or more. A nucleotide
overhang can comprise or consist of a nucleotide/nucleoside analog, including a deoxynucleotide/nucleoside.
The overhang(s) can be on the sense strand, the antisense strand or any combination thereof. Furthermore, the
nucleotide(s) of an overhang can be present on the 5'-end, 3'-end or both ends of either an antisense or sense
strand of a dsRNA.

In one embodiment, the antisense strand of a dsRNA has a 1-10 nucleotide, e.g, a 1,2, 3,4,5,6, 7, 8,
9, or 10 nucleotide, overhang at the 3°-end and/or the 5°-end. In one embodiment, the sense strand of a
dsRNA has a 1-10 nucleotide, e.g., a 1,2, 3, 4,5, 6, 7, 8, 9, or 10 nucleotide, overhang at the 3’-end and/or the
5’-end. In another embodiment, one or more of the nucleotides in the overhang is replaced with a nucleoside
thiophosphate.

In certain embodiments, the overhang on the sense strand or the antisense strand, or both, can include
extended lengths longer than 10 nucleotides, e.g., 10-30 nucleotides, 10-25 nucleotides, 10-20 nucleotides or
10-15 nucleotides in length. In certain embodiments, an extended overhang is on the sense strand of the
duplex. In certain embodiments, an extended overhang is present on the 3’end of the sense strand of the
duplex. In certain embodiments, an extended overhang is present on the 5°end of the sense strand of the
duplex. In certain embodiments, an extended overhang is on the antisense strand of the duplex. In certain
embodiments, an extended overhang is present on the 3’end of the antisense strand of the duplex. In certain

embodiments, an extended overhang is present on the 5’end of the antisense strand of the duplex. In certain
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embodiments, one or more of the nucleotides in the extended overhang is replaced with a nucleoside
thiophosphate.

The terms “blunt” or “blunt ended™ as used herein in reference to a dsSRNA mean that there are no
unpaired nucleotides or nucleotide analogs at a given terminal end of a dsRNA, i.e., no nucleotide overhang.
One or both ends of a dSRNA can be blunt. Where both ends of a dsRNA are blunt, the dsRNA is said to be
blunt ended. To be clear, a “blunt ended” dsRNA 1s a dsRNA that is blunt at both ends, i.e., no nucleotide
overhang at either end of the molecule. Most often such a molecule will be double-stranded over its entire
length.

The term “antisense strand” or "guide strand" refers to the strand of an iRNA, e.g., a dSRNA, which
includes a region that is substantially complementary to a target sequence, e.g., a CIDEB mRNA.

As used herein, the term “region of complementarity” refers to the region on the antisense strand that
1s substantially complementary to a sequence, for example a target sequence, e.g., a CIDEB nucleotide
sequence, as defined herein. Where the region of complementarity is not fully complementary to the target
sequence, the mismatches can be in the internal or terminal regions of the molecule. Generally, the most
tolerated mismatches are in the terminal regions, e.g., within 5, 4, 3, or 2 nucleotides of the 5°- and/or 3°-
terminus of the iRNA.

The term “sense strand” or "passenger strand" as used herein, refers to the strand of an iRNA that
includes a region that is substantially complementary to a region of the antisense strand as that term is defined
herein.

As used herein, the term “cleavage region” refers to a region that is located immediately adjacent to
the cleavage site. The cleavage site is the site on the target at which cleavage occurs. In some embodiments,
the cleavage region comprises three bases on either end of, and immediately adjacent to, the cleavage site. In
some embodiments, the cleavage region comprises two bases on cither end of, and immediately adjacent to,
the cleavage site. In some embodiments, the cleavage site specifically occurs at the site bound by nucleotides
10 and 11 of the antisense strand, and the cleavage region comprises nucleotides 11, 12 and 13.

As used herein, and unless otherwise indicated, the term “complementary,” when used to describe a
first nucleotide sequence in relation to a second nucleotide sequence, refers to the ability of an oligonucleotide
or polynucleotide comprising the first nucleotide sequence to hybridize and form a duplex structure under
certain conditions with an oligonucleotide or polynucleotide comprising the second nucleotide sequence, as
will be understood by the skilled person. Such conditions can, for example, be stringent conditions, where
stringent conditions can include: 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C for 12-16
hours followed by washing (see, e.g., “Molecular Cloning: A Laboratory Manual, Sambrook, ef al. (1989)
Cold Spring Harbor Laboratory Press). Other conditions, such as physiologically relevant conditions as can

be encountered inside an organism, can apply. The skilled person will be able to determine the set of
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conditions most appropriate for a test of complementarity of two sequences in accordance with the ultimate
application of the hybridized nucleotides.

Complementary sequences within an IRNA, e.g., within a dsRNA as described herein, include base-
pairing of the oligonucleotide or polynucleotide comprising a first nucleotide sequence to an oligonucleotide
or polynucleotide comprising a second nucleotide sequence over the entire length of one or both nucleotide
sequences. Such sequences can be referred to as “fully complementary” with respect to each other herein.
However, where a first sequence is referred to as “substantially complementary™ with respect to a second
sequence herein, the two sequences can be fully complementary, or they can form one or more, but generally
not more than 3, 4, 3 or 2 mismatched base pairs upon hybridization for a duplex up to 30 base pairs, while
retaining the ability to hybridize under the conditions most relevant to their ultimate application, e.g.,
inhibition of gene expression via a RISC pathway. However, where two oligonucleotides are designed to
form, upon hybridization, one or more single stranded overhangs, such overhangs shall not be regarded as
mismatches with regard to the determination of complementarity. For example, a dSRNA comprising one
oligonucleotide 21 nucleotides in length and another oligonucleotide 23 nucleotides in length, wherein the
longer oligonucleotide comprises a sequence of 21 nucleotides that is fully complementary to the shorter
oligonucleotide, can yet be referred to as “fully complementary™ for the purposes described herein.

“Complementary” sequences, as used herein, can also include, or be formed entirely from, non-
Watson-Crick base pairs and/or base pairs formed from non-natural and modified nucleotides, in so far as the
above requirements with respect to their ability to hybridize are fulfilled. Such non-Watson-Crick base pairs
include, but are not limited to, G:U Wobble or Hoogstein base pairing.

The terms “complementary,” “fully complementary” and “substantially complementary™ herein can be
used with respect to the base matching between the sense strand and the antisense strand of a dsRNA, or
between the antisense strand of an iIRNA agent and a target sequence, as will be understood from the context
of their use.

As used herein, a polynucleotide that is “substantially complementary to at least part of” a messenger
RNA (mRNA) refers to a polynucleotide that is substantially complementary to a contiguous portion of the
mRNA of interest (e.g., an mRNA encoding CIDEB). For example, a polynucleotide is complementary to at
least a part of a CIDEB mRNA if the sequence is substantially complementary to a non-interrupted portion of
an mRNA encoding CIDEB.

Accordingly, in some embodiments, the antisense strand polynucleotides disclosed herein are fully
complementary to the target CIDEB sequence. In other embodiments, the antisense strand polynucleotides
disclosed herein are substantially complementary to the target CIDEB sequence and comprise a contiguous
nucleotide sequence which is at least about 80% complementary over its entire length to the equivalent region

of the nucleotide sequence of SEQ ID NO:1, or a fragment of SEQ ID NO:1, such as about 85%, about 86%,
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about 87%, about 88%, about 89%, about 90%, about % 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, or about 99% complementary.

In one embodiment, an RNAi agent of the invention includes a sense strand that is substantially
complementary to an antisense polynucleotide which, in turn, is complementary to a target CIDEB sequence,
and wherein the sense strand polynucleotide comprises a contiguous nucleotide sequence which 1s at least
about 80% complementary over its entire length to the equivalent region of the nucleotide sequence of SEQ
ID NOs: 2, or a fragment of any one of SEQ ID NOs: 2, such as about 85%, about 86%, about 87%, about
88%, about 89%, about 90%, about % 91%, about 92%. about 93%, about 94%, about 95%., about 96%,
about 97%, about 98%, or about 99% complementary.

In some embodiments, an iRNA of the invention includes an antisense strand that is substantially
complementary to the target CIDEB sequence and comprises a contiguous nucleotide sequence which is at
least about 80% complementary over its entire length to the equivalent region of the nucleotide sequence of
any one of the sense strands in Tables 3-6, or a fragment of any one of the sense strands in Tables 3-6, such as
about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
complementary, or 100% complementary.

9% L

The term “inhibiting,” as used herein, is used interchangeably with “reducing,” “silencing,”
“downregulating,” “suppressing” and other similar terms, and includes any level of inhibition.

The phrase “inhibiting expression of a CIDEB gene,” as used herein, includes inhibition of expression
of any CIDEB gene (such as, e.g., a mouse CIDEB gene, a rat CIDEB gene, a monkey CIDEB gene, or a
human CIDEB gene) as well as variants or mutants of a CIDEB gene that encode a CIDEB protein.

“Inhibiting expression of a CIDEB gene” includes any level of inhibition of a CIDEB gene, e.g., at
least partial suppression of the expression of a CIDEB gene, such as an inhibition by at least about 20%. In
certain embodiments, inhibition is by at least about 25%, at least about 30%, at least about 35%,at least about
40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at lcast about 85%, at least about 90%, at least about
91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99%.

The expression of a CIDEB gene may be assessed based on the level of any variable associated with
CIDEB gene expression, e.g., CIDEB mRNA level or CIDEB protein level. The expression of a CIDEB gene
may also be assessed indirectly based on, for example, a decrease in CIDEB protein activity, e.g., a decrease
in the interaction of CIDEB with ApoB and/or a decrease in lipid maturation in a tissue sample, such as a liver
sample. Inhibition may be assessed by a decrease in an absolute or relative level of one or more of these
variables compared with a control level. The control level may be any type of control level that is utilized in
the art, e.g., a pre-dose bascling level, or a level determined from a similar subject, cell, or sample that is

untreated or treated with a control (such as, e.g., buffer only control or inactive agent control).
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In one embodiment, at least partial suppression of the expression of a CIDEB gene, is assessed by a
reduction of the amount of CIDEB mRNA which can be isolated from, or detected, 1n a first cell or group of
cells in which a CIDEB gene is transcribed and which has or have been treated such that the expression of a
CIDEB gene 1s inhibited, as compared to a second cell or group of cells substantially identical to the first cell
or group of cells but which has or have not been so treated (control cells).

The degree of inhibition may be expressed in terms of:

(mRNA in control cells)- (mRNA in treated cells)
(mRNA in control cells)

The phrase “contacting a cell with an RNAi agent,” such as a dsRNA, as used herein, includes

¢100%

contacting a cell by any possible means. Contacting a cell with an RNA1 agent includes contacting a cell in
vitro with the iRNA or contacting a cell in vivo with the iRNA. The contacting may be done directly or
indirectly. Thus, for example, the RNA1 agent may be put into physical contact with the cell by the individual
performing the method, or alternatively, the RN A1 agent may be put into a situation that will permit or cause it
to subsequently come into contact with the cell.

Contacting a cell in vitro may be done, for example, by incubating the cell with the RNA1 agent.
Contacting a cell in vivo may be done, for example, by injecting the RNA1 agent into or near the tissue where
the cell 1s located, or by injecting the RNA1 agent into another area, e.g., the bloodstream or the subcutaneous
space, such that the agent will subsequently reach the tissue where the cell to be contacted is located. For
example, the RNA1 agent may contain and/or be coupled to a ligand, e.g., GalNAc3, that directs the RNA1
agent to a site of interest, e.g., the liver. Combinations of in vitro and in vivo methods of contacting are also
possible. For example, a cell may also be contacted i vitro with an RNA1 agent and subsequently
transplanted into a subject.

In one embodiment, contacting a cell with an iIRNA includes “introducing” or “delivering the iRNA
into the cell” by facilitating or effecting uptake or absorption into the cell. Absorption or uptake of an iIRNA
can occur through unaided diffusive or active cellular processes, or by auxiliary agents or devices.
Introducing an iRNA into a cell may be in vitro and/or in vivo. For example, for in vivo introduction, iRNA
can be injected into a tissue site or administered systemically. In vivo delivery can also be done by a beta-
glucan delivery system, such as those described in U.S. Patent Nos. 5,032,401 and 5,607,677, and U.S.
Publication No. 2005/0281781, the entire contents of which are hereby incorporated herein by reference. In
vitro introduction into a cell includes methods known in the art such as electroporation and lipofection.
Further approaches are described herein below and/or are known in the art.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer encapsulating a
pharmaceutically active molecule, such as a nucleic acid molecule, e.g., an iRNA or a plasmid from which an
iRNA is transcribed. LNPs are described in, for example, U.S. Patent Nos. 6,858,225, 6,815,432, 8,158,601,

and 8,058,069, the entire contents of which are hereby incorporated herein by reference.
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As used herein, a “subject” is an animal, such as a mammal, including a primate (such as a human, a
non-human primate, e.g., a monkey, and a chimpanzee), a non-primate (such as a cow, a pig, a camel, a llama,
a horse, a goat, a rabbit, a sheep, a hamster, a guinea pig, a cat, a dog, a rat, a mouse, a horse, and a whale), or
abird (e.g., aduck or a goose).

In an embodiment, the subject is a human, such as a human being treated or assessed for a discase,
disorder or condition that would benefit from reduction in CIDEB expression; a human at risk for a disease,
disorder or condition that would benefit from reduction in CIDEB expression; a human having a discase,
disorder or condition that would benefit from reduction in CIDEB expression; and/or human being treated for
a disease, disorder or condition that would benefit from reduction in CIDEB expression as described herein.

As used herein, the terms “treating” or “treatment” refer to a beneficial or desired result including, but
not limited to, alleviation or amelioration of one or more symptoms associated with CIDEB gene expression
and/or CIDEB protein production, e.g., a CIDEB-associated disease, such as a chronic inflammatory disease
of the liver and other tissues. In one embodiment, the chronic inflammatory disease is chronic inflammatory
liver disease, e.g., inflammation of the liver, liver fibrosis, nonalcoholic steatohepatitis (NASH), nonalcoholic
fatty liver disease (NAFLD), cirrhosis of the liver, alcoholic steatohepatitis (ASH), alcoholic liver diseases
(ALD), HCV-associated cirrhosis, drug induced liver injury, hepatocellular necrosis, hepatocellular
carcinoma, insulin insensitivity and/or diabetes. "Treatment" can also mean prolonging survival as compared
to expected survival in the absence of treatment.

The term “lower” in the context of a CIDEB-associated disease refers to a statistically significant
decrease in such level. The decrease can be, for example, at least 10%, at least 15%, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or more. In certain
embodiments, a decrease is at least 20%. “Lower” in the context of the level of CIDEB in a subject is
preferably down to a level accepted as within the range of normal for an individual without such disorder.

As used herein, “prevention” or “preventing,” when used in reference to a disease, disorder or
condition thereof, that would benefit from a reduction in expression of a CIDEB gene, refers to a reduction in
the likelihood that a subject will develop a symptom associated with such disease, disorder, or condition, e.g.,
a symptom of CIDEB gene expression, such as inflammation of the liver, liver fibrosis, nonalcoholic
steatohepatitis (NASH), nonalcoholic fatty liver disecase (NAFLD), cirrhosis of the liver, alcoholic
steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated cirrhosis, drug induced liver injury,
hepatocellular necrosis, hepatocellular carcinoma, insulin insensitivity and/or diabetes. The failure to develop
a disease, disorder or condition, or the reduction in the development of a symptom associated with such a
disease, disorder or condition (e.g., by at least about 10% on a clinically accepted scale for that disease or

disorder), or the exhibition of delayed symptoms (e.g., reduction in inflammation, or reduction in lipid
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accumulation in the liver and/or lipid droplet expansion in the liver) delayed (e.g., by days, weeks, months or
years) is considered effective prevention.

As used herein, the term "CIDEB-associated discase,” is a disease or disorder that is caused by, or
associated with, CIDEB gene expression or CIDEB protein production. The term "CIDEB-associated disease™
includes a disease, disorder or condition that would benefit from a decrease in CIDEB gene expression or
protein activity.

In one embodiment, an "CIDEB-associated disease™ is a chronic inflammatory discase. A “chronic
inflammatory disease™ is any disease, disorder, or condition associated with chronic inflammation. Non-
limiting examples of a chronic inflammatory disease include, for example, inflammation of the liver and other
tissues. Non-limiting examples of chronic inflammatory liver disease include, for example, fibrosis,
nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), cirrhosis of the liver,
alcoholic steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated cirrhosis, drug induced liver
injury, hepatocellular necrosis, hepatocellular carcinoma, insulin insensitivity and/or diabetes.

"Therapeutically effective amount," as used herein, is intended to include the amount of an RNAi
agent that, when administered to a subject having a CIDEB-associated disease, disorder, or condition, is
sufficient to effective treatment of the disease (e.g., by diminishing, ameliorating or maintaining the existing
disease or one or more symptoms of disease). The "therapeutically effective amount" may vary depending on
the RNA1 agent, how the agent is administered, the disease and its severity and the history, age, weight, family
history, genetic makeup, the types of preceding or concomitant treatments, if any, and other individual
characteristics of the subject to be treated.

“Prophylactically effective amount,” as used herein, is intended to include the amount of an iRNA
that, when administered to a subject having a CIDEB-associated disease, disorder, or condition, is sufficient to
prevent or ameliorate the disease or one or more symptoms of the disease. Ameliorating the discase includes
slowing the course of the discase or reducing the severity of later-developing disease. The "prophylactically
effective amount” may vary depending on the iIRNA, how the agent is administered, the degree of risk of
discase, and the history, age, weight, family history, genetic makeup, the types of preceding or concomitant
treatments, if any, and other individual characteristics of the patient to be treated.

A "therapeutically-effective amount" or “prophylactically effective amount” also includes an amount
of an RNAI agent that produces some desired local or systemic effect at a reasonable benefit/risk ratio
applicable to any treatment. iIRNA employed in the methods of the present invention may be administered in a
sufficient amount to produce a reasonable benefit/risk ratio applicable to such treatment.

The phrase "pharmaceutically acceptable” is employed herein to refer to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of human subjects and animal subjects without excessive toxicity, irritation, allergic

response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.
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The phrase "pharmaceutically-acceptable carrier” as used herein means a pharmaceutically-acceptable
material, composition or vehicle, such as a liquid or solid filler, diluent, excipient, manufacturing aid (e.g .,
lubricant, talc magnesium, calcium or zinc stearate, or steric acid), or solvent encapsulating material, involved
in carrying or transporting the subject compound from one organ, or portion of the body, to another organ, or
portion of the body. Each carrier must be "acceptable” in the sense of being compatible with the other
ingredients of the formulation and not injurious to the subject being treated. Some examples of materials
which can serve as pharmaceutically-acceptable carriers include: (1) sugars, such as lactose, glucose and
sucrose; (2) starches, such as corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin;
(7) lubricating agents, such as magnesium stearate, sodium lauryl sulfate and talc; (8) excipients, such as
cocoa butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive
oil, com oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol,
mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering
agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water;
(17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH buffered solutions; (21) polyesters,
polycarbonates and/or polyanhydrides; (22) bulking agents, such as polypeptides and amino acids (23) serum
component, such as serum albumin, HDL and LDL; and (22) other non-toxic compatible substances employed
in pharmaceutical formulations.

The term “sample,” as used herein, includes a collection of similar fluids, cells, or tissues isolated
from a subject, as well as fluids, cells, or tissues present within a subject. Examples of biological fluids
include blood, serum and serosal fluids, plasma, cerebrospinal fluid, ocular fluids, lymph, urine, saliva, and
the like. Tissue samples may include samples from tissues, organs or localized regions. For example, samples
may be derived from particular organs, parts of organs, or fluids or cells within those organs. In certain
embodiments, samples may be derived from the liver (e.g., whole liver or certain segments of liver or certain
types of cells in the liver, such as, e.g., hepatocytes). In some embodiments, a “sample derived from a

subject” refers to blood or plasma drawn from the subject.

I1. iRNAs of the Invention

Described herein are iIRNAs which inhibit the expression of a target gene. In one embodiment, the
iRNAs inhibit the expression of a CIDEB gene. In one embodiment, the iRNA agent includes double stranded
ribonucleic acid (dsRNA) molecules for inhibiting the expression of a CIDEB geng in a cell, such as a liver
cell, such as a liver cell within a subject, e.g., a mammal, such as a human having a chronic inflammatory
disease, disorder, or condition.

The dsRNA includes an antisense strand having a region of complementarity which is complementary

to at least a part of an mRNA formed in the expression of a CIDEB gene. The region of complementarity is
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about 30 nucleotides or less in length (e.g., about 30, 29, 28, 27, 26, 25, 24, 23,22, 21, 20, 19, or 18
nucleotides or less in length). Upon contact with a cell expressing the target gene, the iRNA inhibits the
expression of the target gene (e.g., a human, a primate, a non-primate, or a rodent target gene) by at least about
10% as assayed by, for example, a PCR or branched DNA (bDNA)-based method, or by a protein-based
method, such as by immunofluorescence analysis, using, for example, Western Blotting or flowcytometric
techniques.

A dsRNA includes two RNA strands that are complementary and hybridize to form a duplex structure
under conditions in which the dSRNA will be used. One strand of a dsRNA (the antisense strand) includes a
region of complementarity that is substantially complementary, and generally fully complementary, to a target
sequence. The target sequence can be derived from the sequence of an mRNA formed during the expression
of a CIDEB gene. The other strand (the sense strand) includes a region that is complementary to the antisense
strand, such that the two strands hybridize and form a duplex structure when combined under suitable
conditions. As described elsewhere herein and as known in the art, the complementary sequences of a dsRNA
can also be contained as self-complementary regions of a single nucleic acid molecule, as opposed to being on
separate oligonucleotides.

Generally, the duplex structure is between 15 and 30 base pairs in length, e.g., between, 15-29, 15-28,
15-27,15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-
26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22,
19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-
27,21-26, 21-25, 21-24, 21-23, or 21-22 base pairs in length. Ranges and lengths intermediate to the above
recited ranges and lengths are also contemplated to be part of the invention.

Similarly, the region of complementarity to the target sequence is between 15 and 30 nucleotides in
length, e.g., between 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-
17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27,
19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-
22,20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length. Ranges
and lengths intermediate to the above recited ranges and lengths are also contemplated to be part of the
invention.

In some embodiments, the sense and antisense strands of the dsSRNA are each independently about 15
to about 30 nucleotides in length, or about 25 to about 30 nucleotides in length, e.g., each strand is
independently between 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18,
15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-
27,19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23,
20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length. In
some embodiments, the dSRNA 1s between about 15 and about 23 nucleotides in length, or between about 25
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and about 30 nucleotides in length. In general, the dsRNA is long enough to serve as a substrate for the Dicer
enzyme. For example, it is well known in the art that dsSRNAs longer than about 21-23 nucleotides can serve
as substrates for Dicer. As the ordiarily skilled person will also recognize, the region of an RNA targeted for
cleavage will most often be part of a larger RNA molecule, often an mRNA molecule. Where relevant, a
“part” of an mRNA target is a contiguous sequence of an mRNA target of sufficient length to allow it to be a
substrate for RNAi-directed cleavage (i.e., cleavage through a RISC pathway).

One of skill in the art will also recognize that the duplex region is a primary functional portion of a
dsRNA, e.g., a duplex region of about 9 to 36 base pairs, e.g., about 10-36, 11-36, 12-36, 13-36, 14-36, 15-36,
9-35, 10-35, 11-35, 12-35, 13-35, 14-35, 15-35, 9-34, 10-34, 11-34, 12-34, 13-34, 14-34, 15-34, 9-33, 10-33,
11-33, 12-33, 13-33, 14-33, 15-33, 9-32, 10-32, 11-32, 12-32, 13-32, 14-32, 15-32, 9-31, 10-31, 11-31, 12-31,
13-32, 14-31, 15-31, 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-
18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28,
19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-
23,20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs. Thus, in one
embodiment, to the extent that it becomes processed to a functional duplex, of e.g., 15-30 base pairs, that
targets a desired RNA for cleavage, an RNA molecule or complex of RNA molecules having a duplex region
greater than 30 base pairs is a dsSRNA. Thus, an ordinarily skilled artisan will recognize that in one
embodiment, a MicroRNA (miRNA) is a dsRNA. In another embodiment, a dsRNA is not a naturally
occurring miRNA. In another embodiment, an iRNA agent useful to target CIDEB expression is not
generated in the target cell by cleavage of a larger dsRNA.

A dsRNA as described herein can further include one or more single-stranded nucleotide overhangs
e.g, 1,2, 3, or 4 nucleotides. dsRNAs having at least one nucleotide overhang can have unexpectedly
superior inhibitory properties relative to their blunt-ended counterparts. A nucleotide overhang can comprise
or consist of a nucleotide/nucleoside analog, including a deoxynucleotide/nucleoside. The overhang(s) can be
on the sense strand, the antisense strand or any combination thereof. Furthermore, the nucleotide(s) of an
overhang can be present on the 5'-end, 3'-end or both ends of either an antisense or sense strand of a dsRNA.

A dsRNA can be synthesized by standard methods known in the art as further discussed below, e.g.,
by use of an automated DNA synthesizer, such as are commercially available from, for example, Biosearch,
Applied Biosystems, Inc.

1IRNA compounds of the invention may be prepared using a two-step procedure. First, the individual
strands of the double-stranded RNA molecule are prepared separately. Then, the component strands are
annealed. The individual strands of the siRNA compound can be prepared using solution-phase or solid-phase
organic synthesis or both. Organic synthesis offers the advantage that the oligonucleotide strands comprising
unnatural or modified nucleotides can be casily prepared. Single-stranded oligonucleotides of the invention

can be prepared using solution-phase or solid-phase organic synthesis or both.
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In one aspect, a dsRNA of the invention includes at least two nucleotide sequences, a sense sequence
and an antisense sequence. The sense strand sequence is selected from the group of sequences provided in
Tables 3-6, and the corresponding nucleotide sequence of the antisense strand of the sense strand is selected
from the group of sequences of Tables 3-6. In this aspect, one of the two sequences is complementary to the
other of the two sequences, with one of the sequences being substantially complementary to a sequence of an
mRNA generated in the expression of a CIDEB gene. As such, in this aspect, a dSRNA will include two
oligonucleotides, where one oligonucleotide is described as the sense strand (passenger strand) in Tables 3-6,
and the second oligonucleotide is described as the corresponding antisense strand (guide strand) of the sense
strand in Tables 3-6. In one embodiment, the substantially complementary sequences of the dsRNA are
contained on separate oligonucleotides. In another embodiment, the substantially complementary sequences
of the dsRNA are contained on a single oligonucleotide.

It will be understood that, although the sequences in Tables 3-6 are described as modified,
unmodified, unconjugated. and/or conjugated sequences, the RNA of the iRNA of the invention e.g., a dsSRNA
of the invention, may comprise any one of the sequences set forth Tables 3-6 that is un-modified, un-
conjugated, and/or modified and/or conjugated differently than described therein,

The skilled person is well aware that dsSRNAs having a duplex structure of between about 20 and 23
base pairs, e.g., 21, base pairs have been hailed as particularly effective in inducing RNA interference
(Elbashir et al., (2001) EMBO J., 20:6877-6888). However, others have found that shorter or longer RNA
duplex structures can also be effective (Chu and Rana (2007) RNA 14:1714-1719; Kim ef al. (2005) Nat
Biotech 23:222-226). In the embodiments described above, by virtue of the nature of the oligonucleotide
sequences provided herein, dsRNAs described herein can include at least one strand of a length of minimally
21 nucleotides. It can be reasonably expected that shorter duplexes minus only a few nucleotides on one or
both ends can be similarly effective as compared to the dsSRNAs described above. Hence, dsRNAs having a
sequence of at least 15, 16, 17, 18, 19, 20, or more contiguous nucleotides derived from one of the sequences
provided herein, and differing in their ability to mhibit the expression of a CIDEB gene by not more than
about 3, 10, 15, 20, 25, or 30 % inhibition from a dsRNA comprising the full sequence, are contemplated to be
within the scope of the present invention.

In addition, the RNAs described in Tables 3-6 identify a site(s) in a CIDEB transcript that is
susceptible to RISC-mediated cleavage. As such, the present invention further features iRNAs that target
within this site(s). As used herein, an iRNA is said to target within a particular site of an RNA transcript if the
1RNA promotes cleavage of the transcript anywhere within that particular site. Such an iIRNA will generally
include at least about 15 contiguous nucleotides from one of the sequences provided herein coupled to
additional nucleotide sequences taken from the region contiguous to the selected sequence in the gene.

While a target sequence is generally about 15-30 nucleotides in length, there is wide variation in the

suitability of particular sequences in this range for directing cleavage of any given target RNA. Various
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software packages and the guidelines set out herein provide guidance for the identification of optimal target
sequences for any given gene target, but an empirical approach can also be taken in which a “window” or
“mask” of a given size (as a non-limiting example, 21 nucleotides) is literally or figuratively (including, e.g.,
in silico) placed on the target RNA sequence to identify sequences in the size range that can serve as target
sequences. By moving the sequence “window” progressively one nucleotide upstream or downstream of an
initial target sequence location, the next potential target sequence can be identified, until the complete set of
possible sequences is identified for any given target size selected. This process, coupled with systematic
synthesis and testing of the identified sequences (using assays as described herein or as known in the art) to
identify those sequences that perform optimally can identify those RNA sequences that, when targeted with an
1RNA agent, mediate the best inhibition of target gene expression. Thus, while the sequences identified herein
represent effective target sequences, it is contemplated that further optimization of inhibition efficiency can be
achieved by progressively “walking the window™ one nucleotide upstream or downstream of the given
sequences to identify sequences with equal or better inhibition characteristics.

Further, it is contemplated that for any sequence identified herein, further optimization could be
achieved by systematically either adding or removing nucleotides to generate longer or shorter sequences and
testing those sequences generated by walking a window of the longer or shorter size up or down the target
RNA from that point. Again, coupling this approach to generating new candidate targets with testing for
effectiveness of iRNAs based on those target sequences in an inhibition assay as known in the art and/or as
described herein can lead to further improvements in the efficiency of inhibition. Further still, such optimized
sequences can be adjusted by, e.g., the introduction of modified nucleotides as described herein or as known in
the art, addition or changes in overhang, or other modifications as known in the art and/or discussed herein to
further optimize the molecule (e.g., increasing serum stability or circulating half-life, increasing thermal
stability, enhancing transmembrane delivery, targeting to a particular location or cell type, increasing
interaction with silencing pathway enzymes, increasing release from endosomes) as an expression inhibitor.

An iRNA agent as described herein can contain one or more mismatches to the target sequence. In one
embodiment, an iIRNA as described herein contains no more than 3 mismatches. If the antisense strand of the
1RNA contains mismatches to a target sequence, it is preferable that the arca of mismatch is not located in the
center of the region of complementarity. If the antisense strand of the iRNA contains mismatches to the target
sequence, it 1s preferable that the mismatch be restricted to be within the last 5 nucleotides from either the 5°-
or 3’-end of the region of complementarity. For example, for a 23 nucleotide iRNA agent the strand which is
complementary to a region of a CIDEB gene, generally does not contain any mismatch within the central 13
nucleotides. The methods described herein or methods known in the art can be used to determine whether an
iRNA containing a mismatch to a target sequence is effective in inhibiting the expression of a CIDEB gene.

Consideration of the efficacy of iIRNAs with mismatches in inhibiting expression of a CIDEB gene is
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important, especially if the particular region of complementarity in a CIDEB gene is known to have
polymorphic sequence variation within the population.

An RNA target may have regions, or spans of the target RNA’s nucleotide sequence, which are
relatively more susceptible or amenable than other regions of the RNA target to mediating cleavage of the
RNA target via RNA interference induced by the binding of an RNAi agent to that region. The increased
susceptibility to RNA interference within such “hotspot regions” (or simply “hotspots™) means that iRNA
agents targeting the region will likely have higher efficacy in inducing iIRNA interference than iRNA agents
which target other regions of the target RNA. For example, without being bound by theory, the accessibility
of a target region of a target RNA may influence the efficacy of iRNA agents which target that region, with
some hotspot regions having increased accessibility. Secondary structures, for instance, that form in the RNA
target (e.g., within or proximate to hotspot regions) may affect the ability of the iRNA agent to bind the target
region and induce RNA interference.

According to certain aspects of the invention, an iRNA agent may be designed to target a hotspot
region of any of the target RNAs described herein, including any identified portions of a target RNA (e.g., a
particular exon). As used herein, a hotspot region may refer to an approximately 19-200, 19-150, 19-100, 19-
75, 19-50, 21-200, 21-150, 21-100, 21-75, 21-50, 50-200, 50-150, 50-100, 50-75, 75-200, 75-150, 75-100,
100-200, or 100-150 nucleotide region of a target RNA sequence for which targeting using RNAi agents
provides an observably higher probability of efficacious silencing relative to targeting other regions of the
same target RNA. According to certain aspects of the invention, a hotspot region may comprise a limited
region of the target RNA, and in some cases, a substantially limited region of the target, including for
example, less than half of the length of the target RNA, such as about 5%, 10%, 15%, 20%, 25%, or 30% of
the lenth of the target RNA. Conversely, the other regions against which a hotspot is compared may
cumulatively comprise at least a majority of the length of the target RNA. For example, the other regions may
cumulatively comprise at least about 60%, or at least about 70%, or at least about 80%, or at least about 90%,
or at least about 95% of the length of the target RNA.

Compared regions of the target RNA may be empirically evaluated for identification of hotspots using
efficacy data obtained from in vitro or in vivo screening assays. For example, RNA1 agents targeting various
regions that span a target RNA may be compared for frequency of efficacious iRNA agents (¢.g., the amount
by which target gene expression is inhibited, such as measured by mRNA expression or protein expression)
that bind each region. In general, a hotspot can be recognized by observing clustering of multiple efficacious
RNALI1 agents that bind to a limited region of the RNA target. A hotspot may be sufficiently characterized as
such by observing efficacy of iRNA agents which cumulatively span at least about 60% of the target region
identified as a hotspot, such as about 70%, about 80%, about 90%, or about 95% or more of the length of the
region, including both ends of the region (i.¢. at least about 60%, 70%, 80%, 90%, or 95% or more of the

nucleotides within the region, including the nucleotides at each end of the region, were targeted by an iRNA
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agent). According to some aspects of the invention, an iRNA agent which demonstrates at least about 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% inhibition over the region (¢.g., no more than about
50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5% mRNA remaining) may be identified as
efficacious.

Amenibility to targeting of RNA regions may also be assessed using quantitative comparison of
inhibition measurements across different regions of a defined size (e.g, 25, 30, 40, 50, 60, 70, 80, 90, or 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nts). For example, an average level of inhibition may be
determined for each region and the averages of cach region may be compared. The average level of inhibition
within a hotspot region may be substantially higher than the average of averages for all evaluated regions.
According to some aspects, the average level of inhibition in a hotspot region may be at least about 10%, 20%,
30%, 40%, or 50% higher than the average of averages. According to some aspects, the average level of
inhibition in a hotspot region may be at least about 1.0, 1.1, 1.2, 1.3, 1.4, 1.5 1.6, 1.7, 1.8. 1.9, or 2.0 standard
deviations above the average of averages. The average level of inhibition may be higher by a statistically
significant (¢.g., p < 0.05) amount. According to some aspects, each inhibition measurement within a hotspot
region may be above a threshold amount (e.g., at or below a threshold amount of mRNA remaining).
According to some aspects, each inhibition measurement within the region may be substantially higher than an
average of all inhibition measurements across all the measured regions. For example, each inhibition
measurement in a hotspot region may be at least about 10%, 20%, 30%, 40%, or 50% higher than the average
of all inhibition measurements. According to some aspects, cach inhibition measurement may be at least
about 1.0, 1.1, 12,13, 14,1516, 1.7, 1.8. 1.9, or 2.0 standard deviations above the average of all inhibition
measurements. Each inhibition measurement may be higher by a statistically significant (¢.g., p < 0.05)
amount than the average of all inhibition measurements. A standard for evaluating a hotspot may comprise
various combinations of the above standards where compatible (¢.g., an average level of inhibition of at least
about a first amount and having no inhibition measurements below a threshold level of a second amount,
lesser than the first amount).

It is therefore expressly contemplated that any iIRNA agent, including the specific exemplary iRNA
agents described herein, which targets a hotspot region of a target RNA, may be preferably selected for
inducing RNA interference of the target mRNA as targeting such a hotspot region is likely to exhibit a robust
ihibitory response relative to targeting a region which is not a hotspot region. RNAI agents targeting target
sequences that substantially overlap (e.g., by at least about 70%, 75%, 80%, 85%, 90%, 95% of the target
sequence length) or, preferably, that reside fully within the hotspot region may be considered to target the
hotspot region. Hotspot regions of the RNA target(s) of the instant invention may include any region for
which the data disclosed herein demonstrates higher frequency of targeting by efficacious RNA1 agents,
including by any of the standards described elsewhere herein, whether or not the range(s) of such hotspot
region(s) are explicitly specified.
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In various embodiments, a dsSRNA agent of the present invention targets a hotspot region of an mRNA

encoding CIDEB.

111. Modified iRNAs of the Invention
In one embodiment, the RNA of the iRNA of the invention e.g., a dsSRNA, is un-modified, and does

not comprise, e.g., chemical modifications and/or conjugations known in the art and described herein. In
another embodiment, the RNA of an iRNA of the invention, e.g., a dsRNA, is chemically modified to enhance
stability or other beneficial characteristics. In certain embodiments of the invention, substantially all of the
nucleotides of an iRNA of the invention are modified. In other embodiments of the invention, all of the
nucleotides of an iRNA of the invention are modified. iRNAs of the invention in which “substantially all of
the nucleotides are modified” are largely but not wholly modified and can include not more than 5, 4, 3, 2, or
1 unmodified nucleotides.

In some aspects of the invention, substantially all of the nucleotides of an IRNA of the invention are
modified and the IRNA agents comprise no more than 10 nucleotides comprising 2”-fluoro modifications (e.g.,
no more than 9 2'-fluoro modifications, no more than 8 2'-fluoro modifications, no more than 7 2'-fluoro
modifications, no more than 6 2'-fluoro modifications, no more than 5 2'-fluoro modifications, no more than 4
2'-fluoro modifications, no more than 5 2'-fluoro modifications, no more than 4 2’-fluoro modifications, no
more than 3 2'-fluoro modifications, or no more than 2 2'-fluoro modifications). For example, in some
embodiments, the sense strand comprises no more than 4 nucleotides comprising 2'-fluoro modifications (e.g.,
no more than 3 2'-fluoro modifications, or no more than 2 2'-fluoro modifications). In other embodiments,
the antisense strand comprises no more than 6 nucleotides comprising 2'-fluoro modifications (e.g., no more
than 5 2’-fluoro modifications, no more than 4 2'-fluoro modifications, no more than 4 2'-fluoro modifications,
or no more than 2 2'-fluoro modifications).

In other aspects of the invention, all of the nucleotides of an iRNA of the invention are modified and
the iIRNA agents comprise no more than 10 nucleotides comprising 2’-fluoro modifications (e.g., no more than
9 2'-fluoro modifications, no more than 8 2'-fluoro modifications, no more than 7 2'-fluoro modifications, no
more than 6 2'-fluoro modifications, no more than 5 2’-fluoro modifications, no more than 4 2’-fluoro
modifications, no more than 5 2’-fluoro modifications, no more than 4 2'-fluoro modifications, no more than
3 2'-fluoro modifications, or no more than 2 2'-fluoro modifications).

In one embodiment, the double stranded RNA1 agent of the invention further comprises a 5°-
phosphate or a 5°-phosphate mimic at the 5° nucleotide of the antisense strand. In another embodiment, the
double stranded RNAI agent further comprises a 5°-phosphate mimic at the 5 nucleotide of the antisense

strand. In a specific embodiment, the 5’-phosphate mimic is a 3°-vinyl phosphonate (5°-VP). In one
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embodiment, the phosphate mimic is a 5’-cyclopropyl phosphonate. In some embodiments, the 5°-end of the

antisense strand of the double-stranded iIRNA agent does not contain a 5’-vinyl phosphonate (VP).

In one embodiment, at least one of the modified nucleotides is selected from the group consisting
of a deoxy-nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-
modified nucleotide, a glycol modified nucleotide (GNA), ¢.g., Ggn, Cgn, Tgn, or Agn, a nucleotide with
a2’ phosphate, e.g., G2p, C2p, A2p or U2p, and, a vinyl-phosphonate nucleotide; and combinations thereof.
In other embodiments, each of the duplexes of Tables 4 and 6 may be particularly modified to provide
another double-stranded iRNA agent of the present disclosure. In one example, the 3 -terminus of each
sense duplex may be modified by removing the 3’°-terminal L96 ligand and exchanging the two
phosphodiester internucleotide linkages between the three 3°-terminal nucleotides with phosphorothioate

internucleotide linkages. That is, the three 3 -terminal nucleotides (N) of a sense sequence of the formula:
5°- Ni-... -NpaNpiNyL96 3
may be replaced with
5°-Ni-... -Np2sNpsN; 37
That is, for example, AD-1685156, the sense sequence:
csusgcagAfaGfGfUfugacugeguul.96 (SEQ ID NO: 277)
may be replaced with

csusgcagAfaGfGfUfugacugegsusu (SEQ ID NO: 2922)

while the antisense sequence remains unchanged to provide another double-stranded iIRNA agent
of the present disclosure.

The nucleic acids featured in the invention can be synthesized and/or modified by methods well
established 1n the art, such as those described in “Current protocols in nucleic acid chemistry,” Beaucage, S.L.
et al. (Edrs.), John Wiley & Sons, Inc., New York, NY, USA, which is hereby incorporated herein by
reference. Modifications include, for example, end modifications, e.g., 5°-end modifications
(phosphorylation, conjugation, inverted linkages) or 3’-end modifications (conjugation, DNA nucleotides,
mverted linkages, efc.); base modifications, e.g., replacement with stabilizing bases, destabilizing bases, or
bases that base pair with an expanded repertoire of partners, removal of bases (abasic nucleotides), or
conjugated bases; sugar modifications (e.g., at the 2’-position or 4’-position) or replacement of the sugar;
and/or backbone modifications, including modification or replacement of the phosphodiester linkages.
Specific examples of iIRNA compounds useful in the embodiments described herein include, but are not

limited to RNAs containing modified backbones or no natural internucleoside linkages. RNAs having
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modified backbones include, among others, those that do not have a phosphorus atom in the backbone. For the
purposes of this specification, and as sometimes referenced in the art, modified RNAs that do not have a
phosphorus atom in their internucleoside backbone can also be considered to be oligonucleosides. In some
embodiments, a modified iRNA will have a phosphorus atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral phosphorothioates,
phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl and other alkyl phosphonates including
3'-alkylene phosphonates and chiral phosphonates, phosphinates, phosphoramidates including 3'-amino
phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3'-5' linkages, 2'-3'-linked analogs of these, and
those having inverted polarity wherein the adjacent pairs of nucleoside units are linked 3'-3' to 5'-3' or 2'-5' to 5'-2".
Various salts, mixed salts and free acid forms are also included. In some embodiments of the invention, the dsSRNA
agents of the invention are in a free acid form. In other embodiments of the invention, the dsRNA agents of the
invention are in a salt form. In one embodiment, the dSRNA agents of the invention are in a sodium salt form. In
certain embodiments, when the dsRNA agents of the invention are in the sodium salt form, sodium ions are present
in the agent as counterions for substantially all of the phosphodiester and/or phosphorothiotate groups present in
the agent. Agents in which substantially all of the phosphodiester and/or phosphorothioate linkages have a sodium
counterion include not more than 5, 4, 3, 2, or | phosphodiester and/or phosphorothioate linkages without a sodium
counterion. In some embodiments, when the dsSRNA agents of the invention are in the sodium salt form, sodium
ions are present in the agent as counterions for all of the phosphodiester and/or phosphorothiotate groups present in
the agent.

Representative U.S. patents that teach the preparation of the above phosphorus-containing linkages
include, but are not limited to, U.S. Patent Nos. 3,687,808; 4,469,863; 4,476,301, 5,023,243; 5,177,195,

5,188,897, 5,264,423, 5,276,019; 5,278,302, 5,286,717, 5,321,131; 5,399,676; 5,405,939; 5,453,496,
5,455,233, 5,466,677, 5,476,925; 5,519,126, 5,536,821, 5,541,316; 5,550,111; 5,563,253, 5,571,799,
5,587,361, 5,625,050, 6,028,188; 6,124,445 6,160,109; 6,169,170; 6,172,209; 6, 239,265; 6,277,603;
6,326,199; 6,346,614; 6,444,423; 6,531,590, 6,534,639; 6,608,035; 6,683,167; 6,858,715, 6,867,294,
6,878,805; 7,015,315; 7,041,816; 7,273,933; 7.321,029; and US Pat RE39464, the entire contents of each of
which are hereby incorporated herein by reference.

Modified RNA backbones that do not include a phosphorus atom therein have backbones that are
formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatoms and alkyl or cycloalkyl
internucleoside linkages, or one or more short chain heteroatomic or heterocyclic internucleoside linkages.

These include those having morpholino linkages (formed in part from the sugar portion of a nucleoside);
siloxane backbones; sulfide, sulfoxide and sulfone backbones; formacetyl and thioformacetyl backbones;

methylene formacetyl and thioformacetyl backbones; alkene containing backbones; sulfamate backbones;
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methyleneimino and methylenehydrazino backbones; sulfonate and sulfonamide backbones; amide backbones;
and others having mixed N, O, S and CH, component parts.

Representative U.S. patents that teach the preparation of the above oligonucleosides include, but are
not limited to, U.S. Patent Nos. 5,034,506; 5,166,315; 5,185,444; 5,214,134; 5,216,141; 5,235,033; 5,64,562;
5,264,564, 5,405,938 5,434,257, 5,466,677, 5,470,967, 5,489,677; 5,541,307; 5,561,225, 5,596,086,
5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 5,663,312 5,633,360; 5,677,437; and, 5,677,439, the
entire contents of each of which are hereby incorporated herein by reference.

In other embodiments, suitable RNA mimetics are contemplated for use in iRNAs, in which both the
sugar and the internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced with novel
groups. The base units are maintained for hybridization with an appropriate nucleic acid target compound.
One such oligomeric compound, an RNA mimetic that has been shown to have excellent hybridization
properties, is referred to as a peptide nucleic acid (PNA). In PNA compounds, the sugar backbone of an RNA
1s replaced with an amide containing backbone, in particular an aminocthylglycine backbone. The
nucleobases are retained and are bound directly or indirectly to aza nitrogen atoms of the amide portion of the
backbone. Representative U.S. patents that teach the preparation of PNA compounds include, but are not
limited to, U.S. Patent Nos. 5,539,082; 5,714,331; and 5,719,262, the entire contents of each of which are
hereby incorporated herein by reference. Additional PNA compounds suitable for use in the iRNAs of the
invention are described in, for example, in Nielsen e al., Science, 1991, 254, 1497-1500.

Some embodiments featured in the invention include RNAs with phosphorothioate backbones and
oligonucleosides with heteroatom backbones, and in particular --CH,--NH--CH,-, --CH,--N(CH3)--O--CH»--
[known as a methylene (methylimino) or MMI backbone], --CH»--0--N(CH3)--CH;--, --CH»--N(CHj3)--
N(CH3)--CH;-- and --N(CH3)--CH,--CH,--[wherein the native phosphodiester backbone is represented as --O-
-P--0--CH»--] of the above-referenced U.S. Patent No. 5,489,677, and the amide backbones of the above-
referenced U.S. Patent No. 5,602,240. In some embodiments, the RNAs featured herein have morpholino
backbone structures of the above-referenced U.S. Patent No. 5,034,506.

Modified RNAs can also contain one or more substituted sugar moicties. The iRNAs, e.g., dsRNAs,
featured herein can include one of the following at the 2'-position: OH; F; O-, S-, or N-alkyl; O-, S-, or N-
alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl can be substituted or
unsubstituted C; to Cy alkyl or C; to Cy¢ alkenyl and alkynyl. Exemplary suitable modifications include
O[(CH,),0] wCHs, O(CH,).,OCH3, O(CH,),NH,, O(CH.) ,CH;, O(CH>),ONH,, and
O(CH,),ON[(CH,),CHs)]2, where n and m are from 1 to about 10. In other embodiments, dsSRNAs include
one of the following at the 2' position: C; to Cio lower alkyl, substituted lower alkyl, alkaryl, aralkyl, O-alkaryl
or O-aralkyl, SH, SCH;, OCN, Cl, Br, CN, CF3, OCF3, SOCH3, SO;CHs, ONO;, NO:, N3, NHa,
heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving

group, a reporter group, an intercalator, a group for improving the pharmacokinetic properties of an iRNA, or
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a group for improving the pharmacodynamic propertics of an iIRNA, and other substituents having similar
properties. In some embodiments, the modification includes a 2'-methoxyethoxy (2'-0--CH,CH,OCH3, also
known as 2'-O-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta, 1995, 78:486-504) i.e., an
alkoxy-alkoxy group. Another exemplary modification is 2'-dimethylaminooxyethoxy, i.e., a
O(CH,),0ON(CHz3); group, also known as 2'-DMAQE, as described in examples herein below, and 2'-
dimethylaminocthoxyethoxy (also known in the art as 2'-O-dimethylaminoethoxyethyl or 2'-DMAEOE), i.e.,
2'-0--CH;--0--CH3--N(CH,),. Further exemplary modifications include: 5°-Me-2’-F nucleotides, 5°-Me-2’-
OMe nucleotides, 5°-Me-2"-deoxynucleotides, (both R and S isomers in these three families); 2°-alkoxyalkyl;
and 2°-NMA (N-methylacetamide).

Other modifications include 2'-methoxy (2'-OCH;), 2'-aminopropoxy (2'-OCH,CH,CH,;NH,) and 2'-
fluoro (2'-F). Similar modifications can also be made at other positions on the RNA of an iRNA, particularly
the 3' position of the sugar on the 3' terminal nucleotide or in 2'-5' linked dsRNAs and the 3' position of 5'
terminal nucleotide. iIRNAs can also have sugar mimetics such as cyclobutyl moieties in place of the
pentofuranosyl sugar. Representative U.S. patents that teach the preparation of such modified sugar structures
include, but are not limited to, U.S. Pat. Nos. 4,981,957; 5,118,800; 5,319,080; 5,359,044, 5,393,878;
5,446,137, 5,466,786 5,514,785, 5,519,134, 5,567 811; 5,576,427, 5,591,722, 5.597,909; 5,610,300,
5,627,053; 5,639,873; 5,646,265; 5,658,873; 5,670,633; and 5,700,920, certain of which are commonly owned
with the instant application. The entire contents of each of the foregoing are hereby incorporated herein by
reference.

An iRNA of the invention can also include nucleobase (often referred to in the art simply as “base™)
modifications or substitutions. As used herein, “unmodified” or “natural” nucleobases include the purine
bases adenine (A) and guanine (G), and the pyrimidine bases thymine (T), cytosine (C) and uracil (U).
Modified nucleobases include other synthetic and natural nucleobases such as 5-methylcytosine (5-me-C), 5-
hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl derivatives of
adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 2-thiouracil, 2-thiothymine
and 2-thiocytosine, 5-halouracil and cytosine, S-propynyl uracil and cytosine, 6-azo uracil, cytosine and
thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl anal other 8-
substituted adenines and guanines, 5-halo, particularly 5-bromo, 5-trifluoromethyl and other 5-substituted
uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine
and 7-daazaadenine and 3-deazaguanine and 3-deazaadenine. Further nucleobases include those disclosed in
U.S. Pat. No. 3,687,808, those disclosed in Modified Nucleosides in Biochemistry, Biotechnology and
Medicine, Herdewijn, P. ed. Wiley-VCH, 2008; those disclosed in The Concise Encyclopedia Of Polymer
Science And Engineering, pages 858-859, Kroschwitz, J. L, ed. John Wiley & Sons, 1990, these disclosed by
Englisch et al., (1991) Angewandte Chemie, International Edition, 30:613, and those disclosed by Sanghvi, Y
S., Chapter 15, dsRNA Research and Applications, pages 289-302, Crooke, S. T. and Lebleu, B., Ed., CRC

44

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

Press, 1993. Certain of these nucleobases are particularly useful for increasing the binding affinity of the
oligomeric compounds featured in the invention. These include 5-substituted pyrimidines, 6-azapyrimidines
and N-2, N-6 and 0-6 substituted purines, including 2-aminopropyladenine, 5-propynyluracil and 5-
propynylcytosine. 5-methylcytosine substitutions have been shown to increase nucleic acid duplex stability by
0.6-1.2 °C (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., Eds., dsSRNA Research and Applications, CRC
Press, Boca Raton, 1993, pp. 276-278) and are exemplary base substitutions, even more particularly when
combined with 2'-0-methoxyethyl sugar modifications.

Representative U.S. patents that teach the preparation of certain of the above noted modified
nucleobases as well as other modified nucleobases include, but are not limited to, the above noted U.S. Patent
Nos. 3,687,808, 4,845,205; 5,130,30; 5,134,066, 5,175,273; 5,367,066; 5,432,272, 5,457,187 5,459,255,
5,484,908, 5,502,177, 5,525,711, 5,552,540, 5,587,469, 5,594,121, 5,596,091; 5,614,617; 5,681,941,
5,750,692; 6,015,886, 6,147,200, 6,166,197, 6,222,025, 6,235,887: 6,380,368, 6,528,640, 6,639,062;
6,617,438; 7,045,610, 7,427,672; and 7,495,088, the entire contents of each of which are hereby incorporated
herein by reference.

An iRNA of the invention can also be modified to include one or more locked nucleic acids (LNA). A
locked nucleic acid is a nucleotide having a modified ribose moiety in which the ribose moiety comprises an
extra bridge connecting the 2' and 4' carbons. This structure effectively "locks" the ribose in the 3'-endo
structural conformation. The addition of locked nucleic acids to siRNAs has been shown to increase siRNA
stability in serum, and to reduce off-target effects (Elmen, J. ef al., (2005) Nucleic Acids Research 33(1):439-
447; Mook, OR. et al., (2007) Mol Canc Ther 6(3):833-843; Grunweller, A. ef al., (2003) Nucleic Acids
Research 31(12):3185-3193).

An iRNA of the invention can also be modified to include one or more bicyclic sugar moities. A
“bicyclic sugar” is a furanosyl ring modified by the bridging of two atoms. A “bicyclic nucleoside” (“BNA™)
is a nucleoside having a sugar moiety comprising a bridge connecting two carbon atoms of the sugar ring,
thereby forming a bicyclic ring svstem. In certain embodiments, the bridge connects the 4'-carbon and the 2'-
carbon of the sugar ring. Thus, in some embodiments an agent of the invention may include one or more
locked nucleic acids (LNA). A locked nucleic acid is a nucleotide having a modified ribose moiety in which
the ribose moiety comprises an extra bridge connecting the 2' and 4' carbons. In other words, an LNA is a
nucleotide comprising a bicyclic sugar moiety comprising a 4'-CH2-0-2' bridge. This structure effectively
"locks" the ribose in the 3'-endo structural conformation. The addition of locked nucleic acids to siRNAs has
been shown to increase siRNA stability in serum, and to reduce off-target effects (Elmen, J. ef al., (2005)
Nucleic Acids Research 33(1):439-447; Mook, OR. ef al., (2007) Mol Canc Ther 6(3):833-843; Grunweller,
A etal ., (2003) Nucleic Acids Research 31(12):3185-3193). Examples of bicyclic nucleosides for use in the
polynucleotides of the invention include without limitation nucleosides comprising a bridge between the 4/

and the 2' ribosyl ring atoms. In certain embodiments, the antisense polynucleotide agents of the invention
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include one or more bicyclic nucleosides comprising a 4’ to 2’ bridge. Examples of such 4' to 2" bridged
bicyclic nucleosides, include but are not limited to 4'-(CH2)—0-2' (LNA); 4'-(CH2)—S-2'; 4'-(CH2)2—0-2'
(ENA); 4'-CH(CH3)—0-2' (also referred to as “constrained ethyl” or “cEt”) and 4'-CH(CH20CH3)—O0-2'
(and analogs thereof; see, e.g., U.S. Pat. No. 7,399,845); 4'-C(CH3)(CH3)—O0-2' (and analogs thereof; sce
e.g., US Patent No. 8,278,283); 4'-CH2—N(OCH3)-2' (and analogs thereof; see e.g., US Patent No.
8.278.425). 4'-CH2—O—N(CH3)-2' (see, ¢.g., U.S. Patent Publication No. 2004/0171570); 4'-CH2—N(R)—
0-2', wherein R is H, C1-C12 alkyl, or a protecting group (sce, e.g., U.S. Pat. No. 7.427.672); 4'-CH2—
C(H)(CH3)-2' (sce, e.g., Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-134); and 4'-CH2—C(=CH2)-2'
(and analogs thereof; see, e.g., US Patent No. 8,278,426). The entire contents of each of the foregoing are
hereby incorporated herein by reference.

Additional representative U.S. Patents and US Patent Publications that teach the preparation of locked
nucleic acid nucleotides include, but are not limited to, the following: U.S. Patent Nos. 6,268,490, 6,525,191,
6,670,461, 6,770,748; 6,794,499; 6,998,484; 7,053,207; 7,034,133,7,084,125; 7,399,845; 7,427,672,
7,569,686, 7,741,457, 8,022,193; 8,030,467 8,278,425, 8,278,426 8,278,283; US 2008/0039618; and US
2009/0012281, the entire contents of each of which are hereby incorporated herein by reference.

Any of the foregoing bicyclic nucleosides can be prepared having one or more stereochemical sugar
configurations including for example a-L-ribofuranose and -D-ribofuranose (see WO 99/14226).

An iRNA of the invention can also be modified to include one or more constrained ethyl nucleotides.
As used herein, a "constrained ethyl nucleotide" or "cEt" is a locked nucleic acid comprising a bicyclic sugar
moiety comprising a 4'-CH(CH3)-0-2' bridge. In one embodiment, a constrained ethyl nucleotide 1s in the S
conformation referred to herein as “S-cEt.”

An iRNA of the mvention may also include one or more “conformationally restricted nucleotides™
(*CRN”). CRN are nucleotide analogs with a linker connecting the C2’and C4” carbons of ribose or the C3
and -C5' carbons of ribose. CRN lock the ribose ring into a stable conformation and increase the hybridization
affinity to mRNA. The linker is of sufficient length to place the oxygen in an optimal position for stability
and affinity resulting in less ribose ring puckering.

Representative publications that teach the preparation of certain of the above noted CRN include, but
are not limited to, US Patent Publication No. 2013/0190383; and PCT publication WO 2013/036868, the
entire contents of each of which are hereby incorporated herein by reference.

In some embodiments, an iRNA of the invention comprises one or more monomers that are UNA
(unlocked nucleic acid) nucleotides. UNA is unlocked acyclic nucleic acid, wherein any of the bonds of the
sugar has been removed, forming an unlocked "sugar" residue. In one example, UNA also encompasses
monomer with bonds between C1'-C4' have been removed (i.¢. the covalent carbon-oxygen-carbon bond

between the C1' and C4' carbons). In another example, the C2'-C3' bond (i.¢. the covalent carbon-carbon bond
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between the C2' and C3' carbons) of the sugar has been removed (see Nuc. Acids Symp. Series, 52, 133-134
(2008) and Fluiter et al., Mol. Biosyst., 2009, 10, 1039 hereby incorporated by reference).

Representative U.S. publications that teach the preparation of UNA include, but are not limited to, US
Patent No. 8,314,227; and US Patent Publication Nos. 2013/0096289; 2013/0011922; and 2011/0313020, the
entire contents of each of which are hereby incorporated herein by reference.

An RNAI agent of the disclosure may also include one or more “cyclohexene nucleic acids™ or
(“CeNA”). CeNA are nucleotide analogs with a replacement of the furanose moiety of DNA by a cyclohexene
ring. Incorporation of cylcohexenyl nucleosides in a DNA chain increases the stability of a DNA/RNA hybrid.
CeNA is stable against degradation in serum and a CeNA/RNA hybrid is able to activate E. Coli RNase H,
resulting in cleavage of the RNA strand. (see Wang et al., Am. Chem. Soc. 2000, 122, 36, 8595-8602, hercby
incorporated by reference).

Potentially stabilizing modifications to the ends of RNA molecules can include N-
(acetvlaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHAc), N-(caproyl-4-hydroxyprolinol (Hyp-C6), N-
(acetvl-4-hydroxyprolinol (Hyp-NHAc), thymidine-2'-0-deoxythymidine (ether), N-(aminocaproyl)-4-
hydroxyprolinol (Hyp-C6-amino), 2-docosanoyl-uridine-3"- phosphate, inverted base dT(idT) and others.
Disclosure of this modification can be found in PCT Publication No. WO 2011/005861.

Other modifications of an iRNA of the invention include a 5° phosphate or 5 phosphate mimic, e.g., a
5’-terminal phosphate or phosphate mimic on the antisense strand of an RN A1 agent. Suitable phosphate
mimics are disclosed in, for example US Patent Publication No. 2012/0157511, the entire contents of which
are incorporated herein by reference.

In certain specific embodiments, an RNAi agent of the present invention is an agent that inhibits the
expression of a CIDEB gene which is selected from the group of agents listed in Tables 3-6. Any of these

agents may further comprise a ligand.

A. Modified iRNAs Comprising Motifs of the Invention

In certain aspects of the invention, the double stranded RNA1 agents of the invention include agents
with chemical modifications as disclosed, for example, in WO 2013/0750335, filed on November 16, 2012, the
entire contents of which are incorporated herein by reference.

Accordingly, the invention provides double stranded RNA1 agents capable of inhibiting the expression
of a target gene (i.e., a CIDEB gene) in vivo. The RNA1 agent comprises a sense strand and an antisense
strand. Each strand of the RNAi agent may range from 12-30 nucleotides in length. For example, each strand
may be between 14-30 nucleotides in length, 17-30 nucleotides in length, 25-30 nucleotides in length, 27-30
nucleotides in length, 17-23 nucleotides in length, 17-21 nucleotides in length, 17-19 nucleotides in length,
19-25 nucleotides in length, 19-23 nucleotides in length, 19-21 nucleotides in length, 21-25 nucleotides in
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length, or 21-23 nucleotides in length. In one embodiment, the sense strand is 21 nucleotides in length. In
one embodiment, the antisense strand 1s 23 nucleotides in length.

The sense strand and antisense strand typically form a duplex double stranded RNA (“dsRNA”™), also
referred to herein as an “RNA1 agent.” The duplex region of an RNA1 agent may be 12-30 nucleotide pairs in
length. For example, the duplex region can be between 14-30 nucleotide pairs in length, 17-30 nucleotide
pairs in length, 27-30 nucleotide pairs in length, 17 - 23 nucleotide pairs in length, 17-21 nucleotide pairs in
length, 17-19 nucleotide pairs in length, 19-25 nucleotide pairs in length, 19-23 nucleotide pairs in length, 19-
21 nucleotide pairs in length, 21-25 nucleotide pairs in length, or 21-23 nucleotide pairs in length. In another
example, the duplex region is selected from 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27 nucleotides in
length.

In one embodiment, the RNA1 agent may contain one or more overhang regions and/or capping
groups at the 3’-end, 5’-end, or both ends of one or both strands. The overhang can be 1-6 nucleotides in
length, for instance 2-6 nucleotides in length, 1-5 nucleotides in length, 2-5 nucleotides in length, 1-4
nucleotides in length, 2-4 nucleotides in length, 1-3 nucleotides in length, 2-3 nucleotides in length, or 1-2
nucleotides in length. The overhangs can be the result of one strand being longer than the other, or the result
of two strands of the same length being staggered. The overhang can form a mismatch with the target mRNA
or it can be complementary to the gene sequences being targeted or can be another sequence. The first and
second strands can also be joined, e.g., by additional bases to form a hairpin, or by other non-base linkers.

In one embodiment, the nucleotides in the overhang region of the RNAi agent can each independently
be a modified or unmodified nucleotide including, but no limited to 2°-sugar modified, such as, 2-F, 2°-
Omethyl, thymidine (T), 2 -O-methoxyethyl-5-methyluridine (Teo), 2°-O-methoxyethyladenosine (Aco), 2'-
O-methoxyethyl-5-methyleytidine (m5Ceo), and any combinations thereof. For example, TT can be an
overhang sequence for either end on either strand.  The overhang can form a mismatch with the target mRNA
or it can be complementary to the gene sequences being targeted or can be another sequence.

The 5°- or 3’- overhangs at the sense strand, antisense strand or both strands of the RNAi agent may
be phosphorylated. In some embodiments, the overhang region(s) contains two nucleotides having a
phosphorothioate between the two nucleotides, where the two nucleotides can be the same or different. In one
embodiment, the overhang is present at the 3’-end of the sense strand, antisense strand, or both strands. In one
embodiment, this 3’-overhang is present in the antisense strand. In one embodiment, this 3’-overhang is
present in the sense strand.

The RNAI agent may contain only a single overhang, which can strengthen the interference activity of
the RNAL1, without affecting its overall stability. For example, the single-stranded overhang may be located at
the 3'-terminal end of the sense strand or, alternatively, at the 3'-terminal end of the antisense strand. The
RNAi may also have a blunt end, located at the 5°-end of the antisense strand (or the 3 -end of the sense

strand) or vice versa. Generally, the antisense strand of the RNA1 has a nucleotide overhang at the 3 -end, and
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the 5’-end is blunt. While not wishing to be bound by theory, the asymmetric blunt end at the 5°-end of the
antisense strand and 3’-end overhang of the antisense strand favor the guide strand loading into RISC process.

In one embodiment, the RNAi agent is a double ended bluntmer of 19 nucleotides in length, wherein
the sense strand contains at least one motif of three 2°-F modifications on three consecutive nucleotides at
positions 7, 8, 9 from the 5’end. The antisense strand contains at least one motif of three 2°-O-methyl
modifications on three consecutive nucleotides at positions 11, 12, 13 from the 5’end.

In another embodiment, the RN A1 agent is a double ended bluntmer of 20 nucleotides in length,
wherein the sense strand contains at least one motif of three 2°-F modifications on three consecutive
nucleotides at positions 8, 9, 10 from the 5’end. The antisense strand contains at least one motif of three 2°-O-
methyl modifications on three consecutive nucleotides at positions 11, 12, 13 from the 5’end.

In yet another embodiment, the RNA1 agent is a double ended bluntmer of 21 nucleotides in length,
wherein the sense strand contains at least one motif of three 2°-F modifications on three consecutive
nucleotides at positions 9, 10, 11 from the 5°end. The antisense strand contains at least one motif of three 2°-
O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13 from the 5’end.

In one embodiment, the RNAI agent comprises a 21 nucleotide sense strand and a 23 nucleotide
antisense strand, wherein the sense strand contains at least one motif of three 2°-F modifications on three
consecutive nucleotides at positions 9, 10, 11 from the 5’end; the antisense strand contains at least one motif
of three 2°-O-methyl modifications on three consecutive nucleotides at positions 11, 12, 13 from the 5’end,
wherein one end of the RNAi agent is blunt, while the other end comprises a 2 nucleotide overhang.
Preferably, the 2 nucleotide overhang is at the 3’-end of the antisense strand.

When the 2 nucleotide overhang is at the 3°-end of the antisense strand, there may be two
phosphorothioate internucleotide linkages between the terminal three nucleotides, wherein two of the three
nucleotides are the overhang nucleotides, and the third nucleotide is a paired nucleotide next to the overhang
nucleotide. In one embodiment, the RNAi agent additionally has two phosphorothioate internucleotide
linkages between the terminal three nucleotides at both the 5’-end of the sense strand and at the 5’-end of the
antisense strand. In one embodiment, every nucleotide in the sense strand and the antisense strand of the
RNAI agent, including the nucleotides that are part of the motifs are modified nucleotides. In one
embodiment each residue is independently modified with a 2°-O-methyl or 3’-fluoro, e.g, in an alternating
motif. Optionally, the RNA1 agent further comprises a ligand (preferably GalNAc;).

In one embodiment, the RNA1 agent comprises a sense and an antisense strand, wherein the sense
strand 1s 25-30 nucleotide residues in length, wherein starting from the 5' terminal nucleotide (position 1)
positions 1 to 23 of the first strand comprise at least 8 ribonucleotides; the antisense strand is 36-66 nucleotide
residues in length and, starting from the 3' terminal nucleotide, comprises at least 8 ribonucleotides in the
positions paired with positions 1- 23 of sense strand to form a duplex; wherein at least the 3 ' terminal

nucleotide of antisense strand is unpaired with sense strand, and up to 6 consecutive 3' terminal nucleotides
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are unpaired with sense strand, thereby forming a 3' single stranded overhang of 1-6 nucleotides; wherein the
5"terminus of antisense strand comprises from 10-30 consecutive nucleotides which are unpaired with sense
strand, thereby forming a 10-30 nucleotide single stranded 5' overhang; wherein at least the sense strand 5'
terminal and 3' terminal nucleotides are base paired with nucleotides of antisense strand when sense and
antisense strands are aligned for maximum complementarity, thereby forming a substantially duplexed region
between sense and antisense strands; and antisense strand 1s sufficiently complementary to a target RNA along
at least 19 ribonucleotides of antisense strand length to reduce target gene expression when the double
stranded nucleic acid is introduced into a mammalian cell; and wherein the sense strand contains at least one
motif of three 2°-F modifications on three consecutive nucleotides, where at least one of the motifs occurs at
or near the cleavage site. The antisense strand contains at least one motif of three 2°-O-methyl modifications
on three consecutive nucleotides at or near the cleavage site.

In one embodiment, the RNA1 agent comprises sense and antisense strands, wherein the RN A1 agent
comprises a first strand having a length which is at least 25 and at most 29 nucleotides and a second strand
having a length which is at most 30 nucleotides with at least one motif of three 2°-0-methyl modifications on
three consecutive nucleotides at position 11, 12, 13 from the 5° end; wherein the 3” end of the first strand and
the 5 end of the second strand form a blunt end and the second strand is 1-4 nucleotides longer at its 3° end
than the first strand, wherein the duplex region which is at least 25 nucleotides in length, and the second strand
is sufficiently complementary to a target mRNA along at least 19 nucleotide of the second strand length to
reduce target gene expression when the RNAI agent is introduced into a mammalian cell, and wherein dicer
cleavage of the RNA1 agent preferentially results in an siRNA comprising the 3” end of the second strand,
thereby reducing expression of the target gene in the mammal. Optionally, the RNAi agent further comprises
a ligand.

In one embodiment, the sense strand of the RNA1 agent contains at least one motif of three identical
modifications on three consecutive nucleotides, where one of the motifs occurs at the cleavage site in the
sense strand.

In one embodiment, the antisense strand of the RNA1 agent can also contain at least one motif of three
1dentical modifications on three consecutive nucleotides, where one of the motifs occurs at or near the
cleavage site in the antisense strand.

For an RNA1 agent having a duplex region of 17-23 nucleotide in length, the cleavage site of the
antisense strand 1s typically around the 10, 11 and 12 positions from the 5’-end. Thus the motifs of three
identical modifications may occur at the 9, 10, 11 positions; 10, 11, 12 positions; 11, 12, 13 positions; 12, 13,
14 positions; or 13, 14, 15 positions of the antisense strand, the count starting from the 1* nucleotide from the
5°-end of the antisense strand, or, the count starting from the 1* paired nucleotide within the duplex region
from the 5°- end of the antisense strand. The cleavage site in the antisense strand may also change according

to the length of the duplex region of the RNA1 from the 5-end.

50

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

The sense strand of the RNA1 agent may contain at least one motif of three identical modifications on
three consecutive nucleotides at the cleavage site of the strand; and the antisense strand may have at least one
motif of three identical modifications on three consecutive nucleotides at or near the cleavage site of the
strand. When the sense strand and the antisense strand form a dsRNA duplex, the sense strand and the
antisense strand can be so aligned that one motif of the three nucleotides on the sense strand and one motif of
the three nucleotides on the antisense strand have at least one nucleotide overlap, i.e., at least one of the three
nucleotides of the motif in the sense strand forms a base pair with at least one of the three nucleotides of the
motif in the antisense strand. Altematively, at least two nucleotides may overlap, or all three nucleotides may
overlap.

In one embodiment, the sense strand of the RNA1 agent may contain more than one motif of three
identical modifications on three consecutive nucleotides. The first motif may occur at or near the cleavage
site of the strand and the other motifs may be a wing modification. The term “wing modification™ herein
refers to a motif occurring at another portion of the strand that is separated from the motif at or near the
cleavage site of the same strand. The wing modification is either adjacent to the first motif or is separated by
at least one or more nucleotides. When the motifs are immediately adjacent to each other then the chemistry of
the motifs are distinct from each other and when the motifs are separated by one or more nucleotide than the
chemistries can be the same or different. Two or more wing modifications may be present. For instance,
when two wing modifications are present, each wing modification may occur at one end relative to the first
motif which is at or near cleavage site or on either side of the lead motif.

Like the sense strand, the antisense strand of the RN A1 agent may contain more than one motifs of
three identical modifications on three consecutive nucleotides, with at least one of the motifs occurring at or
near the cleavage site of the strand. This antisense strand may also contain one or more wing modifications in
an alignment similar to the wing modifications that may be present on the sense strand.

In one embodiment, the wing modification on the sense strand or antisense strand of the RNA1 agent
typically does not include the first one or two terminal nucleotides at the 3’-end, 5°-end or both ends of the
strand.

In another embodiment, the wing modification on the sense strand or antisense strand of the RNAi
agent typically does not include the first one or two paired nucleotides within the duplex region at the 3’-end,
5’-end or both ends of the strand.

When the sense strand and the antisense strand of the RN A1 agent each contain at least one wing
modification, the wing modifications may fall on the same end of the duplex region, and have an overlap of
one, two or three nucleotides.

When the sense strand and the antisense strand of the RNAi agent each contain at least two wing
modifications, the sense strand and the antisense strand can be so aligned that two modifications each from

one strand fall on one end of the duplex region, having an overlap of one, two or three nucleotides; two
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modifications each from one strand fall on the other end of the duplex region, having an overlap of one, two or
three nucleotides; two modifications one strand fall on each side of the lead motif, having an overlap of one,
two or three nucleotides in the duplex region.

In one embodiment, every nucleotide in the sense strand and antisense strand of the RNA1 agent,
including the nucleotides that are part of the motifs, may be modified. Each nucleotide may be modified with
the same or different modification which can include one or more alteration of one or both of the non-linking
phosphate oxygens and/or of one or more of the linking phosphate oxygens; alteration of a constituent of the
ribose sugar, e.g., of the 2’ hydroxyl on the ribose sugar; wholesale replacement of the phosphate moiety with
“dephospho” linkers; modification or replacement of a naturally occurring base; and replacement or
modification of the ribose-phosphate backbone.

As nucleic acids are polymers of subunits, many of the modifications occur at a position which is
repeated within a nucleic acid, ¢.g., a modification of a base, or a phosphate moiety, or a non-linking O of
a phosphate moiety. In some cases, the modification will occur at all of the subject positions in the
nucleic acid but in many cases it will not. By way of example, a modification may only occur ata 3 or
5 terminal position, may only occur in a terminal region, €.g., at a position on a terminal nucleotide or in
the last 2, 3, 4, 5, or 10 nucleotides of a strand. A modification may occur in a double strand region, a
single strand region, or in both. A modification may occur only in the double strand region of a RNA or
may only occur in a single strand region of a RNA. For example, a phosphorothioate modification at a
non-linking O position may only occur at one or both termini, may only occur in a terminal region, ¢.g., at
a position on a terminal nucleotide or in the last 2, 3, 4, 3, or 10 nucleotides of a strand, or may occur in
double strand and single strand regions, particularly at termini. The 5° end or ends can be
phosphorylated.

It may be possible, e.g., to enhance stability, to include particular bases in overhangs, or to
include modified nucleotides or nucleotide surrogates, in single strand overhangs, e.g.,ina 5 or 3
overhang, or in both. For example, it can be desirable to include purine nucleotides in overhangs. In
some embodiments all or some of the bases in a 3" or 5 overhang may be modified, e.g., with a
modification described herein. Modifications can include, e.g., the use of modifications at the 2” position
of the ribose sugar with modifications that are known in the art, e.g., the use of deoxyribonucleotides, 2°-
deoxy-2’-fluoro (2°-F) or 2°-O-methyl modified instead of the ribosugar of the nucleobase, and
modifications in the phosphate group, e.g., phosphorothioate modifications. Overhangs need not be
homologous with the target sequence.

In one embodiment, each residue of the sense strand and antisense strand is independently modified
with LNA, CRN, cET, UNA, HNA, CeNA, 2’-methoxyethyl, 2°- O-methyl, 2°-O-allyl, 2°-C- allyl, 2’-deoxy,

2’-hydroxyl, or 2’-fluoro. The strands can contain more than one modification. In one embodiment, each
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residue of the sense strand and antisense strand is independently modified with 2°- O-methyl or 2°-fluoro. The
term “HNA” refers to hexitol or hexose nucleic acid.

At least two different modifications are typically present on the sense strand and antisense strand.
Those two modifications may be the 2°- O-methyl or 2’-fluoro modifications, or others.

In one embodiment, the N, and/or Ny, comprise modifications of an alternating pattern. The term
“alternating motif™ as used herein refers to a motif having one or more modifications, each modification
occurring on alternating nucleotides of one strand. The alternating nucleotide may refer to one per every other
nucleotide or one per every three nucleotides, or a similar pattern. For example, if A, B and C each represent
one type of modification to the nucleotide, the alternating motif can be “ABABABABABAB....”
“AABBAABBAABB...,” “AABAABAABAAB...,” “AAABAAABAAAB...,” “AAABBBAAABBB...,” or
“ABCABCABCABC...,” efc.

The type of modifications contained in the alternating motif may be the same or different. For
example, if A, B, C, D each represent one type of modification on the nucleotide, the alternating pattern, 7.e.,
modifications on every other nucleotide, may be the same, but each of the sense strand or antisense strand can
be selected from several possibilities of modifications within the alternating motif such as “ABABAB...”,
“ACACAC...” “BDBDBD...” or “CDCDCD....” efc.

In one embodiment, the RN A1 agent of the invention comprises the modification pattern for the
alternating motif on the sense strand relative to the modification pattern for the alternating motif on the
antisense strand is shifted. The shift may be such that the modified group of nucleotides of the sense strand
corresponds to a differently modified group of nucleotides of the antisense strand and vice versa. For
example, the sense strand when paired with the antisense strand in the dsRNA duplex, the alterating motif in
the sense strand may start with “ABABAB” from 5°-3” of the strand and the alternating motif in the antisense
strand may start with “BABABA” from 5°-3 of the strand within the duplex region. As another example, the
alternating motif in the sense strand may start with “AABBAABB” from 5°-3” of the strand and the alternating
motif in the antisense strand may start with “BBAABBAA” from 5°-3” of the strand within the duplex region,
so that there is a complete or partial shift of the modification pattems between the sense strand and the
antisense strand.

In one embodiment, the RNAi agent comprises the pattern of the alternating motif of 2'-O-methyl
modification and 2’-F modification on the sense strand initially has a shift relative to the pattern of the
alternating motif of 2'-O-methyl modification and 2’-F modification on the antisense strand initially, i.e., the
2'-O-methyl modified nucleotide on the sense strand base pairs with a 2'-F modified nucleotide on the
antisense strand and vice versa. The 1 position of the sense strand may start with the 2'-F modification, and
the 1 position of the antisense strand may start with the 2'- O-methyl modification.

The introduction of one or more motifs of three identical modifications on three consecutive

nucleotides to the sense strand and/or antisense strand mterrupts the initial modification pattern present in the
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sense strand and/or antisense strand. This interruption of the modification pattern of the sense and/or
antisense strand by introducing one or more motifs of three identical modifications on three consecutive
nucleotides to the sense and/or antisense strand surprisingly enhances the gene silencing activity to the target
gene.

In one embodiment, when the motif of three identical modifications on three consecutive nucleotides
1s introduced to any of the strands, the modification of the nucleotide next to the motif is a different
modification than the modification of the motif. For example, the portion of the sequence containing the motif
18 “.. . NaYYYN,....” where “Y” represents the modification of the motif of three identical modifications on
three consecutive nucleotide, and “N,” and “N,” represent a modification to the nucleotide next to the motif
“YYY that is different than the modification of Y, and where N, and Ny, can be the same or different
modifications. Alternatively, N, and/or N, may be present or absent when there is a wing modification present.

The RNAI agent may further comprise at least one phosphorothioate or methylphosphonate
internucleotide linkage. The phosphorothioate or methylphosphonate internucleotide linkage modification
may occur on any nucleotide of the sense strand or antisense strand or both strands in any position of the
strand. For instance, the internucleotide linkage modification may occur on every nucleotide on the sense
strand and/or antisense strand; each internucleotide linkage modification may occur in an alternating pattern
on the sense strand and/or antisense strand; or the sense strand or antisense strand may contain both
internucleotide linkage modifications in an alternating pattern. The alternating pattern of the internucleotide
linkage modification on the sense strand may be the same or different from the antisense strand, and the
alternating pattern of the internucleotide linkage modification on the sense strand may have a shift relative to
the alternating pattern of the internucleotide linkage modification on the antisense strand. In one embodiment,
a double-stranded RNA1 agent comprises 6-8phosphorothioate internucleotide linkages. In one embodiment,
the antisense strand comprises two phosphorothioate internucleotide linkages at the 5°-terminus and two
phosphorothioate internucleotide linkages at the 3”-terminus, and the sense strand comprises at least two
phosphorothioate internucleotide linkages at either the 5°-terminus or the 3’ -terminus.

In one embodiment, the RNA1 comprises a phosphorothioate or methylphosphonate internucleotide
linkage modification in the overhang region. For example, the overhang region may contain two nucleotides
having a phosphorothioate or methylphosphonate internucleotide linkage between the two nucleotides.
Internucleotide linkage modifications also may be made to link the overhang nucleotides with the terminal
paired nucleotides within the duplex region. For example, at least 2, 3, 4, or all the overhang nucleotides may
be linked through phosphorothioate or methylphosphonate internucleotide linkage, and optionally, there may
be additional phosphorothioate or methylphosphonate internucleotide linkages linking the overhang nucleotide
with a paired nucleotide that is next to the overhang nucleotide. For instance, there may be at least two
phosphorothioate internucleotide linkages between the terminal three nucleotides, in which two of the three

nucleotides are overhang nucleotides, and the third is a paired nucleotide next to the overhang nucleotide.
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These terminal three nucleotides may be at the 3°-end of the antisense strand, the 3-end of the sense strand,
the 5°-end of the antisense strand, and/or the 5’end of the antisense strand.

In one embodiment, the 2 nucleotide overhang is at the 3’-end of the antisense strand, and there are
two phosphorothioate internucleotide linkages between the terminal three nucleotides, wherein two of the
three nucleotides are the overhang nucleotides, and the third nucleotide is a paired nucleotide next to the
overhang nucleotide. Optionally, the RNAi agent may additionally have two phosphorothioate internucleotide
linkages between the terminal three nucleotides at both the 5°-end of the sense strand and at the 5°-end of the
antisense strand.

In one embodiment, the RNA1 agent comprises mismatch(es) with the target, within the duplex, or
combinations thereof. The mismatch may occur in the overhang region or the duplex region. The base pair
may be ranked on the basis of their propensity to promote dissociation or melting (e.g., on the free energy of
association or dissociation of a particular pairing, the simplest approach is to examine the pairs on an
individual pair basis, though next neighbor or similar analysis can also be used). In terms of promoting
dissociation: A:U is preferred over G:C; G:U is preferred over G:C; and I:C is preferred over G:C (I=inosine).
Mismatches, e.g., non-canonical or other than canonical pairings (as described elsewhere herein) are preferred
over canonical (A:T, A:U, G:C) pairings; and pairings which include a universal base are preferred over
canonical pairings.

In one embodiment, the RNAi agent comprises at least one of the first 1, 2, 3, 4, or 5 base pairs within
the duplex regions from the 5°- end of the antisense strand independently selected from the group of: A:U,
G:U, I.C, and mismatched pairs, e.g., non-canonical or other than canonical pairings or pairings which include
a universal base, to promote the dissociation of the antisense strand at the 5’-end of the duplex.

In one embodiment, the nucleotide at the 1 position within the duplex region from the 5°-end in the
antisense strand is selected from the group consisting of A, dA, dU, U, and dT. Alteratively, at least one of
the first 1, 2 or 3 base pair within the duplex region from the 5°- end of the antisense strand 1s an AU base
pair. For example, the first base pair within the duplex region from the 5’- end of the antisense strand is an
AU base pair.

In another embodiment, the nucleotide at the 3’-end of the sense strand is deoxy-thymine (dT). In
another embodiment, the nucleotide at the 3’-end of the antisense strand 1s deoxy-thymine (dT). In one
embodiment, there is a short sequence of deoxy-thymine nucleotides, for example, two dT nucleotides on the
3’-end of the sense and/or antisense strand.

In one embodiment, the sense strand sequence may be represented by formula (I):

5'1p-Ng-(X X X )i-No-Y Y Y -Np-(Z Z Z )j-Ny-ng 3' (D

wherein:

1and j are cach independently 0 or 1;

p and q are each independently 0-6;
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cach N, independently represents an oligonucleotide sequence comprising 0-25 modified
nucleotides, each sequence comprising at least two differently modified nucleotides;

cach Ny independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

cach n, and nq independently represent an overhang nucleotide;

wherein Nb and Y do not have the same modification; and

XXX, YYY and ZZZ cach independently represent one motif of three identical modifications
on three consecutive nucleotides. Preferably YYY is all 2°-F modified nucleotides.

In one embodiment, the N, and/or N, comprise modifications of altemating pattern.

In one embodiment, the YY'Y motif occurs at or near the cleavage site of the sense strand. For
example, when the RNA1 agent has a duplex region of 17-23 nucleotides in length, the YYY motif can occur
at or the vicinity of the cleavage site (e.g.: can occur at positions 6,7, 8, 7, 8,9, 8,9, 10,9, 10, 11, 10, 11,12 or
11, 12, 13) of the sense strand, the count starting from the 1* nucleotide, from the 5’-end; or optionally, the
count starting at the 1* paired nucleotide within the duplex region, from the 5°- end.

In one embodiment, iis 1 and jis 0, oriis O and j is 1, or both i and j are 1. The sense strand can
therefore be represented by the following formulas:

5' 1p-Np-YYY-Ny-ZZZ-N;nq 3' (Ib);

5' 1p-Ng-XXX-Np-YYY-Nyng 3' (Ic); or

5' 1p-Np=-XXX-Np-YYY-Np-ZZZ-Ny-ng 3' (Id).

When the sense strand is represented by formula (Ib), Ny, represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N, independently can represent an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the sense strand is represented as formula (Ic), Ny represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N, can independently represent
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the sense strand is represented as formula (Id), each N, independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Preferably, Ny s 0, 1,
2,3,4,5or6. Each N, can independently represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-
10 modified nucleotides.

Each of X, Y and Z may be the same or different from each other.

In other embodiments, 1 1s 0 and j 1s 0, and the sense strand may be represented by the
formula:

5" 1p-Na-YYY- Nyng 3' (la).

When the sense strand is represented by formula (Ia), each N, independently can represent an

oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.
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In one embodiment, the antisense strand sequence of the RNAi1 may be represented by formula (Ie):

5'1ng-Na'-(Z°Z'Z )N -YY'Y'-Np'-(X'X'X')-N'anp' 3 (le)

wherein:

k and I are each independently 0 or 1;

p’ and q” are each independently 0-6;

cach N;' independently represents an oligonucleotide sequence comprising 0-25 modified
nucleotides, each sequence comprising at least two differently modified nucleotides;

cach Ny independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

each n," and ng' independently represent an overhang nucleotide;

wherein Ny” and Y~ do not have the same modification; and

X'X'X,Y'Y'Y and Z'Z'Z' each independently represent one motif of three identical
modifications on three consecutive nucleotides.

In one embodiment, the N, and/or Ny,” comprise modifications of alternating pattern.

The Y'Y'Y' motif occurs at or near the cleavage site of the antisense strand. For example, when the
RNAI agent has a duplex region of 17-23nucleotidein length, the Y'Y'Y' motif can occur at positions 9, 10,
11;10, 11, 12; 11, 12, 13; 12, 13, 14; or 13, 14, 15 of the antisense strand, with the count starting from the 1%
nucleotide, from the 5’-end; or optionally, the count starting at the 1 paired nucleotide within the duplex
region, from the 5°- end. Preferably, the Y'Y'Y' motif occurs at positions 11, 12, 13.

In one embodiment, Y'Y'Y' motif is all 2°-OMe modified nucleotides.

In one embodiment, kis 1 and11s 0, orkis O and lis I, or both k and I are 1.

The antisense strand can therefore be represented by the following formulas:

5'ng-N-Z'Z'Z'-Ny'-Y'Y'Y'-Ny-ny 3'  (Ig);

5'ng-Na'-Y'Y'Y'-Np'-X'X'X"-ny 3' (Ih); or

5'ng-No'- Z'Z'Z'-Np'-Y'Y'Y'-Ny'- X'X'X'-N,"-np> 3' (I).

When the antisense strand is represented by formula (Ig), Ny represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N,” independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as formula (Ih), Ny™ represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N,” independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as formula (I1), each Ny” independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-3, 0-4, 0-2 or 0 modified nucleotides. Each N,
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Preferably, Ny is 0, 1, 2, 3,4, S or 6.
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In other embodiments, k is 0 and 1 is 0 and the antisense strand may be represented by the formula:

5'np-Ng-Y'Y Y- Ny-ng 3' (If).

When the antisense strand is represented as formula (If), each Ny” independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X', Y’ and Z' may be the same or different from each other.

Each nucleotide of the sense strand and antisense strand may be independently modified with LNA,
CRN, UNA, cEt, HNA, CeNA, 2’-methoxyethyl, 2°-O-methyl, 2°-0-allyl, 2°-C- allyl, 2°-hydroxyl, or 2°-
fluoro. For example, each nucleotide of the sense strand and antisense strand 1s independently modified with
2°-0-methyl or 2°-fluoro. Each X, Y, Z, X', Y"and Z', in particular, may represent a 2”-0-methyl
modification or a 2’-fluoro modification.

In one embodiment, the sense strand of the RNAI1 agent may contain YYY motif occurring at 9, 10
and 11 positions of the strand when the duplex region is 21 nt, the count starting from the 1% nucleotide from
the 5°-end, or optionally, the count starting at the 1% paired nucleotide within the duplex region, from the 5°-
end; and Y represents 2°-F modification. The sense strand may additionally contain XXX motif or ZZZ
motifs as wing modifications at the opposite end of the duplex region; and XXX and ZZZ each independently
represents a 2°-OMe modification or 2°-F modification.

In one embodiment the antisense strand may contain Y'Y'Y' motif occurring at positions 11, 12, 13 of
the strand, the count starting from the 1st nucleotide from the 5° end, or optionally, the count starting at the Ist
paired nucleotide within the duplex region, from the 5°- end; and Y' represents 2°-O-methyl modification.
The antisense strand may additionally contain X'X'X' motif or Z'2'Z' motifs as wing modifications at the
opposite end of the duplex region; and X'X'X" and Z'Z'Z’ each independently represents a 2°-OMe
modification or 2°-F modification.

The sense strand represented by any one of the above formulas (Ia), (Ib), (Ic), and (Id) forms a duplex
with an antisense strand being represented by any one of formulas (If), (Ig), (Ih), and (I1), respectively.

Accordingly, the RNA1 agents for use in the methods of the invention may comprise a sense strand

and an antisense strand, cach strand having 14 to 30 nucleotides, the RNA1 duplex represented by formula (Ij):

sense: 5'np-Na-(X X X)i -Nb-Y Y Y -Nb «(Z Z Z)j-Na-nq 3'
antisense: 3'np’-Na’-(X’X'X)k-Nb’-Y'Y'Y'-Nb’-(Z'Z'Z")I-Na’-nq’ 5'
1)

wherein:

1, ], k, and 1 are each independently 0 or 1;
p.p’. q. and ¢' are cach independently 0-6;
cach Na and Na’ independently represents an oligonucleotide sequence comprising 0-25

modified nucleotides, cach sequence comprising at least two differently modified nucleotides;
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cach Nb and Nb’ independently represents an oligonucleotide sequence comprising 0-10
modified nucleotides;

wherein each np’, np, nq’, and nq, each of which may or may not be present, independently
represents an overhang nucleotide; and

XXX, YYY,ZZZ, X'X'X', YY'Y', and Z'Z'Z' each independently represent one motif of
three identical modifications on three consecutive nucleotides.

In one embodiment, 11s 0 and jis 0; oriis 1 and jis 0; oriis 0 and j is 1; or both 1 and j are 0; or both
1andjare 1. In another embodiment, k is 0 and 1is 0; ork is 1 and 1is 0; k is O and 11s 1; or both k and 1 are 0;
orbothk andlare 1.

Exemplary combinations of the sense strand and antisense strand forming a RNA1 duplex include the
formulas below:

5'np-Na-YYY -Nangq 3

3'np’-Na’-Y'Y'Y' -Na'nq’ 5" (Ik)

5'np-Na-YY Y -Nb-ZZZ-Nanq 3'

3 np’-Na'-Y'Y'Y'-Nb’-Z'Z'Z'-Na’nq’ 5' (Il)

5'np-Na-X X X-Nb-Y Y Y -Nanq 3'

3'np’-Na’-X'X'X'-Nb*-Y'Y'Y'-Na'-nq’ 5' (Im)

5'np-Na-XXX-Nb-YYY-Nb-ZZZ -Na-nq 3'

3'np’-Na’-X'X'X'-Nb’-Y'Y'Y'-Nb'-Z'Z'Z'-Na-nq” 5' (In)

When the RNA1 agent is represented by formula (Ik), each Na independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNA1 agent is represented by formula (I1), each Nb independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified nucleotides. Each Na independently
represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNA1 agent is represented as formula (Im), each Nb, Nb” independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each Na
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNA1 agent is represented as formula (In), each Nb, Nb” independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-3, 0-4, 0-2 or Omodified nucleotides. Each Na,
Na’ independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides. Each of Na, Na’, Nb and Nb” independently comprises modifications of alternating pattern.

Each of X, Y and Z in formulas (Ij), (Ik), (I1), (Im), and (In) may be the same or different from cach
other.

When the RNA1 agent is represented by formula (Ij), (Ik), (I1), (Im), and (In), at least one of the Y

nucleotides may form a base pair with one of the Y’ nucleotides. Alternatively, at least two of the Y
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nucleotides form base pairs with the corresponding Y' nucleotides; or all three of the Y nucleotides all form
base pairs with the corresponding Y' nucleotides.

When the RNA1 agent is represented by formula (I1) or (In), at least one of the Z nucleotides may
form a base pair with one of the Z' nucleotides. Alternatively, at least two of the Z nucleotides form base pairs
with the corresponding Z' nucleotides; or all three of the Z nucleotides all form base pairs with the
corresponding Z' nucleotides.

When the RNA1 agent is represented as formula (Im) or (In), at least one of the X nucleotides may
form a base pair with one of the X' nucleotides. Alternatively, at least two of the X nucleotides form base
pairs with the corresponding X' nucleotides; or all three of the X nucleotides all form base pairs with the
corresponding X' nucleotides.

In one embodiment, the modification on the Y nucleotide is different than the modification on the Y~
nucleotide, the modification on the Z nucleotide is different than the modification on the Z’ nucleotide, and/or
the modification on the X nucleotide is different than the modification on the X nucleotide.

In one embodiment, when the RNAi agent is represented by formula (In), the Na modifications are 2'-
O-methyl or 2'—fluoro modifications. In another embodiment, when the RNA1 agent is represented by
formula (In), the Na modifications are 2'-O-methyl or 2’-fluoro modifications and np’ >0 and at least one np' is
linked to a neighboring nucleotide a via phosphorothioate linkage. In yet another embodiment, when the
RNAI agent is represented by formula (In), the Na modifications are 2’-O-methyl or 2'-fluoro modifications,
np’ >0 and at least one np’ is linked to a neighboring nucleotide via phosphorothioate linkage, and the sense
strand is conjugated to one or more GalNAc derivatives attached through a bivalent or trivalent branched
linker (described below). In another embodiment, when the RNA1 agent is represented by formula (In), the
Na modifications are 2-O-methyl or 2’'-fluoro modifications, np’ >0 and at least one np’ is linked to a
neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least one phosphorothioate
linkage, and the sense strand is conjugated to one or more GalNAc derivatives attached through a bivalent or
trivalent branched linker.

In one embodiment, when the RNA1 agent is represented by formula (Ik), the Na modifications are 2'-
O-methyl or 2'-fluoro modifications, np’ >0 and at least one np' is linked to a neighboring nucleotide via
phosphorothioate linkage, the sense strand comprises at least one phosphorothioate linkage, and the sense
strand is conjugated to one or more GalNAc derivatives attached through a bivalent or trivalent branched
linker.

In one embodiment, the RN A1 agent is a multimer containing at least two duplexes represented by
formula (Ij), (Ik), (I1), (Im), and (In), wherein the duplexes are connected by a linker. The linker can be

cleavable or non-cleavable. Optionally, the multimer further comprises a ligand. Each of the duplexes can
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target the same gene or two different genes; or each of the duplexes can target same gene at two different
target sites.

In one embodiment, the RNA1 agent is a multimer containing three, four, five, six or more duplexes
represented by formula (Ij), (Ik), (I1), (Im), and (In), wherein the duplexes are connected by a linker. The
linker can be cleavable or non-cleavable. Optionally, the multimer further comprises a ligand. Each of the
duplexes can target the same gene or two different genes; or each of the duplexes can target same gene at two
different target sites.

In one embodiment, two RNAi agents represented by formula (1j), (Ik), (1), (Im), and (In) are linked
to cach other at the 5 end, and one or both of the 3” ends and are optionally conjugated to a ligand. Each of
the agents can target the same gene or two different genes; or each of the agents can target same gene at two
different target sites.

In certain embodiments, an RNAI agent of the invention may contain a low number of nucleotides
containing a 2’-fluoro modification, ¢.g., 10 or fewer nucleotides with 2’-fluoro modification. For example,
the RNAI agent may contain 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 or 0 nucleotides with a 2’-fluoro modification. Ina
specific embodiment, the RNAI agent of the invention contains 10 nucleotides with a 2°-fluoro modification,
e.g., 4 nucleotides with a 2’-fluoro modification in the sense strand and 6 nucleotides with a 2 -fluoro
modification in the antisense strand. In another specific embodiment, the RNAi agent of the invention
contains 6 nucleotides with a 2’-fluoro modification, e.g., 4 nucleotides with a 2’°-fluoro modification in the
sense strand and 2 nucleotides with a 2’-fluoro modification in the antisense strand.

In other embodiments, an RNA1 agent of the invention may contain an ultra-low number of
nucleotides containing a 2°-fluoro modification, ¢.g., 2 or fewer nucleotides containing a 2’-fluoro
modification. For example, the RNA1 agent may contain 2, 1 of 0 nucleotides with a 2’-fluoro modification.
In a specific embodiment, the RNAi agent may contain 2 nucleotides with a 2°-fluoro modification, e.g., 0
nucleotides with a 2-fluoro modification in the sense strand and 2 nucleotides with a 2’-fluoro modification in
the antisense strand.

Various publications describe multimeric RNA1 agents that can be used in the methods of the
invention. Such publications include W02007/091269, US Patent No. 7858769, W02010/141511,
W02007/117686, W02009/014887 and WO2011/031520 the entire contents of each of which are hereby

incorporated herein by reference.

In certain embodiments, the compositions and methods of the disclosure include a vinyl
phosphonate (VP) modification of an RNA1 agent as described herein. In exemplary embodiments, a vinyl

phosphonate of the disclosure has the following structure:
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For example, when the phosphate mimic is a 5°-vinyl phosphonate (VP), the 5’-terminal nucleotide can

have the following structure,

OH
O=P-OH

Lo

HQ o0 R

P/
=7\
O

wherein * indicates the location of the bond to 5°-position of the adjacent nucleotide;

R is hydrogen, hydroxy, methoxy, fluoro (e.g., hvdroxy or methoxy), or another modification described
herein; and

B is a nucleobase or a modified nucleobase, optionally where B is adenine, guanine, cytosine, thymine or

uracil.
A vinyl phosphonate of the mstant disclosure may be attached to either the antisense or the sense

strand of a dsRNA of the disclosure. In certain embodiments, a vinyl phosphonate of the instant
disclosure is attached to the antisense strand of a dsRNA, optionally at the 5 end of the antisense strand
of the dsRNA. The dsRNA agent can comprise a phosphorus-containing group at the 5”-end of the sense
strand or antisense strand. The 5”-end phosphorus-containing group can be 5°-end phosphate (5°-P), 5°-
end phosphorothioate (5°-PS), 5°-end phosphorodithioate (5°-PS2), 5°-end vinylphosphonate (5°-VP), 5°-
end methylphosphonate (MePhos), or 5°-deoxy-5"-C-malonyl. When the 5°-end phosphorus-containing
group is 5°-end vinylphosphonate (5°-VP), the 5°-VP can be either 5°-E-VP isomer (i.c., trans-
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Vinyl phosphate modifications are also contemplated for the compositions and methods of the

instant disclosure. An exemplary vinyl phosphate structure is:
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For example, when the phosphate mimic is a 5°-vinyl phosphate, the 5°-terminal nucleotide can have the
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immediately structure, where the phosphonate group is replaced by a phosphate.
As described in more detail below, the RNAi agent that contains conjugations of on¢ or more
carbohvdrate moieties to a RNAi agent can optimize one or more properties of the RNAi agent. In many
10 cases, the carbohydrate moiety will be attached to a modified subunit of the RNAi agent. For example, the
ribose sugar of one or more ribonucleotide subunits of a dsSRNA agent can be replaced with another moiety,
e.g., anon-carbohydrate (preferably cyclic) carrier to which is attached a carbohydrate ligand. A
ribonucleotide subunit in which the ribose sugar of the subunit has been so replaced is referred to herein as a
ribose replacement modification subunit (RRMS). A cyclic carrier may be a carbocyclic ring system, i.e., all
15 ring atoms are carbon atoms, or a heterocyclic ring system, 7.e., one or more ring atoms may be a heteroatom,
¢.g., nitrogen, oxygen, sulfur. The cyclic carrier may be a monocyclic ring system, or may contain two or
more rings, e.g. fused rings. The cyclic carrier may be a fully saturated ring system, or it may contain one or
more double bonds.
The ligand may be attached to the polynucleotide via a carrier. The carriers include (1) at least one
20 “backbone attachment point,” preferably two “backbone attachment points” and (i1) at least one “tethering
attachment point.” A “backbone attachment point™ as used herein refers to a functional group, e.g. a hydroxyl
group, or generally, a bond available for, and that is suitable for incorporation of the carrier into the backbone,
¢.g., the phosphate, or modified phosphate, ¢.g., sulfur containing, backbone, of a ribonucleic acid. A
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“tethering attachment point” (TAP) in some embodiments refers to a constituent ring atom of the cyclic
carrier, €.g., a carbon atom or a heteroatom (distinct from an atom which provides a backbone attachment
point), that connects a selected moiety. The moiety can be, ¢.g., a carbohydrate, ¢.g. monosaccharide,
disaccharide, trisaccharide, tetrasaccharide, oligosaccharide and polysaccharide. Optionally, the selected
moiety is connected by an intervening tether to the cyclic carrier. Thus, the cyclic carrier will often include a
functional group, ¢.g., an amino group, or generally, provide a bond, that is suitable for incorporation or
tethering of another chemical entity, e.g., a ligand to the constituent ring.

The RNAI agents may be conjugated to a ligand via a carrier, wherein the carrier can be cyclic group
or acyclic group; preferably, the cyclic group is selected from pyrrolidinyl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane, oxazolidinyl, isoxazolidinyl,
morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuryl and decalin;
preferably, the acyclic group is selected from serinol backbone or diethanolamine backbone.

In another embodiment of the invention, an iIRNA agent comprises a sense strand and an
antisense strand, each strand having 14 to 40 nucleotides. The RNAi agent may be represented by

formula (L):

5’ ;
N\ N ’

Bi T1 B2 C1 83

nt L n? n?® \\‘—f}n4 n®

¥ 81’ /\ ; a3’ ; 34’ 5
AN /N AN
4 4 of gt g° g q

(L),

In formula (L), B1, B2, B3, B1°, B2’, B3, and B4 cach are independently a nucleotide
containing a modification selected from the group consisting of 2°-O-alkyl, 2”-substituted alkoxy, 2°-
substituted alkyl, 2’-halo, ENA, and BNA/LNA. In certain embodiments, B1, B2, B3, B1°, B2’, B3’, and
B4’ cach contain 2°-OMe modifications. In certain embodiments, B1, B2, B3, B1°, B2’, B3, and B4~
cach contain 2°-OMe or 2°-F modifications. In certain embodiments, at least one of B1, B2, B3, B1”,
B2’, B3’, and B4 contain 2'-O-N-methylacetamido (2'-O-NMA) modification.

Cl1 is a thermally destabilizing nucleotide placed at a site opposite to the seed region of the
antisense strand (i.c., at positions 2-8 of the 5°-end of the antisense strand). For example, C1 is at a
position of the sense strand that pairs with a nucleotide at positions 2-8 of the 5’ -end of the antisense
strand. In one example, Cl is at position 15 from the 5’ -end of the sense strand. C1 nucleotide bears the
thermally destabilizing modification which can include abasic modification; mismatch with the opposing
nucleotide in the duplex; and sugar modification such as 2°-deoxy modification or acyclic nucleotide e. g.,

unlocked nucleic acids (UNA) or glycerol nucleic acid (GNA). In certain embodiments, C1 has thermally
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destabilizing modification selected from the group consisting of: 1) mismatch with the opposing

nucleotide in the antisense strand; 11) abasic modification selected from the group consisting of:

A}
Al \ A)
\ \ \

\ M \ R|

0— o 0 v 0 0 N

o)

0 ? ? 0

: l l : and iii) sugar
e

modification selected from the group consisting of:

\\\ |
b B v M
o o o 0 0
0 B o B B B
0 #\ "
I , O
| R1 R —
R2
Q o R 0O R o R
2|_de0Xy ’ \l\.lv\r ’ P j J\.l'\r ’ % ’ and
92¢
[O O
SS‘S h , wherein B is a modified or unmodified nucleobase, R' and R? independently are H,

halogen, ORs, or alkyl; and Rs is H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar. In certain
embodiments, the thermally destabilizing modification in C1 is a mismatch selected from the group
consisting of G:G, G:A, G:U, G:T, A:A, A:C, C:C, C:U, C.T, U:U, T:T, and U:T; and optionally, at least

one nucleobase in the mismatch pair is a 2°-deoxy nucleobase. In one example, the thermally

¢ O<
destabilizing modification in C1 is GNA or :

T1, T1°, T2°, and T3’ each independently represent a nucleotide comprising a modification
providing the nucleotide a steric bulk that is less or equal to the steric bulk of a 2°-OMe modification. A
steric bulk refers to the sum of steric effects of a modification. Methods for determining steric effects of a
modification of a nucleotide are known to one skilled in the art. The modification can be at the 2
position of a ribose sugar of the nucleotide, or a modification to a non-ribose nucleotide, acyclic
nucleotide, or the backbone of the nucleotide that is similar or equivalent to the 2” position of the ribose
sugar, and provides the nucleotide a steric bulk that is less than or equal to the steric bulk of a 2°-OMe
modification. For example, T1, T1’, T2°, and T3’ are each independently selected from DNA, RNA,
LNA, 2°-F, and 2’-F-5"-methyl. In certain embodiments, T1 is DNA. In certain embodiments, T1" is
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DNA, RNA or LNA. In certain embodiments, T2’ is DNA or RNA. In certain embodiments, T3 is
DNA or RNA.

n', n’, and q' are independently 4 to 15 nucleotides in length.

n’, ¢’, and q’ are independently 1-6 nucleotide(s) in length.

n*, q% and q° are independently 1-3 nucleotide(s) in length; altematively, n* is 0.

q’ is independently 0-10 nucleotide(s) in length.

n” and ¢ are independently 0-3 nucleotide(s) in length.

Alternatively, n* is 0-3 nucleotide(s) in length.

In certain embodiments, n* can be 0. In one example, n*is 0, and q* and q° are 1. In another
example, n* is 0, and q® and q° are 1, with two phosphorothioate internucleotide linkage modifications
within position 1-5 of the sense strand (counting from the 5°-end of the sense strand), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting from the 5°-
end of the antisense strand).

In certain embodiments, n*, ¢, and q° are each 1.

In certain embodiments, n*, n*, g% q°, and q° are each 1.

In certain embodiments, Cl is at position 14-17 of the 5’-end of the sense strand, when the sense
strand is 19-22 nucleotides in length, and n* is 1. In certain embodiments, C1 is at position 15 of the 5’-
end of the sense strand

In certain embodiments, T3 starts at position 2 from the 5° end of the antisense strand. In one
example, T3 is at position 2 from the 5° end of the antisense strand and q° is equal to 1.

In certain embodiments, T1” starts at position 14 from the 5° end of the antisense strand. In one
example, T1 is at position 14 from the 5° end of the antisense strand and q” is equal to 1.

In an exemplary embodiment, T3 starts from position 2 from the 5” end of the antisense strand
and T1” starts from position 14 from the 5° end of the antisense strand. In one example, T3’ starts from
position 2 from the 5° end of the antisense strand and q° is equal to 1 and T1 starts from position 14 from
the 5° end of the antisense strand and g’ is equal to 1.

In certain embodiments, T1” and T3 are separated by 11 nucleotides in length (7.e. not counting
the T1” and T3 nucleotides).

In certain embodiments, T1” is at position 14 from the 5” end of the antisense strand. In one
example, T1 is at position 14 from the 5° end of the antisense strand and q” is equal to 1, and the
modification at the 2° position or positions in a non-ribose, acyclic or backbone that provide less steric
bulk than a 2’-OMe ribose.

In certain embodiments, T3’ is at position 2 from the 5° end of the antisense strand. In one

example, T3’ is at position 2 from the 5° end of the antisense strand and q° is equal to 1, and the
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modification at the 2” position or positions in a non-ribose, acyclic or backbone that provide less than or
equal to steric bulk than a 2°-OMe ribose.

In certain embodiments, T1 1s at the cleavage site of the sense strand. In one example, T1 is at
position 11 from the 5” end of the sense strand, when the sense strand is 19-22 nucleotides in length, and
n’is . In an exemplary embodiment, T1 is at the cleavage site of the sense strand at position 11 from the
5" end of the sense strand, when the sense strand is 19-22 nucleotides in length, and n?is 1,

In certain embodiments, T2’ starts at position 6 from the 5° end of the antisense strand. In one
example, T2 is at positions 6-10 from the 5° end of the antisense strand, and g is 1.

In an exemplary embodiment, T1 is at the cleavage site of the sense strand, for instance, at
position 11 from the 5° end of the sense strand, when the sense strand is 19-22 nucleotides in length, and
nis 1; T1 is at position 14 from the 5 end of the antisense strand, and q” is equal to 1, and the
modification to T1" is at the 2” position of a ribose sugar or at positions in a non-ribose, acyclic or
backbone that provide less steric bulk than a 2°-OMe ribose; T2’ is at positions 6-10 from the 5° end of
the antisense strand, and q* is 1; and T3 is at position 2 from the 5° end of the antisense strand, and q° is
equal to 1, and the modification to T3 is at the 2° position or at positions in a non-ribose, acyclic or
backbone that provide less than or equal to steric bulk than a 2°-OMe ribose.

In certain embodiments, T2 starts at position 8 from the 5° end of the antisense strand. In one
example, T2 starts at position 8 from the 5° end of the antisense strand, and q" is 2.

In certain embodiments, T2 starts at position 9 from the 5° end of the antisense strand. In one
example, T2 is at position 9 from the 5” end of the antisense strand, and q* is 1.

In certain embodiments, B1” is 2°-OMe or 2°-F, q'is 9, T1” is 2°-F, ¢’ is 1, B2 is 2’-OMe or 2’-
F,q’is4, T2 is2>-F, q*is 1, B3’ is 2-OMe or 2°-F, q” is 6, T3 is 2°-F, q®is 1, B4” is 2°-OMe, and q is
1; with two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense
strand (counting from the 5’-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand).

In certain embodiments, n*is 0, B3 is 2-OMe, n’ is 3, Bl is 2’-OMe¢ or 2°-F, q'is 9, T1” is 2’-F,
q*is 1,B2’is 2-OMe or 2°-F, ¢’ is 4, T2  is 2°-F, q* is 1, B3" is 2’-OMe or 2°-F, ¢’ is 6, T3" is 2°-F, ¢° is
1, B4’ is 2’-OMe, and q’ is 1; with two phosphorothioate internucleotide linkage modifications within
positions 1-5 of the sense strand (counting from the 5”-end of the sense strand), and two phosphorothioate
internucleotide linkage modifications at positions 1 and 2 and two phosphorothioate internucleotide
linkage modifications within positions 18-23 of the antisense strand (counting from the 5’-end of the

antisense strand).
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n’is 3, B1"is 2-OMe or 2°-F, q" is 9, T1"is 2°-F, ¢’ is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,T2is 2’-F, q*is 2, B3 is 2°-OMe or 2°-F, ¢ is 5, T3" is 2"-F, q" is 1, B4” is 2’-OMe, and q " is 1.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F, q*is 2, B3"is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, ¢* is 1, B4” is 2’-OMe, and ¢’ is 1; with
two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate intemucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand).

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 6, T1is 2°F, n* is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°0Me, n’is 3, Bl’ is 2>-OMe or 2°-F, q' is 7, T1" is 2°-F, ¢* is 1, B2 is 2’-OMe or 2’-F, ¢’ is
4, T2 is2-F,q"is 2, B3’ is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q®is 1, B4 is 2"-OMe, and q is 1.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 6, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q"is 7, T1" is 2°-F, ¢*is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4, T2 is2-F,q"is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3  is 2°-F, q" is 1, B4” is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand).

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2’0Me, n’is 3, B1" is 2-OMe or 2°-F, q" is 9, T1is 2°-F, ¢’ is 1, B2’ is 2°-OMe or 2’-F, ¢’ is
4, T2 is2-F,q*is 1, B3 is 2-OMe or 2°-F, ¢’ is 6, T3 is 2°-F, q" is 1, B4 is 2’-OMe, and q is 1.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2’-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, q*is 1, B2  is 2’-OMe or 2°-F, ¢’ is
4, T2 is 2-F, q*is 1, B3"is 2-OMe or 2°-F, ¢’ is 6, T3 is 2°-F, ¢" is 1, B4" is 2’-OMe, and q is 1; with
two phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand).

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n’is 3, B1" is 2-OMe or 2°-F, q'is 9, T1 is 2°-F, ¢’ is 1, B2  is 2°-OMe or 2°-F, ¢’ is
5, T2 is 2>-F, q'is 1, B3’ is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, ¢®is 1, B4> is 2’-OMe, and q’ is 1;

optionally with at least 2 additional TT at the 3°-end of the antisense strand.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2-OMe, n’is 3, B1’is 2-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢%is 1, B2 is 2’-OMe or 2°-F, ¢’ is
5,T2is2°-F,q'is 1, B3 is 2°-OMe or 2°-F, ¢’ is 5, T3 is 2’-F, q* is 1, B4 is 2’-OMe, and q is 1;
optionally with at least 2 additional TT at the 3’-end of the antisense strand; with two phosphorothioate
internucleotide linkage modifications within positions 1-5 of the sense strand (counting from the 5”-end
of the sense strand), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2
and two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense
strand (counting from the 5°-end of the antisense strand).

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, BI"is 2-OMe or 2°-F, q' is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is2-OMe or 2°-F, q*is 7, T3  is 2°-F, q"is 1, B4” is 2’-OMe, and q is 1.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is2°-OMe, n’is 3, B1’is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, q*is 1, B2 is 2’-OMec or 2°-F, ¢’ is
4,q"is0,B3 is 2-OMe or 2°-F, q"is 7, T3  is 2’-F, ¢°is 1, B4" is 2°-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate intemucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5’-end).

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2’0Me, n’is 3, B1” is 2-OMe or 2°-F, q" is 9, T1is 2°-F, ¢’ is 1, B2’ is 2°-OMe or 2’-F, ¢’ is
4,T2is2-F,q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q®is 1, B4"is 2-F, and q" is 1.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2°-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F,q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4’ is 2’-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5”-end of the antisense strand).

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n? is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2>-OMe, n’ is 3, BI”is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q%is 1, B2 is 2’-OMe or 2’-F, ¢’ is
4,q*is0,B3" is 2-OMe or 2°-F, q°*is 7, T3" is 2°-F, ¢®is 1, B4 is 2°-F, and q" is 1.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q"is0,B3 is 2-OMe or 2°-F, q° is 7, T3  is 2°-F, ¢®is 1, B4 " is 2°-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within positions 1-5 of the sense strand (counting
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from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5”-end of the antisense strand).

The RNAI agent can comprise a phosphorus-containing group at the 5°-end of the sense strand or
antisense strand. The 5”-end phosphorus-containing group can be 5°-end phosphate (5°-P), 5’-end
phosphorothioate (5°-PS), 5°-end phosphorodithioate (5°-PS.), 5°-end vinylphosphonate (5°-VP), 5°-end

0O

S0
kY
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O LCof
E 0 Nt

methylphosphonate (MePhos), or 5’-deoxy-5-C-malonyl ( OH OH ). When the 5’-end

=

phosphorus-containing group is 5°-end vinylphosphonate (5°-VP), the 5°-VP can be either 5°-E-VP
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isomer (i.¢., frans-vinylphosphonate, ), 5°-Z-VP isomer (i.¢., cis-vinylphosphonate,

hEe]

FEQ R RN 4
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N
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o 8, ). or mixtures thereof,

In certain embodiments, the RNAI1 agent comprises a phosphorus-containing group at the 5™-end
of the sense strand. In certain embodiments, the RNA1 agent comprises a phosphorus-containing group at
the 5°-end of the antisense strand.

In certain embodiments, the RNAi agent comprises a 5°-P. In certain embodiments, the RNAi
agent comprises a 5°-P in the antisense strand.

In certain embodiments, the RNAi agent comprises a 5°-PS. In certain embodiments, the RNAi
agent comprises a 5°-PS in the antisense strand.

In certain embodiments, the RNAi agent comprises a 5°-VP. In certain embodiments, the RNAi
agent comprises a 5°-VP in the antisense strand. In certain embodiments, the RNAi agent comprises a 5°-
E-VP in the antisense strand. In certain embodiments, the RNA1 agent comprises a 5°-Z-VP in the
antisense strand.

In certain embodiments, the RNA1 agent comprises a 5°-PS,. In certain embodiments, the RNA1
agent comprises a 5°-PS; in the antisense strand.

In certain embodiments, the RNAi agent comprises a 5°-PS,. In certain embodiments, the RNA1

agent comprises a 5 -deoxy-5"-C-malonyl in the antisense strand.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n’is 3, B1"is 2-OMe or 2°-F, q" is 9, T1"is 2°-F, ¢’ is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,T2is 2’-F, q*is 2, B3 is 2°-OMe or 2°-F, ¢’ is 5, T3" is 2’-F, q"is 1, B4" is 2’-OMe, and q" is 1. The
RNAI1 agent also comprises a 5°-PS.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n’is 3, B1" is 2-OMe or 2°-F, q'is 9, T1 is 2°-F, ¢’ is 1, B2  is 2°-OMe or 2°-F, ¢’ is
4, T2 is2-F, q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, ¢* is 1, B4 is 2’-OMe, and q" is 1. The
RNAI agent also comprises a 5°-P.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°0Me, n’is 3, B’ is 2>-OMe or 2°-F, q' is 9, T1” is 2°-F, q*is 1, B2 is 2’-OMe or 2’-F, ¢’ is
4,T2is 2-F, q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q° is 1, B4” is 2°-OMe, and q" is 1. The
RNALI agent also comprises a 3°-VP. The 5°-VP may be 5’-E-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n°is 3, B1"is 2-OMe or 2°-F, q" is 9, T1 is 2°-F, ¢’ is 1, B2" is 2°-OMe or 2’-F, ¢’ is
4, T2 is2-F,q"is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3  is 2°-F, q® is 1, B4’ is 2"-OMe, and q’ is 1. The
RNAI agent also comprises a 5°- PS,.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2’0Me, n’is 3, B1" is 2-OMe or 2°-F, q" is 9, T1is 2°-F, ¢’ is 1, B2 is 2’-OMe or 2’-F, ¢’ is
4, T2 is2-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3" is 2°-F, q"is 1, B4  is 2’-OMe, and q" is 1. The
RNAI agent also comprises a 5°-deoxy-5"-C-malonyl.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B31is 2°-OMe, n’is 3, B1’is 2°-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F, q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4’ is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5’-P.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n? is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2>-OMe, n’ is 3, BI”is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q%is 1, B2 is 2’-OMe or 2’-F, ¢’ is
4, T2 is2-F,q*is 2,B3"is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4” is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage

modifications at positions 1 and 2 and two phosphorothioate interucleotide linkage modifications within
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positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5°-PS.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1 is 2-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢®is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F, q*is 2,B3"is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q* is 1, B4” is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate interucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5°-VP. The 5°-VP may be 5°-£-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2 is 2’-OMe or 2’-F, ¢’ is
4, T2 is2-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4 is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-3 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi
agent also comprises a 5°- PS,.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F,q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4’ is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5’-deoxy-5-C-malonyl.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2°F, n’ is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, Bl"is 2’-OMe or 2°-F, q' is 9, T1" is 2°-F, ¢*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, ¢ is 7, T3 is 2’-F, ¢®is 1, B4" is 2°-OMe, and q" is 1. The RNAi agent
also comprises a 5°-P.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,q"is0,B3" is 2-OMe or 2°-F, q*is 7, T3 is 2°-F, q° is 1, B4 is 2°-OMe, and q” is 1. The dsRNA

agent also comprises a 5°-PS.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2-OMe, n’is 3, B1’is 2-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢%is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q*is0,B3 is 2-OMe or 2’-F, q* is 7, T3” is 2°-F, ¢ is 1, B4” is 2’-OMe, and q" is 1. The RNAi agent
also comprises a 5’-VP. The 5°-VP may be 5°-£-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,q"is0, B3 is 2-OMe or 2°-F, ¢’ is 7, T3 is 2°-F, ¢® is 1, B4* is 2°-OMe, and ¢’ is 1. The RNAi agent
also comprises a 5°- PS,.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, BI"is 2-OMe or 2°-F, q' is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, ¢’ is 7, T3 is 2°-F, q®is 1, B4” is 2°-OMe, and q" is 1. The RNAi agent
also comprises a 5’-deoxy-3"-C-malonyl.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2°-OMe, n’is 3, B1’is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, q*is 1, B2 is 2’-OMec or 2°-F, ¢’ is
4,q"is 0,B3 is 2-OMe or 2°-F, ¢’ is 7, T3* is 2’-F, ¢°is 1, B4" is 2°-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNAI agent also comprises a 5°-P.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2°-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q"is0,B3"is 2-OMe or 2°-F, q° is 7, T3* is 2°-F, ¢° is 1, B4" is 2°-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5’-end). The RNA1 agent also comprises a 5°-PS.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2°F, n’ is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’-OMe, n’is 3, Bl"is 2’-OMe or 2°-F, q' is 9, T1" is 2°-F, ¢*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q*is 7. T3 is 2°-F, q®is 1, B4” is 2’-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNA1 agent also comprises a 5°-VP. The 5°-VP may be 5°-£-VP, 5°-Z-

VP, or combination thereof.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2-OMe, n’is 3, B1’is 2-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢%is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q"is0, B3 is 2-OMe or 2™-F, ¢’ is 7, T3 is 2°-F, ¢ is 1, B4’ is 2°-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNA1 agent also comprises a 5°- PS..

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B31is 2°-OMe, n’ is 3, BI"is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q°is 7. T3 is 2°-F, q®is 1, B4” is 2’-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-3 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNAI agent also comprises a 5°-deoxy-3’-C-malonyl.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n’is 3, B1’ is 2’-OMe or 2°-F, q" is 9, T1is 2°-F, ¢’ is 1, B2* is 2°-OMe or 2’-F, ¢’ is
4, T2 is2-F,q"is 2, B3’ is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q®is 1, B4* is 2°-F, and q" is 1. The
RNAI agent also comprises a 5°- P.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2’0Me, n’is 3, B1” is 2-OMe or 2°-F, q" is 9, T1is 2°-F, ¢’ is 1, B2’ is 2°-OMe or 2’-F, ¢’ is
4, T2 is2-F,q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q®is 1, B4" is 2°-F, and q" is 1. The
RNAI1 agent also comprises a 5°- PS.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n’is 3, B1"is 2-OMe or 2°-F, q" is 9, T1is 2°-F, ¢’ is 1, B2’ is 2’-OMe or 2-F, ¢’ is
4,T2is2-F,q*is2, B3 is2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q"is 1, B4 " is 2°-F, and q" is 1. The
RNAL1 agent also comprises a 5°- VP. The 5’-VP may be 5°-£-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2°F, n’ is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2’0Me, n’is 3, B’ is 2’-OMe or 2°-F, q' is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2-F, ¢’ is
4, T2 is 2-F, q*is 2. B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2’-F, q®is 1, B4” is 2’-F, and ¢’ is 1. The
dsRNA RNA agent also comprises a 5~ PS,.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’0Me, n’is 3, B1" is 2-OMe or 2°-F, q'is 9, T1 is 2°-F, ¢’ is 1, B2  is 2°-OMe or 2°-F, ¢’ is
4, T2 is2-F,q*is 2, B3’ is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q*is 1, B4 is 2°-F, and q" is 1. The

RNAI agent also comprises a 5’-deoxy-5"-C-malonyl.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2-OMe, n’is 3, B1’is 2-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢%is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F, q*is 2,B37is 2’-OMe or 2’-F, ¢’ is 5, T3’ is 2°-F, q"is 1, B4* is 2’-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5”-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
as’-P.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, BI"is 2-OMe or 2°-F, q' is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,T2is2-F, q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4” is 2°-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-3 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate intermucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a5-PS.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, q*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is 2-F, q*is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q"is 1, B4* is 2'-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a5’- VP. The 5°-VP may be 5°-E-VP, 5°-Z-VP, or combination thercof.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2-OMe, n’is 3, B1"is 2-OMec or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4, T2 is 2-F, q*is 2, B3 is 2-OMe or 2’-F, ¢’ is 5, T3 is 2’-F, q" is 1, B4" is 2°-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5”-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5’-end of the antisense strand). The RNA1 agent also comprises
a5’-PS,.

In certain embodiments, B1 is 2°-OMe or 2°-F, n* is 8, T1is 2°F, n%is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, q%is 1, B2 is 2’-OMe¢ or 2°-F, ¢’ is
4, T2 is2>-F, q*is 2, B3" is 2’-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q"is 1, B4" is 2'-F, and q is 1; with two
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phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a 5’-deoxy-5"-C-malonyl.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q°is 7. T3 is 2°-F, q®is 1, B4 is 2°-F, and q” is 1. The RNAI agent also
comprises a 5°- P.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, BI"is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q°is 7. T3 is 2°-F, q®is 1, B4 is 2°-F, and q is 1. The RNAI agent also
comprises a 3°- PS.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢*is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,q"is0,B3 is 2-OMe or 2°-F, q°is 7, T3" is 2°-F, q®is 1, B4* is 2°-F, and q" is 1. The RNAi agent also
comprises a 5°- VP. The 5°-VP may be 5°-E-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢*is 1, B2’ is 2’-OMe or 2’-F, ¢’ is
4,q"is 0, B3 is 2-OMe or 2°-F, q°is 7, T3" is 2°-F, q®is 1, B4* is 2°-F, and q" is 1. The RNAi agent also
comprises a 5°- PS,.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2°-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q*is0,B3"is 2-OMe or 2°-F, q°is 7, T3" is 2°-F, q®is 1, B4* is 2°-F, and q" is 1. The RNAI agent also
comprises a 5’-deoxy-5"-C-malonyl.

In certain embodiments, Bl is 2°-OMe or 2°-F. n' is 8, Tl is 2°F, n? is 3, B2 is 2°-OMe, n® is 7, n*
is 0, B3is 2-OMe, n’is 3, B1"is 2-OMec or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q*is 7, T3  is 2’-F, q"is 1, B4 is 2°-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5”-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises
a5’-P.

In certain embodiments, B1 is 2°-OMe or 2°-F, n* is 8, T1is 2°F, n%is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q"is 9, T1" is 2°-F, q%is 1, B2 is 2’-OMe¢ or 2°-F, ¢’ is
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4,q*is0,B37is 2-OMe or 2°-F, q°is 7, T3" is 2°-F, q®is 1, B4* is 2°-F, and q" is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a5-PS.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’ is 3, BI"is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q%is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*150,B3 is 2-OMe or 2°-F. q°is 7. T3  is 2°-F, q®is 1, B4 is 2°-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate intemucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises
a5’- VP. The 5°-VP may be 5°-£-VP, 5°-Z-VP, or combination thereof.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMec or 2°-F, ¢’ is
4,q"is 0, B3 is 2-OMe or 2°-F, q°is 7, T3" is 2°-F, q®is 1, B4 is 2°-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a5’-PS,.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q*is0,B37is 2-OMe or 2°-F, q°is 7, T3" is 2°-F, q®is 1, B4* is 2°-F, and q" is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a 5’-deoxy-5"-C-malonyl.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,T2is 2°-F, q*is 2, B3 is 2°-OMe or 2°-F, ¢’ is 5, T3" is 2’-F, q* is 1, B4 is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand

(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
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modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5’-P and a targeting ligand. In certain embodiments, the 5°-P is at the 5°-end of
the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4, T2 is2-F, q*is 2, B3" is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, ¢* is 1, B4 is 2’-OMe, and ¢’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi
agent also comprises a 5°-PS and a targeting ligand. In certain embodiments, the 5°-PS is at the 5°-end of
the antisense strand, and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢*is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4, T2 is2-F,q"is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3  is 2°-F, q" is 1, B4” is 2’-OMe, and q’ is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-3 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5°-VP (e.g., a 5°-F£-VP, 5°-Z-VP, or combination thereof), and a targeting ligand.

In certain embodiments, the 5°-VP is at the 5’-end of the antisense strand, and the targeting ligand
is at the 3”-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2’-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, q*is 1, B2  is 2’-OMe or 2°-F, ¢’ is
4, T2 is 2-F, q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2’-F, q" is 1, B4" is 2’-OMe, and q is 1; with
two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5°- PS; and a targeting ligand. In certain embodiments, the 5°-PS; is at the 5”-end
of the antisense strand, and the targeting ligand is at the 3°-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n! is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, q%is 1, B2 is 2’-OMe¢ or 2°-F, ¢’ is
4, T2 is2-F, q*is 2, B3"is 2°-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4 is 2’-OMe, and q’ is 1; with
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two phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand
(counting from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage
modifications at positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within
positions 18-23 of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1
agent also comprises a 5°-deoxy-5"-C-malonyl and a targeting ligand. In certain embodiments, the 5°-
deoxy-5"-C-malonyl is at the 5°-end of the antisense strand, and the targeting ligand is at the 3" -end of the
sense strand.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B31is 2°-OMe, n’ is 3, BI"is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q°is 7. T3 is 2°-F, q®is 1, B4” is 2’-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-3 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNAI agent also comprises a 5°-P and a targeting ligand. In certain
embodiments, the 5°-P is at the 5°-end of the antisense strand, and the targeting ligand is at the 3’-end of
the sense strand.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, q*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q"is 0,B3 is 2’-OMe or 2°-F, q°is 7, T3* is 2’-F, ¢® is 1, B4" is 2°-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate intemucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5’-end). The RNA1 agent also comprises a 5°-PS and a targeting ligand. In certain
embodiments, the 5°-PS is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of
the sense strand.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2°F, n’ is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2-OMe, n’is 3, B1"is 2-OMec or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q°is 7, T3 is 2’-F, q®is 1, B4" is 2’-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate interucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNA1 agent also comprises a 5°-VP (e.g., a 5°-E-VP, 5°-Z-VP, or
combination thereof) and a targeting ligand. In certain embodiments, the 5°-VP is at the 5°-end of the

antisense strand, and the targeting ligand is at the 3’-end of the sense strand.
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In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2-OMe, n’is 3, B1’is 2-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢%is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,q"is0, B3 is 2-OMe or 2™-F, ¢’ is 7, T3 is 2°-F, ¢ is 1, B4’ is 2°-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNA1 agent also comprises a 5°-PS; and a targeting ligand. In certain
embodiments, the 5°-PS; is at the 5°-end of the antisense strand, and the targeting ligand is at the 3°-end
of the sense strand.

In certain embodiments, B1 is 2-OMe or 2°-F, n' is 8, T1is 2°F, n* is 3, B2 is 2’-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, BI"is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q*is 1, B2" is 2’-OMe or 2’-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q°is 7, T3 is 2°-F, q®is 1, B4” is 2’-OMe, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-3 of the sense strand (counting
from the 5°-end), and two phosphorothioate internucleotide linkage modifications at positions 1 and 2 and
two phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5°-end). The RNAI agent also comprises a 5°-deoxy-5"-C-malonyl and a targeting
ligand. In certain embodiments, the 5°-deoxy-5"-C-malonyl is at the 5°-end of the antisense strand, and
the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1is 2’F, n? is 3, B2 is 2°-OMe, n* is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F,q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4’ is 2’-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a 5’-P and a targeting ligand. In certain embodiments, the 5°-P is at the 57-end of the antisense strand,
and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2’-OMe or 2°-F, n' is 8, T1 is 2°F, n’ is 3, B2 is 2’-OMe, n® is 7, n*
is 0, B3is 2>-OMe, n’is 3, BI”is 2-OMe or 2°-F, q'is 9, T1” is 2°-F, q%is 1, B2 is 2’-OMe or 2’-F, ¢’ is
4, T2 is2-F, q*is 2. B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q® is 1, B4” is 2°-F, and q’ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate interucleotide linkage modifications within positions 18-23

of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises
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a5’-PS and a targeting ligand. In certain embodiments, the 5°-PS is at the 5°-end of the antisense strand,
and the targeting ligand is at the 3’-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2’-OMe, n’ is 3, B1 is 2-OMe or 2’-F, q'is 9, T1" is 2°-F, ¢®is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4,T2is 2’-F, q*is 2, B3 is 2°-OMe or 2’-F, ¢’ is 5, T3" is 2’-F, q*is 1, B4” is 2"-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises
a5’-VP (e.g.,a5-E-VP, 5°-Z-VP, or combination thereof) and a targeting ligand. In certain
embodiments, the 5°-VP is at the 5’-end of the antisense strand, and the targeting ligand is at the 3’-end of
the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2°-OMe, n’is 3, B1’is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, q*is 1, B2 is 2’-OMec or 2°-F, ¢’ is
4, T2 is2-F,q"is 2, B3’ is 2’-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q"is 1, B4* is 2'-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises
a 5’-PS; and a targeting ligand. In certain embodiments, the 5°-PS; is at the 5°-end of the antisense
strand, and the targeting ligand is at the 3°-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2°-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, ¢*is 1, B2 is 2’-OMe or 2°-F, ¢’ is
4, T2 is2-F,q*is 2, B3 is 2-OMe or 2°-F, ¢’ is 5, T3 is 2°-F, q" is 1, B4’ is 2’-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a 5’-deoxy-5"-C-malonyl and a targeting ligand. In certain embodiments, the 5°-deoxy-5"-C-malonyl is at
the 57-end of the antisense strand, and the targeting ligand is at the 3°-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,q"is0,B3" is 2-OMe or 2™-F, q*is 7, T3 is 2°-F, q° is 1, B4 is 2°-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting

from the 5°-end of the sense strand), and two phosphorothioate intemucleotide linkage modifications at
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positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a 5’-P and a targeting ligand. In certain embodiments, the 5°-P 1s at the 5”-end of the antisense strand,
and the targeting ligand is at the 3”-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, ¢%is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,q"is0, B3 is 2-OMe or 2™-F, ¢’ is 7, T3 is 2°-F, ¢® is 1, B4 is 2°-F, and ¢ is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate intemucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNAi agent also comprises
a 5’- PS and a targeting ligand. In certain embodiments, the 5°-PS is at the 5°-end of the antisense strand,
and the targeting ligand is at the 3 -end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2’F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B’ is 2’-OMe or 2°-F, q"is 9, T1" is 2°-F, ¢*is 1, B2 is 2°-OMe or 2°-F, ¢’ is
4,q"is 0, B3 is 2-OMe or 2°-F, q°is 7, T3" is 2°-F, q®is 1, B4 is 2°-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a5’-VP (e.g,a5’-E-VP, 5°-Z-VP, or combination thercof) and a targeting ligand. In certain
embodiments, the 5°-VP is at the 5°-end of the antisense strand, and the targeting ligand is at the 3’-end of
the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n' is 8, T1 is 2°F, n? is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is2’-OMe, n’is 3, B1’is 2-OMe or 2°-F, q" is 9, T1" is 2°-F, q*is 1, B2  is 2’-OMe or 2°-F, ¢’ is
4,q*1s0,B3 is 2-OMe or 2°-F, q*is 7, T3  is 2’-F, q"is 1, B4 is 2°-F, and q is 1; with two
phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a 5’- PS; and a targeting ligand. In certain embodiments, the 5°-PS; is at the 5™-end of the antisense
strand, and the targeting ligand is at the 3°-end of the sense strand.

In certain embodiments, B1 is 2°-OMe or 2°-F, n* is 8, T1is 2°F, n%is 3, B2 is 2°-OMe, n’ is 7, n*
is 0, B3is 2°-OMe, n’is 3, B1"is 2°-OMe or 2°-F, q'is 9, T1" is 2°-F, q%is 1, B2 is 2’-OMe¢ or 2°-F, ¢’ is
4,q"is0,B3"is 2-OMe or 2™-F, q*is 7, T3 is 2°-F, q°is 1, B4 is 2°-F, and q” is 1; with two
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phosphorothioate internucleotide linkage modifications within position 1-5 of the sense strand (counting
from the 5°-end of the sense strand), and two phosphorothioate internucleotide linkage modifications at
positions 1 and 2 and two phosphorothioate internucleotide linkage modifications within positions 18-23
of the antisense strand (counting from the 5°-end of the antisense strand). The RNA1 agent also comprises
a 5’-deoxy-5"-C-malonyl and a targeting ligand. In certain embodiments, the 5°-deoxy-5"-C-malonyl is at
the 57-end of the antisense strand, and the targeting ligand is at the 3°-end of the sense strand.
In a particular embodiment, an RNA1 agent of the present invention comprises:
(@) a sense strand having:
(1) a length of 21 nucleotides;
(i1) an ASGPR ligand attached to the 3°-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker; and
(i11) 2°-F modifications at positions 1, 3,5,7,9to 11, 13, 17, 19, and 21, and 2°-OMe
modifications at positions 2, 4, 6, 8, 12, 14 to 16, 18, and 20 (counting from the 3° end);
and
(b) an antisense strand having;
(1) a length of 23 nucleotides;
(i1) 2°-OMe modifications at positions 1, 3, 3,9, 11to 13, 15, 17, 19, 21, and 23, and
2°F modifications at positions 2, 4, 6 to 8, 10, 14, 16, 18, 20, and 22 (counting from the
5” end); and
(i)  phosphorothioate intemucleotide linkages between nucleotide positions 21 and
22, and between nucleotide positions 22 and 23 (counting from the 5 end);
wherein the dsSRNA agents have a two-nucleotide overhang at the 3°-end of the antisense strand,
and a blunt end at the 5’-end of the antisense strand.
In another particular embodiment, an RNAi agent of the present invention comprises:
(@) a sense strand having:
(1) a length of 21 nucleotides;
(11) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;
(111) 2°-F modifications at positions 1, 3,5,7,9to 11, 13, 15, 17, 19, and 21, and 2"-OMe
modifications at positions 2, 4, 6, 8, 12, 14, 16, 18, and 20 (counting from the 5” end);
and
(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and
between nucleotide positions 2 and 3 (counting from the 5° end):
and

(b) an antisense strand having:
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(1) a length of 23 nucleotides;

(11) 2°-OMe modifications at positions 1, 3,5,7,9, 11to 13, 15, 17, 19, and 21 to 23,
and 2°F modifications at positions 2, 4, 6, 8, 10, 14, 16, 18, and 20 (counting from the 5
end); and

(1)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,

and a blunt end at the 5°-end of the antisense strand.

In another particular embodiment, an RNAIi agent of the present invention comprises:

(@)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i1) an ASGPR ligand attached to the 3°-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;

(i)  2°-OMe modifications at positions 1 to 6, 8, 10, and 12 to 21, 2°-F modifications
at positions 7, and 9, and a desoxy-nucleotide (e.g. dT) at position 11 (counting from the
5" end); and

(iv)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,

and between nucleotide positions 2 and 3 (counting from the 5° end);

an antisense strand having;
(1) a length of 23 nucleotides;
3,7,9

2 2 2 2

11,13, 15,17, and 19 to 23, and 2°-
F modifications at positions 2, 4 to 6, §, 10, 12, 14, 16, and 18 (counting from the 5 end);

(11) 2°-OMe modifications at positions 1

and
(i11)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 57 end);

wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,

and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNA1 agent of the present invention comprises:

(@)

a sense strand having:
(1) a length of 21 nucleotides;
(i1) an ASGPR ligand attached to the 3°-end, wherein said ASGPR ligand comprises

three GalNAc derivatives attached through a trivalent branched linker;
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and

(b)

(i)  2°-OMe modifications at positions 1 to 6, 8, 10, 12, 14, and 16 to 21, and 2°-F
modifications at positions 7,9, 11, 13, and 15; and
(lv)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,

and between nucleotide positions 2 and 3 (counting from the 5° end);

an antisense strand having:

(1) a length of 23 nucleotides;

(i1) 2°-OMe modifications at positions 1,5, 7.9, 11, 13, 15,17, 19, and 21 to 23, and
2°-F modifications at positions 2 to 4, 6, 8, 10, 12, 14, 16, 18, and 20 (counting from the
57 end); and

(i11) phosphorothioate intemucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,

and a blunt end at the 5°-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

()

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(i1) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;

(111) 2’-OMe modifications at positions 1 to 9, and 12 to 21, and 2’-F modifications at
positions 10, and 11; and

(iv)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,

and between nucleotide positions 2 and 3 (counting from the 5° end);

an antisense strand having;

(1) a length of 23 nucleotides;

(11) 27-OMe modifications at positions 1, 3,5,7,9, 11to 13, 15, 17, 19, and 21 to 23,
and 2’-F modifications at positions 2, 4, 6, 8, 10, 14, 16, 18, and 20 (counting from the 5
end); and

(1)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,

and a blunt end at the 5°-end of the antisense strand.
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In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(11) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;

(1)  2°-F modifications at positions 1, 3,5, 7,9to 11, and 13, and 2°-OMe
modifications at positions 2, 4, 6, 8, 12, and 14 to 21; and

(iv)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,

and between nucleotide positions 2 and 3 (counting from the 5° end);

an antisense strand having:

(1) a length of 23 nucleotides;

(i1) 2°-OMe modifications at positions 1, 3, 5t0 7,9, 11 to 13, 15, 17 to 19, and 21 to
23, and 2°-F modifications at positions 2, 4, 8, 10, 14, 16, and 20 (counting from the 5’
end); and

(ii1) phosphorothioate intemucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,

and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, an RNAi agent of the present invention comprises:

()

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(11) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;

(i11)  2°-OMe modifications at positions 1,2, 4, 6, 8, 12, 14, 15, 17, and 19 to 21, and
2’-F modifications at positions 3, 5, 7, 9to 11, 13, 16, and 18; and

(lv)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,

and between nucleotide positions 2 and 3 (counting from the 5™ end);

an antisense strand having:

(1) a length of 25 nucleotides;

(i1) 2°-OMe modifications at positions 1,4, 6, 7,9, 11to 13,15, 17, and 19 to 23, 2°-
F modifications at positions 2, 3, 5, 8, 10, 14, 16, and 18, and desoxy-nucleotides (e.g.
dT) at positions 24 and 25 (counting from the 5° end); and
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(i11)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNA1 agents have a four-nucleotide overhang at the 3’-end of the antisense strand,

and a blunt end at the 5”-end of the antisense strand.

In another particular embodiment, a RNA1 agent of the present invention comprises:

(@)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(1) an ASGPR ligand attached to the 3°-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;

(i11) 2°-OMe modifications at positions 1 to 6, 8, and 12 to 21, and 2’-F modifications at
positions 7, and 9to 11; and

(iv) phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, and

between nucleotide positions 2 and 3 (counting from the 5° end):

an antisense strand having;

(1) a length of 23 nucleotides;

(i1) 2°-OMe modifications at positions 1, 3to 5, 7, 8, 10to 13, 15, and 17 to 23, and
2°-F modifications at positions 2, 6, 9, 14, and 16 (counting from the 5° end); and

(i11)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and

between nucleotide positions 22 and 23 (counting from the 5° end);

wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,

and a blunt end at the 5’-end of the antisense strand.

In another particular embodiment, a RNAi agent of the present invention comprises:

(a)

and

(b)

a sense strand having:

(1) a length of 21 nucleotides;

(11) an ASGPR ligand attached to the 3’-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;

(1)  2°-OMe modifications at positions 1 to 6, 8, and 12 to 21, and 2°-F modifications
at positions 7, and 9 to 11; and

(iv)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,

and between nucleotide positions 2 and 3 (counting from the 5” end);

an antisense strand having:
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(1) a length of 23 nucleotides;
(11) 2°-OMe modifications at positions 1, 3to 5,7, 10 to 13, 15, and 17 to 23, and 2’-
F modifications at positions 2, 6, 8, 9, 14, and 16 (counting from the 5 end); and
(i11)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
between nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and
between nucleotide positions 22 and 23 (counting from the 5” end);
wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,
and a blunt end at the 5’-end of the antisense strand.
In another particular embodiment, a RNA1 agent of the present invention comprises:
(@) a sense strand having:
(1) a length of 19 nucleotides;
(i1) an ASGPR ligand attached to the 3°-end, wherein said ASGPR ligand comprises
three GalNAc derivatives attached through a trivalent branched linker;
(i1)  2°-OMe modifications at positions 1 to 4, 6, and 10 to 19, and 2°-F modifications
at positions 3, and 7 to 9; and
(iv)  phosphorothioate internucleotide linkages between nucleotide positions 1 and 2,
and between nucleotide positions 2 and 3 (counting from the 5° end);
and
(b) an antisense strand having;
(1) a length of 21 nucleotides;
(11) 2°-OMe modifications at positions 1,3 to 5,7, 10to 13, 15, and 17 to 21,
and 2°-F modifications at positions 2, 6, 8, 9, 14, and 16 (counting from the 5” end); and
(i)  phosphorothioate internucleotide linkages between nucleotide positions 1
and 2, between nucleotide positions 2 and 3, between nucleotide positions 19 and 20, and
between nucleotide positions 20 and 21 (counting from the 5” end);
wherein the RNA1 agents have a two-nucleotide overhang at the 3’-end of the antisense strand,
and a blunt end at the 5’-end of the antisense strand.
In certain embodiments, the iIRNA for use in the methods of the invention is an agent selected

from agents listed in Tables 3-6. These agents may further comprise a ligand.

IV. iRNAs Conjugated to Ligands
Another modification of the RNA of an iRNA of the invention involves chemically linking to the

RNA one or more ligands, moieties or conjugates that enhance the activity, cellular distribution or cellular
uptake of the iRNA. Such moiceties include but are not limited to lipid moicties such as a cholesterol moiety

(Letsinger et al., (1989) Proc. Natl. Acid. Sci. USA, 86: 6553-6556), cholic acid (Manoharan er al., (1994)

88

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

Biorg. Med. Chem. Let., 4:1053-1060), a thioether, e.g., beryl-S-tritylthiol (Manoharan ef al., (1992) Ann. N.Y.
Acad. Sci., 660:306-309; Manoharan et al., (1993) Biorg. Med. Chem. Let., 3:2765-2770), a thiocholesterol
(Oberhauser ef al., (1992) Nucl. Acids Res., 20:533-538), an aliphatic chain, e.g., dodecandiol or undecyl
residues (Saison-Behmoaras ef al., (1991) EMBO J, 10:1111-1118; Kabanov ef al., (1990) FEBS Lett.,
259:327-330; Svinarchuk et al., (1993) Biochimie, 75:49-54), a phospholipid, e.g., di-hexadecyl-rac-glycerol
or tricthyl-ammonium 1,2-di-O-hexadecyl-rac-glycero-3-phosphonate (Manoharan ef al., (1995) Tetrahedron
Lett., 36:3651-3654; Shea et al., (1990) Nucl. Acids Res., 18:3777-3783), a polyamine or a polyethylene
glycol chain (Manoharan et al., (1995) Nucleosides & Nucleotides, 14:969-973), or adamantane acetic acid
(Manoharan et al., (1995) Tetrahedron Lett., 36:3651-3654), a palmityl moiety (Mishra et al., (1995) Biochim.
Biophys. Acta,1264:229-237), or an octadecylamine or hexylamino-carbonyloxycholesterol moiety (Crooke er
al., (1996) J. Pharmacol. Exp. Ther., 277:923-937).

In one embodiment, a ligand alters the distribution, targeting or lifetime of an iIRNA agent into which
it is incorporated. In preferred embodiments a ligand provides an enhanced affinity for a selected target, e.g.,
molecule, cell or cell type, compartment, e.g., a cellular or organ compartment, tissue, organ or region of the
body, as, e.g., compared to a species absent such a ligand. Preferred ligands will not take part in duplex
pairing in a duplexed nucleic acid.

Ligands can include a naturally occurring substance, such as a protein (e.g., human serum albumin
(HSA), low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran, pullulan, chitin, chitosan,
inulin, cyclodextrin, N-acetylglucosamine, N-acetylgalactosamine or hyaluronic acid); or a lipid. The ligand
can also be a recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic polyamino acid.
Examples of polyamino acids include polyamino acid is a polylysine (PLL), poly L-aspartic acid, poly L-
glutamic acid, styrene-maleic acid anhydride copolymer, poly(L-lactide-co-glycolied) copolymer, divinyl
cther-maleic anhydride copolymer, N-(2-hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene
glycol (PEG), polyvinyl alcohol (PVA), polyurethane, poly(2-cthylacryllic acid), N-isopropylacrylamide
polymers, or polyphosphazine. Example of polyamines include: polyethylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine, dendrimer
polyamine, arginine, amidine, protamine, cationic lipid, cationic porphyrin, quaternary salt of a polyamine, or
an alpha helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a lectin,
glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a kidney cell. A
targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein, surfactant protein A, Mucin
carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-gulucosaming
multivalent mannose, multivalent fucose, glycosylated polyaminoacids, multivalent galactose, transferrin,
bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12,
vitamin A, biotin, or an RGD peptide or RGD peptide mimetic.
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Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers (e.g.
psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic hydrocarbons (e.g.,
phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), lipophilic molecules, e.g., cholesterol,
cholic acid, adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-O(hexadecyl)glycerol,
geranyloxyhexyl group, hexadecvlglycerol, borneol, menthol, 1,3-propanediol, heptadecyl group, palmitic
acid, myristic acid,03-(oleoyl)lithocholic acid, O3-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and
peptide conjugates (e.g., antennapedia peptide, Tat peptide), alkylating agents, phosphate, amino, mercapto,
PEG (e.g., PEG-40K), MPEG, [MPEG],, polyamino, alkyl, substituted alkyl, radiolabeled markers, enzymes,
haptens (e.g. biotin), transport/absorption facilitators (e.g., aspirin, vitamin E, folic acid), synthetic
ribonucleases (e.g., imidazole, bisimidazole, histamine, imidazole clusters, acridine-imidazole conjugates,
Eu3+ complexes of tetraazamacrocycles), dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific affinity for
a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as a hepatic cell. Ligands
can also include hormones and hormone receptors. They can also include non-peptidic species, such as lipids,
lectins, carbohydrates, vitamins, cofactors, multivalent lactose, multivalent galactose, N-acetyl-galactosamine,
N-acetyl-gulucosamine multivalent mannose, or multivalent fucose. The ligand can be, for example, a
lipopolysaccharide, an activator of p38 MAP kinase, or an activator of NF-«B.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iRNA agent into the
cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the cell’s microtubules,
microfilaments, and/or intermediate filaments. The drug can be, for example, taxon, vincristine, vinblastine,
cytochalasin, nocodazole, japlakinolide, latrunculin A, phalloidin, swinholide A, indanocine, or myoservin.

In some embodiments, a ligand attached to an iRNA as described herein acts as a pharmacokinetic
modulator (PK modulator). PK modulators include lipophiles, bile acids, steroids, phospholipid analogues,
peptides, protein binding agents, PEG, vitamins efc. Exemplary PK modulators include, but are not limited to,
cholesterol, fatty acids, cholic acid, lithocholic acid, dialkylglycerides, diacylglyceride, phospholipids,
sphingolipids, naproxen, ibuprofen, vitamin E, biotin efc. Oligonucleotides that comprise a number of
phosphorothioate linkages are also known to bind to serum protein, thus short oligonucleotides, e.g.,
oligonucleotides of about 5 bases, 10 bases, 15 bases or 20 bases, comprising multiple of phosphorothioate
linkages in the backbone are also amenable to the present invention as ligands (e.g. as PK modulating
ligands). In addition, aptamers that bind serum components (e.g. serum proteins) are also suitable for use as
PK modulating ligands in the embodiments described herein.

Ligand-conjugated oligonucleotides of the invention may be synthesized by the use of an
oligonucleotide that bears a pendant reactive functionality, such as that derived from the attachment of a

linking molecule onto the oligonucleotide (described below). This reactive oligonucleotide may be reacted
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directly with commercially-available ligands, ligands that are synthesized bearing any of a variety of
protecting groups, or ligands that have a linking moiety attached thereto.

The oligonucleotides used in the conjugates of the present invention may be conveniently and
routinely made through the well-known technique of solid-phase synthesis. Equipment for such synthesis is
sold by several vendors including, for example, Applied Biosystems (Foster City, Calif.). Any other means for
such synthesis known in the art may additionally or alternatively be employed. It is also known to use similar
techniques to prepare other oligonucleotides, such as the phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-specific linked
nucleosides of the present invention, the oligonucleotides and oligonucleosides may be assembled on a
suitable DNA synthesizer utilizing standard nucleotide or nucleoside precursors, or nucleotide or nucleoside
conjugate precursors that already bear the linking moiety, ligand-nucleotide or nucleoside-conjugate
precursors that already bear the ligand molecule, or non-nucleoside ligand-bearing building blocks.

When using nucleotide-conjugate precursors that already bear a linking moiety, the synthesis of the
sequence-specific linked nucleosides is typically completed, and the ligand molecule is then reacted with the
linking moiety to form the ligand-conjugated oligonucleotide. In some embodiments, the oligonucleotides or
linked nucleosides of the present invention are synthesized by an automated synthesizer using
phosphoramidites derived from ligand-nucleoside conjugates in addition to the standard phosphoramidites and
non-standard phosphoramidites that are commercially available and routinely used in oligonucleotide
synthesis.

A.  Lipid Conjugates

In one embodiment, the ligand or conjugate is a lipid or lipid-based molecule. Such a lipid or lipid-
based molecule preferably binds a serum protein, e.g., human serum albumin (HSA). An HSA binding ligand
allows for distribution of the conjugate to a target tissue, e.g., a non-kidney target tissue of the body. For
example, the target tissue can be the liver, including parenchymal cells of the liver. Other molecules that can
bind HSA can also be used as ligands. For example, neproxin or aspirin can be used. A lipid or lipid-based
ligand can (a) increase resistance to degradation of the conjugate, (b) increase targeting or transport into a
target cell or cell membrane, and/or (¢) can be used to adjust binding to a serum protein, e.g., HSA.

A lipid based ligand can be used to inhibit, e.g., control the binding of the conjugate to a target tissue.
For example, a lipid or lipid-based ligand that binds to HSA more strongly will be less likely to be targeted to
the kidney and therefore less likely to be cleared from the body. A lipid or lipid-based ligand that binds to
HSA less strongly can be used to target the conjugate to the kidney.

In a preferred embodiment, the lipid based ligand binds HSA. Preferably, it binds HSA with a
sufficient affinity such that the conjugate will be preferably distributed to a non-kidney tissue. However, it is

preferred that the affinity not be so strong that the HSA-ligand binding cannot be reversed.
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In another preferred embodiment, the lipid based ligand binds HSA weakly or not at all, such that the
conjugate will be preferably distributed to the kidney. Other moicties that target to kidney cells can also be
used in place of or in addition to the lipid based ligand.

In another aspect, the ligand 1s a moiety, e.g., a vitamin, which 1s taken up by a target cell, e.g., a
proliferating cell. These are particularly useful for treating disorders characterized by unwanted cell
proliferation, e.g., of the malignant or non-malignant type, e.g., cancer cells. Exemplary vitamins include
vitamin A, E, and K. Other exemplary vitamins include are B vitamin, e.g., folic acid, B12, riboflavin, biotin,
pyridoxal or other vitamins or nutrients taken up by target cells such as liver cells. Also included are HSA and
low density lipoprotein (LDL).

B. Cell Permeation Agents

In another aspect, the ligand is a cell-permeation agent, preferably a helical cell-permeation agent.
Preferably, the agent is amphipathic. An exemplary agent is a peptide such as tat or antennopedia. If the
agent is a peptide, it can be modified, including a peptidylmimetic, invertomers, non-peptide or pseudo-
peptide linkages, and use of D-amino acids. The helical agent is preferably an alpha-helical agent, which
preferably has a lipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to herein as an
oligopeptidomimetic) is a molecule capable of folding into a defined three-dimensional structure similar to a
natural peptide. The attachment of peptide and peptidomimetics to iRNA agents can affect pharmacokinetic
distribution of the iIRNA, such as by enhancing cellular recognition and absorption. The peptide or
peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50
amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic peptide,
amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp or Phe). The peptide
moiety can be a dendrimer peptide, constrained peptide or cross-linked peptide. In another alternative, the
peptide moiety can include a hydrophobic membrane translocation sequence (MTS). An exemplary
hydrophobic MTS-containing peptide is RFGF having the amino acid sequence AAVALLPAVLLALLAP
(SEQ ID NO: 3). An RFGF analogue (e.g., amino acid sequence AALLPVLLAAP (SEQ ID NO: 4)
containing a hydrophobic MTS can also be a targeting moiety. The peptide moiety can be a “delivery”
peptide, which can carry large polar molecules including peptides, oligonucleotides, and protein across cell
membranes. For example, sequences from the HIV Tat protein (GRKKRRQRRRPPQ (SEQ ID NO: 3) and
the Drosophila Antennapedia protein (RQIKIWFQNRRMKWKK (SEQ ID NO: 6) have been found to be
capable of functioning as delivery peptides. A peptide or peptidomimetic can be encoded by a random
sequence of DNA, such as a peptide identified from a phage-display library, or one-bead-one-compound
(OBOC) combinatorial library (Lam et al., Nature, 354:82-84, 1991). Examples of a peptide or

peptidomimetic tethered to a dsRNA agent via an incorporated monomer unit for cell targeting purposes is an
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arginine-glycine-aspartic acid (RGD)-peptide, or RGD mimic. A peptide moiety can range in length from
about 5 amino acids to about 40 amino acids. The peptide moieties can have a structural modification, such as
to increase stability or direct conformational properties. Any of the structural modifications described below
can be utilized.

An RGD peptide for use in the compositions and methods of the invention may be linear or cyclic,
and may be modified, e.g., glyciosylated or methylated, to facilitate targeting to a specific tissue(s). RGD-
containing peptides and peptidiomimemtics may include D-amino acids, as well as synthetic RGD mimics. In
addition to RGD, one can use other moicties that target the integrin ligand. Preferred conjugates of this ligand
target PECAM-1 or VEGF.

A “cell permeation peptide™ is capable of permeating a cell, e.g., a microbial cell, such as a bacterial
or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-permeating peptide can be, for
example, a a-helical linear peptide (e.g., LL-37 or Ceropin P1), a disulfide bond-containing peptide (e.g., o -
defensin, B-defensin or bactenecin), or a peptide containing only one or two dominating amino acids (e.g., PR-
39 or indolicidin). A cell permeation peptide can also include a nuclear localization signal (NLS). For
example, a cell permeation peptide can be a bipartite amphipathic peptide, such as MPG, which is derived
from the fusion peptide domain of HIV-1 gp41 and the NLS of SV40 large T antigen (Simeoni ef a/., Nucl.
Acids Res. 31:2717-2724, 2003).

C. Carbohydrate Conjugates

In some embodiments of the compositions and methods of the invention, an iRNA oligonucleotide
further comprises a carbohydrate. The carbohydrate conjugated iRNA are advantageous for the in vivo
delivery of nucleic acids, as well as compositions suitable for in vivo therapeutic use, as described herein. As
used herein, “carbohydrate” refers to a compound which is either a carbohydrate per se made up of one or
more monosaccharide units having at least 6 carbon atoms (which can be linear, branched or cyclic) with an
oxygen, nitrogen or sulfur atom bonded to each carbon atom; or a compound having as a part thereof a
carbohydrate moiety made up of one or more monosaccharide units each having at least six carbon atoms
(which can be linear, branched or cyclic), with an oxygen, nitrogen or sulfur atom bonded to each carbon
atom. Representative carbohydrates include the sugars (mono-, di-, tri- and oligosaccharides containing from
about 4, 3, 6, 7. 8, or 9 monosaccharide units), and polysaccharides such as starches, glycogen, cellulose and
polysaccharide gums. Specific monosaccharides include C5 and above (e.g., C5, C6, C7, or C8) sugars; di-
and trisaccharides include sugars having two or three monosaccharide units (e.g., C5, C6, C7, or C8).

In one embodiment, a carbohydrate conjugate for use in the compositions and methods of the

invention is selected from the group consisting of:
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Formula XXXIV.
In another embodiment, a carbohydrate conjugate for use in the compositions and methods of the

invention is a monosaccharide. In one embodiment, the monosaccharide is an N-acetylgalactosamine, such as

Ho O
Q H H
HO O\/\/\H/N\/\/N

AcHN

0 0
Ho OH
0
HO O\/\/AW’H/\/\H 0
AcHN 0 Formula II.

Another representative carbohydrate conjugate for use in the embodiments described herein includes,

but is not limited to,
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when one of X or Y is an oligonucleotide, the other is a hydrogen.

In certain embodiments of the invention, the GalNAc or GalNAc derivative is attached to an iRNA
agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc derivative is
attached to an iRNA agent of the invention via a bivalent linker. In yet other embodiments of the invention,
the GalNAc or GalNAc derivative is attached to an iRNA agent of the invention via a trivalent linker.

In one embodiment, the double stranded RNAi agents of the invention comprise one GalNAc or
GalNAc derivative attached to the iRNA agent, e.g., the 3 or 5’end of the sense strand of a dsRNA agent as
described herein. In another embodiment, the double stranded RNA1 agents of the invention comprise a
plurality (e.g., 2, 3, 4, 5, or 6) of GalNAc or GalNAc derivatives, each independently attached to a plurality of
nucleotides of the double stranded RNA1 agent through a plurality of monovalent linkers.

In some embodiments, for example, when the two strands of an iIRNA agent of the invention are part
of one larger molecule connected by an uninterrupted chain of nucleotides between the 3’-end of one strand
and the 5’-end of the respective other strand forming a hairpin loop comprising, a plurality of unpaired
nucleotides, each unpaired nucleotide within the hairpin loop may independently comprise a GalNAc or
GalNAc derivative attached via a monovalent linker.

In some embodiments, the carbohydrate conjugate further comprises one or more additional ligands as
described above, such as, but not limited to, a PK modulator and/or a cell permeation peptide.

Additional carbohydrate conjugates (and linkers) suitable for use in the present invention include
those described in PCT Publication Nos. WO 2014/179620 and WO 2014/179627, the entire contents of cach
of which are incorporated herein by reference.

D. Linkers

In some embodiments, the conjugate or ligand described herein can be attached to an iRNA

oligonucleotide with various linkers that can be cleavable or non-cleavable.
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The term "linker" or “linking group” means an organic moiety that connects two parts of a compound,
e.g., covalently attaches two parts of a compound. Linkers typically comprise a direct bond or an atom such as
oxygen or sulfur, a unit such as NR8, C(0), C(O)NH, SO, SO,, SO,NH or a chain of atoms, such as, but not
limited to, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl, heteroarylalkynyl,
heterocyclylalkyl, heterocyclylalkenyl, heterocyclylalkynyl, aryl, heteroaryl, heterocyclyl, cycloalkyl,
cycloalkenyl, alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl, alkenylarylalkenyl,
alkenylarylalkynyl, alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl, alkylheteroarylalkyl,
alkylheteroarylalkenyl, alkylheteroarylalkynyl, alkenylheteroarylalkyl, alkenylheteroarylalkenyl,
alkenylheteroarylalkynyl, alkynylheteroarylalkyl, alkynylheteroarylalkenyl, alkynylheteroarylalkynyl,
alkylheterocyclylalkyl, alkvlheterocyclylalkenyl, alkylhererocyclylalkynyl, alkenylheterocyclylalkyl,
alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl, alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl,
alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl, alkynylaryl, alkylheteroaryl, alkenylheteroaryl,
alkynylhereroaryl, which one or more methylenes can be interrupted or terminated by O, S, S(O), SO2, N(R8),
C(0), substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclic; where R8 is hydrogen, acyl, aliphatic or substituted aliphatic. In one embodiment, the linker is
between about 1-24 atoms, 2-24, 3-24, 4-24, 5-24, 6-24, 6-18, 7-18, 8-18 atoms, 7-17, 8-17, 6-16, 7-17, or 8-
16 atoms.

A cleavable linking group is one which is sufficiently stable outside the cell, but which upon entry
into a target cell is cleaved to release the two parts the linker is holding together. In a preferred embodiment,
the cleavable linking group is cleaved at least about 10 times, 20, times, 30 times, 40 times, 50 times, 60
times, 70 times, 80 times, 90 times or more, or at least about 100 times faster in a target cell or under a first
reference condition (which can, e.g., be selected to mimic or represent intracellular conditions) than in the
blood of a subject, or under a second reference condition (which can, e.g., be selected to mimic or represent
conditions found in the blood or serum).

Cleavable linking groups are susceptible to cleavage agents, e.g., pH, redox potential or the presence
of degradative molecules. Generally, cleavage agents are more prevalent or found at higher levels or activities
inside cells than in serum or blood. Examples of such degradative agents include: redox agents which are
selected for particular substrates or which have no substrate specificity, including, e.g., oxidative or reductive
enzymes or reductive agents such as mercaptans, present in cells, that can degrade a redox cleavable linking
group by reduction; esterases; endosomes or agents that can create an acidic environment, e.g., those that
result in a pH of five or lower; enzymes that can hydrolyze or degrade an acid cleavable linking group by
acting as a general acid, peptidases (which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of human

serum is 7.4, while the average intracellular pH is slightly lower, ranging from about 7.1-7.3. Endosomes
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have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even more acidic pH at around 5.0.
Some linkers will have a cleavable linking group that is cleaved at a preferred pH, thereby releasing a cationic
lipid from the ligand inside the cell, or into the desired compartment of the cell.

A linker can include a cleavable linking group that is cleavable by a particular enzyme. The type of
cleavable linking group incorporated into a linker can depend on the cell to be targeted. For example, a liver-
targeting ligand can be linked to a cationic lipid through a linker that includes an ester group. Liver cells are
rich in esterases, and therefore the linker will be cleaved more efficiently in liver cells than in cell types that
are not esterase-rich. Other cell-types rich in esterases include cells of the lung, renal cortex, and testis.

Linkers that contain peptide bonds can be used when targeting cell types rich in peptidases, such as
liver cells and synoviocytes.

In general, the suitability of a candidate cleavable linking group can be evaluated by testing the ability
of a degradative agent (or condition) to cleave the candidate linking group. It will also be desirable to also test
the candidate cleavable linking group for the ability to resist cleavage in the blood or when in contact with
other non-target tissue. Thus, one can determine the relative susceptibility to cleavage between a first and a
second condition, where the first is selected to be indicative of cleavage in a target cell and the second is
selected to be indicative of cleavage in other tissues or biological fluids, e.g., blood or serum. The evaluations
can be carried out in cell free systems, in cells, in cell culture, in organ or tissue culture, or in whole animals.
It can be useful to make initial evaluations in cell-free or culture conditions and to confirm by further
evaluations in whole animals. In preferred embodiments, useful candidate compounds are cleaved at least
about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro conditions
selected to mimic intracellular conditions) as compared to blood or serum (or under i vitro conditions
selected to mimic extracellular conditions).

i. Redox cleavable linking groups

In one embodiment, a cleavable linking group is a redox cleavable linking group that is cleaved upon
reduction or oxidation. An example of reductively cleavable linking group is a disulphide linking group (-S-
S-). To determine if a candidate cleavable linking group 1s a suitable “reductively cleavable linking group,” or
for example 1s suitable for use with a particular iRNA moiety and particular targeting agent one can look to
methods described herein. For example, a candidate can be evaluated by incubation with dithiothreitol (DTT),
or other reducing agent using reagents know in the art, which mimic the rate of cleavage which would be
observed in a cell, e.g., atarget cell. The candidates can also be evaluated under conditions which are selected
to mimic blood or serum conditions. In one, candidate compounds are cleaved by at most about 10% in the
blood. In other embodiments, useful candidate compounds are degraded at least about 2, 4, 10, 20, 30, 40, 50,
60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro conditions selected to mimic intracellular
conditions) as compared to blood (or under i vitro conditions selected to mimic extracellular conditions).

The rate of cleavage of candidate compounds can be determined using standard enzyme kinetics assays under
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conditions chosen to mimic intracellular media and compared to conditions chosen to mimic extracellular
media.

ii. Phosphate-based cleavable linking groups

In another embodiment, a cleavable linker comprises a phosphate-based cleavable linking group. A
phosphate-based cleavable linking group is cleaved by agents that degrade or hydrolyze the phosphate group.
An example of an agent that cleaves phosphate groups in cells are enzymes such as phosphatases in cells.
Examples of phosphate-based linking groups are -O-P(O)(ORk)-0-, -O-P(S)(ORk)-0O-, -O-P(S)(SRk)-O-, -S-
P(0)(ORk)-0-, -O-P(O)(ORk)-S-, -S-P(0)(ORKk)-S-, -O-P(S)(ORKk)-S-, -S-P(S)(ORk)-O-, -O-P(O)(Rk)-O-, -
0-P(S)(Rk)-O-, -S-P(O)(Rk)-O-, -S-P(S)(Rk)-O-, -S-P(O)(Rk)-S-, -O-P(S)( Rk)-S-. Preferred embodiments
are -0-P(0)(OH)-0-, -0-P(S)(OH)-0-, -O-P(S)(SH)-0-, -S-P(0)(OH)-0-, -0-P(0O)(OH)-S-, -S-P(O)(OH)-S-,
-0-P(S)(OH)-S-, -S-P(S)(OH)-0-, -0-P(0)(H)-0-, -0-P(S)(H)-O-, -S-P(0O)(H)-0-, -S-P(S)(H)-0-, -S-
P(O)(H)-S-, -O-P(S)(H)-S-. A preferred embodiment is -O-P(0)(OH)-O-. These candidates can be evaluated
using methods analogous to those described above.

iii. Acid cleavable linking groups

In another embodiment, a cleavable linker comprises an acid cleavable linking group. An acid
cleavable linking group is a linking group that is cleaved under acidic conditions. In preferred embodiments
acid cleavable linking groups are cleaved in an acidic environment with a pH of about 6.5 or lower (e.g., about
6.0,5.75,5.5,5.25, 5.0, or lower), or by agents such as enzymes that can act as a general acid. In a cell,
specific low pH organelles, such as endosomes and lysosomes can provide a cleaving environment for acid
cleavable linking groups. Examples of acid cleavable linking groups include but are not limited to
hydrazones, esters, and esters of amino acids. Acid cleavable groups can have the general formula -C=NN-,
C(0)0, or -OC(0). A preferred embodiment is when the carbon attached to the oxygen of the ester (the
alkoxy group) is an aryl group, substituted alkyl group, or tertiary alkyl group such as dimethyl pentyl or t-
butyl. These candidates can be evaluated using methods analogous to those described above.

iv. Ester-based linking groups

In another embodiment, a cleavable linker comprises an ester-based cleavable linking group. An
ester-based cleavable linking group is cleaved by enzymes such as esterases and amidases in cells. Examples
of ester-based cleavable linking groups include but are not limited to esters of alkylene, alkenylene and
alkynylene groups. Ester cleavable linking groups have the general formula -C(0)0-, or -OC(0O)-.
These candidates can be evaluated using methods analogous to those described above.

v. Peptide-based cleaving groups

In yet another embodiment, a cleavable linker comprises a peptide-based cleavable linking group. A
peptide-based cleavable linking group is cleaved by enzymes such as peptidases and proteases in cells.
Peptide-based cleavable linking groups are peptide bonds formed between amino acids to yield oligopeptides

(e.g., dipeptides, tripeptides efc.) and polypeptides. Peptide-based cleavable groups do not include the amide
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group (-C(O)NH-). The amide group can be formed between any alkylene, alkenylene or alkynelene. A
peptide bond is a special type of amide bond formed between amino acids to yield peptides and proteins. The
peptide based cleavage group is generally limited to the peptide bond (i.e., the amide bond) formed between
amino acids yielding peptides and proteins and does not include the entire amide functional group. Peptide-
5  based cleavable linking groups have the general formula - NHCHRAC(O)NHCHRBC(O)- , where RA and
RB are the R groups of the two adjacent amino acids. These candidates can be evaluated using methods
analogous to those described above.
In one embodiment, an iRNA of the invention is conjugated to a carbohydrate through a linker. Non-
limiting examples of iIRNA carbohydrate conjugates with linkers of the compositions and methods of the

10 invention include, but are not limited to,
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(Formula XLIIT), when one of X or Y is an oligonucleotide, the other is a hydrogen.
In certain embodiments of the compositions and methods of the invention, a ligand is one or more
GalNAc (N-acetylgalactosamine) derivatives attached through a bivalent or trivalent branched linker.

In one embodiment, a dsRNA of the invention is conjugated to a bivalent or trivalent branched linker

selected from the group of structures shown in any of Formula XLIV — XLVII:

Formula XLIV Formula XLV
,PZA_QZA_RZA, — T2A_ | 2A /P3A-Q3A-R3A- T3A3A
q / A
v N
\p2B_2B 2B | 2B_ 2B \ p3B_3B_p3B | 3B_; 3B
PE.QIBRE {178 PEQP-RP =T
q q
pSA_QSA_RSA TOAL5A
 PAAQIARAA L T4A 42 ]qSA
va< q4A pSB._ QSB RSB TSB |58
\P4B_Q4B_R4B. ™ T4B_| 4B PSC SC_RSC -|-5C L 5C
q q*
Formula XLVI Formula XLVII

wherein:

q2A, q2B, q3A, q3B, q4A, q4B, q5A, ¢5B and q5C represent independently for each occurrence 0-20 and
wherein the repeating unit can be the same or different;

p2A P78 p3A p3B piA piB psa p3B p3C T2A T2 T3A TB THA T4 TA T8 T5C are each independently for
cach occurrence absent, CO, NH, O, S, OC(0), NHC(0), CH,, CH,NH or CH,0;

Q™ Q%, Q% Q®, Q" Q"™ Q*4, Q*8, Q°¢ are independently for cach occurrence absent, alkylene, substituted
alkylene wherein one or more methylenes can be interrupted or terminated by one or more of O, S, S(0), SO,
NRY), C(R")=C(R""), C=C or C(0);
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R* R® R* R*® R* R* R* R™® R°" are each independently for each occurrence absent, NH, O, S, CH.,

0

P

>

O
HO
C(0)0, C(O)NH, NHCH(R")C(0), -C(0)-CH(R")-NH-, CO, CH=N-0, s~ , H

S—S
S—S
J\N>< N\ "‘NY Ao s—S
; ,JJV\/ N\ or heterocyclyl;

LA L2 LA L8 L% L*® L L and L°C represent the ligand; 7.e. each independently for each
occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide, tetrasaccharide, oligosaccharide,
or polysaccharide; and R* is H or amino acid side chain. Trivalent conjugating GalNAc derivatives are
particularly useful for use with RNAi agents for inhibiting the expression of a target gene, such as those of
formula XLVIII:

Formula XLVIII

pSA_QSA_RSA = TOA5A

q
SB 5B p 5B 5B_| 5B
P -Q -R ]qS_BT L

PSC_QSC_RSC = T5C_| 5C
q

wherein L**, L*® and L*C represent a monosacchalide, such as GalNAc derivative.

Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc derivatives
include, but are not limited to, the structures recited above as formulas I1, VII, XI, X, and XIII.

Representative U.S. patents that teach the preparation of RNA conjugates include, but are not limited
to, U.S. Pat. Nos. 4,828,979; 4,948 882; 5,218,105; 5,525,465; 5,541,313; 5,545,730; 5,552,538; 5,578,717,
5,580,731; 5,591,584 5,109,124; 5,118,802; 5,138,045; 5,414,077, 5,486,603; 5,512,439, 5,578,718,
5,608,046; 4,587.,044; 4,605,735; 4,667,025, 4,762,779, 4,789,737, 4,824,941 4,835,263; 4,876,335,
4,904,582; 4,958,013 5,082,830; 5,112,963; 5,214,136, 5,082,830; 5,112,963; 5,214,136, 5,245,022;
5,254,469 5,258.,506; 5,262,536; 5,272,250, 5,292,873; 5,317,098 5,371,241, 5,391,723, 5,416,203,
5,451,463, 5,510,475, 5,512,667; 5,514,785, 5,565,552, 5,567,810; 5,574,142; 5,585,481 5,587,371,
5,595,726 5,597,696 5,599,923 5,599,928 and 5,688,941, 6,294,664 6,320,017; 6,576,752; 6,783,931,
6,900,297; 7,037.646; 8,106,022, the entire contents of each of which are hereby incorporated herein by
reference.

It is not necessary for all positions in a given compound to be uniformly modified, and in fact more

than one of the aforementioned modifications can be incorporated in a single compound or even at a single
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nucleoside within an iRNA. The present invention also includes iRNA compounds that are chimeric
compounds.

“Chimeric” iIRNA compounds or “chimeras,” in the context of this invention, are iRNA compounds,
preferably dsRNAs, which contain two or more chemically distinct regions, each made up of at least one
monomer unit, 7.e., a nucleotide in the case of a dSRNA compound. These iRNAs typically contain at least
one region wherein the RNA 1s modified so as to confer upon the iRNA increased resistance to nuclease
degradation, increased cellular uptake, and/or increased binding affinity for the target nucleic acid. An
additional region of the iIRNA can serve as a substrate for enzymes capable of cleaving RNA:DNA or
RNA:RNA hybrids. By way of example, RNase H is a cellular endonuclease which cleaves the RNA strand
of an RNA:DNA duplex. Activation of RNase H, therefore, results in cleavage of the RNA target, thereby
greatly enhancing the efficiency of iRNA inhibition of gene expression. Consequently, comparable results can
often be obtained with shorter iIRNAs when chimeric dsRNAs are used, compared to phosphorothioate deoxy
dsRNAs hybridizing to the same target region. Cleavage of the RNA target can be routinely detected by gel
electrophoresis and, if necessary, associated nucleic acid hybridization techniques known in the art.

In certain instances, the RNA of an iRNA can be modified by a non-ligand group. A number of non-
ligand molecules have been conjugated to iIRNAs in order to enhance the activity, cellular distribution or
cellular uptake of the iIRNA, and procedures for performing such conjugations are available in the scientific
literature. Such non-ligand moieties have included lipid moieties, such as cholesterol (Kubo, T. er al,
Biochem. Biophys. Res. Comm., 2007, 365(1):54-61; Letsinger et al., Proc. Natl. Acad. Sci. USA, 1989,
86:6553), cholic acid (Manoharan ef al., Bioorg. Med. Chem. Lett., 1994, 4:1053), a thioether, e.g., hexyl-S-
tritylthiol (Manoharan ef a/., Ann. N.Y. Acad. Sci., 1992, 660:306; Manoharan ef al., Bioorg. Med. Chem.
Let., 1993, 3:2765), a thiocholesterol (Oberhauser e al., Nucl. Acids Res., 1992, 20:533), an aliphatic chain,
e.g., dodecandiol or undecyl residues (Saison-Behmoaras ef a/., EMBO J., 1991, 10:111; Kabanov et al.,
FEBS Lett., 1990, 259:327, Svinarchuk ef al., Biochimie, 1993, 75:49), a phospholipid, e.g., di-hexadecyl-rac-
glycerol or tricthylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan ef al.,
Tetrahedron Lett., 1995, 36:3651; Shea ef al., Nucl. Acids Res., 1990, 18:3777), a polyamine or a
polyethylene glycol chain (Manoharan e al., Nucleosides & Nucleotides, 1995, 14:969), or adamantane acetic
acid (Manoharan ef al., Tetrahedron Lett., 1995, 36:3651), a palmityl moiety (Mishra et a/., Biochim.
Biophys. Acta, 1995, 1264:229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety
(Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277:923). Representative United States patents that teach the
preparation of such RNA conjugates have been listed above. Typical conjugation protocols involve the
synthesis of an RNAs bearing an aminolinker at one or more positions of the sequence. The amino group is
then reacted with the molecule being conjugated using appropriate coupling or activating reagents. The

conjugation reaction can be performed either with the RNA still bound to the solid support or following
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cleavage of the RNA, in solution phase. Purification of the RNA conjugate by HPLC typically affords the pure

conjugate.

V. Delivery of an iRNA of the Invention

The delivery of an iIRNA of the invention to a cell e.g., a cell within a subject, such as a human subject
(e.g., a subject in need thereof, such as a subject having a disorder of lipid metabolism) can be achieved in a
number of different ways. For example, delivery may be performed by contacting a cell with an iRNA of the
invention either in vitro or in vivo. In vivo delivery may also be performed directly by administering a
composition comprising an iRNA, e.g., a dsRNA, to a subject. Alternatively, in vivo delivery may be
performed indirectly by administering one or more vectors that encode and direct the expression of the iIRNA.
These alternatives are discussed further below.

In general, any method of delivering a nucleic acid molecule (in vitro or in vivo) can be adapted for
use with an iRNA of the invention (see e.g., Akhtar S. and Julian RL., (1992) Trends Cell. Biol. 2(5):139-144
and W094/02595, which are incorporated herein by reference in their entireties). For in vivo delivery, factors
to consider in order to deliver an iIRNA molecule include, for example, biological stability of the delivered
molecule, prevention of non-specific effects, and accumulation of the delivered molecule in the target tissue.
The non-specific effects of an iIRNA can be minimized by local administration, for example, by direct
injection or implantation into a tissue or topically administering the preparation. Local administration to a
treatment site maximizes local concentration of the agent, limits the exposure of the agent to systemic tissues
that can otherwise be harmed by the agent or that can degrade the agent, and permits a lower total dose of the
1RNA molecule to be administered. Several studies have shown successful knockdown of gene products when
an iIRNA is administered locally. For example, intraocular delivery of a VEGF dsRNA by intravitreal
injection in cynomolgus monkeys (Tolentino, MJ. ef al., (2004) Retina 24:132-138) and subretinal injections
in mice (Reich, SJ. et al. (2003) Mol. Vis. 9:210-216) were both shown to prevent neovascularization in an
experimental model of age-related macular degeneration. In addition, direct intratumoral injection of a
dsRNA in mice reduces tumor volume (Pille, J. et al. (2005) Mol. Ther. 11:267-274) and can prolong survival
of tumor-bearing mice (Kim, WJ. e al., (2006) Mol. Ther. 14:343-350; L1, S. et al., (2007) Mol. Ther. 15:515-
523). RNA interference has also shown success with local delivery to the CNS by direct injection (Dorn, G. et
al., (2004) Nucleic Acids 32:¢49; Tan, PH. ef al. (2005) Gene Ther. 12:59-66; Makimura, H. et al. (2002)
BMC Neurosci. 3:18; Shishkina, GT., ef al. (2004) Neuroscience 129:521-528; Thakker, ER., ef al. (2004)
Proc. Natl. Acad. Sci. U.S.A. 101:17270-17275; Akaneya,Y ., ef al. (2005) J. Neurophysiol. 93:594-602) and to
the lungs by intranasal administration (Howard, KA. et al., (2006) Mol. Ther. 14:476-484; Zhang, X. et al.,
(2004) J. Biol. Chem. 279:10677-10684; Bitko, V. ef al., (2005) Nat. Med. 11:50-55). For administering an
1IRNA systemically for the treatment of a disease, the RNA can be modified or alternatively delivered using a

drug delivery system; both methods act to prevent the rapid degradation of the dsRNA by endo- and exo-
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nucleases in vivo. Modification of the RNA or the pharmaceutical carrier can also permit targeting of the
1RNA composition to the target tissue and avoid undesirable off-target effects. iIRNA molecules can be
modified by chemical conjugation to lipophilic groups such as cholesterol to enhance cellular uptake and
prevent degradation. For example, an iIRNA directed against ApoB conjugated to a lipophilic cholesterol
moiety was injected systemically into mice and resulted in knockdown of apoB mRNA in both the liver and
jejunum (Soutschek, J. ef al., (2004) Nature 432:173-178). Conjugation of an iRNA to an aptamer has been
shown to inhibit tumor growth and mediate tumor regression in a mouse model of prostate cancer (McNamara,
JO. etal., (2006) Nat. Biotechnol. 24:1005-1015). In an alternative embodiment, the iIRNA can be delivered
using drug delivery systems such as a nanoparticle, a dendrimer, a polymer, liposomes, or a cationic delivery
system. Positively charged cationic delivery systems facilitate binding of an iRNA molecule (negatively
charged) and also enhance interactions at the negatively charged cell membrane to permit efficient uptake of
an iRNA by the cell. Cationic lipids, dendrimers, or polymers can either be bound to an iIRNA, or induced to
form a vesicle or micelle (see e.g., Kim SH. er al., (2008) Journal of Controlled Release 129(2):107-116) that
encases an IRNA. The formation of vesicles or micelles further prevents degradation of the iIRNA when
administered systemically. Methods for making and administering cationic- iIRNA complexes are well within
the abilities of one skilled in the art (see e.g., Sorensen, DR, er al. (2003) J. Mol. Biol 327:761-766; Verma,
UN. et al., (2003) Clin. Cancer Res. 9:1291-1300; Amold, AS er al., (2007) J. Hypertens. 25:197-205, which
are incorporated herein by reference in their entirety). Some non-limiting examples of drug delivery systems
useful for systemic delivery of iRNAs include DOTAP (Sorensen, DR, et al (2003), supra: Verma, UN. ef al.,
(2003), supra), Oligofectamine, "solid nucleic acid lipid particles” (Zimmermann, TS. ef al., (2006) Nature
441:111-114), cardiolipin (Chien, PY. et al., (2005) Cancer Gene Ther. 12:321-328; Pal, A. et al., (2005) int
J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME. e al., (2008) Pharm. Res. Aug 16 Epub ahead of
print; Aigner, A. (2006) J. Biomed. Biotechnol. 71659), Arg-Gly-Asp (RGD) peptides (Liu, S. (2006) Mol.
Pharm. 3:472-487), and polyamidoamines (Tomalia, DA. et al., (2007) Biochem. Soc. Trans. 35:61-67; Yoo,
H. et al., (1999) Pharm. Res. 16:1799-1804). In some embodiments, an iIRNA forms a complex with
cyclodextrin for systemic administration. Methods for administration and pharmaceutical compositions of
1RNAs and cyclodextrins can be found in U.S. Patent No. 7, 427, 605, which is herein incorporated by
reference in its entirety.
A. Vector encoded iRNAs of the Invention

1RNA targeting the CIDEB gene can be expressed from transcription units inserted into DNA or RNA
vectors (see, e.g., Couture, A, et al., T1G. (1996), 12:5-10; Skillern, A., ef al., International PCT Publication
No. WO 00/22113, Conrad, International PCT Publication No. WO 00/22114, and Conrad, U.S. Pat. No.
6,054,299). Expression can be transient (on the order of hours to weeks) or sustained (weeks to months or
longer), depending upon the specific construct used and the target tissue or cell type. These transgenes can be

introduced as a linear construct, a circular plasmid, or a viral vector, which can be an integrating or non-
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integrating vector. The transgene can also be constructed to permit it to be inherited as an extrachromosomal
plasmid (Gassmann, ez al., (1995) Proc. Natl. Acad. Sci. USA 92:1292).

The individual strand or strands of an iIRNA can be transcribed from a promoter on an expression
vector. Where two separate strands are to be expressed to generate, for example, a dsRNA, two separate
expression vectors can be co-introduced (e.g., by transfection or infection) into a target cell. Alternatively,
cach individual strand of a dsSRNA can be transcribed by promoters both of which are located on the same
expression plasmid. In one embodiment, a dsRNA is expressed as inverted repeat polynucleotides joined by a
linker polynucleotide sequence such that the dsRNA has a stem and loop structure.

1RNA expression vectors are generally DNA plasmids or viral vectors. Expression vectors compatible
with eukaryotic cells, preferably those compatible with vertebrate cells, can be used to produce recombinant
constructs for the expression of an iRNA as described herein. Eukaryotic cell expression vectors are well
known in the art and are available from a number of commercial sources. Typically, such vectors are provided
containing convenient restriction sites for insertion of the desired nucleic acid segment. Delivery of iRNA
expressing vectors can be systemic, such as by intravenous or intramuscular administration, by administration
to target cells ex-planted from the patient followed by reintroduction into the patient, or by any other means
that allows for introduction into a desired target cell.

Viral vector systems which can be utilized with the methods and compositions described herein
include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors, including but not limited to
lentiviral vectors, moloney murine leukemia virus, efc.; (c) adeno- associated virus vectors; (d) herpes simplex
virus vectors; (¢) SV 40 vectors; (f) polyoma virus vectors; (g) papilloma virus vectors; (h) picornavirus
vectors; (1) pox virus vectors such as an orthopox, e.g., vaccinia virus vectors or avipox, e.g. canary pox or
fowl pox; and (j) a helper-dependent or gutless adenovirus. Replication-defective viruses can also be
advantageous. Different vectors will or will not become incorporated into the cells” genome. The constructs
can include viral sequences for transfection, if desired. Altematively, the construct can be incorporated into
vectors capable of episomal replication, e.g. EPV and EBV vectors. Constructs for the recombinant
expression of an iIRNA will generally require regulatory elements, e.g., promoters, enhancers, efc., to ensure
the expression of the IRNA in target cells. Other aspects to consider for vectors and constructs are known in

the art.

VI. Pharmaceutical Compositions of the Invention

The present invention also includes pharmaceutical compositions and formulations which include the
iRNAs of the invention. Accordingly, in one embodiment, provided herein are pharmaceutical compositions
comprising a double stranded ribonucleic acid (dsSRNA) agent that inhibits expression of cell death-inducing
DFFA-like effector b (CIDEB) in a cell, such as a liver cell, wherein the dsRNA agent comprises a sense
strand and an antisense strand, wherein the sense strand comprises at least 15 contiguous nucleotides differing
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by no more than 1, 2, or 3 nucleotides from the nucleotide sequence of SEQ ID NO:1, and said antisense
strand comprises at least 15 contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from the
nucleotide sequence of SEQ ID NO: 2; and a pharmaceutically acceptable carrier. In some embodiments, the
dsRNA agent comprises a sense strand and an antisense strand, wherein the sense strand comprises at least 15
contiguous nucleotides from the nucleotide sequence of SEQ ID NO:1, and said antisense strand comprises at
least 15 contiguous nucleotides from the nucleotide sequence of SEQ ID NO: 2.

In another embodiment, provided herein are pharmaceutical compositions comprising a dsSRNA agent
that inhibits expression of CIDEB in a cell, such as a liver cell, wherein the dsSRNA agent comprises a sense
strand and an antisense strand, the antisense strand comprising a region of complementarity which comprises
at least 15 contiguous nucleotides differing by no more than 1, 2, or 3 nucleotides from any one of the
antisense sequences listed in Tables 3-6; and a pharmaceutically acceptable carrier. In some embodiments, the
dsRNA agent comprises a sense strand and an antisense strand, the antisense strand comprising a region of
complementarity which comprises at least 15 contiguous nucleotides from any one of the antisense sequences
listed in Tables 3-6.

The pharmaceutical compositions containing the iRNA of the invention are useful for treating a
disease or disorder associated with the expression or activity of a CIDEB gene, e.g., a chronic inflammatory
disease.

Such pharmaceutical compositions are formulated based on the mode of delivery. One example is
compositions that are formulated for systemic administration via parenteral delivery, e.g., by intravenous (IV),
intramuscular (IM) or for subcutancous delivery. Another example is compositions that are formulated for
direct delivery into the liver, e.g., by infusion into the liver, such as by continuous pump infusion. The
pharmaceutical compositions of the invention may be administered in dosages sufficient to inhibit expression
of a CIDEB gene. In general, a suitable dose of an iIRNA of the invention will be in the range of about 0.001
to about 200.0 milligrams per kilogram body weight of the recipient per day, generally in the range of about 1
to 50 mg per kilogram body weight per day. Typically, a suitable dose of an iIRNA of the invention will be in
the range of about 0.1 mg/kg to about 5.0 mg/kg, preferably about 0.3 mg/kg and about 3.0 mg/kg.

A repeat-dose regimen may include administration of a therapeutic amount of iIRNA on a regular basis, such
as every other day to once a year. In certain embodiments, the iIRNA is administered about once per week,
once every 7-10 days, once every 2 weeks, once every 3 weeks, once every 4 weeks, once every 5 weeks, once
every 6 weeks, once every 7 weeks, once every 8 weeks, once every 9 weeks, once every 10 weeks, once
every 11 weeks, once every 12 weeks, once per month, once every 2 months, once every 3 months (once per
quarter), once every 4 months, once every 5 months, or once every 6 months.

After an initial treatment regimen, the treatments can be administered on a less frequent basis.

The skilled artisan will appreciate that certain factors can influence the dosage and timing required to

effectively treat a subject, including but not limited to the severity of the disease or disorder, previous
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treatments, the general health and/or age of the subject, and other diseases present. Moreover, treatment of a
subject with a therapeutically effective amount of a composition can include a single treatment or a series of
treatments. Estimates of effective dosages and in vivo half-lives for the individual iIRNAs encompassed by the
invention can be made using conventional methodologies or on the basis of in vivo testing using an
appropriate animal model, as described elsewhere herein.

Advances in mouse genetics have generated a number of mouse models for the study of various
human diseases, such as a CIDEB-associated disease, disorder, or condition that would benefit from reduction
in the expression of CIDEB. Such models can be used for in vivo testing of iIRNA, as well as for determining
a therapeutically effective dose. Such models can be used for in vivo testing of iIRNA, as well as for
determining a therapeutically effective dose. Suitable mouse models are known in the art and include, for
example, mice and rats fed a high fat diet (HFD; also referred to as a Western diet), a methionine-choline
deficient (MCD) diet, or a high-fat (15%), high-cholesterol (1%) diet (HFHC), an obese (ob/ob) mouse
containing a mutation in the obese (ob) gene ( Wiegman et al., (2003) Diabetes, 52:1081-1089); a mouse
containing homozygous knock-out of an LDL receptor (LDLR -/- mouse; Ishibashi ez al., (1993) J Clin Invest
92(2):883-893); diet-induced atherosclerosis mouse model (Ishida ez al., (1991) J. Lipid. Res., 32:559-568);,
heterozygous lipoprotein lipase knockout mouse model (Weistock et al., (1995) J. Clin. Invest. 96(6):2555-
2568); mice and rats fed a choline-deficient, L-amino acid-defined, high-fat diet (CDAHFD) (Matsumoto et
al. (2013) Int. J. Exp. Path. 94:93-103); mice and rats fed a high-trans-fat, cholesterol diet (HTF-C) (Clapper
et al. (2013) Am. J. Physiol. Gastrointest. Liver Physiol. 305:G483-G495); mice and rats fed a high-fat, high-
cholesterol, bile salt diet (HF/HC/BS) (Matsuzawa et al. (2007) Hepatology 46:1392-1403); and mice and rats
fed a high-fat diet + fructose (30%) water (Softic et al. (2018) J. Clin. Invest. 128(1)-85-96).

The pharmaceutical compositions of the present invention can be administered in a number of ways
depending upon whether local or systemic treatment is desired and upon the area to be treated. Administration
can be topical (e.g., by a transdermal patch), pulmonary, e.g.. by inhalation or insufflation of powders or
acrosols, including by nebulizer; intratracheal, intranasal, epidermal and transdermal, oral or parenteral.
Parenteral administration includes intravenous, intraarterial, subcutancous, intraperitoneal or intramuscular
injection or infusion; subdermal, e.g., via an implanted device; or intracranial, e.g., by intraparenchymal,
intrathecal or intraventricular, administration.

The iRNA can be delivered in a manner to target a particular cell or tissue, such as the liver (e.g., the
hepatocytes of the liver).

In some embodiments, the pharmaceutical compositions of the invention are suitable for intramuscular
administration to a subject. In other embodiments, the pharmaceutical compositions of the invention are suitable
for intravenous administration to a subject. In some embodiments of the invention, the pharmaceutical
compositions of the invention are suitable for subcutancous administration to a subject, e.g., using a 29g or 30g

needle.
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The pharmaceutical compositions of the invention may include an RNA1 agent of the invention in an
unbuffered solution, such as saline or water, or in a buffer solution, such as a buffer solution comprising acetate,
citrate, prolamine, carbonate, or phosphate or any combination thereof.

In one embodiment, the pharmaceutical compositions of the invention, e.g., such as the compositions
suitable for subcutancous administration, comprise an RNA1 agent of the invention in phosphate buffered saline
(PBS). Suitable concentrations of PBS include, for example, ImM, 1.5 mM, 2 mM, 2.5 mM, 3 mM, 3.5 mM, 4
mM, 45 mM, 5 mM, 6. 5mM, 7mM, 75.mM, 9 mM, 8.5 mM, 9 mM, 9.5 mM, or about 10 mM PBS. In onc
embodiment of the invention, a pharmaceutical composition of the invention comprises an RNA1 agent of the
invention dissolved in a solution of about 5 mM PBS (e.g., 0.64 mM NaH,PQ4, 4.36 mM Na,HPO4, 85 mM NaCl).
Values intermediate to the above recited ranges and values are also intended to be part of this invention. In
addition, ranges of values using a combination of any of the above recited values as upper and/or lower limits are
intended to be included.

The pH of the pharmaceutical compositions of the invention may be between about 5.0 to about 8.0, about
5.5 to about 8.0, about 6.0 to about 8.0, about 6.5 to about 8.0, about 7.0 to about 8.0, about 5.0 to about 7.5, about
5.5 to about 7.3, about 6.0 to about 7.5, about 6.5 to about 7.5, about 5.0 to about 7.2, about 5.25 to about 7.2,
about 5.5 to about 7.2, about 5.75 to about 7.2, about 6.0 to about 7.2, about 6.5 to about 7.2, or about 6.8 to about
7.2. Ranges and values intermediate to the above recited ranges and values are also intended to be part of this
invention.

The osmolality of the pharmaceutical compositions of the invention may be suitable for subcutaneous
administration, such as no more than about 400 mOsm/kg, e.g., between 50 and 400 mOsm/kg, between 75 and
400 mOsm/kg, between 100 and 400 mOsm/kg, between 125 and 400 mOsm/kg, between 150 and 400 mOsm/kg,
between 175 and 400 mOsm/kg, between 200 and 400 mOsm/kg, between 250 and 400 mOsm/kg, between 300
and 400 mOsm/kg, between 50 and 375 mOsm/kg, between 75 and 375 mOsm/kg, between 100 and 375
mOsm/kg, between 125 and 375 mOsm/kg, between 150 and 375 mOsm/kg, between 175 and 375 mOsm/kg,
between 200 and 375 mOsm/kg, between 250 and 375 mOsm/kg, between 300 and 375 mOsm/kg, between 50 and
350 mOsm/kg, between 75 and 350 mOsm/kg, between 100 and 350 mOsm/kg, between 125 and 350 mOsm/kg,
between 150 and 350 mOsm/kg, between 175 and 350 mOsm/kg, between 200 and 350 mOsm/kg, between 250
and 350 mOsm/kg, between 50 and 325 mOsm/kg, between 75 and 325 mOsm/kg, between 100 and 325
mOsm/kg, between 125 and 325 mOsm/kg, between 150 and 325 mOsm/kg, between 175 and 325 mOsm/kg,
between 200 and 325 mOsm/kg, between 250 and 325 mOsm/kg, between 300 and 325 mOsm/kg, between 300
and 350 mOsm/kg, between 50 and 300 mOsm/kg, between 75 and 300 mOsm/kg, between 100 and 300
mQOsm/kg, between 125 and 300 mOsm/kg, between 150 and 300 mOsm/kg, between 175 and 300 mOsm/kg,
between 200 and 300 mOsm/kg, between 250 and 300, between 50 and 250 mOsm/kg, between 75 and 250
mOQOsm/kg, between 100 and 250 mOsm/kg, between 125 and 250 mOsm/kg, between 150 and 250 mOsm/kg,
between 175 and 350 mOsm/kg, between 200 and 250 mOsm/kg, e.g., about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95,
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100, 105, 110, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205, 210, 215,
220,225, 230, 235, 240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 295, 300, 305, 310, 320, 325, 330, 335, 340,
345, 350, 355, 360, 365, 370, 375, 380, 385, 390, 395, or about 400 mOsm/kg. Ranges and values intermediate to
the above recited ranges and values are also intended to be part of this invention.

The pharmaceutical compositions of the invention comprising the RNA1 agents of the invention, may be
present in a vial that contains about 0.5,0.6,0.7,08,09,1.0, 1.1, 1.2, 13,14, 15,1.6,1.7, 1.8, 1.9, or about 2.0
mL of the pharmaceutical composition. The concentration of the RNAi1 agents in the pharmaceutical compositions
of the invention may be about 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110,
115, 130, 125, 130, 135, 140, 145, 150, 175, 180, 185, 190, 195, 200, 205, 210, 215, 230, 225, 230, 235, 240, 245,
250, 275, 280, 285, 290, 295, 300, 305, 310, 315, 330, 325, 330, 335, 340, 345, 350, 375, 380, 385, 390, 393, 400,
403, 410, 415, 430, 425, 430, 435, 440, 445, 450, 475, 430, 485, 490, 495, or about 500 mg/mL. In one
embodiment, the concentration of the RNAI agents in the pharmaceutical compositions of the invention is about
100 mg/mL. Values intermediate to the above recited ranges and values are also intended to be part of this
invention.

The pharmaceutical compositions of the invention may comprise a dsRNA agent of the invention in a free
acid form. In other embodiments of the invention, the pharmaceutical compositions of the invention may comprise
a dsRNA agent of the invention in a salt form, such as a sodium salt form. In certain embodiments, when the
dsRNA agents of the invention are in the sodium salt form, sodium ions are present in the agent as counterions for
substantially all of the phosphodiester and/or phosphorothiotate groups present in the agent. Agents in which
substantially all of the phosphodiester and/or phosphorothioate linkages have a sodium counterion include not
more than 5, 4, 3, 2, or 1 phosphodiester and/or phosphorothioate linkages without a sodium counterion. In some
embodiments, when the dsRNA agents of the invention are in the sodium salt form, sodium ions are present in the
agent as counterions for all of the phosphodiester and/or phosphorothiotate groups present in the agent.

Pharmaceutical compositions and formulations for topical administration can include transdermal
patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like can be necessary or desirable.
Coated condoms, gloves and the like can also be useful. Suitable topical formulations include those in which
the iIRNAs featured in the invention are in admixture with a topical delivery agent such as lipids, liposomes,
fatty acids, fatty acid esters, steroids, chelating agents and surfactants. Suitable lipids and liposomes include
neutral (e.g., dioleoylphosphatidyl DOPE ethanolamine, dimyristoylphosphatidyl choline DMPC,
distearolyphosphatidyl choline) negative (e.g., dimyristoylphosphatidyl glycerol DMPG) and cationic (e.g.,
dioleoyltetramethylaminopropyl DOTAP and dioleoylphosphatidyl ethanolamine DOTMA). iRNAs featured
in the invention can be encapsulated within liposomes or can form complexes thereto, in particular to cationic
liposomes. Alternatively, iIRNAs can be complexed to lipids, in particular to cationic lipids. Suitable fatty

acids and esters include but are not limited to arachidonic acid, oleic acid, eicosanoic acid, lauric acid, caprylic

117

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate,
monoolein, dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcamitine, an
acylcholine, or a Ci alkyl ester (e.g., isopropyvlmyristate [IPM), monoglyceride, diglyceride or
pharmaceutically acceptable salt thereof. Topical formulations are described in detail in U.S. Patent No.
6,747,014, which is incorporated herein by reference.

A iRNA Formulations Comprising Membranous Molecular Assemblies

An iRNA for use in the compositions and methods of the invention can be formulated for delivery
in a membranous molecular assembly, ¢.g., a liposome or a micelle. There are many organized surfactant
structures besides microemulsions that have been studied and used for the formulation of drugs. These
include monolayers, micelles, bilayers and vesicles. Vesicles, such as liposomes, have attracted great
interest because of their specificity and the duration of action they offer from the standpoint of drug
delivery. Asused in the present invention, the term “liposome” means a vesicle composed of amphiphilic
lipids arranged in a spherical bilayer or bilayers.

Liposomes include unilamellar or multilamellar vesicles which have a membrane formed from a
lipophilic material and an aqueous interior. The aqueous portion contains the composition (e.g., iIRNA) to
be delivered. The lipophilic material isolates the aqueous interior from an aqueous exterior, which
typically does not include the iIRNA composition, although in some examples, it may. Cationic liposomes
possess the advantage of being able to fuse to the cell wall. Non-cationic liposomes, although not able to
fuse as efficiently with the cell wall, are taken up by macrophages in vivo.

In order to traverse intact mammalian skin, lipid vesicles must pass through a series of fine pores,
each with a diameter less than 50 nm, under the influence of a suitable transdermal gradient. Therefore, it
is desirable to use a liposome which is highly deformable and able to pass through such fine pores.

Liposomes are useful for the transfer and delivery of active ingredients to the site of action.
Because the liposomal membrane is structurally similar to biological membranes, when liposomes are
applied to a tissue, the liposomes start to merge with the cellular membranes and as the merging of the
liposome and cell progresses, the liposomal contents are emptied into the cell where the active agent may
act.

Liposomal formulations have been the focus of extensive investigation as the mode of delivery
for many drugs. There is growing evidence that for topical administration, liposomes present several
advantages over other formulations. Such advantages include reduced side-effects related to high
systemic absorption of the administered drug, increased accumulation of the administered drug at the
desired target, and the ability to administer a wide variety of drugs, both hydrophilic and hydrophobic,
into the skin.

Several reports have detailed the ability of liposomes to deliver agents including high-molecular

weight DNA into the skin. Compounds including analgesics, antibodies, hormones and high-molecular
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weight DNAs have been administered to the skin. The majority of applications resulted in the targeting of
the upper epidermis.

A liposome containing an iRNA agent can be prepared by a variety of methods. In one example,
the lipid component of a liposome is dissolved in a detergent so that micelles are formed with the lipid
component. For example, the lipid component can be an amphipathic cationic lipid or lipid conjugate. The
detergent can have a high critical micelle concentration and may be nonionic. Exemplary detergents
include cholate, CHAPS, octylglucoside, deoxycholate, and lauroyl sarcosine. The iRNA agent
preparation is then added to the micelles that include the lipid component. The cationic groups on the
lipid interact with the iIRNA agent and condense around the iRNA agent to form a liposome. After
condensation, the detergent is removed, ¢.g., by dialysis, to yield a liposomal preparation of iIRNA agent.

If necessary a carrier compound that assists in condensation can be added during the condensation
reaction, ¢.g., by controlled addition. For example, the carrier compound can be a polymer other than a
nucleic acid (e.g., spermine or spermidine). pH can also be adjusted to favor condensation.

Methods for producing stable polynucleotide delivery vehicles, which incorporate a
polynucleotide/cationic lipid complex as structural components of the delivery vehicle, are further
described in, e.g., WO 96/37194, the entire contents of which are incorporated herein by reference.
Liposome formation can also include one or more aspects of exemplary methods described in Felgner, P.
L. et al., Proc. Natl. Acad. Sci., USA 8:7413-7417, 1987; US Patent No.4.897.355; US Patent No.
5,171,678; Bangham, et al. M. Mol. Biol 23:238, 1965; Olson, et al. Biochim. Biophys. Acta 5579, 1979;
Szoka, et al. Proc. Natl. Acad. Sci1.75: 4194, 1978; Mayhew, et al. Biochim. Biophys. Acta 775:169,

1984; Kim, et al. Biochim. Biophys. Acta 728:339, 1983; and Fukunaga, et al. Endocrinol. 115:757, 1984,
Commonly used techniques for preparing lipid aggregates of appropriate size for use as delivery vehicles
include sonication and freeze-thaw plus extrusion (see, ¢.g., Mayer, et al. Biochim. Biophys. Acta
858:161, 1986). Microfluidization can be used when consistently small (50 to 200 nm) and relatively
uniform aggregates are desired (Mayhew, et al. Biochim. Biophys. Acta 775:169, 1984). These methods
are readily adapted to packaging iRNA agent preparations into liposomes.

Liposomes fall into two broad classes. Cationic liposomes are positively charged liposomes
which interact with the negatively charged DNA molecules to form a stable complex. The positively
charged DNA/liposome complex binds to the negatively charged cell surface and is internalized in an
endosome. Due to the acidic pH within the endosome, the liposomes are ruptured, releasing their
contents into the cell cytoplasm (Wang et al., Biochem. Biophys. Res. Commun., 1987, 147, 980-985).

Liposomes which are pH-sensitive or negatively-charged, entrap DNA rather than complex with
it. Since both the DNA and the lipid are similarly charged, repulsion rather than complex formation
occurs. Nevertheless, some DNA is entrapped within the aqueous interior of these liposomes. pH-

sensitive liposomes have been used to deliver DNA encoding the thymidine kinase gene to cell
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monolayers in culture. Expression of the exogenous gene was detected in the target cells (Zhou ef al.,
Journal of Controlled Release, 1992, 19, 269-274).

One major type of liposomal composition includes phospholipids other than naturally-derived
phosphatidylcholine. Neutral liposome compositions, for example, can be formed from dimyristoyl
phosphatidylcholine (DMPC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic liposome
compositions generally are formed from dimyristoyl phosphatidylglycerol, while anionic fusogenic
liposomes are formed primarily from dioleoyl phosphatidylethanolamine (DOPE). Another type of
liposomal composition is formed from phosphatidylcholine (PC) such as, for example, soybean PC, and
egg PC. Another type is formed from mixtures of phospholipid and/or phosphatidylcholine and/or
cholesterol.

Examples of other methods to introduce liposomes into cells in vifro and in vivo include US
Patent Nos.5,283,185 and 5,171,678, WO 94/00569; WO 93/24640; WO 91/16024; Felgner, J. Biol.
Chem.269:2550, 1994; Nabel, Proc. Natl. Acad. S¢i1.90:11307, 1993; Nabel, Human Gene Ther. 3:649,
1992; Gershon, Biochem.32:7143, 1993; and Strauss EMBO J.11:417, 1992,

Non-ionic liposomal systems have also been examined to determine their utility in the delivery of
drugs to the skin, in particular systems comprising non-ionic surfactant and cholesterol. Non-ionic
liposomal formulations comprising Novasome™ I (glyceryl dilaurate/cholesterol/polyoxyethylene-10-
stearyl ether) and Novasome ™ II (glyceryl distearate/cholesterol/polyoxyethylene-10-stearyl ether) were
used to deliver cyclosporin-A into the dermis of mouse skin. Results indicated that such non-ionic
liposomal systems were effective in facilitating the deposition of cyclosporin-A into different layers of the
skin (Hu et al. S.T.P. Pharma. Sci., 1994, 4, 6, 466).

Liposomes also include “sterically stabilized” liposomes, a term which, as used herein, refers to
liposomes comprising one or more specialized lipids that, when incorporated into liposomes, result in
enhanced circulation lifetimes relative to liposomes lacking such specialized lipids. Examples of
sterically stabilized liposomes are those in which part of the vesicle-forming lipid portion of the liposome
(A) comprises one or more glycolipids, such as monosialoganglioside G, or (B) is derivatized with one
or more hydrophilic polymers, such as a polyethylene glycol (PEG) moiety. While not wishing to be
bound by any particular theory, it is thought in the art that, at least for sterically stabilized liposomes
containing gangliosides, sphingomyelin, or PEG-derivatized lipids, the enhanced circulation half-life of
these sterically stabilized liposomes derives from a reduced uptake into cells of the reticuloendothelial
system (RES) (Allen et al., FEBS Letters, 1987, 223, 42, Wu et al., Cancer Research, 1993, 53, 3765).

Various liposomes comprising one or more glycolipids are known in the art. Papahadjopoulos ef
al. (Ann. N.Y. Acad. Sci., 1987, 507, 64) reported the ability of monosialoganglioside G,
galactocerebroside sulfate and phosphatidylinositol to improve blood half-lives of liposomes. These

findings were expounded upon by Gabizon et al. (Proc. Natl. Acad. Sci. U.S.A., 1988, 85, 6949). U.S. Pat.
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No. 4,837,028 and WO 88/04924, both to Allen et al., disclose liposomes comprising (1) sphingomyelin
and (2) the ganglioside Gui or a galactocerebroside sulfate ester. U.S. Pat. No. 5,543,152 (Webb ef al.)
discloses liposomes comprising sphingomyelin. Liposomes comprising 1,2-sn-
dimyristoylphosphatidylcholine are disclosed in WO 97/13499 (Lim et af).

In some embodiments, cationic liposomes are used. Cationic liposomes possess the advantage of
being able to fuse to the cell membrane. Non-cationic liposomes, although not able to fuse as efficiently
with the plasma membrane, are taken up by macrophages in vivo and can be used to deliver iRNA agents
to macrophages.

Further advantages of liposomes include: liposomes obtained from natural phospholipids are
biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid soluble
drugs; liposomes can protect encapsulated iIRNAs in their internal compartments from metabolism and
degradation (Rosoff, in "Pharmaceutical Dosage Forms," Lieberman, Rieger and Banker (Eds.), 1988,
volume 1, p.245). Important considerations in the preparation of liposome formulations are the lipid
surface charge, vesicle size, and the aqueous volume of the liposomes.

A positively charged synthetic cationic lipid, N-[1-(2,3-dioleyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA) can be used to form small liposomes that interact spontaneously
with nucleic acid to form lipid-nucleic acid complexes which are capable of fusing with the negatively
charged lipids of the cell membranes of tissue culture cells, resulting in delivery of iRNA agent (see, e.g.,
Felgner, P. L. et al., Proc. Natl. Acad. Sci., USA 8:7413-7417, 1987 and US Patent No.4,897,355 for a
description of DOTMA and its use with DNA).

A DOTMA analogue, 1,2-bis(oleoyloxy)-3-(trimethylammonia)propane (DOTAP) can be used in
combination with a phospholipid to form DNA-complexing vesicles. Lipofectin™ (Bethesda Research
Laboratories, Gaithersburg, Md.) is an effective agent for the delivery of highly anionic nucleic acids into
living tissue culture cells that comprise positively charged DOTMA liposomes which interact
spontancously with negatively charged polynucleotides to form complexes. When enough positively
charged liposomes are used, the net charge on the resulting complexes is also positive. Positively charged
complexes prepared in this way spontancously attach to negatively charged cell surfaces, fuse with the
plasma membrane, and efficiently deliver functional nucleic acids into, for example, tissue culture cells.
Another commercially available cationic lipid, 1,2- bis(oleoyloxy)-3,3-(trimethylammonia)propane
(“DOTAP”) (Bochringer Mannheim, Indianapolis, Indiana) differs from DOTMA in that the oleoyl
moieties are linked by ester, rather than ether linkages.

Other reported cationic lipid compounds include those that have been conjugated to a variety of
moiceties including, for example, carboxyspermine which has been conjugated to one of two types of

lipids and includes compounds such as S-carboxyspermylglycine dioctaoleoylamide (“DOGS”)
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(Transfectam™, Promega, Madison, Wisconsin) and dipalmitoylphosphatidylethanolamine 5-
carboxyspermyl-amide (“DPPES”) (see, ¢.g., US Patent No.5,171,678).

Another cationic lipid conjugate includes derivatization of the lipid with cholesterol (“DC- Chol”)
which has been formulated into liposomes in combination with DOPE (See, Gao, X. and Huang, L.,
Biochim. Biophys. Res. Commun.179:280, 1991). Lipopolylysine, made by conjugating polylysine to
DOPE, has been reported to be effective for transfection in the presence of serum (Zhou, X. et al.,
Biochim. Biophys. Acta 1065:8, 1991). For certain cell lines, these liposomes containing conjugated
cationic lipids, are said to exhibit lower toxicity and provide more efficient transfection than the
DOTMA -containing compositions. Other commercially available cationic lipid products include DMRIE
and DMRIE-HP (Vical, La Jolla, California) and Lipofectamine (DOSPA) (Life Technology, Inc.,
Gaithersburg, Maryland). Other cationic lipids suitable for the delivery of oligonucleotides are described
in WO 98/39359 and WO 96/37194.

Liposomal formulations are particularly suited for topical administration; liposomes present
several advantages over other formulations. Such advantages include reduced side effects related to high
systemic absorption of the administered drug, increased accumulation of the administered drug at the
desired target, and the ability to administer iRNA agent into the skin. In some implementations,
liposomes are used for delivering iRNA agent to epidermal cells and also to enhance the penetration of
iRNA agent into dermal tissues, e.g., into skin. For example, the liposomes can be applied topically.
Topical delivery of drugs formulated as liposomes to the skin has been documented (see, e.g., Weiner et
al., Journal of Drug Targeting, 1992, vol.2,405-410 and du Plessis et al., Antiviral Research, 18, 1992,
259-265; Mannino, R. J. and Fould-Fogerite, S., Biotechniques 6:682-690, 1988 Itani, T. et al. Gene
56:267-276.1987; Nicolau, C. et al. Mcth. Enz.149:157-176, 1987, Straubinger, R. M. and
Papahadjopoulos, D. Meth. Enz.101:512-527, 1983; Wang, C. Y. and Huang, L., Proc. Natl. Acad. Sci.
USA 84:7851-7855, 1987).

Non-ionic liposomal systems have also been examined to determine their utility in the delivery of
drugs to the skin, in particular systems comprising non-ionic surfactant and cholesterol. Non-ionic
liposomal formulations comprising Novasome™ I (glyceryl dilaurate/cholesterol/polyoxyethylene-10-
stearyl ether) and Novasome™ II (glyceryl distearate/ cholesterol/polyoxyethylene-10-stearyl ether) were
used to deliver a drug into the dermis of mouse skin. Such formulations with iRNA agent are useful for
treating a dermatological disorder.

Liposomes that include iRNA can be made highly deformable. Such deformability can enable the
liposomes to penetrate through pore that are smaller than the average radius of the liposome. For example,
transfersomes are a type of deformable liposomes. Transferosomes can be made by adding surface edge
activators, usually surfactants, to a standard liposomal composition. Transfersomes that include iRNAs

can be delivered, for example, subcutancously by infection in order to deliver iIRNAs to keratinocytes in

122

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

the skin. In order to cross intact mammalian skin, lipid vesicles must pass through a series of fine pores,
each with a diameter less than 50 nm, under the influence of a suitable transdermal gradient. In addition,
due to the lipid properties, these transferosomes can be self- optimizing (adaptive to the shape of pores,
¢.g., in the skin), self-repairing, and can frequently reach their targets without fragmenting, and often self-
loading.

Other formulations amenable to the present invention are described in WO 2008/042973.

Transfersomes are yet another type of liposomes and are highly deformable lipid aggregates
which are attractive candidates for drug delivery vehicles. Transfersomes may be described as lipid
droplets which are so highly deformable that they are easily able to penetrate through pores which are
smaller than the droplet. Transfersomes are adaptable to the environment in which they are used, e.g.,
they are self-optimizing (adaptive to the shape of pores in the skin), self-repairing, frequently reach their
targets without fragmenting, and often self-loading. To make transfersomes it is possible to add surface
edge-activators, usually surfactants, to a standard liposomal composition. Transfersomes have been used
to deliver serum albumin to the skin. The transfersome-mediated delivery of serum albumin has been
shown to be as effective as subcutaneous injection of a solution containing serum albumin.

Surfactants find wide application in formulations such as emulsions (including microemulsions)
and liposomes. The most common way of classifying and ranking the properties of the many different
types of surfactants, both natural and synthetic, is by the use of the hydrophile/lipophile balance (HLB).
The nature of the hydrophilic group (also known as the “head”) provides the most useful means for
categorizing the different surfactants used in formulations (Rieger, in Pharmaceutical Dosage Forms,
Marcel Dekker, Inc., New York, N.Y., 1988, p. 285).

If the surfactant molecule is not ionized, it is classified as a nonionic surfactant. Nonionic
surfactants find wide application in pharmaceutical and cosmetic products and are usable over a wide
range of pH values. In general, their HLB values range from 2 to about 18 depending on their structure.
Nonionic surfactants include nonionic esters such as ethylene glycol esters, propylene glycol esters,
glyceryl esters, polvglyceryl esters, sorbitan esters, sucrose esters, and ethoxylated esters. Nonionic
alkanolamides and ethers such as fatty alcohol ethoxylates, propoxylated alcohols, and
cthoxylated/propoxylated block polymers are also included in this class. The polyoxyethylene surfactants
are the most popular members of the nonionic surfactant class.

If the surfactant molecule carries a negative charge when it is dissolved or dispersed in water, the
surfactant is classified as anionic. Anionic surfactants include carboxylates such as soaps, acyl lactylates,
acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates and ethoxylated alkyl sulfates,
sulfonates such as alkyl benzene sulfonates, acyl isethionates, acyl taurates and sulfosuccinates, and
phosphates. The most important members of the anionic surfactant class are the alkyl sulfates and the

soaps.
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If the surfactant molecule carries a positive charge when it is dissolved or dispersed in water, the
surfactant is classified as cationic. Cationic surfactants include quaternary ammonium salts and
cthoxylated amines. The quaternary ammonium salts are the most used members of this class.

If the surfactant molecule has the ability to carry either a positive or negative charge, the
surfactant is classified as amphoteric. Amphoteric surfactants include acrylic acid derivatives, substituted
alkylamides, N-alkylbetaines and phosphatides.

The use of surfactants in drug products, formulations and in emulsions has been reviewed
(Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y ., 1988, p. 285).

The 1IRNA for use in the methods of the invention can also be provided as micellar formulations.
“Micelles™ are defined herein as a particular type of molecular assembly in which amphipathic molecules
are arranged in a spherical structure such that all the hydrophobic portions of the molecules are directed
mward, leaving the hydrophilic portions in contact with the surrounding aqueous phase. The converse
arrangement exists if the environment is hydrophobic.

A mixed micellar formulation suitable for delivery through transdermal membranes may be
prepared by mixing an aqueous solution of iRNA, an alkali metal Cs to Cy alkyl sulphate, and a micelle
forming compounds. Exemplary micelle forming compounds include lecithin, hyaluronic acid,
pharmaceutically acceptable salts of hyaluronic acid, glycolic acid, lactic acid, chamomile extract,
cucumber extract, oleic acid, linoleic acid, linolenic acid, monoolein, monooleates, monolaurates, borage
oil, evening of primrose oil, menthol, trihydroxy oxo cholanyl glycine and pharmaceutically acceptable
salts thereof, glycerin, polyglycerin, lysine, polylysine, triolein, polyoxyethylene ethers and analogues
thereof, polidocanol alkyl ethers and analogues thereof, chenodeoxycholate, deoxycholate, and mixtures
thereof. The micelle forming compounds may be added at the same time or after addition of the alkali
metal alkyl sulphate. Mixed micelles will form with substantially any kind of mixing of the ingredients
but vigorous mixing in order to provide smaller size micelles.

In one method a first micellar composition is prepared which contains the RNA1 and at least the
alkali metal alkyl sulphate. The first micellar composition is then mixed with at least three micelle
forming compounds to form a mixed micellar composition. In another method, the micellar composition
is prepared by mixing the RNAA1, the alkali metal alkyl sulphate and at least one of the micelle forming
compounds, followed by addition of the remaining micelle forming compounds, with vigorous mixing.

Phenol or m-cresol may be added to the mixed micellar composition to stabilize the formulation
and protect against bacterial growth. Alternatively, phenol or m-cresol may be added with the micelle
forming ingredients. An isotonic agent such as glycerin may also be added after formation of the mixed
micellar composition.

For delivery of the micellar formulation as a spray, the formulation can be put into an acrosol

dispenser and the dispenser is charged with a propellant. The propellant, which is under pressure, s in
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liquid form in the dispenser. The ratios of the ingredients are adjusted so that the aqueous and propellant
phases become one, 1.¢., there 1s one phase. If there are two phases, it is necessary to shake the dispenser
prior to dispensing a portion of the contents, ¢.g., through a metered valve. The dispensed dose of
pharmaceutical agent is propelled from the metered valve in a fine spray.

Propellants may include hydrogen-containing chlorofluorocarbons, hydrogen-containing
fluorocarbons, dimethyl ether and dicthyl ether. In certain embodiments, HFA 134a (1,1.1,2
tetrafluorocthane) may be used.

The specific concentrations of the essential ingredients can be determined by relatively
straightforward experimentation. For absorption through the oral cavities, it is often desirable to increase,
¢.g., at least double or triple, the dosage for through injection or administration through the
gastrointestinal tract.

B. Lipid particles

iRNAs, ¢.g., dsSRNA agents of in the invention may be fully encapsulated in a lipid formulation,
e.g., an LNP, or other nucleic acid-lipid particle.

As used herein, the term “LNP” refers to a stable nucleic acid-lipid particle. LNPs typically
contain a cationic lipid, a non-cationic lipid, and a lipid that prevents aggregation of the particle (e.g., a
PEG-lipid conjugate). LNPs are extremely useful for systemic applications, as they exhibit extended
circulation lifetimes following intravenous (1.v.) injection and accumulate at distal sites (e.g., sites
physically separated from the administration site). As used herein, the term “SPLP” refers to a nucleic
acid-lipid particle comprising plasmid DNA encapsulated within a lipid vesicle. LNPs include “pSPLP,”
which include an encapsulated condensing agent-nucleic acid complex as set forth in PCT Publication
No. WO 00/03683. The particles of the present invention typically have a mean diameter of about 50 nm
to about 150 nm, more typically about 60 nm to about 130 nm, more typically about 70 nm to about 110
nm, most typically about 70 nm to about 90 nm, and are substantially nontoxic. In addition, the nucleic
acids when present in the nucleic acid- lipid particles of the present invention are resistant in aqueous
solution to degradation with a nuclease. Nucleic acid-lipid particles and their method of preparation are
disclosed in, e.g., U.S. Patent Nos. 5,976,567; 5,981,501 6,534,484, 6,586,410; 6,815,432; and PCT
Publication No. WO 96/40964.

In certain embodiments, the lipid to drug ratio (mass/mass ratio) (e.g., lipid to dsRNA ratio) will
be in the range of from about 1:1 to about 50:1, from about 1:1 to about 25:1, from about 3:1 to about
15:1, from about 4:1 to about 10:1, from about 5:1 to about 9:1, or about 6:1 to about 9:1. Ranges
intermediate to the above recited ranges are also contemplated to be part of the invention.

The cationic lipid may be, for example, N,N-dioleyl-N,N-dimethylammonium chloride
(DODAC), N, N-distearyl-N,N-dimethylammonium bromide (DDAB), N-(I -(2.3- dioleoyloxy)propyl)-
N,N,N-trimethylammonium chloride (DOTAP), N~(I -(2,3- dioleyloxy)propyl)-N,N,N-
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trimethylammonium chloride (DOTMA), N .N-dimethyl-2,3- diolevloxy)propylamine (DODMA), 1,2-
DiLinoleyloxy-N,N-dimethylaminopropane (DLinDMA), 1.2-Dilinolenyloxy-N,N-dimethylaminopropane
(DLenDMA), 1,2-Dilinoleylcarbamoyloxy-3-dimethylaminopropane (DLin-C-DAP), 1,2-Dilinoleyoxy-3-
(dimethylamino)acetoxypropane (DLin-DAC), 1,2-Dilinoleyoxy-3-morpholinopropane (DLin-MA), 1,2-
Dilinoleoyl-3-dimethylaminopropane (DLinDAP), 1,2-Dilinoleylthio-3-dimethylaminopropane (DLin-S-
DMA), 1-Linoleoyl-2-linoleyloxy-3-dimethylaminopropane (DLin-2-DMAP), 1,2-Dilinoleyloxy-3-
trimethylaminopropane chloride salt (DLin-TMA.Cl), 1,2-Dilinoleoyl-3-trimethylaminopropane chloride
salt (DLin-TAP.CI), 1,2-Dilinoleyloxy-3-(N-methylpiperazino)propane (DLin-MPZ), or 3-(N,N-
Dilinoleylamino)-1,2-propanediol (DLinAP), 3-(N.N-Dioleylamino)-1,2-propanedio (DOAP), 1,2-
Dilinoleyloxo-3-(2-N,N-dimethylamino)ethoxypropane (DLin-EG-DMA), 1,2-Dilinolenyloxy-N,N-
dimethylaminopropane (DLinDMA), 2,2-Dilinoleyl-4-dimethylaminomethyl-[1,3]-dioxolane (DLin-K-
DMA) or analogs thereof, (3aR.3s,6a8)-N N-dimethyl-2.2-di((9Z,12Z)-octadeca-9,12-dienyl)tetrahydro-
3aH-cyclopenta|d]|1.3]dioxol-5-amine (ALN100), (6Z,9Z,28Z,31Z)-heptatriaconta-6,9,28,3 1 -tetraen-19-
yl 4-(dimethylamino)butanoate (MC3), 1,1'-(2-(4-(2-((2-(bis(2-hydroxydodecyl)amino)ethyl)(2-
hydroxydodecyl)amino)ethyl)piperazin-1-yl)ethylazanediyl)didodecan-2-ol (Tech G1), or a mixture
thereof. The cationic lipid may comprise from about 20 mol % to about 50 mol % or about 40 mol % of
the total lipid present in the particle.

In certain embodiments, the compound 2,2-Dilinoleyl-4-dimethylaminoethyl-| 1,3]-dioxolane can
be used to prepare lipid-siRNA nanoparticles. Synthesis of 2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
dioxolane is described in United States provisional patent application number 61/107,998 filed on
October 23, 2008, which is herein incorporated by reference.

In certain embodiments, the lipid-siRNA particle includes 40% 2, 2-Dilinoleyl-4-
dimethylaminoethyl-[ 1,3]-dioxolane: 10% DSPC: 40% Cholesterol: 10% PEG-C-DOMG (mole percent)
with a particle size of 63.0 + 20 nm and a 0.027 siRNA/Lipid Ratio.

The non-cationic lipid may be an anionic lipid or a neutral lipid including, but not limited to,
distearoylphosphatidylcholine (DSPC), dioleoylphosphatidylcholine (DOPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylglycerol (DOPG),
dipalmitoylphosphatidylglycerol (DPPG), dioleoyl-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoylphosphatidylethanolamine (POPE),
dioleoyl- phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1- carboxylate (DOPE-mal),
dipalmitoyl phosphatidyl ethanolamine (DPPE), dimyristoylphosphoethanolamine (DMPE), distearoyl-
phosphatidyl-cthanolamine (DSPE), 16-O-monomethyl PE, 16-O-dimethyl PE, 18-1 -trans PE, 1 -
stearoyl-2-oleoyl- phosphatidyethanolamine (SOPE), cholesterol, or a mixture thereof. The non-cationic
lipid may be from about 5 mol % to about 90 mol %, about 10 mol %, or about 58 mol % if cholesterol is

included, of the total lipid present in the particle.
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The conjugated lipid that inhibits aggregation of particles may be, for example, a
polyethyleneglycol (PEG)-lipid including, without limitation, a PEG-diacylglycerol (DAG), a PEG-
dialkyloxypropyl (DAA), a PEG-phospholipid, a PEG-ceramide (Cer), or a mixture thereof. The PEG-
DAA conjugate may be, for example, a PEG-dilauryloxypropyl (Ciz), a PEG-dimyristyloxypropyl (Cis), a
PEG-dipalmityloxypropyl (Cie), or a PEG- distearyloxypropyl (C]s). The conjugated lipid that prevents
aggregation of particles may be from 0 mol % to about 20 mol % or about 2 mol % of the total lipid
present in the particle.

In some embodiments, the nucleic acid-lipid particle further includes cholesterol at, e.g., about 10
mol % to about 60 mol % or about 48 mol % of the total lipid present in the particle.

LNPOI

In certain embodiments, the lipidoid ND98-4HCl (MW 1487) (see U.S. Patent Application No.
12/056,230, filed 3/26/2008, which is herein incorporated by reference), Cholesterol (Sigma-Aldrich), and
PEG-Ceramide C16 (Avanti Polar Lipids) can be used to prepare lipid-dsRNA nanoparticles (e.g., LNPO1
particles). Stock solutions of each in ethanol can be prepared as follows: ND98, 133 mg/ml; Cholesterol,
25 mg/ml, PEG-Ceramide C16, 100 mg/ml. The ND98§, Cholesterol, and PEG-Ceramide C16 stock
solutions can then be combined in a, e.g., 42:48:10 molar ratio. The combined lipid solution can be
mixed with aqueous dsRNA (e.g., in sodium acetate pH 5) such that the final ethanol concentration is
about 35-45% and the final sodium acetate concentration 1s about 100-300 mM. Lipid-dsRNA
nanoparticles typically form spontaneously upon mixing. Depending on the desired particle size
distribution, the resultant nanoparticle mixture can be extruded through a polycarbonate membrane (e.g.,
100 nm cut-off) using, for example, a thermobarrel extruder, such as Lipex Extruder (Northern Lipids,
Inc). In some cases, the extrusion step can be omitted. Ethanol removal and simultancous buffer
exchange can be accomplished by, for example, dialysis or tangential flow filtration. Buffer can be
exchanged with, for example, phosphate buffered saline (PBS) at about pH 7, e.g., about pH 6.9, about
pH 7.0, about pH 7.1, about pH 7.2, about pH 7.3, or about pH 7 4.

O NSNS
jiv/\ H ;T’ H
NN NSNS AN~y ~N N NP NP P PP

WA

(0]
H H

ND98 Isomer |

Formula I

LNPO1 formulations are described, e.g.. in International Application Publication
No. WO 2008/042973, which is hereby incorporated by reference.
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Additional exemplary lipid-dsRNA formulations are provided in the following Table 1.

Table 1: Exemplary lipid formulations

Cationic Lipid

cationic lipid/non-cationic lipid/cholesterol/PEG-

lipid conjugate
Lipid:siRNA ratio

12-Dilinolenyloxy-N. N- DLinDMA/DPPC/Cholesterol/PEG-cDMA
SNALP | - t‘hmlo cnyloxy-I, (DLiDMA) | CTA/71344014)
imethylaminopropane (DLi lipid:SiRNA ~7-1
22-Dilinoleyl4-dimethylaminocthyl- | 51/ rr - ClolesterolPEG-cDMA
S-XTC [1.3]-dioxolanc (XTC) 57.1/7.1/34.4/1.4
’ lipid:siRNA ~7:1
2,2-Dilinoleyl-4-dimethylaminocthyl- | 1 /PSP C/Cholesterol/PEG-DMG
LNPOS | 30 oxolane (XTC) 57.5/1.531.5/3.5
’ lipid:siRNA ~6:1
2.2-Dilinoleyl-4-dimethylaminoethyl- | 21 c/oor  Cholesterol/PEG-DMG
LNPO6 [13]-dioxolane (XTC) 57.5/7.5/31.5/3.5
’ lipid:siRNA ~ 11:1
22-Dilinoleyl-4-dimethylaminocthyl- | 2o /oor /Cholesterol/PEG-DMG
LNPO7 [13]dioxolane (XTC) 60/7.5/31/1.5,
’ lipid:siRNA ~ 6:1
2.2-Dilinoleyl-4-dimethylaminoethyl- | X /Do C/Cholesterol/PEG-DMG
LNPOS [1.3]-dioxolane (XTC) 60/7.5/31/1.5,
’ lipid:siRNA ~11:1
2.2-Dillinoleyl-4-dimethylaminoethyl- | X C/DSF C/CholesterolPEG-DMG
LNP09 [1.3]-dioxolanc (XTC) 50/10/38.5/1.5
’ Lipid:siRNA 10:1
(3aR,55,6aS)-N,N-dimethyl-2,2-
di((9Z,12Z)-octadeca-9,12- ALN100/DSPC/Cholesterol/PEG-DMG
LNP10 | dienyl)tetrahydro-3aH- 50/10/38.5/1.5
cyclopenta[d][1,3]dioxol-5-amine Lipid:siRNA 10:1
(ALN100)
(62,972,287 317)-heptatriaconta- MC-3/DSPC/Cholesterol/PEG-DMG
LNP11 | 6,9,28,31-tetraen-19-y1 4- 50/10/38.5/1.5
(dimethylamino)butanoate (MC3) Lipid:siRNA 10:1
1,1-(2-(4-(2~((2~(bis 2-
hydroxydodecyl)amino)ethyl)(2- C12-200/DSPC/Cholesterol/PEG-DMG
LNP12 | hydroxydodecyl)amino)ethyl)piperazin- | 50/10/38.5/1.5
1-yl)ethylazanediyl)didodecan-2-ol Lipid:siRNA 10:1
(C12-200)
XTC/DSPC/Chol/PEG-DMG
LNP13 | XTC 50/10/38.5/1.5
Lipid:siRNA: 33:1
MC3/DSPC/Chol/PEG-DMG
LNP14 | MC3 40/15/40/5
Lipid:siRNA: 11:1
MC3/DSPC/Chol/PEG-DSG/GalNAc-PEG-DSG
LNPI5 | MC3 50/10/35/4.5/0.5
Lipid:siRNA: 11:1
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MC3/DSPC/Chol/PEG-DMG
LNP16 | MC3 50/10/38.5/1.5
Lipid:siRNA: 7:1
MC3/DSPC/Chol/PEG-DSG
LNP17 | MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1
MC3/DSPC/Chol/PEG-DMG
LNP18 | MC3 50/10/38.5/1.5
Lipid:siRNA: 12:1
MC3/DSPC/Chol/PEG-DMG
LNP19 | MC3 50/10/35/5

Lipid:siRNA: 8:1
MC3/DSPC/Chol/PEG-DPG
LNP20 | MC3 50/10/38.5/1.5
Lipid:siRNA: 10:1
C12-200/DSPC/Chol/PEG-DSG
LNP21 | C12-200 50/10/38.5/1.5
Lipid:siRNA: 7:1
XTC/DSPC/Chol/PEG-DSG
LNP22 [ XTC 50/10/38.5/1.5
Lipid:siRNA: 10:1

DSPC: distearoylphosphatidylcholine

DPPC: dipalmitoylphosphatidylcholine

PEG-DMG: PEG-didimyristoyl glycerol (C14-PEG, or PEG-C14) (PEG with avg mol wt of 2000)
PEG-DSG: PEG-distyryl glycerol (C18-PEG, or PEG-CI18) (PEG with avg mol wt of 2000)
PEG-cDMA: PEG-carbamoyl-1,2-dimyristyloxypropylamine (PEG with avg mol wt of 2000)

SNALP (1,2-Dilinolenyloxy-N,N-dimethylaminopropane (DLinDMA)) comprising formulations
are described in International Publication No. W(02009/127060, filed April 15, 2009, which is hereby
incorporated by reference.

XTC comprising formulations are described, ¢.g., in U.S. Provisional Serial No. 61/148,366, filed
January 29, 2009; U.S. Provisional Serial No. 61/156,851, filed March 2, 2009; U.S. Provisional Serial
No. 61/185,712, filed June 10, 2009; U.S. Provisional Serial No. 61/228,373, filed July 24, 2009; U.S.
Provisional Serial No. 61/239,686, filed September 3, 2009, and International Application No.
PCT/US2010/022614, filed January 29, 2010, which are hereby incorporated by reference.

MC3 comprising formulations are described, e.g., in U.S. Provisional Serial No. 61/244.834, filed
September 22, 2009, U.S. Provisional Serial No. 61/185,800, filed June 10, 2009, and International
Application No. PCT/US10/28224, filed June 10, 2010, which are hereby incorporated by reference.

ALNY-100 comprising formulations are described, ¢.g., International patent application number
PCT/US09/63933, filed on November 10, 2009, which is hereby incorporated by reference.
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C12-200 comprising formulations are described in U.S. Provisional Serial No. 61/175,770, filed May
5, 2009 and International Application No. PCT/US10/33777, filed May 5, 2010, which are hereby
incorporated by reference.

Compositions and formulations for oral administration include powders or granules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-aqueous media, capsules, gel
capsules, sachets, tablets or minitablets. Thickeners, flavoring agents, diluents, emulsifiers, dispersing aids or
binders can be desirable. In some embodiments, oral formulations are those in which dsRNAs featured in the
invention are administered in conjunction with one or more penetration enhancer surfactants and chelators.
Suitable surfactants include fatty acids and/or esters or salts thercof, bile acids and/or salts thereof. Suitable
bile acids/salts include chenodeoxycholic acid (CDCA) and ursodeoxychenodeoxycholic acid (UDCA), cholic
acid, dehydrocholic acid, deoxycholic acid, glucholic acid, glycholic acid, glycodeoxycholic acid, taurocholic
acid, taurodeoxycholic acid, sodium tauro-24,25-dihydro-fusidate and sodium glycodihydrofusidate. Suitable
fatty acids include arachidonic acid, undecanoic acid, oleic acid, lauric acid, caprylic acid, capric acid,
myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate, tricaprate, monoolein, dilaurin,
glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine, an acylcholine, or a
monoglyceride, a diglyceride or a pharmaceutically acceptable salt thereof (e.g., sodium). In some
embodiments, combinations of penetration enhancers are used, for example, fatty acids/salts in combination
with bile acids/salts. One exemplary combination is the sodium salt of lauric acid, capric acid and UDCA.
Further penetration enhancers include polyoxyethylene-9-lauryl ether, polyoxyethylene-20-cetyl ether.
DsRNAs featured in the invention can be delivered orally, in granular form including sprayed dried particles,
or complexed to form micro or nanoparticles. DsRNA complexing agents include poly-amino acids;
polyimines; polyacrylates; polyalkylacrylates, polyoxethanes, polyalkylcyanoacrylates; cationized gelatins,
albumins, starches, acrvlates, polyethyleneglycols (PEG) and starches; polyalkylcyanoacrylates; DEAE-
derivatized polyimines, pollulans, celluloses and starches. Suitable complexing agents include chitosan, N-
trimethylchitosan, poly-L-lysine, polyhistidine, polyornithine, polyspermines, protamine, polyvinylpyridine,
polythiodiethylaminomethylethylene P(TDAE), polyaminostyrene (e.g., p-amino), poly(methylcyanoacrylate),
poly(ethylcyanoacrylate), poly(butylcyanoacrylate), poly(isobutylcyanoacrylate),
poly(isohexylcynaoacrylate), DEAE-methacrylate, DEAE-hexvlacrylate, DEAE-acrylamide, DEAE-albumin
and DEAE-dextran, polymethylacrylate, polyhexylacrylate, poly(D,L-lactic acid), poly(DL-lactic-co-glycolic
acid (PLGA), alginate, and polyethyleneglycol (PEG). Oral formulations for dsRNAs and their preparation
are described in detail in U.S. Patent 6,887,906, US Publication. No. 20030027780, and U.S. Patent No.
6,747,014, cach of which is incorporated herein by reference.

Compositions and formulations for parenteral, intraparenchymal (into the brain), intrathecal,

intraventricular or intrahepatic administration can include sterile aqueous solutions which can also contain
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buffers, diluents and other suitable additives such as, but not limited to, penetration enhancers, carrier
compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present invention include, but are not limited to, solutions,
emulsions, and liposome-containing formulations. These compositions can be generated from a variety of
components that include, but are not limited to, preformed liquids, self-emulsifying solids and self-
emulsifying semisolids. Particularly preferred are formulations that target the liver when treating hepatic
disorders such as chronic inflammation of the liver.

The pharmaceutical formulations of the present invention, which can conveniently be presented in
unit dosage form, can be prepared according to conventional techniques well known in the pharmaceutical
industry. Such techniques include the step of bringing into association the active ingredients with the
pharmaceutical carrier(s) or excipient(s). In general, the formulations are prepared by uniformly and
intimately bringing into association the active ingredients with liquid carriers or finely divided solid carriers or
both, and then, if necessary, shaping the product.

The compositions of the present invention can be formulated into any of many possible dosage forms
such as, but not limited to, tablets, capsules, gel capsules, liquid syrups, soft gels, suppositories, and enemas.
The compositions of the present invention can also be formulated as suspensions in aqueous, non-aqueous or
mixed media. Aqueous suspensions can further contain substances which increase the viscosity of the

suspension including, for example, sodium carboxymethylcellulose, sorbitol and/or dextran. The suspension
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can also contain stabilizers.

Many liposomes comprising lipids derivatized with one or more hydrophilic polymers, and
methods of preparation thereof, are known in the art. Sunamoto ef al. (Bull. Chem. Soc. Jpn., 1980, 53,
2778) described liposomes comprising a nonionic detergent, 2Ci2156, that contains a PEG moiety. [llum
et al. (FEBS Lett., 1984, 167, 79) noted that hydrophilic coating of polystyrene particles with polymeric
glycols results in significantly enhanced blood half-lives. Synthetic phospholipids modified by the
attachment of carboxylic groups of polyalkylene glycols (e.g., PEG) are described by Sears (U.S. Pat.
Nos. 4,426,330 and 4,534,899). Klibanov et al. (FEBS Lett., 1990, 268, 235) described experiments
demonstrating that liposomes comprising phosphatidylethanolamine (PE) derivatized with PEG or PEG
stearate have significant increases in blood circulation half-lives. Blume et al. (Biochimica et Biophysica
Acta, 1990, 1029, 91) extended such observations to other PEG-derivatized phospholipids, e.g., DSPE-
PEG, formed from the combination of distearoylphosphatidylethanolamine (DSPE) and PEG. Liposomes
having covalently bound PEG moieties on their external surface are described in European Patent No. EP
0445 131 B1 and WO 90/04384 to Fisher. Liposome compositions containing 1-20 mole percent of PE
derivatized with PEG, and methods of use thereof, are described by Woodle ez al. (U.S. Pat. Nos.
5,013,556 and 5,356,633) and Martin et a/. (U.S. Pat. No. 5,213,804 and European Patent No. EP 0 496

813 B1). Liposomes comprising a number of other lipid-polymer conjugates are disclosed in WO
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91/05545 and U.S. Pat. No. 5,225,212 (both to Martin ef a/.) and in WO 94/20073 (Zalipsky et al.).
Liposomes comprising PEG-modified ceramide lipids are described in WO 96/10391 (Chot et al). U.S.
Pat. No. 5,540,935 (Miyazaki ef al.) and U.S. Pat. No. 5,556,948 (Tagawa et al.) describe PEG-containing
liposomes that can be further derivatized with functional moieties on their surfaces.

A number of liposomes comprising nucleic acids are known in the art. WO 96/40062 to Thierry
et al. discloses methods for encapsulating high molecular weight nucleic acids in liposomes. U.S. Pat. No.
5,264,221 to Tagawa et al. discloses protein-bonded liposomes and asserts that the contents of such
liposomes may include a dsRNA. U.S. Pat. No. 5,665,710 to Rahman er a/. describes certain methods of
encapsulating oligodeoxynucleotides in liposomes. WO 97/04787 to Love et al. discloses liposomes
comprising dsRNAs targeted to the raf gene.

C. Additional Formulations

i. Emulsions

The compositions of the present invention can be prepared and formulated as emulsions. Emulsions
are typically heterogeneous systems of one liquid dispersed in another in the form of droplets usually
exceeding 0.1pm in diameter (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY;
Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., Volume 1, p. 245, Block in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 2, p. 335;
Higuchi ef a/., in Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 301).
Emulsions are often biphasic systems comprising two immiscible liquid phases intimately mixed and
dispersed with each other. In general, emulsions can be of either the water-in-oil (w/0) or the oil-in-water
(o/w) variety. When an aqueous phase is finely divided into and dispersed as minute droplets into a bulk oily
phase, the resulting composition is called a water-in-oil (w/0) emulsion. Alternatively, when an oily phase is
finely divided into and dispersed as minute droplets into a bulk aqueous phase, the resulting composition is
called an oil-in-water (o/w) emulsion. Emulsions can contain additional components in addition to the
dispersed phases, and the active drug which can be present as a solution in either aqueous phase, oily phase or
itself as a separate phase. Pharmaceutical excipients such as emulsifiers, stabilizers, dyes, and anti-oxidants
can also be present in emulsions as needed. Pharmaceutical emulsions can also be multiple emulsions that are
comprised of more than two phases such as, for example, in the case of oil-in-water-in-oil (o/w/0) and water-
in-oil-in-water (w/o/w) emulsions. Such complex formulations often provide certain advantages that simple
binary emulsions do not. Multiple emulsions in which individual oil droplets of an o/w emulsion enclose
small water droplets constitute a w/o/w emulsion. Likewise, a system of oil droplets enclosed in globules of
water stabilized in an oily continuous phase provides an o/w/o emulsion.
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Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed or
discontinuous phase of the emulsion is well dispersed into the external or continuous phase and maintained in
this form through the means of emulsifiers or the viscosity of the formulation. Either of the phases of the
emulsion can be a semisolid or a solid, as is the case of emulsion-style ointment bases and creams. Other
means of stabilizing emulsions entail the use of emulsifiers that can be incorporated into either phase of the
emulsion. Emulsifiers can broadly be classified into four categories: synthetic surfactants, naturally occurring
emulsifiers, absorption bases, and finely dispersed solids (see e.g., Ansel's Pharmaceutical Dosage Forms and
Drug Delivery Systems, Allen, LV ., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th
ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199).

Synthetic surfactants, also known as surface active agents, have found wide applicability in the
formulation of emulsions and have been reviewed in the literature (see e.g., Ansel's Pharmaceutical Dosage
Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams &
Wilkins (8th ed.), New York, NY; Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y , volume 1, p. 285; Idson, in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), Marcel Dekker, Inc., New York, N.Y ., 1988, volume 1, p. 199).
Surfactants are typically amphiphilic and comprise a hydrophilic and a hydrophobic portion. The ratio of the
hydrophilic to the hydrophobic nature of the surfactant has been termed the hydrophile/lipophile balance
(HLB) and is a valuable tool in categorizing and selecting surfactants in the preparation of formulations.
Surfactants can be classified into different classes based on the nature of the hydrophilic group: nonionic,
anionic, cationic and amphoteric (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY
Rieger, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 285).

Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax, phosphatides,
lecithin and acacia. Absorption bases possess hydrophilic properties such that they can soak up water to form
w/o emulsions yet retain their semisolid consistencies, such as anhydrous lanolin and hydrophilic petrolatum.
Finely divided solids have also been used as good emulsifiers especially in combination with surfactants and
in viscous preparations. These include polar inorganic solids, such as heavy metal hydroxides, nonswelling
clays such as bentonite, attapulgite, hectorite, kaolin, montmorillonite, colloidal aluminum silicate and
colloidal magnesium aluminum silicate, pigments and nonpolar solids such as carbon or glyceryl tristearate.

A large variety of non-emulsifying materials are also included in emulsion formulations and
contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty alcohols, fatty
esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in Pharmaceutical Dosage

Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 335;
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Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y., volume 1, p. 199).

Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic polymers such
as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar gum, karaya gum, and
tragacanth), cellulose derivatives (for example, carboxymethyleellulose and carboxypropylcellulose), and
synthetic polvmers (for example, carbomers, cellulose ethers, and carboxyvinyl polymers). These disperse or
swell in water to form colloidal solutions that stabilize emulsions by forming strong interfacial films around
the dispersed-phase droplets and by increasing the viscosity of the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates, proteins, sterols and
phosphatides that can readily support the growth of microbes, these formulations often incorporate
preservatives. Commonly used preservatives included in emulsion formulations include methyl paraben,
propyl paraben, quaternary ammonium salts, benzalkonium chloride, esters of p-hydroxybenzoic acid, and
boric acid. Antioxidants are also commonly added to emulsion formulations to prevent deterioration of the
formulation. Antioxidants used can be free radical scavengers such as tocopherols, alkyl gallates, butylated
hydroxyanisole, butylated hydroxytoluene, or reducing agents such as ascorbic acid and sodium metabisulfite,
and antioxidant synergists such as citric acid, tartaric acid, and lecithin.

The application of emulsion formulations via dermatological, oral and parenteral routes and methods
for their manufacture have been reviewed in the literature (see e.g., Ansel's Pharmaceutical Dosage Forms and
Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th
ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.). 1988,
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199). Emulsion formulations for oral delivery have been
very widely used because of ease of formulation, as well as efficacy from an absorption and bioavailability
standpoint (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich
NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in
Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York,
N.Y ., volume I, p. 245; Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y ., volume I, p. 199). Mineral-oil base laxatives, oil-soluble vitamins and
high fat nutritive preparations are among the materials that have commonly been administered orally as o/w
emulsions.

ii. Microemulsions

In one embodiment of the present invention, the compositions of iIRNAs and nucleic acids are
formulated as microemulsions. A microemulsion can be defined as a system of water, oil and amphiphile
which is a single optically isotropic and thermodynamically stable liquid solution (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV ., Popovich NG., and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage Forms,
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Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 245).
Typically, microemulsions are systems that are prepared by first dispersing an oil in an aqueous surfactant
solution and then adding a sufficient amount of a fourth component, generally an intermediate chain-length
alcohol to form a transparent system. Therefore, microemulsions have also been described as
thermodynamically stable, isotropically clear dispersions of two immiscible liquids that are stabilized by
interfacial films of surface-active molecules (Leung and Shah, in: Controlled Release of Drugs: Polymers and
Aggregate Systems, Rosoff, M, Ed., 1989, VCH Publishers, New York, pages 185-215). Microemulsions
commonly are prepared via a combination of three to five components that include oil, water, surfactant,
cosurfactant and electrolyte. Whether the microemulsion is of the water-in-oil (w/0) or an oil-in-water (0/w)
type is dependent on the properties of the oil and surfactant used and on the structure and geometric packing
of the polar heads and hydrocarbon tails of the surfactant molecules (Schott, in Remington's Pharmaceutical
Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has been extensively studied and has
yielded a comprehensive knowledge, to one skilled in the art, of how to formulate microemulsions (see e.g.,
Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 245;
Block, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y ., volume 1, p. 335). Compared to conventional emulsions, microemulsions offer the
advantage of solubilizing water-insoluble drugs in a formulation of thermodynamically stable droplets that are
formed spontancously.

Surfactants used in the preparation of microemulsions include, but are not limited to, ionic surfactants,
non-ionic surfactants, Brij 96, polyoxyethylene oleyl ethers, polyglycerol fatty acid esters, tetraglycerol
monolaurate (ML310), tetraglycerol monooleate (MO310), hexaglvcerol monooleate (PO310), hexaglycerol
pentaoleate (PO500), decaglycerol monocaprate (MCA750), decaglycerol monooleate (MO750), decaglycerol
sequioleate (SO750), decaglycerol decaoleate (DAO750), alone or in combination with cosurfactants. The
cosurfactant, usually a short-chain alcohol such as ethanol, 1-propanol, and 1-butanol, serves to increase the
interfacial fluidity by penetrating into the surfactant film and consequently creating a disordered film because
of the void space generated among surfactant molecules. Microemulsions can, however, be prepared without
the use of cosurfactants and alcohol-free self-emulsifying microemulsion systems are known in the art. The
aqueous phase can typically be, but is not limited to, water, an aqueous solution of the drug, glycerol,
PEG300, PEG400, polyglycerols, propylene glycols, and derivatives of ethylene glycol. The oil phase can
include, but is not limited to, materials such as Captex 300, Captex 355, Capmul MCM, fatty acid esters,
medium chain (C8-C12) mono, di, and tri-glycerides, polyoxyethylated glyceryl fatty acid esters, fatty
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alcohols, polyglycolized glycerides, saturated polyglycolized C8-C10 glycerides, vegetable oils and silicone
oil.

Microemulsions are particularly of interest from the standpoint of drug solubilization and the
enhanced absorption of drugs. Lipid based microemulsions (both o/w and w/o0) have been proposed to
enhance the oral bioavailability of drugs, including peptides (see e.g., U.S. Patent Nos. 6,191,105; 7,063,860
7,070,802; 7,157,099; Constantinides ef al., Pharmaceutical Research, 1994, 11, 1385-1390; Ritschel, Meth.
Find. Exp. Clin. Pharmacol., 1993, 13, 205). Microemulsions afford advantages of improved drug
solubilization, protection of drug from enzymatic hydrolysis, possible enhancement of drug absorption duc to
surfactant-induced alterations in membrane fluidity and permeability, ease of preparation, ease of oral
administration over solid dosage forms, improved clinical potency, and decreased toxicity (see e.g., U.S.
Patent Nos. 6,191,105; 7,063,860, 7,070,802; 7,157,099, Constantinides ef al., Pharmaceutical Rescarch,
1994, 11, 1385, Ho er al., J. Pharm. Sci., 1996, 83, 138-143). Often microemulsions can form spontancously
when their components are brought together at ambient temperature. This can be particularly advantageous
when formulating thermolabile drugs, peptides or iIRNAs. Microemulsions have also been effective in the
transdermal delivery of active components in both cosmetic and pharmaceutical applications. It is expected
that the microemulsion compositions and formulations of the present invention will facilitate the increased
systemic absorption of iRNAs and nucleic acids from the gastrointestinal tract, as well as improve the local
cellular uptake of iRNAs and nucleic acids.

Microemulsions of the present invention can also contain additional components and additives such as
sorbitan monostearate (Grill 3), Labrasol, and penetration enhancers to improve the properties of the
formulation and to enhance the absorption of the iIRNAs and nucleic acids of the present invention.
Penetration enhancers used in the microemulsions of the present invention can be classified as belonging to
one of five broad categories--surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-
surfactants (Lee ef al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these
classes has been discussed above.

iii. Microparticles

An RNAI agent of the invention may be incorporated into a particle, e.g., a microparticle.
Microparticles can be produced by spray-drying, but may also be produced by other methods including
lyophilization, evaporation, fluid bed drying, vacuum drying, or a combination of these techniques.

iv. Penetration Enhancers

In one embodiment, the present invention employs various penetration enhancers to effect the efficient
delivery of nucleic acids, particularly iIRNAs, to the skin of animals. Most drugs are present in solution in
both ionized and nonionized forms. However, usually only lipid soluble or lipophilic drugs readily cross cell

membranes. It has been discovered that even non-lipophilic drugs can cross cell membranes if the membrane
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to be crossed is treated with a penetration enhancer. In addition to aiding the diffusion of non-lipophilic drugs
across cell membranes, penetration enhancers also enhance the permeability of lipophilic drugs.

Penetration enhancers can be classified as belonging to one of five broad categories, i.e., surfactants,
fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (see e.g., Malmsten, M. Surfactants
and polymers in drug delivery, Informa Health Care, New York, NY, 2002; Lee et al., Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, p.92). Each of the above mentioned classes of penetration enhancers
are described below in greater detail.

Surfactants (or "surface-active agents") are chemical entities which, when dissolved in an aqueous
solution, reduce the surface tension of the solution or the interfacial tension between the aqueous solution and
another liquid, with the result that absorption of iRNAs through the mucosa is enhanced. In addition to bile
salts and fatty acids, these penetration enhancers include, for example, sodium lauryl sulfate, polyoxyethylene-
9-lauryl ether and polyoxyethylene-20-cetyl ether) (see e.g., Malmsten, M. Surfactants and polymers in drug
delivery, Informa Health Care, New York, NY, 2002; Lee ef a/., Critical Reviews in Therapeutic Drug Carrier
Systems, 1991, p.92); and perfluorochemical emulsions, such as FC-43. Takahashi ef a/., J. Pharm.
Pharmacol., 1988, 40, 252).

Various fatty acids and their derivatives which act as penetration enhancers include, for example, oleic
acid, lauric acid, capric acid (n-decanoic acid), myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic
acid, dicaprate, tricaprate, monoolein (1-monooleoyl-rac-glycerol), dilaurin, caprylic acid, arachidonic acid,
glycerol 1-monocaprate, 1-dodecylazacycloheptan-2-one, acylcarnitines, acylcholines, Ci alkyl esters
thereof (e.g., methyl, isopropyl and t-butyl), and mono- and di-glycerides thereof (i.e., oleate, laurate, caprate,
myristate, palmitate, stearate, linoleate, efc.) (see e.g., Touitou, E., ef al. Enhancement in Drug Delivery, CRC
Press, Danvers, MA, 2006; Lee ef al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.92;
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; El Hariri e a/., J. Pharm.
Pharmacol., 1992, 44, 651-654).

The physiological role of bile includes the facilitation of dispersion and absorption of lipids and fat-
soluble vitamins (see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care,
New York, NY, 2002; Brunton, Chapter 38 in: Goodman & Gilman's The Pharmacological Basis of
Therapeutics, 9th Ed., Hardman ef al. Eds., McGraw-Hill, New York, 1996, pp. 934-935). Various natural
bile salts, and their synthetic derivatives, act as penetration enhancers. Thus the term "bile salts" includes any
of the naturally occurring components of bile as well as any of their synthetic derivatives. Suitable bile salts
include, for example, cholic acid (or its pharmaceutically acceptable sodium salt, sodium cholate),
dehydrocholic acid (sodium dehydrocholate), deoxycholic acid (sodium deoxycholate), glucholic acid (sodium
glucholate), glycholic acid (sodium glycocholate), glycodeoxycholic acid (sodium glycodeoxycholate),
taurocholic acid (sodium taurocholate), taurodeoxycholic acid (sodium taurodeoxycholate), chenodeoxycholic

acid (sodium chenodeoxycholate), ursodeoxycholic acid (UDCA), sodium tauro-24,25-dihydro-fusidate
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(STDHF), sodium glycodihydrofusidate and polyoxyethylene-9-lauryl ether (POE) (see e.g., Malmsten, M.
Surfactants and polymers in drug delivery, Informa Health Care, New York, NY, 2002; Lee et al., Critical
Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; Swinyard, Chapter 39 In: Remington's
Pharmaceutical Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co., Easton, Pa., 1990, pages 782-783;
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Yamamoto ef a/., J. Pharm.
Exp. Ther., 1992, 263, 25; Yamashita ef /., . Pharm. Sci., 1990, 79, 579-383).

Chelating agents, as used in connection with the present invention, can be defined as compounds that
remove metallic ions from solution by forming complexes therewith, with the result that absorption of iIRNAs
through the mucosa is enhanced. With regards to their use as penetration enhancers in the present invention,
chelating agents have the added advantage of also serving as DNase inhibitors, as most characterized DNA
nucleases require a divalent metal ion for catalysis and are thus inhibited by chelating agents (Jarrett, J.
Chromatogr., 1993, 618, 315-339). Suitable chelating agents include but are not limited to disodium
cthylenediaminetetraacetate (EDTA), citric acid, salicylates (e.g., sodium salicylate, S-methoxysalicylate and
homovanilate), N-acyl derivatives of collagen, laureth-9 and N-amino acyl derivatives of beta-diketones
(enamines)(see e.g., Katdare, A. ef al., Excipient development for pharmaceutical, biotechnology, and drug
delivery, CRC Press, Danvers, MA, 2006; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems,
1991, page 92; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; Buureral., J.
Control Rel., 1990, 14, 43-51).

As used herein, non-chelating non-surfactant penetration enhancing compounds can be defined as
compounds that demonstrate insignificant activity as chelating agents or as surfactants but that nonetheless
enhance absorption of iIRNAs through the alimentary mucosa (see e.g., Muranishi, Critical Reviews in
Therapeutic Drug Carrier Systems, 1990, 7, 1-33). This class of penetration enhancers includes, for example,
unsaturated cyclic ureas, 1-alkyl- and I-alkenylazacyclo-alkanone derivatives (Lee ef al., Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, page 92); and non-steroidal anti-inflammatory agents such as
diclofenac sodium, indomethacin and phenylbutazone (Yamashita ez a/., J. Pharm. Pharmacol., 1987, 39, 621-
626).

Agents that enhance uptake of iIRNAs at the cellular level can also be added to the pharmaceutical and
other compositions of the present invention. For example, cationic lipids, such as lipofectin (Junichi ef al,
U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and polycationic molecules, such as polylysine (Lollo
et al., PCT Application WO 97/30731), are also known to enhance the cellular uptake of dsRNAs. Examples
of commercially available transfection reagents include, for example Lipofectaming™ (Invitrogen; Carlsbad,
CA), Lipofectamine 2000™ (Invitrogen; Carlsbad, CA), 293fectin™ (Invitrogen; Carlsbad, CA), Cellfectin™
(Invitrogen; Carlsbad, CA), DMRIE-C™ (Invitrogen; Carlsbad, CA), FreeStyle™ MAX (Invitrogen;
Carlsbad, CA), Lipofectamine™ 2000 CD (Invitrogen; Carlsbad, CA), Lipofectamine™ (Invitrogen;
Carlsbad, CA), RNAIMAX (Invitrogen; Carlsbad, CA), Oligofectamine™ (Invitrogen; Carlsbad, CA),
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Optifect™ (Invitrogen; Carlsbad, CA), X-tremeGENE Q2 Transfection Reagent (Roche; Grenzacherstrasse,
Switzerland), DOTAP Liposomal Transfection Reagent (Grenzacherstrasse, Switzerland), DOSPER
Liposomal Transfection Reagent (Grenzacherstrasse, Switzerland), or Fugene (Grenzacherstrasse,
Switzerland), Transfectam® Reagent (Promega; Madison, WI), TransFast™ Transfection Reagent (Promega;
Madison, WI), Tix™-20 Reagent (Promega; Madison, WI), Tfx™-50 Reagent (Promega; Madison, WI),
DreamFect™ (OZ Biosciences; Marseille, France), EcoTransfect (OZ Biosciences; Marseille, France),
TransPass® D1 Transfection Reagent (New England Biolabs; Ipswich, MA, USA), LyoVec™/LipoGen™
(Invitrogen; San Diego, CA, USA), PerFectin Transfection Reagent (Genlantis; San Diego, CA, USA),
NeuroPORTER Transfection Reagent (Genlantis; San Diego, CA, USA), GenePORTER Transfection reagent
(Genlantis; San Diego, CA, USA), GenePORTER 2 Transfection reagent (Genlantis; San Diego, CA, USA),
Cytofectin Transfection Reagent (Genlantis; San Diego, CA, USA), BaculoPORTER Transfection Reagent
(Genlantis; San Diego, CA, USA), TroganPORTER™ transfection Reagent (Genlantis; San Diego, CA,
USA), RiboFect (Bioline; Taunton, MA, USA), PlasFect (Bioline; Taunton, MA, USA), UniFECTOR (B-
Bridge International; Mountain View, CA, USA), SureFECTOR (B-Bridge International, Mountain View,
CA, USA), or HiFect™ (B-Bridge International, Mountain View, CA, USA), among others.

Other agents can be utilized to enhance the penetration of the administered nucleic acids, including
glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azones, and terpenes such as
limonene and menthone.

v. Carriers

Certain compositions of the present invention also incorporate carrier compounds in the formulation.
As used herein, “carrier compound” or “carrier” can refer to a nucleic acid, or analog thereof, which is inert
(i.e., does not possess biological activity per se) but is recognized as a nucleic acid by i vivo processes that
reduce the bioavailability of a nucleic acid having biological activity by, for example, degrading the
biologically active nucleic acid or promoting its removal from circulation. The coadministration of a nucleic
acid and a carrier compound, typically with an excess of the latter substance, can result in a substantial
reduction of the amount of nucleic acid recovered in the liver, kidney or other extracirculatory reservoirs,
presumably due to competition between the carrier compound and the nucleic acid for a common receptor.
For example, the recovery of a partially phosphorothioate dsRNA in hepatic tissue can be reduced when it is
coadministered with polyinosinic acid, dextran sulfate, polycytidic acid or 4-acetamido-4'isothiocyano-
stilbene-2,2'-disulfonic acid (Miyao ef al., DsSRNA Res. Dev., 1993, 5, 115-121; Takakura et af., DSRNA &
Nucl. Acid Drug Dev., 1996, 6, 177-183.

vi. Excipients

In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a pharmaceutically
acceptable solvent, suspending agent or any other pharmacologically inert vehicle for delivering one or more

nucleic acids to an animal. The excipient can be liquid or solid and is selected, with the planned manner of
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administration in mind, so as to provide for the desired bulk, consistency, efc., when combined with a nucleic
acid and the other components of a given pharmaceutical composition. Typical pharmaceutical carriers
include, but are not limited to, binding agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose, efc.); fillers (e.g., lactose and other sugars, microcrystalline cellulose, pectin,
gelatin, calcium sulfate, ethyl cellulose, polyacrylates or calcium hydrogen phosphate, ezc.); lubricants (e.g.,
magnesium stearate, talc, silica, colloidal silicon dioxide, stearic acid, metallic stearates, hydrogenated
vegetable oils, corn starch, polyethylene glycols, sodium benzoate, sodium acetate, efc.); disintegrants (e.g.,
starch, sodium starch glycolate, efc.); and wetting agents (e.g., sodium lauryl sulphate, etc).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral administration
which do not deleteriously react with nucleic acids can also be used to formulate the compositions of the
present invention. Suitable pharmaceutically acceptable carriers include, but are not limited to, water, salt
solutions, alcohols, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, tale, silicic acid,
viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

Formulations for topical administration of nucleic acids can include sterile and non-sterile aqueous
solutions, non-aqueous solutions in common solvents such as alcohols, or solutions of the nucleic acids in
liquid or solid oil bases. The solutions can also contain buffers, diluents and other suitable additives.
Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral administration which
do not deleteriously react with nucleic acids can be used.

Suitable pharmaceutically acceptable excipients include, but are not limited to, water, salt solutions,
alcohol, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, talc, silicic acid, viscous
paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

vii. Other Components

The compositions of the present invention can additionally contain other adjunct components
conventionally found in pharmaceutical compositions, at their art-established usage levels. Thus, for example,
the compositions can contain additional, compatible, pharmaceutically-active materials such as, for example,
antipruritics, astringents, local anesthetics or anti-inflammatory agents, or can contain additional materials
useful in physically formulating various dosage forms of the compositions of the present invention, such as
dyes, flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and stabilizers. However,
such materials, when added, should not unduly interfere with the biological activities of the components of the
compositions of the present invention. The formulations can be sterilized and, if desired, mixed with auxiliary
agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing osmotic
pressure, buffers, colorings, flavorings and/or aromatic substances and the like which do not deleteriously

interact with the nucleic acid(s) of the formulation.
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Aqueous suspensions can contain substances which increase the viscosity of the suspension including,
for example, sodium carboxymethylcellulose, sorbitol and/or dextran. The suspension can also contain
stabilizers.

In some embodiments, pharmaceutical compositions featured in the invention include (a) one or more
1RNA compounds and (b) one or more agents which function by a non-RNAi1 mechanism and which are useful
in treating a CIDEB-associated disease, disorder, or condition. Examples of such agents include, but are not
limited to pyridoxine, an ACE inhibitor (angiotensin converting enzyme inhibitors), e.g., benazepril
(Lotensin); an angiotensin II receptor antagonist (ARB) (e.g., losartan potassium, such as Merck & Co. 's
Cozaar®), e.g., Candesartan (Atacand); an HMG-CoA reductase inhibitor (e.g., a statin); calcium binding
agents, e.g., Sodium cellulose phosphate (Calcibind); diuretics, e.g., thiazide diuretics, such as
hydrochlorothiazide (Microzide); an insulin sensitizer, such as the PPARy agonist pioglitazone, a glp-1r
agonist, such as liraglutatide, vitamin E, an SGLT?2 inhibitor, a DPPIV inhibitor, and kidney/liver transplant;
or a combination of any of the foregoing.

Toxicity and therapeutic efficacy of such compounds can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LDso (the dose lethal to 50% of
the population) and the EDso (the dose therapeutically effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic index and it can be expressed as the ratio LDso/EDso.
Compounds that exhibit high therapeutic indices are preferred.

The data obtained from cell culture assays and animal studies can be used in formulating a range of
dosage for use in humans. The dosage of compositions featured herein in the invention lies generally within a
range of circulating concentrations that include the EDso with little or no toxicity. The dosage can vary within
this range depending upon the dosage form employed and the route of administration utilized. For any
compound used in the methods featured in the invention, the therapeutically effective dose can be estimated
initially from cell culture assays. A dose can be formulated in animal models to achieve a circulating plasma
concentration range of the compound or, when appropriate, of the polypeptide product of a target sequence
(e.g., achieving a decreased concentration of the polypeptide) that includes the ICs (i.e., the concentration of
the test compound which achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such
information can be used to more accurately determine useful doses in humans. Levels in plasma can be
measured, for example, by high performance liquid chromatography.

In addition to their administration, as discussed above, the iIRNAs featured in the invention can be
administered in combination with other known agents effective in treatment of pathological processes
mediated by CIDEB expression. In any event, the administering physician can adjust the amount and timing
of iIRNA administration on the basis of results observed using standard measures of efficacy known in the art

or described herein.
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Synthesis of cationic lipids:

Any of the compounds, e.g., cationic lipids and the like, used in the nucleic acid-lipid particles
featured in the invention may be prepared by known organic synthesis techniques. All substituents are as
defined below unless indicated otherwise.

“Alkyl” means a straight chain or branched, noncyclic or cyclic, saturated aliphatic hydrocarbon
containing from 1 to 24 carbon atoms. Representative saturated straight chain alkyls include methyl,
cthyl, n-propyl, n-butyl, n-pentyl, n-hexyl, and the like; while saturated branched alkyls include isopropyl,
sec-butyl, isobutyl, fert-butyl, isopentyl, and the like. Representative saturated cyclic alkyls include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like; while unsaturated cyclic alkyls include
cyclopentenyl and cyclohexenyl, and the like.

“Alkenyl” means an alkyl, as defined above, containing at least one double bond between
adjacent carbon atoms. Alkenyls include both cis and trans isomers. Representative straight chain and
branched alkenyls include ethylenyl, propylenyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl, 2-
pentenyl, 3-methyl-1-butenyl, 2-methyl-2-butenyl, 2,3-dimethyl-2-butenyl, and the like.

“Alkynyl” means any alkyl or alkenyl, as defined above, which additionally contains at least one
triple bond between adjacent carbons. Representative straight chain and branched alkynyls include
acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl, 3-methyl-1 butynyl, and the like.

“Acyl” means any alkyl, alkenyl, or alkynyl wherein the carbon at the point of attachment is
substituted with an oxo group, as defined below. For example, -C(=0)alkyl, -C(=0)alkenyl, and -
C(=0)alkynyl are acyl groups.

“Heterocycle” means a 5- to 7-membered monocyclic, or 7- to 10-membered bicyclic,
heterocyclic ring which is either saturated, unsaturated, or aromatic, and which contains from 1 or 2
heteroatoms independently selected from nitrogen, oxygen and sulfur, and wherein the nitrogen and sulfur
heteroatoms may be optionally oxidized, and the nitrogen heteroatom may be optionally quaternized,
including bicyclic rings in which any of the above heterocycles are fused to a benzene ring. The
heterocycle may be attached via any heteroatom or carbon atom. Heterocycles include heteroaryls as
defined below. Heterocycles include morpholinyl, pyrrolidinonyl, pyrrolidinyl, piperidinyl, piperizynyl,
hydantoinyl, valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl, tetrahydropyranyl,
tetrahydropyridinyl, tetrahydroprimidinyl, tetrahydrothiophenyl, tetrahydrothiopyranyl,
tetrahydropyrimidinyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and the like.

The terms “optionally substituted alkyl”, “optionally substituted alkenyl”, “optionally substituted
alkynyl”, “optionally substituted acyl”, and “optionally substituted heterocycle” means that, when
substituted, at least one hydrogen atom is replaced with a substituent. In the case of an oxo substituent
(=0) two hydrogen atoms are replaced. In this regard, substituents include oxo, halogen, heterocycle, -
CN, -ORY, -NR*R?, -NR*C(=0)R* -NR*SO:R*, -C(=0)R", -C(=0)OR", -C(=0O)NR'R*, -SO.R*
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and -SO.NR™R’, wherein n1s 0, 1 or 2, R* and R* are the same or different and independently hydrogen,
alkyl or heterocycle, and each of said alkyl and heterocycle substituents may be further substituted with
one or more of oxo, halogen, -OH, -CN, alkyl, -OR*,

heterocycle, -NR'R’, -NR*C(=0)R’ -NR*SO,R", -C(=0)R", -C(=0)OR*, -C(=0)NR'R”, -SO,R*

and -SO.NR'R”.

“Halogen” means fluoro, chloro, bromo and iodo.

In some embodiments, the methods featured in the invention may require the use of protecting
groups. Protecting group methodology is well known to those skilled in the art (see, for example,
PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Green, T.W. et al., Wiley-Interscience, New York City,
1999). Briefly, protecting groups within the context of this invention are any group that reduces or
eliminates unwanted reactivity of a functional group. A protecting group can be added to a functional
group to mask its reactivity during certain reactions and then removed to reveal the original functional
group. In some embodiments an “alcohol protecting group” is used. An “alcohol protecting group” is any
group which decreases or eliminates unwanted reactivity of an alcohol functional group. Protecting
groups can be added and removed using techniques well known in the art.

Synthesis of Formula A:

In certain embodiments, nucleic acid-lipid particles featured in the invention are formulated using
a cationic lipid of formula A:

R;
N—R,

where R1 and R2 are independently alkyl, alkenyl or alkvnyl, each can be optionally substituted, and R3
and R4 are independently lower alkyl or R3 and R4 can be taken together to form an optionally
substituted heterocyclic ring. In some embodiments, the cationic lipid is XTC (2,2-Dilinoleyl-4-
dimethylaminoethyl-|1,3]-dioxolane). In general, the lipid of formula A above may be made by the
following Reaction Schemes 1 or 2, wherein all substituents are as defined above unless indicated

otherwise.
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Scheme 1
Br OH
Br.
Q 2 o R NHR’R*
OH 4
A = Vo ——
1 2
R 1 R J
3
R* R?
/ RSX l/R5
N N
R o K 5 . R 4 o R
>LR2 X- >LR2
0 o)
Formula A

Lipid A, where Ry and R» are independently alkyl, alkenyl or alkynyl, each can be optionally
5  substituted, and Rs and R4 are independently lower alkyl or Rs and R4 can be taken together to form an
optionally substituted heterocyclic ring, can be prepared according to Scheme 1. Ketone 1 and bromide 2
can be purchased or prepared according to methods known to those of ordinary skill in the art. Reaction
of 1 and 2 yields ketal 3. Treatment of ketal 3 with amine 4 yields lipids of formula A. The lipids of
formula A can be converted to the corresponding ammonium salt with an organic salt of formula 5, where

10 Xis anion counter ion selected from halogen, hydroxide, phosphate, sulfate, or the like.

Scheme 2
_ _ H* Ry
Bng R1 + R2 CN —m 48 O#
Rq
Rs

>(O
R R,

Alternatively, the ketone 1 starting material can be prepared according to Scheme 2. Grignard

reagent 6 and cyanide 7 can be purchased or prepared according to methods known to those of ordinary

15  skill in the art. Reaction of 6 and 7 yields ketone 1. Conversion of ketone 1 to the corresponding lipids

of formula A is as described in Scheme 1.
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Synthesis of MC3:

Preparation of DLin-M-C3-DMA (i.e., (62,9Z,287,31Z)-heptatriaconta-6,9,28,3 1 -tetraen-19-yl 4-
(dimethylamino)butanoate) was as follows. A solution of (6Z.,97.287.317)-heptatriaconta-6,9,28,31-
tetracn-19-ol (0.53 g), 4-N N-dimethylaminobutyric acid hydrochloride (0.51 g), 4-N,N-
dimethylaminopyridine (0.61g) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (0.53
g) in dichloromethane (5 mL) was stirred at room temperature overnight. The solution was washed with
dilute hydrochloric acid followed by dilute aqueous sodium bicarbonate. The organic fractions were
dried over anhydrous magnesium sulphate, filtered and the solvent removed on a rotovap. The residue
was passed down a silica gel column (20 g) using a 1-5% methanol/dichloromethane elution gradient.
Fractions containing the purified product were combined and the solvent removed, yielding a colorless oil

(0.54 g).

Synthesis of ALNY-100;
Synthesis of ketal 519 [ALNY-100] was performed using the following scheme 3:

JCbzie NCbzMe
NHBoc NHMe NCbzMe S
LAH Cbz-O8u, NEt; NMO, 0sO4
—— _— _— +
HO HO
514 515 516 OH CH
517A 517B
© PTSA

0 —_— —_—
MerzNIIluu-<I
[of
518

LAH, 1M THF

0o — —
MezN"llllnq
(o]
519
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Synthesis of 515:

To a stirred suspension of LiAlH4 (3.74 g, 0.09852 mol) in 200 ml anhydrous THF in a two neck
RBF (1L), was added a solution of 514 (10g, 0.04926mol) in 70 mL of THF slowly at 0 0C under
nitrogen atmosphere. After complete addition, reaction mixture was warmed to room temperature and
then heated to reflux for 4 h. Progress of the reaction was monitored by TLC. After completion of
reaction (by TLC) the mixture was cooled to 0 0C and quenched with careful addition of saturated
Na2504 solution. Reaction mixture was stirred for 4 h at room temperature and filtered off. Residue was
washed well with THF. The filtrate and washings were mixed and diluted with 400 mL dioxane and 26
mL conc. HCI and stirred for 20 minutes at room temperature. The volatilities were stripped off under
vacuum to furnish the hydrochloride salt of 515 as a white solid. Yield: 7.12 g IH-NMR (DMSO,
400MHz): &= 9.34 (broad, 2H), 5.68 (s, 2H), 3.74 (m, 1H), 2.66-2.60 (m, 2H), 2.50-2.45 (m, 5H).

Synthesis of 516:

To a stirred solution of compound 515 in 100 mL dry DCM in a 250 mL two neck RBF, was
added NEt3 (37.2 mL, 0.2669 mol) and cooled to 0 OC under nitrogen atmosphere. After a slow addition
of N-(benzyloxy-carbonyloxv)-succinimide (20 g, 0.08007 mol) in 50 mL dry DCM, reaction mixture
was allowed to warm to room temperature. After completion of the reaction (2-3 h by TLC) mixture was
washed successively with 1N HCI solution (1 x 100 mL) and saturated NaHCO3 solution (1 x 50 mL).
The organic layer was then dried over anhyd. Na2S04 and the solvent was evaporated to give crude
material which was purified by silica gel column chromatography to get 516 as sticky mass. Yield: 11g
(89%). IH-NMR (CDCI3, 400MHz): 6 =7.36-7.27(m, 5H), 5.69 (s, 2H), 5.12 (s, 2H), 4.96 (br., 1H) 2.74
(s, 3H), 2.60(m, 2H), 2.30-2.25(m, 2H). LC-MS [M+H] -232.3 (96.94%).

Synthesis of 517A and 517B:

The cyclopentene 516 (5 g, 0.02164 mol) was dissolved in a solution of 220 mL acetone and
water (10:1) in a single neck 500 mL RBF and to it was added N-methyl morpholine-N-oxide (7.6 g,
0.06492 mol) followed by 4.2 mL of 7.6% solution of 0sO4 (0.275 g, 0.00108 mol) in tert-butanol at
room temperature. After completion of the reaction (~ 3 h), the mixture was quenched with addition of
solid Na2S03 and resulting mixture was stirred for 1.5 h at room temperature. Reaction mixture was
diluted with DCM (300 mL) and washed with water (2 x 100 mL) followed by saturated NaHCO3 (1 x 50
mL) solution, water (1 x 30 mL) and finally with brine (Ix 50 mL). Organic phase was dried over
Na;S04 and solvent was removed in vacuum. Silica gel column chromatographic purification of the
crude material was afforded a mixture of diasterecomers, which were separated by prep HPLC. Yield: -6 g
crude 517A - Peak-1 (white solid), 5.13 g (96%). IH-NMR (DMSO, 400MHz): 6= 7.39-7.31(m, 5H),
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5.04(s, 2H), 4.78-4.73 (m, 1H), 4.48-4.47(d, 2H), 3.94-3.93(m, 2H), 2.71(s, 3H), 1.72- 1.67(m, 4H). LC-
MS - [M+H]-266.3, [M+NH4 +]-283.5 present, HPLC-97.86%. Stereochemistry confirmed by X-ray.

Synthesis of 518:

Using a procedure analogous to that described for the synthesis of compound 505, compound 518
(1.2 g, 41%) was obtained as a colorless oil. IH-NMR (CDCI3, 400MHz): &= 7.35-7.33(m, 4H), 7.30-
7.27(m, 1H), 5.37-5.27(m, 8H), 5.12(s, 2H), 4.75(m,1H), 4.58-4.57(m,2H), 2.78-2.74(m,7H), 2.06-
2.00(m,8H), 1.96-1.91(m, 2H), 1.62(m, 4H), 1.48(m, 2H), 1.37-1.25(br m, 36H), 0.87(m, 6H). HPLC-
98.65%.

General Procedure for the Synthesis of Compound 519:

A solution of compound 518 (1 eq) in hexane (15 mL) was added in a drop-wise fashion to an
ice-cold solution of LAH in THF (1 M, 2 eq). After complete addition, the mixture was heated at 40°C
over 0.5 h then cooled again on an ice bath. The mixture was carefully hydrolyzed with saturated
aqueous Na;SOy4 then filtered through Celite® and reduced to an oil. Column chromatography provided
the pure 519 (1.3 g, 68%) which was obtained as a colorless oil. I3CNMR =130.2, 130.1 (x2), 1279
(x3), 112.3,79.3,64.4, 447,38 3,354,31.5,299 (x2),29.7,29.6 (x2), 29.5 (x3), 29.3 (x2), 27 2 (x3),
256,245,233, 226, 14.1; Electrospray MS (+ve): Molecular weight for C44H80NO2 (M + H)+ Calc.
654.6, Found 654.6.

Formulations prepared by either the standard or extrusion-free method can be characterized in
similar manners. For example, formulations are typically characterized by visual inspection. They
should be whitish translucent solutions free from aggregates or sediment. Particle size and particle size
distribution of lipid-nanoparticles can be measured by light scattering using, for example, a Malvern
Zetasizer Nano ZS (Malvern, USA). Particles should be about 20-300 nm, such as 40-100 nm in size.
The particle size distribution should be unimodal. The total dsRNA concentration in the formulation, as
well as the entrapped fraction, is estimated using a dye exclusion assay. A sample of the formulated
dsRNA can be incubated with an RNA-binding dye, such as RiboGreen® (Molecular Probes) in the
presence or absence of a formulation disrupting surfactant, e.g., 0.5% Triton-X100. The total dsSRNA in
the formulation can be determined by the signal from the sample containing the surfactant, relative to a
standard curve. The entrapped fraction is determined by subtracting the “free” dsRNA content (as
measured by the signal in the absence of surfactant) from the total dSRNA content. Percent entrapped
dsRNA is typically >85%. For SNALP formulation, the particle size is at least 30 nm, at least 40 nm, at
least 50 nm, at least 60 nm, at least 70 nm, at least 80 nm, at least 90 nm, at least 100 nm, at least 110 nm,
and at Ieast 120 nm. The suitable range is typically about at least 50 nm to about at least 110 nm, about at

least 60 nm to about at least 100 nm, or about at least 80 nm to about at least 90 nm.
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VII. Methods of the Invention

The present invention also provides methods of using an iRNA of the invention and/or a composition
of the invention to reduce and/or inhibit CIDEB expression in a cell, such as a cell in a subject, e.g, a
hepatocyte. The methods include contacting the cell with an RNAI agent or pharmaceutical composition
comprising an IRNA agent of the invention. In some embodiments, the cell is maintained for a time sufficient
to obtain degradation of the mRNA transcript of a CIDEB gene.

The present invention also provides methods of using an iRNA of the invention and/or a composition
of the invention and an iRNA agent targeting a Patatin-like Phospholipase Domain Containing 3 (PNPLA3)
gene and/or pharmaceutical composition comprising an iRNA agent targeting PNPLA3 to reduce and/or
inhibit PNPLA3 expression in a cell, such as a cell in a subject, e.g., a hepatocyte.

In addition, the present invention provides methods of inhibiting the accumulation and/or expansion of
lipid droplets in a cell, such as a cell in a subject, e.g., a hepatocyte. The methods include contacting the cell
with an RNA1 agent or pharmaceutical composition comprising an iIRNA agent of the invention and an iIRNA
agent targeting a PNPLA3 gene and/or pharmaceutical composition comprising an iRNA agent targeting
PNPLA3. In some embodiments, the cell is maintained for a time sufficient to obtain degradation of the
mRNA transcript of a CIDEB gene and a PNPLA3 gene.

Reduction in gene expression can be assessed by any methods known in the art. For example, a
reduction in the expression of CIDEB may be determined by determining the mRNA expression level of
CIDEB using methods routine to one of ordinary skill in the art, e.g., Northem blotting, qRT-PCR; by
determining the protein level of CIDEB using methods routine to one of ordinary skill in the art, such as
Western blotting, immunological techniques. A reduction in the expression of CIDEB may also be assessed
indirectly by measuring a decrease in biological activity of CIDEB, e.g., a decrease in the interaction of
CIDEB with ApoB and/or a decrease in lipid maturation in the liver.

Suitable agents targeting a PNPLA3 gene are described in, for example, U.S. Patent Publication No.:
2017/0340661, the entire contents of which are incorporated herein by reference.

In the methods of the invention the cell may be contacted in vitro or in vivo, i.e., the cell may be
within a subject.

A cell suitable for treatment using the methods of the invention may be any cell that expresses a
CIDEB gene (and, in some embodiments, a PNPLA3 gene). A cell suitable for use in the methods of the
invention may be a mammalian cell, e.g., a primate cell (such as a human cell or a non-human primate cell,
e.g., amonkey cell or a chimpanzee cell), a non-primate cell (such as a cow cell, a pig cell, a camel cell, a
llama cell, a horse cell, a goat cell, a rabbit cell, a sheep cell, a hamster, a guinea pig cell, a cat cell, a dog cell,
arat cell, amouse cell, a lion cell, a tiger cell, a bear cell, or a buffalo cell), a bird cell (e.g., a duck cell or a

goose cell), or a whale cell. In one embodiment, the cell is a human cell, e.g., a human liver cell.
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CIDEB expression is inhibited in the cell by at least about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,45, 46, 47,
48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75, 76,
71,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or about 100%. In
preferred embodiments, CIDEB expression is inhibited by at least 20%.

In some embodiment, PNPLA3 expression is also inhibited in the cell by at least about 5, 6, 7. 8, 9,
10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39,40,41,42, 43,45, 46,47, 48, 49,50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69,70, 71,72, 73,74, 75,776,717, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, or about 100%. In preferred embodiments, PNPLA3 expression is inhibited by at least 20%.

In one embodiment, the #» vivo methods of the invention may include administering to a subject a
composition containing an iRNA, where the iRNA includes a nucleotide sequence that is complementary to at
least a part of an RNA transcript of the CIDEB gene of the mammal to be treated.

In another embodiment, the in vivo methods of the invention may include administering to a subject a
composition containing a first iIRNA agent and a second iRNA agent, where the first iIRNA includes a
nucleotide sequence that is complementary to at least a part of an RNA transcript of the CIDEB gene of the
mammal to be treated and the second iRNA includes a nucleotide sequence that is complementary to at least a
part of an RNA transcript of the PNPLA3 gene of the mammal to be treated.

When the organism to be treated is a mammal such as a human, the composition can be administered
by any means known in the art including, but not limited to oral, intraperitoneal, or parenteral routes,
including intracranial (e.g., intraventricular, intraparenchymal and intrathecal), intravenous, intramuscular,
subcutancous, transdermal, airway (acrosol), nasal, rectal, and topical (including buccal and sublingual)
administration. In certain embodiments, the compositions are administered by intravenous infusion or
injection. In certain embodiments, the compositions are administered by subcutaneous injection.

In some embodiments, the administration is via a depot injection. A depot injection may release the
iRNA in a consistent way over a prolonged time period. Thus, a depot injection may reduce the frequency of
dosing needed to obtain a desired effect, e.g., a desired inhibition of CIDEB, or a therapeutic or prophylactic
effect. A depot injection may also provide more consistent serum concentrations. Depot injections may
include subcutaneous injections or intramuscular injections. In preferred embodiments, the depot injection is a
subcutaneous injection.

In some embodiments, the administration is via a pump. The pump may be an external pump or a
surgically implanted pump. In certain embodiments, the pump is a subcutancously implanted osmotic pump.
In other embodiments, the pump is an infusion pump. An infusion pump may be used for intravenous,

subcutancous, arterial, or epidural infusions. In preferred embodiments, the infusion pump is a subcutancous

149

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

infusion pump. In other embodiments, the pump is a surgically implanted pump that delivers the iIRNA to the
liver.

An iRNA of the invention may be present in a pharmaceutical composition, such as in a suitable
buffer solution. The buffer solution may comprise acetate, citrate, prolamine, carbonate, or phosphate, or any
combination thereof. In one embodiment, the buffer solution is phosphate buffered saline (PBS). The pH and
osmolarity of the buffer solution containing the iRNA can be adjusted such that it is suitable for administering
to a subject.

Alternatively, an iRNA of the invention may be administered as a pharmaceutical composition, such
as a dsRNA liposomal formulation.

The mode of administration may be chosen based upon whether local or systemic treatment is desired
and based upon the area to be treated. The route and site of administration may be chosen to enhance
targeting.

In one aspect, the present invention also provides methods for inhibiting the expression of a CIDEB
gene in a mammal. The methods include administering to the mammal a composition comprising a dsRNA
that targets a CIDEB gene in a cell of the mammal, thereby inhibiting expression of the CIDEB gene in the
cell.

In some embodiments, the methods include administering to the mammal a composition comprising a
dsRNA that targets a CIDEB gene in a cell of the mammal, thereby inhibiting expression of the CIDEB gene
in the cell. In another embodiment, the methods include administering to the mammal a pharmaceutical
composition comprising a dSRNA agent that targets a CIDEB gene in a cell of the mammal.

In another aspect, the present invention provides use of an iIRNA agent or a pharmaceutical
composition of the invention for inhibiting the expression of a CIDEB gene in a mammal.

In yet another aspect, the present invention provides use of an IRNA agent of the invention targeting a
CIDEB gene or a pharmaceutical composition comprising such an agent in the manufacture of a medicament
for inhibiting expression of a CIDEB gene in a mammal.

In another aspect, the present invention also provides methods for inhibiting the expression of a
CIDEB gene and a PNPLA3 gene in a mammal. The methods include administering to the mammal a
composition comprising a dsSRNA that targets a CIDEB gene in a cell of the mammal and a composition
comprising a dsRNA that targets an PNPLA3 gene in a cell of the mammal, thereby inhibiting expression of
the CIDEB gene and the PNPLA3 gene in the cell. In one embodiment, the methods include administering to
the mammal a pharmaceutical composition comprising a dsRNA agent that targets a CIDEB gene and a
PNPLA3 gene in a cell of the mammal.

In one aspect, the present invention provides use of an iIRNA agent or a pharmaceutical composition
of the invention, and a dsSRNA that targets a PNPLA3 gene or a pharmaceutical composition comprising such

an agent for inhibiting the expression of a CIDEB gene and a PNPLA3 gene in a mammal.
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In yet another aspect, the present invention provides use of an IRNA agent of the invention targeting a
CIDEB gene or a pharmaceutical composition comprising such an agent, and a dsRNA that targets an
PNPLA3 gene or a pharmaceutical composition comprising such an agent in the manufacture of a medicament
for inhibiting expression of a CIDEB gene and a PNPLA3 gene in a mammal.

Reduction in gene expression can be assessed by any methods known it the art and by methods, e.g.
qRT-PCR, described herein. Reduction in protein production can be assessed by any methods known it the art
and by methods, e.g. ELISA, enzymatic activity, described herein.

The present invention also provides therapeutic and prophylactic methods which include
administering to a subject having, or prone to developing a fatty liver-associated disease, disorder, or
condition, the iIRNA agents, pharmaceutical compositions comprising an iRNA agent, or vectors comprising
an 1IRNA of the invention.

In one aspect, the present invention provides methods of treating a subject having a disorder that
would benefit from reduction in CIDEB expression, e.g., a CIDEB-associated disease.

The treatment methods (and uses) of the invention include administering to the subject, e.g., a human,
a therapeutically effective amount of a dsRNA agent that inhibits expression of CIDEB or a pharmaceutical
composition comprising a dSRNA that inhibits expression of CIDEB, thereby treating the subject.

In one aspect, the invention provides methods of preventing at least one symptom in a subject having
a disorder that would benefit from reduction in CIDEB expression, e.g., a chronic inflammatory disease. The
methods include administering to the subject a prophylactically effective amount of dsRNA agent or a
pharmaceutical composition comprising a dsRNA, thereby preventing at least one symptom in the subject.

In one embodiment, a CIDEB-associated disease, disorder, or condition is a chronic inflammatory
disease. Non-limiting examples of chronic inflammatory diseases include inflammation of the liver and other
tissues. Non-limiting examples of chronic inflammatory liver diseases include liver fibrosis, nonalcoholic
steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), cirthosis of the liver, alcoholic
steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated cirthosis, drug induced liver injury,
hepatocellular necrosis, hepatocellular carcinoma, insulin insensitivity and/or diabetes.

The present invention also provides therapeutic and prophylactic methods which include
administering to a subject having, or prone to developing a fatty liver-associated disease, disorder, or
condition, the iIRNA agents, pharmaceutical compositions comprising an iIRNA agent, or vectors comprising
an iIRNA of the invention and iRNA agent targeting PNPLA3, pharmaceutical compositions comprising such
an iIRNA agent, or vectors comprising such an iRNA.

The present invention also provides use of a therapeutically effective amount of an iRNA agent of the
invention or a pharmaceutical composition comprising a dsRNA that inhibits expression of CIDEB for
treating a subject, e.g., a subject that would benefit from a reduction and/or inhibition of CIDEB expression,

e.g., a CIDEB-associated disease, e.g., a chronic inflammatory disease. Non-limiting examples of chronic
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inflammatory liver diseases include liver fibrosis, nonalcoholic steatohepatitis (NASH), nonalcoholic fatty
liver disease (NAFLD), cirrhosis of the liver, alcoholic steatohepatitis (ASH), alcoholic liver diseases (ALD),
HCV-associated cirrhosis, drug induced liver injury, hepatocellular necrosis, hepatocellular carcinoma, insulin
insensitivity and/or diabetes.

In another aspect, the present invention provides use of an iIRNA agent, e.g., a dsRNA, of the
invention targeting a CIDEB for gene or a pharmaceutical composition comprising an iRNA agent targeting a
CIDEB for gene in the manufacture of a medicament for treating a subject, e.g., a subject that would benefit
from a reduction and/or inhibition of CIDEB for expression, e.g., a CIDEB-associated disease.

The present invention also provides use of a prophylactically effective amount of an iRNA agent of
the invention or a pharmaceutical composition comprising a dSRNA that inhibits expression of CIDEB for
preventing at least one symptom in a subject having a disorder that would benefit from reduction in CIDEB
expression, e.g., a chronic inflammatory disease. Non-limiting examples of chronic inflammatory liver
diseases include liver fibrosis, nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver discase
(NAFLD), cirrhosis of the liver, alcoholic steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-
associated cirrhosis, drug induced liver injury, hepatocellular necrosis, hepatocellular carcinoma, insulin
insensitivity and/or diabetes.

In another aspect, the present invention provides use of an iRNA agent, e.g., a dsRNA, of the
invention targeting a CIDEB gene or a pharmaceutical composition comprising an iRNA agent targeting a
CIDEB gene in the manufacture of a medicament for preventing at least one symptom in a subject having a
disorder that would benefit from reduction in CIDEB expression, e.g., a chronic inflammatory disease. Non-
limiting examples of chronic inflammatory liver diseases include liver fibrosis, nonalcoholic steatohepatitis
(NASH), nonalcoholic fatty liver disease (NAFLD), cirrhosis of the liver, alcoholic steatohepatitis (ASH),
alcoholic liver diseases (ALD), HCV-associated cirrhosis, drug induced liver injury, hepatocellular necrosis,
hepatocellular carcinoma, insulin insensitivity and/or diabetes.

In one aspect, the present invention also provides use of a therapeutically effective amount of an
iRNA agent of the invention or a pharmaceutical composition comprising a dsRNA that inhibits expression of
CIDEB in combination with a dsRNA that targets a PNPLA3 gene or a pharmaceutical composition
comprising such an agent for treating a subject, e.g., a subject that would benefit from a reduction and/or
inhibition of CIDEB expression, e.g., a CIDEB-associated discase, e.g., a chronic inflammatory disease. Non-
limiting examples of chronic inflammatory liver diseases include liver fibrosis, nonalcoholic steatohepatitis
(NASH), nonalcoholic fatty liver disease (NAFLD), cirrhosis of the liver, alcoholic steatohepatitis (ASH),
alcoholic liver diseases (ALD), HCV-associated cirrhosis, drug induced liver injury, hepatocellular necrosis,
hepatocellular carcinoma, insulin insensitivity and/or diabetes.

In one aspect, the present invention also provides use of an iIRNA agent, e.g., a dSRNA, of the

invention targeting a CIDEB gene or a pharmaceutical composition comprising an iRNA agent targeting a
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CIDEB gene in combination with a dsRNA that targets a PNPLA3 gene or a pharmaceutical composition
comprising such an agent for preventing at least one symptom in a subject having a disorder that would
benefit from reduction in CIDEB expression, e.g., a chronic inflammatory disease. Non-limiting examples of
chronic inflammatory liver diseases include liver fibrosis, nonalcoholic steatohepatitis (NASH), nonalcoholic
fatty liver disease (NAFLD), cirrhosis of the liver, alcoholic steatohepatitis (ASH), alcoholic liver diseases
(ALD), HCV-associated cirrhosis, drug induced liver injury, hepatocellular necrosis, hepatocellular
carcinoma, insulin insensitivity and/or diabetes.

The combination methods of the invention for treating a subject, e.g., a human subject, having a
CIDEB-associated disease, disorder, or condition, such as a chronic inflammatory disease, e.g., chronic
inflammatory liver discase, e.g., NASH, are useful for treating such subjects as silencing of PNPLA3
decreases steatosis (i.e. liver fat).

Accordingly, in one aspect, the present invention provides methods of treating a subject having a
disorder that would benefit from reduction in CIDEB expression, e.g., a CIDEB-associated disease, such as a
chronic inflammatory disease (e.g., inflammation of the liver and other tissues). In one embodiment, the
chronic inflammatory disease is chronic inflammatory liver disease (e.g., liver fibrosis, nonalcoholic
steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD), cirthosis of the liver, alcoholic
steatohepatitis (ASH), alcoholic liver diseases (ALD), HCV-associated cirrhosis, drug induced liver injury,
hepatocellular necrosis, and/or hepatocellular carcinoma). In one embodiment, the chronic inflammatory liver
discase is NASH.

The combination treatment methods (and uses) of the invention include administering to the subject,
e.g., ahuman subject, a therapeutically effective amount of a dsRNA agent that inhibits expression of CIDEB
or a pharmaceutical composition comprising a dsRNA that inhibits expression of CIDEB, and a dsRNA agent
that inhibits expression of PNPLA3 or a pharmaceutical composition comprising a dsRNA that inhibits
expression of PNPLA3, thereby treating the subject.

In one aspect, the invention provides methods of preventing at least one symptom in a subject having
a disorder that would benefit from reduction in CIDEB expression, e.g., a chronic inflammatory disease. The
methods include administering to the subject a prophylactically effective amount of dsRNA agent or a
pharmaceutical composition comprising a dsRNA that inhibits expression of CIDEB, and a dsRNA agent that
inhibits expression of PNPLA3 or a pharmaceutical composition comprising a dsRNA that inhibits expression
of PNPLA3, thereby preventing at least one symptom in the subject.

In one embodiment, the subject is heterozygous for the gene encoding the patatin like phospholipase
domain containing 3 (PNPLA3) 1148M variation, that is, the subject may have an allele of the gene encoding a
PNPLA3 [148M variant and the other allele encoding a different variant. In another embodiment, the subject
is homozygous for the gene encoding the PNPLA3 1148M variation, that is, both alleles of the gene encode
PNPLA3 1148M variant. In one embodiment, the subject is heterozygous for the gene encoding the patatin

153

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2023/034837 PCT/US2022/075715

like phospholipase domain containing 3 (PNPLA3) I144M variation, that is, the subject may have an allele of
the gene encoding a PNPLA3 [144M variant and the other allele encoding a different variant. In another
embodiment, the subject is homozygous for the gene encoding the PNPLA3 [144M variation, that is, both
alleles of the gene encode PNPLA3 1143M variant.

In certain embodiments of the invention the methods may include identifying a subject that would
benefit from reduction in CIDEB expression. The methods generally include determining whether or not a
sample from the subject comprises a nucleic acid encoding a PNPLA3Ile148Met variant or a
PNPLA3Ile144Met variant. The methods may also include classifying a subject as a candidate for treating or
inhibiting a liver disease by inhibiting the expression of CIDEB, by determining whether or not a sample from
the subject comprises a first nucleic acid encoding a PNPLA3 protein comprising an 1148M variation and a
second nucleic acid encoding a functional CIDEB protein, and/or a PNPLA3 protein comprising an 1144M
variation and a functional CIDEB protein, and classifying the subject as a candidate for treating or inhibiting a
liver disease by inhibiting CIDEB when both the first and second nucleic acids are detected and/or when both
proteins are detected.

The variant PNPLA3 Ilg148Met variant or PNPLA3 Il¢ 144Met variant can be any of the PNPLA3
Ile148Met variants and PNPLAS3 Tle144Met variants described herein. The PNPLA3 Ile [48Met variant or
PNPLA3 Ile 144Met variant can be detected by any suitable means, such as ELISA assay, RT-PCR,
sequencing.

In some embodiments, the methods further comprise determining whether the subject is homozygous
or heterozygous for the PNPLA3 Ile 148Met variant or the PNPLA3 Ile144Met variant. In some embodiments,
the subject is homozygous for the PNPLA3 Ile148Met variant or the PNPLA3 Ile144Met variant. A subject
homozygous for the PNPLA3 Ile148Met variant has both alleles of the gene encoding PNPLA3 Ile148Met
variant; a subject homozygous for the PNPLA3 Ile144Met variant has both alleles of the gene encoding
PNPLA3 Ile144Met variant. In some embodiments, the subject is heterozygous for the PNPLA3 Tle 148Met
variant or the PNPLA3 Ile 144Met variant. A subject heterozygous for the PNPLA3 Ile148Met variant may
have an allele for the gene encoding for PNPLA3 Ile 148Met variant and the other allele encoding for a
different PNPLA3 variant; a subject heterozygous for the PNPLA3 Ile144Met variant may have an allele for
the gene encoding for PNPLA3 Ile144Met variant and the other allele encoding for a different PNPLA3
variant. In some embodiments, the subject is homozygous for the PNPLA3 Ile148Met variant. In some
embodiments, the subject is heterozygous for the PNPLA3 Ile148Met variant. In some embodiments, the
subject is homozygous for the PNPLA3 Ile144Met variant. In some embodiments, the subject is heterozygous
for the PNPLA3 Ile144Met variant.

In some embodiments, the methods further comprise determining whether the subject is obese. In
some embodiments, a subject is obese if their body mass index (BMI) is over 30 kg/m?. Obesity can be a

characteristic of a subject having, or at risk of developing, a liver disease. In some embodiments, the methods
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further comprise determining whether the subject has a fatty liver. A fatty liver can be a characteristic of a
subject having, or at risk of developing, a liver discase. In some embodiments, the methods further comprise
determining whether the subject is obese and has a fatty liver.

As used herein, “nonalcoholic fatty liver disease,” used interchangeably with the term “NAFLD,”
refers to a disease defined by the presence of macrovascular steatosis in the presence of less than 20 gm of
alcohol ingestion per day. NAFLD i1s the most common liver disease in the United States, and is commonly
associated with insulin resistance/type 2 diabetes mellitus and obesity. NAFLD is manifested by steatosis,
steatohepatitis, cirrhosis, and sometimes hepatocellular carcinoma. For a review of NAFLD, see Tolman and
Dalpiaz (2007) Ther. Clin. Risk. Manag., 3(6):1153-1163 the entire contents of which are incorporated herein
by reference.

As used herein, the terms “steatosis,” “hepatic steatosis,” and “fatty liver disease™ refer to the
accumulation of triglycerides and other fats in the liver cells.

As used herein, the term “NAFLD” refers to non-alcoholic fatty liver disease. NAFLD is the
commonest form of liver disease in all regions of the world with modemn industrialized economies, including
Korea and many other Asian countries. Patients usually present without symptoms or clinical features are non-
specific. Instead, liver abnormalities are found incidentally by hepatic imaging, particularly ultrasonography,
and/or there are raised liver enzymes (alanine aminotransferase [ALT] and gamma-glutamyltranspeptidase).
The diagnosis of NAFLD requires exclusion of other disorders, particularly viral hepatitis, significant alcohol
intake, and exposure to potentially hepatotoxic medications. By agreements such as the Asia-Pacific
Guidelines on NAFLD, the term NAFLD is now retained for cases of fatty liver associated with metabolic
complications of over-nutrition, usually with central obesity and overweight (Farrell ez al., Gut Liver. 6(2):
149-171, 2012).

As used herein, the term “Nonalcoholic steatohepatitis” or “NASH” refers to liver inflammation and
damage caused by a buildup of fat in the liver. NASH is considered the progressive form of nonalcoholic fatty
liver disecase (NAFLD) and is characterized by liver steatosis, inflammation, hepatocellular injury and
different degrees of fibrosis. Adipose tissue dysfunction and the hepatic inflammatory response have a
fundamental role during NASH development. Cellular and molecular response mechanisms also promote liver
inflammation in the absence of a fatty liver by inducing a chronic inflammatory response that results in
hepatocyte damage.

NASH resembles alcoholic liver disease, but occurs in people who drink little or no alcohol. The
major feature in NASH is fat in the liver, along with inflammation and damage. Most people with NASH feel
well and are not aware that they have a liver problem. Nevertheless, NASH can be severe and can lead to
cirrhosis, in which the liver is permanently damaged and scarred and no longer able to work properly. NASH
1s usually first suspected in a person who is found to have ¢levations in liver tests that are included in routine

blood test panels, such as alanine aminotransferase (ALT) or aspartate aminotransferase (AST). When further
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evaluation shows no apparent reason for liver discase (such as medications, viral hepatitis, or excessive use of
alcohol) and when x rays or imaging studies of the liver show fat, NASH is suspected. The only means of
proving a diagnosis of NASH and separating it from simple fatty liver is a liver biopsy.

As used herein, the term “cirrhosis,” defined histologically, is a diffuse hepatic process characterized
by fibrosis and conversion of the normal liver architecture into structurally abnormal nodules.

As used herein, the term “serum lipid” refers to any major lipid present in the blood. Serum lipids
may be present in the blood either in free form or as a part of a protein complex, e.g., a lipoprotein complex.
Non-limiting examples of serum lipids may include triglycerides (TG), cholesterol, such as total cholesterol
(TC), low density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), very low
density lipoprotein cholesterol (VLDL-C) and intermediate-density lipoprotein cholesterol (IDL-C).

In one embodiment, a subject that would benefit from the reduction of the expression of CIDEB (and,
in some embodiments, PNPLA3) is, for example, a subject that has type 2 diabetes and prediabetes, or
obesity; a subject that has high levels of fats in the blood, such as cholesterol, or has high blood pressure; a
subject that has certain metabolic disorders, including metabolic syndrome; a subject that has rapid weight
loss; a subject that has certain infections, such as hepatitis C infection, or a subject that has been exposed to
some toxins. In one embodiment, a subject that would benefit from the reduction of the expression of CIDEB
(and, in some embodiments, PNPLA3) is, for example, a subject that is middle-aged or older; a subject that is
Hispanic, non-Hispanic whites, or African Americans; a subject that takes certain drugs, such as
corticosteroids and cancer drugs.

In the methods (and uses) of the invention which comprise administering to a subject a first dSRNA
agent targeting CIDEB and a second dsRNA agent targeting PNPLA3, the first and second dsRNA agents may
be formulated in the same composition or different compositions and may administered to the subject in the
same composition or in separate compositions.

In one embodiment, an “IRNA” for use in the methods of the invention is a “dual targeting RNA1
agent.” The term “dual targeting RNA1 agent” refers to a molecule comprising a first dsSRNA agent
comprising a complex of ribonucleic acid molecules, having a duplex structure comprising two anti-parallel
and substantially complementary nucleic acid strands, referred to as having “sense” and “antisense™
orientations with respect to a first target RNA, i.e., a CIDEB gene, covalently attached to a molecule
comprising a sccond dsRNA agent comprising a complex of ribonucleic acid molecules, having a duplex
structure comprising two anti-parallel and substantially complementary nucleic acid strands, referred to as
having “sense” and “antisense” orientations with respect to a second target RNA, i.e., a PNPLA3 gene. In
some embodiments of the invention, a dual targeting RNA1 agent triggers the degradation of the first and the
second target RNAs, e.g., mRNAs, through a post-transcriptional gene-silencing mechanism referred to herein

as RNA interference or RNAL.
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The dsRNA agent may be administered to the subject at a dose of about 0.1 mg/kg to about 50 mg/kg.
Typically, a suitable dose will be in the range of about 0.1 mg/kg to about 5.0 mg/kg, preferably about 0.3
mg/kg and about 3.0 mg/kg.

The iRNA can be administered by intravenous infusion over a period of time, on a regular basis. In
certain embodiments, after an initial treatment regimen, the treatments can be administered on a less frequent
basis.

Administration of the iRNA can reduce CIDEB levels, e.g., in a cell, tissue, blood, urine or other
compartment of the patient by at least about 5%, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26,27,28,29,30,31, 32,33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 39, 50, 51,
52,53, 54, 55,56, 57, 58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 19, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or at least about 99% or more. Ina
preferred embodiment, administration of the iRNA can reduce CIDEB levels, e.g., in a cell, tissue, blood,
urine or other compartment of the patient by at least 20%.

Administration of the iRNA can reduce PNPLA3 levels, e.g., in a cell, tissue, blood, urine or other
compartment of the patient by at least about 5%, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25, 26,27, 28,29, 30,31, 32,33, 34, 35, 36, 37, 38, 39,40, 41,42, 43, 44, 45, 46, 47, 48, 39, 50, 51,
52,53,54,55,56,57, 58,59, 60, 61,62, 63, 64, 65,66, 67, 68,69, 70, 71,72, 73,74, 75, 76,77, 78, 79, 80,
81,82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, or at least about 99% or more. Ina
preferred embodiment, administration of the iIRNA can reduce PNPLA3 levels, e.g., in a cell, tissue, blood,
urine or other compartment of the patient by at least 20%.

Before administration of a full dose of the iIRNA, patients can be administered a smaller dose, such as
a 5% infusion reaction, and monitored for adverse effects, such as an allergic reaction. In another example,
the patient can be monitored for unwanted immunostimulatory effects, such as increased cytokine (e.g., TNF-
alpha or INF-alpha) levels.

Altematively, the iRNA can be administered subcutancously, i.e., by subcutancous injection. One or
more injections may be used to deliver the desired daily dose of iIRNA to a subject. The injections may be
repeated over a period of time. The administration may be repeated on a regular basis. In certain
embodiments, after an initial treatment regimen, the treatments can be administered on a less frequent basis.
A repeat-dose regimen may include administration of a therapeutic amount of iIRNA on a regular basis, such
as every other day or to once a year. In certain embodiments, the iRNA is administered about once per week,
once every 7-10 days, once every 2 weeks, once every 3 weeks, once every 4 weeks, once every 5 weeks, once
every 6 weeks, once every 7 weeks, once every 8 weeks, once every 9 weeks, once every 10 weeks, once
every 11 weeks, once every 12 weeks, once per month, once every 2 months, once every 3 months, once per

quarter), once every 4 months, once every 5 months, or once every 6 months.
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In one embodiment, the method includes administering a composition featured herein such that
expression of the target CIDEB gene 1s decreased, such as for about 1,2, 3,4, 5,6, 7, 8, 12, 16, 18, 24 hours,
28, 32, or about 36 hours. In one embodiment, expression of the target CIDEB gene is decreased for an
extended duration, e.g., at least about two, three, four days or more, e.g., about one week, two weeks, three
weeks, or four weeks or longer.

In another embodiment, the method includes administering a composition featured herein such that
expression of the target PNPLA3 gene is decreased, such as forabout 1, 2, 3,4, 5, 6,7, 8, 12, 16, 18, 24 hours,
28, 32, or about 36 hours. In one embodiment, expression of the target PNPLA3 gene is decreased for an
extended duration, e.g., at least about two, three, four days or more, e.g., about one week, two weeks, three
weeks, or four weeks or longer.

Preferably, the iIRNAs useful for the methods and compositions featured herein specifically target
RNAs (primary or processed) of the target CIDEB gene (and, in some embodiments, a PNPLA3 gene).
Compositions and methods for inhibiting the expression of these genes using iRNAs can be prepared and
performed as described herein.

Administration of the dsSRNA according to the methods of the invention may result in a reduction of
the severity, signs, symptoms, and/or markers of such diseases or disorders in a patient with a disorder of lipid
metabolism. By “reduction” in this context is meant a statistically significant decrease in such level. The
reduction can be, for example, at least about 3%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or about 100%.

Efficacy of treatment or prevention of disease can be assessed, for example by measuring discase
progression, disease remission, symptom severity, reduction in pain, quality of life, dose of a medication
required to sustain a treatment effect, level of a disease marker or any other measurable parameter appropriate
for a given disease being treated or targeted for prevention. It is well within the ability of one skilled in the art
to monitor efficacy of treatment or prevention by measuring any one of such parameters, or any combination
of parameters. For example, efficacy of treatment of a disorder of lipid metabolism may be assessed, for
example, by periodic monitoring of one or more serum lipid levels, e.g, triglyceride levels. Comparisons of
the later readings with the initial readings provide a physician an indication of whether the treatment is
effective. It is well within the ability of one skilled in the art to monitor efficacy of treatment or prevention by
measuring any one of such parameters, or any combination of parameters. In connection with the
administration of an iRNA or pharmaceutical composition thereof, "effective against" a disorder of lipid
metabolism indicates that administration in a clinically appropriate manner results in a beneficial effect for at
least a statistically significant fraction of patients, such as an improvement of symptoms, a cure, a reduction in
disease, extension of life, improvement in quality of life, or other effect generally recognized as positive by

medical doctors familiar with treating disorder of lipid metabolisms and the related causes.
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A treatment or preventive effect is evident when there is a statistically significant improvement in one
or more parameters of disease status, or by a failure to worsen or to develop symptoms where they would
otherwise be anticipated. As an example, a favorable change of at least 10% in a measurable parameter of
discase, and preferably at least 20%, 30%, 40%, 50% or more can be indicative of effective treatment.
Efficacy for a given iIRNA drug or formulation of that drug can also be judged using an experimental animal
model for the given disease as known in the art.

The invention further provides methods for the use of a IRNA agent or a pharmaceutical composition
of the invention, e.g., for treating a subject that would benefit from reduction and/or inhibition of CIDEB
expression or CIDEB, e.g., a subject having a CIDEB-associated disease disorder, or condition, in
combination with other pharmaceuticals and/or other therapeutic methods, e.g., with known pharmaceuticals
and/or known therapeutic methods, such as, for example, those which are currently employed for treating
these disorders. In some embodiments, the invention provides methods for the use of a iIRNA agent ora
pharmaceutical composition of the invention and an iRNA agent targeting PNPLA3, e.g., for treating a
subject that would benefit from reduction and/or inhibition of CIDEB expression and PNPLA3 expression,
e.g., a subject having a CIDEB-associated disease disorder, or condition (e.g., chronic inflammatory disease),
in combination with other pharmaceuticals and/or other therapeutic methods, e.g., with known
pharmaceuticals and/or known therapeutic methods, such as, for example, those which are currently employed
for treating these disorders. For example, in certain embodiments, an iRNA agent or pharmaceutical
composition of the invention is administered in combination with, e.g., pyridoxine, an ACE inhibitor
(angiotensin converting enzyme inhibitors), e.g., benazepril agents to decrease blood pressure, ¢.g., diuretics,
beta-blockers, ACE inhibitors, angiotensin II receptor blockers, calcium channel blockers, alpha blockers,
alpha-2 receptor antagonists, combined alpha- and beta-blockers, central agonists, peripheral adrenergic
nhibitors, and blood vessel dialators; or agents to decrease cholesterol, ¢.g., statins, selective cholesterol
absorption inhibitors, resins; lipid lowering therapies; insulin sensitizers, such as the PPARy agonist
pioglitazone; glp-1r agonists, such as liraglutatide; vitamin E; SGLT?2 inhibitors; or DPPIV inhibitors; or a
combination of any of the foregoing. In one embodiment, an iRNA agent or pharmaceutical composition of
the invention is administered in combination with an agent that inhibits the expression and/or activity of a
transmembrane 6 superfamily member 2 (TM6SF2) gene, e.g., an RNAi agent that inhibits the expression of a
TM6SF2 gene.

The iRNA agent and an additional therapeutic agent and/or treatment may be administered at the same
time and/or in the same combination, e.g., subcutancously, or the additional therapeutic agent can be
administered as part of a separate composition or at separate times and/or by another method known in the art

or described herein.
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VIIL.__ Kits

The present invention also provides kits for performing any of the methods of the invention. Such kits
include one or more RNA1 agent(s) and instructions for use, e.g., instructions for inhibiting expression of a
CIDEB in a cell by contacting the cell with an RNA1 agent or pharmaceutical composition of the invention in
an amount effective to inhibit expression of the CIDEB. The kits may optionally further comprise means for
contacting the cell with the RNA1 agent (e.g., an injection device), or means for measuring the inhibition of
CIDEB (e.g., means for measuring the inhibition of CIDEB mRNA and/or CIDEB protein). Such means for
measuring the inhibition of CIDEB may comprise a means for obtaining a sample from a subject, such as, e.g.,
a plasma sample. The kits of the invention may optionally further comprise means for administering the RNAi
agent(s) to a subject or means for determining the therapeutically effective or prophylactically effective
amount.

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivalent to those described herein can be used in the practice or testing of the
iRNAs and methods featured in the invention, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are incorporated by reference
in their entirety. In case of conflict, the present specification, including definitions, will control. In addition,

the materials, methods, and examples are illustrative only and not intended to be limiting.

EXAMPLES
Example 1. CIDEB iRNA Design, Synthesis, and Selection
Nucleic acid sequences provided herein are represented using standard nomenclature. See the
abbreviations of Table 2. It will be understood that these monomers, when present in an oligonucleotide,
arc mutually linked by 5'-3'-phosphodiester bonds. The abbreviations are understood to omit the 3°-

phosphate (i.¢. they are 3°-OH) when placed at the 3°-terminal position of an oligonucleotide.

TABLE 2: Abbreviations of nucleotide monomers used in nucleic acid sequence representation.

Abbreviation Nucleotide(s)

A Adenosine-3’-phosphate

Ab beta-L-adenosine-3" -phosphate

Abs beta-L-adenosine-3’ -phosphorothioate
Af 2’ -fluoroadenosine-3’-phosphate

Afs 2’ -fluoroadenosine-3°-phosphorothioate
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Abbreviation Nucleotide(s)
As adenosine-3’-phosphorothioate
(A2p) adenosine-2'-phosphate
(A2ps) adenosine-2' -phosphorothioate
C cytiding-3’-phosphate
Cb beta-L-cytiding-3" -phosphate
Cbs beta-L-cytidine-3'-phosphorothioate
Cf 2’ -fluorocytidine-3°-phosphate
Cfs 2’ -fluorocytidine-3°-phosphorothioate
Cs cytidine-3’-phosphorothioate
(C2p) cytidine-2’-phosphate
(C2ps) cytidine-2" -phosphorothioate
G guanosine-3’-phosphate
Gb beta-L-guanosine-3'-phosphate
Gbs beta-L-guanosine-3' -phosphorothioate
Gf 2’ -fluoroguanosine-3’-phosphate
Gfs 2’ -fluoroguanosine-3’-phosphorothioate
Gs guanosine-3’-phosphorothioate
(G2p) guanosine-2' -phosphate
(G2ps) guanosine-2' -phosphorothioate
T 5’-methyluridine-3’-phosphate
Tf 2’ -fluoro-5-methyluridine-3’-phosphate
Tfs 2’ -fluoro-5-methyluridine-3’-phosphorothioate
Ts 5-methyluridine-3’-phosphorothioate
U Uridine-3"-phosphate
Uf 2’ -fluorouridine-3’-phosphate
Ufs 2’-fluorouridine -3°-phosphorothioate
Us uridine -3’-phosphorothioate
(U2p) uridine-2'-phosphate
(U2ps) uridine-2 ' -phosphorothioate
N any nucleotide (G, A, C, T or U)
a 2'-0-methyladenosine-3’-phosphate
as 2'-0-methyladenosine-3’- phosphorothioate
c 2'-0-methylcytidine-3’-phosphate
cs 2'-0-methylcytidine-3’- phosphorothioate
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Abbreviation Nucleotide(s)

g 2'-O-methylguanosine-3’-phosphate

gs 2'-0-methylguanosine-3°- phosphorothioate

t 2’-0-methyl-5-methyluridine-3’-phosphate

1s 2’-0-methyl-5-methyluridine-3’-phosphorothioate

u 2'-0O-methyluriding-3’-phosphate

us 2'-O-methyluridine-3’-phosphorothioate

S phosphorothioate linkage

L96' N-[tris(GalNAc-alkyl)-amidodecanoyl)|-4-hydroxyprolinol; or (2S,4R)-1-[29-[[2-

(acetylamino)-2-deoxy-f3-D-galactopyranosylJoxy]-14,14-bis[ [ 3-[[3-[[5-[[2-
(acetylamino)-2-deoxy-f3-D-galactopyranosyl|oxy]-1-oxopentyl | amino|propylJamir]
3-oxopropoxy|methyl]-1,12,19,25-tetraoxo-16-oxa-13,20,24-triazanonacos-1-y1]-4-
hydroxy-2-hydroxymethylpyrrolidine

ul96” 2'-O-methyluridine-3'-phosphate ((2S,4R)-1-[29-[[2-(acetylamino)-2-deoxy-p-D-
galactopyranosyl]oxy]-14,14-bis|[3-[[3-[[5-[[2-(acetylamino)-2-deoxy-B-D-
galactopyranosyl]oxy]-1-oxopentyl|Jamino |propyl|amino]-3-oxopropoxy jmethyl]-
1,12,19,25-tetraoxo- 16-oxa-13,20,24-triazanonacos- 1 -yl |-4-hydroxy-2-
pyrrolidinyl)methyl ester

P Phosphate

VP Vinyl-phosphate

dA 2'-deoxyadenosine-3' -phosphate

dAs 2" -deoxyadenosine-3' -phosphorothioate

dC 2 -deoxycytidine-3 -phosphate

dCs 2 -deoxycytidine-3 -phosphorothioate

dG 2" -deoxyguanosine-3'-phosphate

dGs 2" -deoxyguanosine-3' -phosphorothioate

dT 2 -deoxythymidine-3' -phosphate

dTs 2 -deoxythymidine-3' -phosphorothioate

dU 2" -deoxyuriding

dUs 2" -deoxyuriding-3" -phosphorothioate

Y34 2-hydroxymethyl-tetrahydrofurane-4-methoxy-3-phosphate (abasic 2'-OMe
furanose)

Y44 inverted abasic DNA (2-hydroxymethyl-tetrahydrofurane-5-phosphate)

(Agn) Adenosine-glycol nucleic acid (GNA)

(Cgn) Cytidine-glycol nucleic acid (GNA)
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Abbreviation Nucleotide(s)
(Ggn) Guanosine-glycol nucleic acid (GNA)
(Tgn) Thymidine-glycol nucleic acid (GNA) S-Isomer
(Aam) 2'-0-(N-methylacetamide)adenosine-3' -phosphate
(Aams) 2'-0-(N-methylacetamide)adenosine-3' -phosphorothioate
(Gam) 2'-0-(N-methylacetamide)guanosine-3'-phosphate
(Gams) 2'-0-(N-methylacetamide)guanosine-3' -phosphorothioate
(Tam) 2"-0-(N-methylacetamide)thymidine-3" -phosphate
(Tams) 2"-0-(N-methylacetamide)thymidine-3’ -phosphorothioate
(Aco) 2"-0O-methoxyethyladenosine-3'-phosphate
(Acos) 2"-0-methoxyethyladenosine-3"-phosphorothioate
(Geo) 2"-0-methoxyethylguanosine-3’ -phosphate
(Geos) 2'-0-methoxyethylguanosine-3' -phosphorothioate
(Teo) 2'-0-methoxyethyl-5-methyluridine-3"-phosphate
(Teos) 2'-0-methoxyethyl-5-methyluridine-3’ -phosphorothioate
(m5Ceo) 2'-0-methoxyethyl-5-methylcytidine-3" -phosphate
(m5Ceos) 2'-0-methoxyethyl-5-methylcytidine-3" -phosphorothioate
(A3m) 3'-0-methyladenosine-2"-phosphate
(A3mx) 3"-O-methyl-xylofuranosyladenosine-2" -phosphate
(G3m) 3"-0-methylguanosine-2 -phosphate
(G3mx) 3'-0-methyl-xylofuranosylguanosine-2" -phosphate
(C3m) 3'-0O-methylcytidine-2' -phosphate
(C3mx) 3"-0-methyl-xylofuranosylcytidine-2" -phosphate
(U3m) 3'-O-methyluridine-2" -phosphate
U3mx) 3'-O-methyl-xylofuranosyluridine-2"-phosphate
(m5Cam) 2'-0-(N-methylacetamide)-5-methyleytidine-3' -phosphate
(m5Cams) 2'-0-(N-methylacetamide)-5-methyleytidine-3' -phosphorothioate
(Chd) 2'-0O-hexadecyl-cytidine-3'-phosphate
(Chds) 2'-0-hexadecyl-cytidine-3'-phosphorothioate
(Uhd) 2'-O-hexadecyl-uridine-3'-phosphate
(Uhds) 2'-O-hexadecyl-uridine-3'-phosphorothioate
(pshe) Hydroxyethylphosphorothioate

'The chemical structure of L96 is as follows:
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Experimental Methods
This Example describes methods for the design, synthesis, and selection of CIDEB iRNA agents.

Bioinformatics

Source of reagents
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Where the source of a reagent is not specifically given herein, such reagent can be obtained from any

supplier of reagents for molecular biology at a quality/purity standard for application in molecular biology.

Transcripts

A sct of siRNAs targeting the human Cell death-inducing DFFA-like effector B (CIDEB; human
NCBI refseqID NM_001393338.1; NCBI GenelD: 27141), were designed using custom R and Python scripts.
The human NM_001393338.1 REFSEQ mRNA has a length of 2482 bases.

SiRNA Synthesis

siRNAs were synthesized and annealed using routine methods known in the art.

Briefly, siRNA sequences were synthesized at 1 umol scale on a Mermade 192 synthesizer
(BioAutomation) using the solid support mediated phosphoramidite chemistry. The solid support was
controlled pore glass (500 A) loaded with custom GalNAc ligand or universal solid support (AM
biochemical). Ancillary synthesis reagents, 2°-F and 2°-O-Methyl RNA and deoxy phosphoramidites were
obtained from Thermo-Fisher (Milwaukee, WI) and Hongene (China). 2°F 2°-O-Methyl, GNA (glycol nucleic
acids), 5’phosphate and other modifications were introduced using the corresponding phosphoramidites.
Synthesis of 3” GalNAc conjugated single strands was performed on a GaINAc modified CPG support.
Custom CPG universal solid support was used for the synthesis of antisense single strands. Coupling time for
all phosphoramidites (100 mM in acetonitrile) was 5 min employing 3-Ethylthio-1H-tetrazole (ETT) as
activator (0.6 M in acetonitrile). Phosphorothioate linkages were generated using a 50 mM solution of 3-
((Dimethylamino-methylidene) amino)-3H-1,2,4-dithiazole-3-thione (DDTT, obtained from Chemgenes
(Wilmington, MA, USA)) in anhydrous acetonitrile/pyridine (1:1 v/v). Oxidation time was 3 minutes. All
sequences were synthesized with final removal of the DMT group (“DMT off”).

Upon completion of the solid phase synthesis, oligoribonucleotides were cleaved from the solid
support and deprotected in sealed 96 deep well plates using 200 ul. Aqueous Methylamine reagents at 60°C
for 20 minutes. For sequences containing 2 ribo residues (2°-OH) that are protected with a tert-butyl dimethyl
silyl (TBDMS) group, a second step deprotection was performed using TEA 3HF (tricthylamine trihydro
fluoride) reagent. To the methylamine deprotection solution, 200uLL of dimethyl sulfoxide (DMSO) and 300ul
TEA.3HF reagent was added and the solution was incubated for additional 20min at 60°C. At the end of
cleavage and deprotection step, the synthesis plate was allowed to come to room temperature and was
precipitated by addition of ImL of acetontile: ethanol mixture (9:1). The plates were cooled at -80°C for 2
hrs, supematant decanted carefully with the aid of a multi-channel pipette. The oligonucleotide pellet was re-
suspended in 20mM NaOAc buffer and were desalted using a 5 mL HiTrap size exclusion column (GE
Healthcare) on an AKTA Purifier System equipped with an A905 autosampler and a Frac 950 fraction

collector. Desalted samples were collected in 96-well plates. Samples from each sequence were analyzed by
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LC-MS to confirm the identity, UV (260 nm) for quantification and a selected set of samples by IEX

chromatography to determine purity.

Annecaling of single strands was performed on a Tecan liquid handling robot. Equimolar mixture of

sense and antisense single strands were combined and annealed in 96 well plates. After combining the

complementary single strands, the 96-well plate was sealed tightly and heated in an oven at 100°C for 10

minutes and allowed to come slowly to room temperature over a period 2-3 hours. The concentration of each

duplex was normalized to 10uM in 1X PBS and then submitted for in vifro screening assays.

In some instances, a duplex (dsRNA) was synthesized more than once. Different batches are labled
with different extensions. For example, AD-1686813.1 and AD-1686813.2 are different batches of the same

duplex. Duplexes having the same ID but without an extension, or with different extensions, have the same

nucleotide sequences of the sense strand and antisense strand, ¢.g., AD-1686813, AD-1686813.1, and AD-

1686813 .2 have the same nucleotide sequences of the sense strand and antisense strand.

A detailed list of the unmodified nucleotide sequences of the sense strand and antisense strand

sequences is shown in Tables 3 and 3.

A detailed list of the modified nucleotide sequences of the sense strand and antisense strand sequences

1s shown 1n Tables 4 and 6.

TABLE 3. Unmodified Sense and Antisense Strand Sequences of Human CIDEB dsRNA Agents

SUBSTITUTE SHEET (RULE 26)

Duplex ID Sense Sequ’ence 5’|SEQ ID Range in Antisen’se Se:]uence SEQ Range in
to3 NO: [NM _001393338.1 5to3 ID NO:|NM _001393338.1

e el IR I s R

R e N R et Y

AD-1685198 g%égig[éié%(} 9 156-176 égigggé(c}égiG 144 154-176
AD-1685207 ggggggiggéG 10 165-185 (A}SIAjggggggSgU 145 163-185
AD-1685217 ggggéggi&cﬁ 11 175-195 igéggggggﬁgG 146 173-195
AD-1685228 g(c}gi(c}éiiigA 12 186-206 éggggggggggc 147 184-206
AD-1685240 ggéigié%g%G 13 198-218 égéggggg[éggG 148 196-218
AD-1685250 (C}gggégéggglj 14 208-228 iggég(c}ggggéG 149 206-228
AD-1685271 ggﬁgégggggc 15 259-279 éﬁggggﬁgﬁgﬁc 150 257-279
AD-1685284 éggggggg(c}%lj 16 272-292 égiggg(c}ggié(} 151 270-292
AD-1685366 S(C}[nggig[éé[ch 17 448-468 éiggégiggégG 152 446-468
AD-1685379 gggéggggi%A 18 461-481 égéggégggggG 153 459-481
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Duplex ID Sense Sequ,ence 5’|SEQ ID Range in Antisen,se Se?uence SEQ Range in
to3 NO: |NM 001393338.1 5to3 ID NO:(NM_001393338.1

AD-1685388 gﬁgégggéggA 19 470-490 ééiggggggggA 154 468-490
AD-1685406 JCXE}(C}}(C}(C}KgiggA 20 520-540 éggggggggggc 155 518-540
AD-1685418 g(c}g(c}é(c}%éﬁ?jA 21 532-552 ég%é%%%%%%%c 156 530-552
AD-1685469 igﬁgé%%%%?ﬁ 22 643-663 éggé%g%g%i%c 157 641-663
AD-1685491 éggéggééggc 23 689-709 éégégggégégc 158 687-709
AD-1685503 ggiigggg%%(} 24 704-724 ééégﬁggggggG 159 702-724
AD-1685512 ggggéégggglj 25 713-733 églégég(c}gg((}}éA 160 711-733
AD-1685528 ggéggégggg ¢ 26 729-749 éﬁgggééggGASA 161 727-749
AD-1685538 SgégéglcjgéSA 27 760-780 éggégééggégG 162 758-780
AD-1685549 gﬁggggggggc 28 771-791 ééggggggiggc 163 769-791
AD-1685561 géﬁégﬁggg%c 29 783-803 égégéééégég(} 164 781-803
AD-1685570 ggggé[éilé%%G 30 792-812 éﬁiﬁi%i%%%iA 165 790-812
AD-1685587 éggggggégglj 31 309-829 (A}ggglégi[é?jgéA 166 807-829
AD-1685599 gggéﬁég&?ﬁA 32 841-861 éﬁégﬁ%ggégglj 167 839-861
AD-1685610 EXEEEKSXE%G 33 852-872 ﬁiggiggig%%c 168 850-872
AD-1685614 Kgg%gi%é%%c 34 876-896 ééggggéégggA 169 874-896
AD-1685627 (C}CA%%%%[i(é%%A 35 909-929 (A}éilAjgéi((:}l(J}%léG 170 907-929
AD-1685637 égéggggigg(} 36 919-939 éggggggggggA 171 917-939
AD-1685648 ﬁ%gg%%géjé%G 37 960-980 égg%iégg%[égc 172 958-980
AD-1685664 ggggéggﬁéé(} 38 976-996 égéégggggggj 173 974-996
AD-1685673 éggﬁgﬁgﬁgg(} 39 985-1005 iéééggéCA&?SA 174 983-1005
AD-1685689 éggggéggfglj 40 1001-1021 /éggéccﬁfggéﬁA 175 999-1021
AD-1685699 ggiéilé%[é%%(} 41 1011-1031 éﬁgﬁgggﬁiﬁ%lj 176 1009-1031
AD-1685708 égggégégfg U 42 1020-1040 igggééfgggﬁG 177 1018-1040
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Duplex ID Sense Sequ,ence 5’|SEQ ID Range in Antisen,se Se?uence SEQ Range in
to3 NO: |NM 001393338.1 5to3 ID NO:(NM_001393338.1

AD-1685717 Slégiig%g%%A 43 1029-1049 éﬁiégggggigG 178 1027-1049
AD-1685726 gégggiéggglj 44 1038-1038 ig%%[écc}i%ggic 179 1036-1058
AD-1685735 gg(c}giggé(c}%(} 45 1047-1067 éﬁéi%légiéigc 180 1045-1067
AD-1685744 ggg%giéﬁg%(} 46 1056-1076 é%%géiéggggA 181 1054-1076
AD-1685770 iéiig%%ii%c 47 1082-1102 éggégggggggG 182 1080-1102
AD-1685779 gg%%%%gi%%A 438 1091-1111 iéggﬁégéggglj 183 1089-1111
AD-1685788 éééggggggélj 49 1100-1120 éggggéggggélj 184 1098-1120
AD-1685798 gggg%ggéééG 50 1110-1130 éégﬁggggﬁggU 185 1108-1130
AD-1685810 gggﬁgﬁgﬁégG 51 1142-1162 ééggiggggégG 186 1140-1162
AD-1685826 Xééggiiiﬁ%A 52 1158-1178 ﬁggggggggg%lj 187 1156-1178
AD-1685838 éiggiégégéA 53 1176-1196 égéggggéggglj 188 1174-1196
AD-1685847 ﬁégéggiggé{& 54 1185-1205 éégggégégggA 189 1183-1205
AD-1685856 géigggggéglj 35 1194-1214 égggggggggéG 190 1192-1214
AD-1685869 éggégggi%%lj 56 1207-1227 ééggggggégéG 191 1205-1227
AD-1685878 (C}Ijiilécc}(c}iéiélj 57 1216-1236 éggéggggggélj 192 1214-1236
AD-1685889 géégggé(c}ﬁgc 58 1227-1247 éggggggégggc 193 1225-1247
AD-1685898 (C}E}JGXJA%%CGZZZZS}A%A 39 1256-1276 éggggggggi%c 194 1254-1276
AD-1685902 giggiéggééA 60 1265-1285 égégggggggglj 195 1263-1285
AD-1685912 éﬁéggégég%c 61 1275-1295 iégééégggggc} 196 1273-1295
AD-1685921 ii%igiiig%lj 62 1284-1304 ﬁgggggggggéc 197 1282-1304
AD-1685931 géégégﬁﬁiéc 63 1294-1314 égggégggggglj 198 1292-1314
AD-1685935 géiiégiggéG 64 1318-1338 égggggggggglj 199 1316-1338
AD-1685956 é(c}gggégiﬁglj 65 1339-1359 éggggggggééc 200 1337-1359
AD-1685969 gégggééggéA 66 1352-1372 ééggggégégglj 201 1350-1372
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Duplex ID Sense Sequ,ence 5’|SEQ ID Range in Antisen,se Se?uence SEQ Range in
to3 NO: |NM 001393338.1 5to3 ID NO:(NM_001393338.1

AD-1685983 ESE%GA%%?X%%C 67 1366-1386 éggﬁgg&gﬁgﬁG 202 1364-1386
AD-1685994 égggéggggglj 68 1377-1397 éﬁgéggggégé(} 203 1375-1397
AD-1686007 Kgég&gﬁiﬁ%c 69 1410-1430 éggégégﬁggSA 204 1408-1430
AD-1686016 giﬁiﬁéggééA 70 1419-1439 ﬁgigﬁggégéglj 205 1417-1439
AD-1686028 égééggigg%A 71 1431-1451 éggggg%ﬁ%i%c 206 1429-1451
AD-1686053 gggggﬁgggSA 72 1456-1476 iggggggégcch 207 1454-1476
AD-1686057 égggégggggc 73 1480-1500 ﬁi(c}é%écc}[élcjggA 208 1478-1500
AD-1686066 gﬁ%%gggigglj 74 1489-1509 ﬁgﬁggggéggﬁc 209 1487-1509
AD-1686075 (C}ggilcjgﬁgéé(} 75 1498-1518 égﬁgﬁggﬁgggy 210 1496-1518
AD-1686086 (C}iiiggé[é%%(} 76 1509-1529 éiggg%ggggSG 211 1507-1529
AD-1686098 iéjé[(j}((}}ggg((j}éc 77 1521-1541 égggggégggglj 212 1519-1541
AD-1686116 Siéggigiggc 78 1544-1564 ﬁggggggggégc 213 1542-1564
AD-1686126 i%%ggiéié%c 79 1554-1574 éggglég%ﬁéléic 214 1552-1574
AD-1686136 gﬁggggégégc 80 1564-1584 égﬁggiggéggG 215 1562-1584
AD-1686147 chlééilé%%%?}%A 81 1575-1595 éﬁggﬁggigélélj 216 1573-1595
AD-1686159 (C}gégggggééc 82 1587-1607 éiggﬁg%ﬁgﬁgU 217 1585-1607
AD-1686171 (C}Iéigléigéé%A 83 1599-1619 éigéggggg%%c 218 1597-1619
AD-1686181 Zz(c}géggé[[jngA 84 1609-1629 ég%ggggégggc 219 1607-1629
AD-1686197 iggﬁggﬁéﬁg(} 85 1625-1645 éégééggggggA 220 1623-1645
AD-1686207 géggéggggglj 86 1635-1655 éigcc}%gggggéA 221 1633-1655
AD-1686216 ggggéi%%i%[j 87 1644-1664 éggégggig%i(} 222 1642-1664
AD-1686225 ggggéggéggA 88 1653-1673 iégggégggggc 223 1651-1673
AD-1686242 chgéié%gggglj 89 1670-1690 ﬁgéﬁégﬁggéﬁc 224 1668-1690
AD-1686251 gggﬁgﬁggﬁg(} 90 1679-1699 éiggggggﬂéggA 225 1677-1699
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Duplex ID Sense Sequ,ence 5’|SEQ ID Range in Antisen,se Se?uence SEQ Range in
to3 NO: |NM 001393338.1 5to3 ID NO:(NM_001393338.1

AD-1686265 égégggggégc 91 1693-1713 éggggggégggc 226 1691-1713
AD-1686274 gg%%%ﬁ%%%%(} 92 1702-1722 élcjélcjl/i%CC?GCC%CCC 227 1700-1722
AD-1686286 Sgggﬁgg((}}gg(} 93 1714-1734 égggégéggécc A 228 1712-1734
AD-1686319 iééigi%ég%A 94 1751-1771 éggéggggggléG 229 1749-1771
AD-1686334 Sjégggg[cj%g%U 95 1766-1786 égéééggggéélj 230 1764-1786
AD-1686343 igggégigggcr 96 1775-1795 igggﬁgﬁi%légA 231 1773-1795
AD-1686354 égggggéccéé(} 97 1786-1806 ééﬁgggggggglj 232 1784-1806
AD-1686366 éﬁééggggg?ﬁ 98 1798-1818 éiéégégggggc 233 1796-1818
AD-1686377 (C}i(c}gggggggG 99 1809-1829 ﬁgggﬁgg%lé%gc 234 1807-1829
AD-1686394 (C}éﬁggggé[?[? G 100 1826-1846 ﬁﬁgiégggggglj 235 1824-1846
AD-1686403 i(c}(c}(c}ég%gggj 101 1835-1855 iigég(c}g%%%%(} 236 1833-1855
AD-1686417 gggﬁg%%%%%[j 102 1849-1869 ﬁé{cjiéi[é%égéG 237 1847-1869
AD-1686426 (C}Iiéggéggg[(jﬂj 103 1858-1878 ﬁgggéﬁégggéc 238 1856-1878
AD-1686435 gggégggggﬁA 104 1867-1887 égggé%(égggilj 239 1865-1887
AD-1686451 Kiggﬁ%ﬁéﬁf? 105 1883-1903 éggéggégiggc 240 1881-1903
AD-1686466 égggégggégc 106 1898-1918 éééggéﬁggﬁgc 241 1896-1918
AD-1686475 ggﬁggﬁggig[} 107 1907-1927 égggégggggéA 242 1905-1927
AD-1686491 gggﬁgégé%%lj 108 1923-1943 éﬁgggglégigéG 243 1921-1943
AD-1686508 chg%%g(c}%%%%A 109 1940-1960 éggéggiégégA 244 1938-1960
AD-1686518 ﬁggggggggg(} 110 1950-1970 égéggﬁéﬁggg ¢ 245 1948-1970
AD-1686531 gggggggi%%c 111 1963-1983 ééggégi[z[zg%(} 246 1961-1983
AD-1686540 ggilé%%%i%%lj 112 1972-1992 égggii%%%%%lj 247 1970-1992
AD-1686543 gggéggiggg(} 113 1996-2016 iggggggﬁggﬁc 248 1994-2016
AD-1686556 gégéégggggG 114 2010-2030 égéégggégggG 249 2008-2030
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Duplex ID Sense Sequ,ence 5’|SEQ ID Range in Antisen,se Se?uence SEQ Range in
to3 NO: |NM 001393338.1 5to3 ID NO:(NM_001393338.1

AD-1686565 gggg%iié%%c 115 2019-2039 ﬁ%géiéggéggA 250 2017-2039
AD-1686566 gﬁgééggégg ¢ 116 2058-2078 ﬁgggg%gggggA 251 2056-2078
AD-1686576 ggéégiiﬁ%%c 117 2068-2088 é{cjléggglcjégii(} 252 2066-2088
AD-1686585 igﬁi%gi%ﬁ%G 118 2077-2097 éggggégégggj 253 2075-2097
AD-1686597 SgﬁggégéggA 119 2089-2109 égéééggggég G 254 2087-2109
AD-1686606 géléilééﬁgggc 120 2098-2118 iggﬁggg%%%%A 255 2096-2118
AD-1686616 (C}ﬁcc}gélcjiléi[cﬁ 121 2108-2128 égggéggggﬁgc} 256 2106-2128
AD-1686626 é(c}égéggig%(} 122 2118-2138 éggégggéggglj 257 2116-2138
AD-1686639 gégﬁgéégggA 123 2131-2151 égééigggggg(} 258 2129-2151
AD-1686649 é(c}iégiggg? 124 2178-2198 igggg%%ggg%G 259 2176-2198
AD-1686658 géggégéégg ¢ 125 2187-2207 éggiggggéggc 260 2185-2207
AD-1686669 /CXI({I%%ICJ/Z[IJJ?&CC%A 126 2198-2218 éggégégigégG 261 2196-2218
AD-1686680 éggggégﬁggc 127 2209-2229 égggﬁgigéégG 262 2207-2229
AD-1686693 éggég%égﬁélj 128 2222-2242 ééégéﬁgéggilj 263 2220-2242
AD-1686709 ICJ/SICHCJIIJJS[CJICJ[AJSC 129 2238-2258 éigéiigggggc 264 2236-2258
AD-1686720 géﬁgggggggG 130 2249-2269 ﬁégggggégggc 265 2247-2269
AD-1686729 Sggggggiﬁ%lj 131 2258-2278 égggﬁgg(c}giéG 266 2256-2278
AD-1686738 gg%ggii%i%A 132 2267-2287 égggggggg%gj 267 2265-2287
AD-1686747 ééﬁggg%é%%A 133 2276-2296 éégé[éggggégc 268 2274-2296
AD-1686751 égggﬁggggg A 134 2301-2321 ﬁigggég(c}gégc 269 2299-2321
AD-1686761 iglcjgg%(c}}g%%(} 135 2311-2331 ééggéggi%ggA 270 2309-2331
AD-1686770 X(C}QICJICJS/SXS[CJU 136 2320-2340 éﬁggﬁgégfgé G 271 2318-2340
AD-1686781 SS&X%%%%ICJICJC 137 2351-2371 ﬁgﬁéggggégg(} 272 2349-2371
AD-1686783 éggﬁgégggé U 138 2373-2393 éﬁggggg(c}ggélj 273 2371-2393
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Duplex ID Sense Sequ,ence 5’|SEQ ID Range in Antisen,se Se?uence SEQ Range in
to3 NO: |NM 001393338.1 5to3 ID NO:(NM_001393338.1

AD-168679%4 gégﬁggggi%lj 139 2384-2404 igééégggégéG 274 2382-2404

AD-1686803 ggﬁggﬁgﬁgﬁA 140 2393-2413 ﬁigﬁgiﬁﬁgigA 275 2391-2413

AD-1686813 ég%gggégégc 141 2403-2423 ééggﬁﬁgégﬁgA 276 2401-2423

TABLE 4. Modified Sense and Antisense Strand Sequences of Human CIDEB dsRNA Agents

Duplex ID S,ense Sequence 5’ to |SEQ IDA,ntise:lse Sequence| SEQ ID ml;?(ﬁl :;flcreget SEQ ID

3 NO: S to3 NO: S t0 3" NO:
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wasas EOSOROORY w0 B R | 2 Boccescasa | 0
o BT RSO oy MEECICNTT
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Duplex ID S?nse Sequence 5’ to |SEQ IDA’ntise:lse Sequence| SEQ ID ml;?(ﬁl ;l;lacreget SEQ ID
3 NO: 5to3 NO: S to 3" NO:
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Duplex ID S?nse Sequence 5’ to |SEQ IDA’ntise:lse Sequence| SEQ ID ml;?(ﬁl ;l;lacreget SEQ ID
3 NO: 5to3 NO: S to 3" NO:
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e i s Rl e s
R e R
s BT ety [LMCLEIERT]
e BTN, gt SO 1o FOUSOSSETT] o
T e Rl e vl R et v I
o BRSNSy | NERGCCGAC
s BSOS sy US| ESCLONCRETT
S v i [ )[R Vo [
s Ty o]y RUECCAGGUIOT
e e [l s I A S
e e A Il S ] IR S s
N sy ESIARORA sy pAaORON | OGO
R e =t TR
AD-1686016 lalzslziellilllilgchfAfAfuau 340 izgffsaaégiufugz:%ﬂjsiau 475 SggizzgléélcngAA 610
e e s IR B I S
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Duplex ID S?nse Sequence 5’ to |SEQ IDA’ntise:lse Sequence| SEQ ID ml;?(ﬁl ;l;lacreget SEQ ID
3 NO: 5to3 NO: S to 3" NO:
o Ry B o Eore e o
e T o i I s S T
Roons ST s ML 1 [T o
oo STy e FSCCKOET
R e Il v RN s
s PERSCARCR]  AlssCAtls|y, WGGUST
) o Bl B Ve R
T i N o Rl v
e e il o g I e
e ey IR el e
s GO, T LOCCUOAOOUT]
i SRR SASRCRGT oy QULCCAITTT
R i ¥ T I v
e et I o R e
ot o R e
e i I e I v
e R s I
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Duplex ID S?nse Sequence 5’ to |SEQ IDA’ntise:lse Sequence| SEQ ID ml;?(ﬁl ;l;lacreget SEQ ID
3 NO: 5to3 NO: S to 3" NO:
i iy I S e
e Il e I et
o ST MUBSORCUR] o BACLTOT] o
v ESCHRTS ) ARV EIGEI
T A - S I e
o s EESBETOU 7y iy (OGO
e o (RN e B v
o s TG |74 ORAUS o) UIGAUNCRY
e e = TR S
i PG y [atbie ) BUACUCATGS ] o
o s ESEGTURS 7 BUSSORUCET 3, GACCUCCULT
] e S e I v
T el v o I et
e R S I Ve
Ao PRGNy (oAb, SAUULCCLCC]
T e e IR 5t o
o s EVESARTIOOT U, BOCUOACCATTET
s SRR, WG|, RGO
At LR s B e | o
R e B e Tl S o
s Ry i) 5 DAL
T v s R R T
i A S I R
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Duplex ID S?nse Sequence 5’ to |SEQ IDA’ntise:lse Sequence| SEQ ID ml;?(ﬁl ;l;lacreget SEQ ID
3 NO: 5to3 NO: S to 3" NO:
o s EEBCNTES]  pbC|o EGA
e Rl v e I v
e i e Rl v
s AR s OOy IR
AD-1686680 izﬁf;;?i‘;?CfoCﬁma 397 a;%ffsau&;gigsffgag 32 [(AAGUCUAUACCC]
e e T e
o Oy B, GO
o o VOGS A OO BECACUONITS]
) i R o R st
o T s R o KOS
o STy AU, LSO
Ao POy ARG y BONCCAATO]
AD-686TI0 [ os | 406 heaCnensme | S hcavcuaave | O
o s PR g CACCAATORT
e e i R I e
o LTSy M s EELELOT o
T il T AT I e G I
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TABLE 5. Unmodified Sense and Antisense Strand Sequences of Human CIDEB dsRNA Agents

?l;lplex tSOel;fe Sequence 5’ SI%Q Ei/l[l_ggolil:, g,ntt(is;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
oomsos1 | cavcceacy | % |52 [ ecigoacan | B0 | 16
lowssr1 |ucceaceuey | % | 2B | Gigeceacon | 1| 121012
toosss1 | cccaoeuuty | M | 17123 | Ueigeceace | 2 | TS
toomsoo | ccaceuvugy | % | 17741294 | Qcageeeag | 1 | 1
tooosno1 | cageuwvouu | M | 7 | Geuchaeces | 14| 17
o1t | aGuuvGuAU | 7 | 27156 | Qieuageee | 5 | 12Tz
o1 | Gauovguase | % |17 [ Gaueueagee | 16 | 1757
oot | Guuuguaacy” | | 174128 | Geaucucage | 97 | 1T
tooos1s1 | UUouraCaGU | 0 | 12830 | pgggaveuca | 119 | 12710
ooz 1| AGaAAACAC) | 1|17 | {uahceug | 10 | 12851007
loomor | cacuannGey | 7 |96 | ucugiun | 10 | 120816
oomson1 | acvasaceeu | 0 |17 | Gliueuguy | 14| 105
loowona1 | cccacarcy | | 13139 | Guoguueucy | 1142 | 192159
lowoor1 | AGascuuey | % | 1552 | Gegeugeuue | 1149 | 150155
loooas 1 | accucucacy | #0 |5 | hecauceugen | 1| 97
loooas | ccucucacey - | ®7 | T | cucaugeuge - | 15 | 1T
looost1 | ucucaceue | % | 571 | Gicucavy | 116 | 15T
loowosa1 | CAGUAUCUAU | | 140149 | ugaguaague. | 1T | v
16999671 | UAUCUAAUAD | 70 | 1411492 | {0 bugaguaa | 1148 | M10-1432
?6]3-9970,1 géﬁgggéﬁgﬁU 701 | 1415-1435 éggigé%%ﬁ%ATA 1149 1413-1435
loosori1 | UauAUAAGU | T2 | 11456 | Gycugaccug | 110 | 14t
toowona1 | aauavasceu | " |97 | Giugaceug | 119|117
toowors 1 | Auavraceoy | ™ | M8 G0cugacey | 112 | e
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?Blplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SI%Q g;;[l_ggoiil”ﬁ_«,s
NO | 93338.1 NO | .1
ot I R vl e N
lo9n1 | Geucaaacuy | T | M2 | hvuagavae | 16 | 1414
s SRSV | o o | SMACISCOROC 7|
99831 | GaaguutGay | 10| 14 | Cuaauuag | 1SS | 12e1ass
o9ma1 | GAGUUUGGA | T | M2 | Geiyavapa | 1990 | 142
N el I e Pl e
99881 | DUGGACGGAU | ™15 | 191953 | cogageuay | 1163 | 1t
tuoors 1 | GUaucuGuy | 1| M50 | eendgeuge | 196 | 14T
Tuonss 1 | Gaccavecgy | 71| 1S001S0 | prdrigateac | 167 | sms
s | SRRSO o [ ACCOSMETC i | s
Toonso 1 | auCCGaAAAy | T2 | 150124 | Cegeuugugn | 170 | 15015k
oo | Uccaoaraoy | ™| SIS | Ueceuuaug - | 17| 15081529
o1 | ccooaracay | 4 | IS06152 | Guocgepugy | 172 | 15041s%6
oo 1 | camsacaty | 75 | 191567 | Goagevecrg | 17 | 154156
o [ R e e I

179

SUBSTITUTE SHEET (RULE 26)




WO 2023/034837

PCT/US2022/075715

?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
s | cautceacar | ™ |7 |ugacuaceac | 17| 19947
mooosL1 | Acccuscuoy | 0| SO | Gadgeuung | W | 15915
ooz | cccuscuceu | |19 ulcanvgevuy | 170 | 156150
mooosa1 | concuseug | |19 | ucuccarvgay | 1| 150iss
o071 | cugeugaaw | ™| SI9 | Gogucuceany | 1181|1561
mooose.1 | GuGasGeu | | 5918 | geoucucca | 112 | 156T1sw
oo | UGasuceau | 5 |10 | uagaeueuce | 11 | 156150
moion1 | Gaauseacy | ™ | TH9 | Guagegueue | T | 15615
ioios1 | avceactsey | 7|1 | Gaguaceou | 115 | 1571
oo | GUscuascc)” | |15 | Wicageagy | 16 | 157745
oz | cunacccta | |19 Gecatueace | 1T | 1sko-16
mous | Usacceugeu | ™ |90 | cuceauucag | 118 | 15k
monet | acceuoory | |1 ouccapues | 11 | 1o
monis1 | Acccuoeuoy | ™ | 1905 | Ceuceavue | 190 | 15w
mous1 | cccuoauaey | M| 19160 | Glicuceany | 111 | 1sweIos
o |cuociagaay | ™| HIOI | Gopusgeacu | 92 | 15
o1 | vecucacet | M | 19192 | Goguuaceac | 1 | 1901002
01251 | UAGAGGAGGU | ™6 | 951915 | Ccaggauuag | 194 | 15910l
o1 | Gacacugacy | 7|19 | ugeaguucea | 1195 | 1616168
mouao | acacuoacay | ™ |15 | cugeaguuce | 1196 | 161469
motss1 | Geacoucuwy | M| 19219% | ciguccacug | 17 | 10210
morss1 | acoucuueey | 0| 192169 | ulicugiocae | 1 | 1ol
morsor | covevueeat | B 199169 | ueaduguees | 10 | 116
oo | tueuceacy | 2 | 1901650 | queacuguee | 10 | 16260
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Dupies | Sense Sequence 7| "1y | ot | Antsene Sequence | 1y | (55
NO 93338.1 NO A
ootss | caGeuoeuGy | 753 [ 16361656 | GG eCea | 1201 | 16341636
Toots71 | accuaeuoa | T | 16831657 | Agaacuecue | 1202 | 1635-1657
Tois01 | UaacACoUGL | 755 | 16501670 | Gecnacaaer | 1203 | 16481670
Toois7 1 | voccuoatan. | 756 | 1651677 | grditioeuee o | 1204 | 16551677
Toiss.1 | Geevoavaou | 77 | 18IS | Satcaneene o | 1205 | 16561678
Tootso1 | coUGAUGGUU | 8 | 165916 | Glgucaucey | 1206 | 1657-1679
01001 | CUGAUGGUGL. | 759 | 16601680 | eaticteatee. | 1207 | 16581680
ooton1 | Doavoguauy | 760 [ 16611681 | ACCigtoate | 1208 | 1659-1681
To0s1 | avoGuGuUGy. | 61 | 16631683 | acheouauea | 1209 | 1661-1683
Tooais | Gaacuoaaoy | 762 | 1681703 | ecacacugea | 1210 | tesi-i703
ot | VoUCAUALGU | T8 |17 | qrccacuecy | 1211 | 1701732
oot | cucauatoay . | 7 [ | ioiecacuee | 1212 | 1711133
Poiat |UeavavGocy . | 75 |17 | dictceacue | 1213 | 1712173
T0ist | cavaUGocey. | 68 | 17151738 | glacucoacy | 121 | 17is-ams
Trois | avoaccuaoy. | 167 |1sms | Aciaeacuee | 1215 | 17161738
oo |vooccuaoau | T8 | 171179 | Gachaeacue | 1216 | 17171739
11&7]?);)250.1 gggggg(c}égéu 769 | 1720-1740 ég}icci%(éicc%ATA 1217 1718-1740
ozsa i | covagacay. | 70 | 172172 | Gatoacagen | 1218 | 120-1742
002721 | AGCARGOAL | 771 | 1M61786 | Gicaaceuen | 1219 | 171766
Yoo | Gacaucaccy | T2 |7 | Gliougeuug | 120 | st
Tossod | acavcacoen. | 7B | ST | Sdeuguacu | 1221 | 1757
os0s1 | GUoUACARGY. | T |71 | G dataman | 1222 | 1S9
03091 | AMGCAAARCY. | 7T | 17831803 | (el chmag | 1223 | 1781-1803
ot | canancecuy . | 76 | 1se-1s06 | Giiicquea. | 1224 | 17841806
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Dupies | Sense Sequence 7| "1y | ot | Antsene Sequence | 1y | (55
NO 93338.1 NO A
oostat | aaacocuogu | 7T | 1881808 | quictacacoy . | 1225 | 1786108
0151 | AACoCUCORy | T8 | 17891809 | Gltduacace | 1226 | 17871809
Tostel | acccuconay. | 70 | 17901810 | qitotacac | 1227 | 17881810
03171 | cecUcAGA | T80 | 11181 | Ghcltaunen | | 1228 | 17s0-1s11
ooais | ccucosoacy | T | 17921812 | Slecinouac | 1220 | 17901812
ooz | Gaccucuu | 1 | 1m911817 | Adgauuuey. | 180 | 179s-1si
Poaat | oaccucuniy. | 78 [1memsis | et ouge. | 191 | 17ve1sis
1?71?)6325.1 ﬁéégggg%gﬁG 784 1799-1819 égééé%%ggléCTC 1232 1797-1819
ot | voutugecy | TS| 180182t | pecaaceuon. | 123 | 1es-1sa
ons | cotaecan | 16 | 1802-182 | qucgacaouy | 1234 | 1800-1822
oot | Uiugeeacy | 787 | 180183 | Gencoaacay | 1235 | 1801-1823
?7?);)336.1 ﬁggggléggg%c 788 1810-1830 ﬁgggéggg%(}cc 1236 1808-1830
Tozsol | CUGAAUGUCY. | T80 | 1811833 | 6CCingaca | 1287 | 1811183
T0sial | UoUCAAAGeD | 790 | 18181838 | ACGcugeoaa | 1238 | 1sie1sss
03501 | AGECACAULL. | 71 | 1824184 | A DiCaoe | 1239 | 1822-1844
ossat | ceacsoucun | 192 | 18261846 | Gaitaincag | 1240 | 18241846
ossat | cacauucuan | 7% | 18218 | Glenatten | 1241 | 18251847
0351 | ACAUUCUACU. | 1% | 18281888 | GUUUoaCAULG | 1292 | 1826-1sds
Tossst | cautcoacGU. | 795 | 18281849 | ciidheany | 1249 | 18271840
00356t | AUUCUACGGU. | 796 | 18301850 | GCUtUGacAD | 1244 | 1828-1850
Toss1 | Uocoacoau. | 77 | IS | Goctuugaca | 1245 | 1820-1851
Tosssl | UCUACGeaey. | T8 | 183182 | Giacuitone | 1246 | 1830-1852
Trosso.t | coacagaciy. | 70 | 1831853 | Gidacinuen | 1247 | 18311853
Toosssit | Geucuacucy | 300 [ 1ese-isso | (U oG o | 1248 | 18371859

182

SUBSTITUTE SHEET (RULE 26)




WO 2023/034837 PCT/US2022/075715

?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
mosss | cocuscucuy | 01 |00 | Grigavgug | 140 | 1m0
oot | cuscocuaty | V2| 184592 | ceguiaaug | 10 | 1sise:
mssor [uacucuavey | M | 1899 | Gocuagaay | 51| 118
mooston | acocusvoau | W | 18994 Geccgungaa | 1292 |t
s | cocurveacy | 0 |85 | ageecguaca | 1290 | 18
o2t | UcUAUGAGUU | 0| 1856 | Gigecoguag | 1254 | Ibkise
mosta | Uaveacuuey | M| 188 | UiGagecogy | 1259 |t
1?7%;)375.1 gg(c}[/i(c}%%%%%lj 808 | 1849-1869 éﬁgéigécc%%AGA 1256 1847-1869
0161 | Uoacuveuey. | | | Seuagaceee | 15T | IS
mosts1 | aGuoGuGacy” | M0 | S| S Guagage | 1 | 1ot
s 1 | uacuvucau | M1 | T | Qudatagacy | 1250 | I8N
mossar | Grcuueaa | M2 | BT |y cucauagag | 1260 | e
moosss 1 | acvuucarcy | M5 | IS eudiagy | 1261 | 15
s | cuvucarco | M| IS0 | Cucuchuag | 1262 | 1o
o7 1 | uucaseay | M5 || aneucaua | 1260 | 18
s | Uucaacaacy | M6 | MR | Cugacucar | 1264 |t
oo 1 | aacuacuco | M7 | | ogaeeangy | 1265 | 1o
0101 | AQUACUCAGY | P1F | IS0 | Gudaaccan | 1266 |t
o | quscucacey | M9 |99 Cndgees | 1267 | 181
o131 | acucacsoau | 2 | N | puepuugaee | 1208 | 1T
moatar | cucacoaaoy | |19 pcupcee | 1260 | 18108
o1 |Gevccvucou | Y2 | 1196 | cucagucuy | T | 1oes
o1 | cvceuucay | ¥ |97 | ceugaguscy | 7| 1w
e | Uceoucouuy | 24 | WO | ucccugaguac | 172 | s
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?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
s | ccuucouiou | 5 |19 | cecugagua | 127 | 19700
mooizs.1 | coucoutooy | 20 |09 | Qucecugagy | 12T | 1wmom
mor | vucouucear | 37|99 Gacecugag | 1275 | 18
o1 | Ucouueeacy | ¥ 190192 | Seucceug | 16 | 1012
o1 |ceacacuoey | ¥ | 595 [ Giceaaconng | 77| 191195
mossit | ccavauauUy. | 0| 195958 | SGGeeuugea | 1278 | 10510
sz | cavavuuey | 1| 19919% | Cugaceunge | 170 | 199196
moossa1 | Unvuugews | P2 | Y395 | Geceagaeey | 10| 1958
iosss 1 | auGuugeoy | |19 | Gecdacaeey | 1| 1997158
moosss1 | Wocucoeau | | 199199 | Gigeeecacs | 1 | i
moers 1 | Geaarouucy | 9|19 e iuaucee | 19 | 1945156
o741 | Gaaavuueey | 95| P96 | i chuuag | 128 | 19108
mooszs1 | Asvuuceucy | 57 |15 | Sgenicauay | 1289 | 10407
oz [auvuccuecy | S| 199197 CliGeaacaua | 1286 | o
oo [uuccuceac | ¥ |19 | Dlccaeane | T | 1957
w21 | cuccaccow | M0 | 951976 | aducceaaen | 2 | 15T
imoosss1 | caccevucau | 1| 19919 | Goaavucces | 1 | 19507
mosss1 | acccuveauu | M2 | 19999 | S aavucee | 120 | 15
ot | ccvucguey | ¥ |99 Giganavuee | 21| 1951
mooass | cvuceuear | M4 | 919 | Gagganaoue. | 122 | 6-2
moosso1 |vucoucave | M | 195195 | tgagaraany | 29 | 1961198
oo |vcoucaugy | M6 | 199199 | Guegagoaau | 124 | 100
stz | cavuccuar | M7 | 2139% | Geeddecvucy | 1295 | 20110
mston | uuccuacur | #2010 | ogeqaeceny | 126 | 203003
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?Blplex tS:l;fe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SI%Q g;}l_ggoiil_,,%ﬁs
NO | 93338.1 NO |.1
O vt st el N
3 | SSCCUCCATC | [anv s [ ACEASTASCRT | v
s | SRS s e | ASCAAUTY oy | v
17005441 | CUAUGACAGU | B2 | 2075209 | (v lacigag | 100 | 06a0s
RO 3t O b
17005531 | CAUCAAADUL | ¥ | 20872007 | Gk grepy | 1302 | 2082107
O 3 N E Pt N
Y el R T el N
Ao | o [ SRR o | o
N vl Il BT vt T R
17005731 | AGACAGUACU | ¥ | 21072127 | Getecugana | BIT | 21052127
105751 | AcaGuacagy | ¥ | 2102129 | Chcaiceuga | B12 | 210
105761 | cacuacacay | %5 | 2102130 | Geaceneeua | P13 | 21082130
Io0s78.1 | GUaCaGoc | % | 2122132 | eleagauee | B | 21102132
106231 | coanaueuy | %9 | 21921 | i6iGacquua | BT | 2192214
06701 | vuucuGecy | M0 | 29291 | Glaganag | 318 | 22302261
o711 | Uucugoeey | ¥ | 2489 | Gcincaana | 119 | 20062
st | coeacuuoy | M2 | 25127 | ceagiaancaug | B0 | 22
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?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
mss1 | ccacuuoc | |22 | cgghangeu | 21| 200
s 1| cuuseeau | S| 2559275 | Ghgaccacaan | 12 | 22003
momion | cccaseeuoo | ¥ |02 | Gataeerg. | P | 2002
moomss1 | voccuanacy | ¥ | 9059 | Gaggeavuce | 1 | 26
oz | ccusacur | 77| P95 | Gelgecavug | 5 | 24750
oot | cUssacuer | | 59070 | fggagaavy | 1926 | a0
momson [aascauvuey | ¥ | 294245 | Glliguougag. | 17 | 24224
o1 | axcauvuecy | 0| 2975 | Gruacuuvea | D2 | 249329
oot | Acuvuceay | | 20056 | Gettaguus | 120 | s
oLt | aGaucccaGy. | 2 | 29125 | GecxGoncan | 190 | 1261z
100931 | Guovcuaacy. | ¥ | 1278129 | Goateucage | 1| 1Tess
007041 | UUUGUACA | | 2712 | Gagavcucag | B2 | 12729
[1&7%;)795'1 Ségii%igi%lj 885 | 1281-1301 éggggggé%éAAc 1333 1279-1301
00961 | ACAGAAAACU | 6| 2851508 | ceygaga | 9 | 12ss1a
o011 | Cacaaaacar - | W7 | 28615 | Ginceugae | 195 | 12k
o001 | acaraacac | || Gihceuge | 16 | 187
0001 | Gaanacaccy | | 280 | Gicanncoug | 17 | 1286Is
oosoo 1 | ACCACURAAU | 0 | 21314 | Guucuguuaca. | B | s
o | sctasaceer | ¥ | | Glinuesgy | 1 | 10
o2 | accacceagy | M2 | P2 | cuccugugey | 10 | 11134
moosoa | ccacaaguy | ¥ |10 | Gugoupeue | 194 | 19281590
moosos 1 | Chcaacuy | ¥ |19 | Gagugauuey. | 142 | 15136
moosos1 | aaacuuer | ¥ |19 [ugaugguue | 1 | 1990159
mooson1 | Ganguueey | 0 | S5 | qugggugeu | 194 | 13938
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?Blplex tS:l;fe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SI%Q g;}l_ggoiil_,,%ﬁs
NO | 93338.1 NO |1
osos1 | aaGUuceau | 7 | 134135 | Goclgaouaay | 145 | 133213
O v eI
O eI v
s | ASSREERSES | o | o [ASASTOCCELCCC | | s
101 [ SRS | o [ [ AT v | s
Ol 0
oo | ot | r [ [SETAOT s | s
O i el I e v I
O il I e el N
Foos0.1 | UcaeaGUULY | O | 42146 | (iR uagay | 162 | 12
10301 | UUGGACGD | *15 | 1491952 | pgaceruana | 1965 | 1430-14s2
1 | SASELOAT | o | o | MEACCCLECTTC | e
008331 | UCUGGACCUD | %1% | 14451465 | ocqiocans | 1366 | st
708341 | GUoucuouy | %19 | 481300 | \GeicGetog | 167 | 14781500
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?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
s | ecsacacu | ' |51 | Uecggaugeu | 59 | 15115
oosso.1 | GeCArAGEAU | 2 | 199156 | Chgeuceugg | 9T | 15k1ses
msaon | ccamoear | % |19 | Geageueeus | T | 194156
moosan | Canaccavoy | |15 | Ggeagecey | BT | 1skss
s | axaceauvey | % |99 | Gageaceuee | 19T | 1547150
oosss.1 | autcaacacy | 0 |1 Gugaeuacea | 9T | 1552sTe
mosaa | vceacacey | 7 |1 Wliceeuce | TS | 15519
moosas | cccuacuooy - | |1 | iceanvguuy | 1976 | 156152
ousas 1| ccuncuocuy | " | 15615 | pecaaveeoy | 1977 | 156r1sK
moosas1 | Uacuocugau | 0 | 159555 | Gueuccanvoe . | BT | 15615
mossor | Uecuoaavey | S| Ggucuccar | BT | 156615
imooss1 | Gevoaavoay | 72 |51 | gagucueca | 130 | 1567450
o521 | anvocacuy | | 192 | iguaggouey | 13 | 15715
msss1 | auceacueu | " |19 | Cuguagggue | 2 | 1TSS
mssan | auseateer | % | 194199 | Gliguacgeu | P | 1715
mosss1 | uoaacuoewy | % |75 |iGlguncg | 8 | 15T
msss1 | ceacuoctau | 7 | 19199 | crgeaquage | 1 | 1974156
moosss1 | Uacuaacecy | 55 |10 | 6icageag | 1956 | 15760
msso1 | Gevascceoy | ¥ |10 Ceiueagea | 97 | 1sT-160
moossos | cuancecuou | M0 |12 | eexuueage | 19 | 1sw-1se
msss1 | cccuoguocy | 1| 1990 | Gcuceapy | 198 | 1sbIos
mssa1 | ccugeuaety | 7 |19 | Scacucear | 190 | 1967
moosss 1| CugguGeuay | 5 |98 | uagcacuce | 01 | 15168
mser1 | Uacaaacey | |99 | cogaouuag | 2| 1500
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?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
s | Gaceaceavy | 9 |99 | Caccagouu | 1 | 19617
oosss.1 | AGGAUGGAAU | M6 | 19014621 | Cungeaceag | B | 156
st | Goavaoaacy | 7 |91 | Gungeacen | 195 | 1600162
st | vGearcuoey | % |10 | Dlcucuagea | 196 | 160162
mosm1 |vacscudoau | *¥ | 19118 [ceacepiey | 7| 199160
o071 | Cacuoeacau | %0 | 19115 | Guccavceue | 198 | 161116
moostan | acuocacacy | 51|19 | Guccaucey | 190 | 161164
o151 | Guggacacu | %% | 17195 | iGuuccauce | 00 | 101163
oot 1| ugGacacUou | * | 1165 | Ghguuccaue | HO1 | 1616
?7?);)877.1 g%ﬁgggﬁgﬁG 954 | 1618-1638 égléié%%%léiCAC 1402 1616-1638
oot 1| CacuoaGeaU | *%% | 1201940 | Seugeaguue | M09 | 16116
1?7?);)879.1 ilé%(C}i((}}I(J}GAgﬁc 956 | 1621-1641 éggggggé%%GUc 1404 1619-1641
mosso1 |ouoaseaco | 7 |19199 | gcaquoeaor | 0% | 1008
s | Uacoacuuy | S | 19268 | Uechaugeag | M08 | 1621165
o1 | Gadeacuuey | 0 |194164 | Guecacuges | 1407 | 116
oo | aceacuuey | %% | 1165 |ugecacuge | 108 | 10268
o1 | Gacoucuucy | 51| 197194 | 3iauccacy | M9 | 102164
o7 |vevuccace | 2 | 19189 | nlcuccugue | M0 | 162168
s | veccouse | | 19419% [ Siecueacy | 1| 16016
mosso | coagouscuy | %% | 19I55 | Gunguceucac. | 112 | 1096
o1t | aGevscuooy | |19 | Suaguccue | 143 | 10951657
ooson1 | UGGAGGAU | %0 | 19196 | Clgaangang | 14| 1640166
moosos 1| Goavaaeacy | 7 |91 | SGenguaan | 1415 | 1645166
moosoas | aucacacouu | % | 199169 | cexgeageug | 419 | 1647460
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?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
mosos | cacouoecuy | % |19V |ucduceagen | M7 | 1051167
moosor1 | Gcusaucey | 70 | I | Geucauceue | 18 | 1656167
msos1 | ccuoavaouy | |11 | Gugucaueey | 1410 | 165167
moosoo1 | Gavgouauue | 7 | 199169 | Clcqugueay | e | 1016
moosoo1 | acaGeugeau | P |92 | Cugacgean | 1 | 1ok-1T2
moosoz 1 | GacuGevau | 74 | 01726 | Gocutcuage | M2 | 10T
o1 | cvgeucuey | % | 1777 | eeciuguse | M | 0T
imoosoa1 | UocuGueatt | 76 | 017 | Caeuceuuge | 4 | T
o051 | cUoueaUAUL | 77 | TS| Gecacuccy | M5 | 1017
?7?);)906.1 [nggigggggglj 978 | 1715-1735 éggggégﬁggACA 1426 1713-1735
os0r1 | aUAUGaccuy | 70| 711756 | Gcacuceac | T | 17T
moosos.1 | UaGGccuu | | T | Cageacucea | 28 | T
imoosao1 | AuGaccugoy | M| 1778 | Gcaalacue | M | TS
mon21 | Gecucoaacy | 2 | 1778 AGacaceac | 190 | 17-1ma
oo | ccvgeoacay | |17 [ usacages | 01| 1eeine
mois1 | aceacavecu | M | M | Ugieougee | 92 | 17T
moois 1 | acouguacau’ | |7 | gcuoanuce | M5 | 17T
o171 | couguacaa | % | 1715 | Ggaugaaue | M4 | 17rems
ois 1 [ guauacacy | 7 |77 satugaa | 195 | 17T
moo1o. | uouacarce | | | caagougan | 490 | 17678
o201 |uacarceary | % |0 | Goaaaceug | 19T | 1TTs
o2t | AGcaraacU | %0 | T Rhcueaan | 19 | 1
ooons 1| Geanaacecy | 1 |8 | Gichcucan | 90 | 171
moosnas | Caasacecuy | ¥ | TEI6| Griicguea | 0 | 1Tseos
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?Blplex tS:l;fe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SI%Q g;}l_ggoiil_,,%ﬁs
NO | 93338.1 NO |.1
| Socnciag. | on | o | SRR | s
uosrs 1| coaGaCer | | RIS | iluceutgua | M2 | 1
s 11| Gacaccucy | %5 | SIS | Goouiugeuvg. | M4 | s
O el I TN v sl R
R R il
o | SSCCRECT [ [AUANET | | s
stz 1| Gucasaceco | M | 81189 | CGhougeen | 1451 | wiss
usts 1| ACcGacveLy | 17 | 85ISSS | Aigicgcuny | 1455 | wssess
osso 1| GoCuCUA | 908 | 16156 | Gigeepy | 456 | isseisss
1 | BRSSO o [ o[ SACAETT s | v
o571 | UeUAUGAGUD | 1013 | 1686 | Ghgeceguag | 461 | 8eeiss
O eI e
st | Gulugacuy | 16 | T | (caGuaag | 464 | st
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?Blplex tS:l;fe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SI%Q g;}l_ggoiil_,,%ﬁs
NO | 93338.1 NO |.1
st | vUouGscuu | 17 | ST {UiGaUags | 1465 | 1sszisnd
uosez.1 | Ucugacuouy. | 1018 | 1S5 | GhUAGagua. | 1466 | 1sSIsn
e 1| Guoacutucy | 101 | 1561876 | WCiGAGua | 1467 | 18T
g [ SR | s v [ ASTACYNETT | | s
uusrs 1| UcacGoacey | 7| 89 | Qucuvug | 1475 | 1o
11| GUUGGaceuy | 52 | 19944924 | Geageuceey | 0 | oo
1 [ SRRSO s [ [ ST 1 [ iz
s 1| ceucangy | 1% | 1199 | Uggagaucea | 1485 | 1917199
i v [ el
uess 1| vocUGeeary | 197 | 1951953 | Daugoceeag | M5 | 1941193
3 | SSAASCELEC | e o SATUCCCAST T |t
5l I s e
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?Blplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SI%Q g;;[l_ggoiil”ﬁ_«,s
NO | 93338.1 NO | .1
ruosen.1 | auvuceuccy | 104 | 9197 | eciGeancaua | 1489 | 1o
s LSS | s WSS | | o
Tuoosn 1 | uccucauGu | 10 | 1954198 | Grggagaanay | 1491 | 1seom
uooos 1 | CAUUCCUAU | 1 | 201903 | Gegacccuucy | 142 | 201103
iotoon1 | ccuacuau | 1% | 20709 | GGaceegacce | 148 | 01508
| SRR | v [ | ARONTACON | e
1010191 | GACAGUACAU_| 1038 | 21082128 | A qiccygan | 1906 | 2106212
ioion1 | uscagoeuau | 1990 | 2132133 | Geigeague | 190 | 21
Fotona1 | CaGoCoAGAY | 1962 | 1138 | Ugueugeagg | 1910 | 211213
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?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO | 93338.1 NO |.1
o201 | Ucvgaceou | 1965 | 265063 | Gluagaan | 191 | 2241:03
10311 | ccaciuaey | 1066 | 2372 | cchganagay | 1514 | 202
0321 | cutaeeeuy | 1067 [ 225599275 | Gidecengana | 1915 | 25
100331 | cocacecugu | 1988 | 0932 | 6 eeug | 1516 | B00nn
1010341 | ccAGecUoAy | 1980 | P03 | Geaacaugeey | 1917 | 20133
010351 | Ugucceuar | W0 | B85 | Geentguag - | S | 23432363
Foi037.1 | ccuaaacur | 197 | 24959 | 66 Gaeauug | 1519 | 2469
Toloss1 | Uaacucey | 1072 | 3171 (CiGeaGaeay | 120 | 2349371
10,1 | Gaccucoury | 197 | 1791818 | GGGdottuae | 1521 | IMeIsis
10811 | UcccaGaUty | 197 | 27129 | ¢iGeceagan | B2 | 12104292
1720021 | GoacUCLLL | 1975 | 19261646 | efcocncug | 158 | 16241646
1031 | Gaccveuut | TS | O | Gagtonugey | 15 | TS
17202801 | AGeCACAULD | 1077 | 182184 | {ieagae | 15 | 1saisi
1720851 | AUGAGUUGUY_| 18 | 41899 | Gl Gageceq | 1526 | 1s4ases
17202861 | AACCCUGGUU- | 1079 | 1381604 |\ echion | 1527 | 15821604
102871 | Anccuvaauy | 180 | 16 | Sehccatien | 15 | 1sszon
17200881 | AACUCUGGUU- | 198 | 1381604 | {eechen | 1529 | 15821604
172001 | AAUGGAGUU | 199 | 157159 | {Glagaguey | 10| 157152
17090, | GUACAGoCLU | 198 | 211132 | elceagauee | 15| 21102132
1011 | cuceaccouy | 18 | 19561976 | 33UTCecagen | 1532 | 19541976
1720921 | UUCCUACUL | 1095 | 2015038 | \GeeGaceouy | 1553 | 201320
1720931 | CUACUCUATY | 1998 | 421322 | pccguigaar | 1534 | 1o-1ser
17202941 | AGOCUAGADD | 1987 | 21162136 | elctctieag | 1555 | 2142136
17202051 | CUGOUGAALY | 1088 | 55TV | GGucuccany | 1536 | 156517
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?l;lplex tS:gfe Sequence 5’ SI%Q Ei/l[l_gg(;ils g’nttés;flse Sequence SE)Q giflll_gg()iil393338
NO [93338.1 NO |1
s | acccugaaiy | 1% | 1850 |y sgageuey | 197 | th0nis0
Imisn1 | cccacuuoy | 0| 2517 | Gugasaceug | S | 2
s | vceacacuoy | 1| 191416% | Cguuccaue | 190 | 1614166
o1 | Ueccuoauey | 7 |17 | Gueavecree | 1540 | 1655167
oot |usacecugoy | ' |59 | quecapyeag | 14| ssen
imisoLt | vecceusae. | ™| 1794 | Gacaccacue | 1592 | 17117
i1 | vecusagy | 5 | 1717 [ Gacageacue | 159 | 71T
01 | Uogucugoa | % | T | Gacageacue | 194 | 17T
msoas | GuacUcacou | 7 | IS | cugaoeen | 154 | 18-S
01 | Gevccvucoy | 8 | 191916 | ey cagueuy | 199 | 1oss
s 1| eacccvvcau | 1% | 19519 [ Ganavucee | 17 | 19579
071 | Caccuvucgy | M0 |97 | Geaasuceca - | 194 | 1959
s | excucwucgy | MO |99 | Geratuceey | 10 | 199797
001 | Aancecucou | 12 | 178 | Guacacau | 150 | 1T
msi01 | Gadeucgagy | 1 |19 | Ceagaeuges | 1951|1688
i |cuoeiagaay | M4 | MO Goyusgeacy | 1552 | 15
misia1 |Gaccuoeac | 19 | 200210 | ugaug | 199 | 2098210
it | cccagarey | 19 | 13159 | Guguueucy | % | 12
Imisiar [ aaacauouce | M7 |25 DiGuouaag | 1555 | 202
misis1 | ucucaceucy | "M% | TR | cuccayogy | 1956 | 1T
mists1 | ccacacuseu | 1 | 19395 | vecancanne | 19T | P15
i1 | coucucaco | 10 | 15794 ucauccugg | 19 | 17
s 1| vucasaceo | M| SIS eGeugecan | 19 | SIS
miseon | wwcuseee | M2 | 2029 | iggauagoana | 1590 | 24020
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, SEQ | Range in . SEQ | Range in
?Blplex tSegfe Sequence 5 ID | NM 0013 g&’nttls;flse Sequence ID | NM 001393338
0 NO | 93338.1 0 NO |.1
AD- UGCUGAAUGGA AGGTUAGCACUCC
1720370.1 | GUGCUAACCU HI3 1571599 ) pucaGeaGu 161 1577-1599
AD- UCAGGACCUGC AGUACTGUCUGCA
1720371.1 | AGACAGUACU | 114 | 21972127 | GopecuGaaa 1562 | 21052127
AD- ACAGCAUCAAA AGUCCTGAAAUTU
1720372.1 | UUUCAGGACU HI5 20942114 5 ugeusuca 1363 20922114
AD- UUGCUGGGAAU AGUGGAGGAAAT
17203731 | vuccuccacu | MO [ 19930 Tycccageaaca | P04 11T
AD- AAUGCCUCCUG AGUTUAGGGACAG
- 5 .
1720374.1 | UCCCUAAACU H17 1 2348-2368 GAGGCAUUGG 163 2346-2368
AD- UUGACGUGUAC AGUTUTGCUUGTA
1720375.1 | AAGCAAAACU | M8 [ 17831803 | o) cGucanac 1566 1 1781-1803
AD- GGCCGCCUCCAU ATAGUAGGAAUG
1720376.1 | UCCUACUAU HI9 ) 20162036 | Gagoegoeecy | 1967 | 2014-2086
AD- ACUCAGGUCAG ATATUAGAUACTG
1720377.1 | UAUCUAAUAU 20 11312-1432 1 ) ceygaguaa 1568 1410-1432
AD- UGGGCCAUAUG ATCCCAGCAACAU
1720378.1 | vugcuggoau | 121 | 19421982 1 s ueeceace 1369 ) 1940-1962
AD- UGCUGUCAUAU ATCCCAGGCCATA
1720379.1 | Ggecugggau | 122 | 17201730 yeacageacu 13701 1718-1740
AD- UGAGUUGUGAC ATCCUTGAAAGTC
1720380.1 | UUUCAAGGAU | 1123 | 186118811y e aacucaua 71| 1839-1881
AD- AGGCCCAAGCAC ATCCUTGCUGUGC
1720381.1 | AGCAAGGAU H24 | 1736-1766 | yugaaecucy 1572 1744-1766
AD- UGUACAAGCAA ATCGAGGGUUUTG
1720382.1 | AAcccucgau | 12| 1B cppguacace 1573 ) 1787-1309
AD- UGUACAAGCAA ATCGAAGGUUUTG
1720383.1 | Aaccuuccau | 126 [ 17891809 cpyguacace 74 ) 1787-1809
AD- UGUACAAGCAA ATCGAGAGUUUTG
- 5 -
1720384.1 | AACUCUCGAU 1127 1 1789-1809 CUUGUACACG 1573 1787-1809
AD- UCUAUGAGUUG ATGAAAGUCACAA
1720385.1 | UGACUUUCAU H28 1 1857-1877 | (ycAUAGAGU 1576 18551877
AD- AAAGACUAUGA ATUGATGCUGUCA
1720386.1 | CAGCAUCAAU 129" 20842104 | a gucuuuGe 1577 20822104
Table 6. Modified Sense and Antisense Strand Sequences of Human CIDEB dsRNA Agents
, | SEQ . , SEQ SEQ
Duplex ID tSegfe Sequence 3 ID ?nst:sense Sequence 3 ID | mRNA target sequence | ID
0 NO: | NO: NO:
AD- gsusccuggg CfUTGE 1578 asdCsugdGgdAucucdAg 2026 GGAAGGAAAGAGCA 2474
1699864.1 | agaucccagul.96 Cfccaggacsasa GAUCCCAGG
AD- csusgggcug AfGfAf 1579 asdAsacdCudGggaudCu 2027 AGGAAAGAGCAGAU 2475
1699867.1 | ucccagguuul.96 Cfagcccagsgsa CCCAGGUUU
AD- usgsggcugaGfAfUf 1580 asdAsaadCcdTgggadTcU 2028 GGAAAGAGCAGAUC 2476
1699868.1 | cccagguuuul.96 fcagcccasgsg CCAGGUUUG
AD- gsgsgcugag AfUTCE 1581 asdCsaadAcdCugggdAu 2029 GAAAGAGCAGAUCC 2477
1699869.1 | ccagguuugul.96 Cfucagcccsasg CAGGUUUGU
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, | SEQ . , SEQ SEQ

Duplex ID tS:gfe Sequence 5 ID ?On;:sen se Sequence 5 ID | mRNA target sequence | ID
NO: NO: NO:
AD- gsgscugagaUfCCf 1582 asdAscadAadCcuggdGa 2030 AAAGAGCAGAUCCC 2478
1699870.1 | cagguuuguul.96 Ufcucagceescsa AGGUUUGUA
AD- gscsugagauCfCICE 1583 asdTsacdAadAccugdGgA 2031 AAGAGCAGAUCCCA 2479
1699871.1 | agguuuguaul.96 fucucagescsc GGUUUGUAA
AD- csusgagaucCfCfAf 1584 asdTsuadCadAaccudGgG 2032 AGAGCAGAUCCCAG 2480
1699872.1 | gguuuguaaul.96 faucucagscsc GUUUGUAAC
AD- usgsagauccCfAfGf 1585 asdGsuudAcdAaaccdTgG 2033 GAGCAGAUCCCAGG 2481
1699873.1 | guuuguaacul.96 foaucucasgsc UUUGUAACA
AD- asgsaucccaGfGfUf 1586 asdCsugdTudAcaaadCcU 2034 GCAGAUCCCAGGUU 2487
1699875.1 | uuguaacagul.96 fogoaucuscsa UGUAACAGA
AD- asgsguuuguAfAfCt 1587 asdGsugdTud TucugdTuA 2035 CCAGGUUUGUAACA 2483
1699882.1 | agaaaacacul.96 fcaaaccusgsg GAAAACACC
AD- ascsagaaaaCfAfCfc 1588 asdGscudTudAguggdTg 2036 UAACAGAAAACACC 2484
1699891.1 | acuaaagcul.96 Ufuuucugususa ACUAAAGCC
AD- csasgaaaacAfCfCfa 1589 asdGsgedTudTagugdGu 2037 AACAGAAAACACCA 2485
1699892.1 | cuaaagccul.96 Gfuuuucugsusu CUAAAGCCC
AD- asgsaaccacCfCfAfg 1590 asdCsuudCudGggcudGg 2038 AGAGAACCACCCAG 2486
1699904.1 | cccagaagul.96 Gfugguucuscsu CCCAGAAGU
AD- ascscacccaGfCfCfc 1591 asdGsaadCudTcuggdGeU 2039 GAACCACCCAGCCC 2487
1699907.1 | agaaguucul.96 fogouggususc AGAAGUUCC
AD- csasccauggAfGfUf 1592 asdCsugdAgdAgguadCu 2040 UCCACCAUGGAGUA 2488
1699948.1 | accucucagul.96 Cfcauggugsgsa CCUCUCAGC
AD- ascscauggaGfUfAf 1593 asdGscudGadGaggudAc 2041 CCACCAUGGAGUAC 2489
1699949.1 | ccucucagcul.96 Ufccauggusgsg CUCUCAGCU
AD- csasuggaguAfCfCf 1594 asdGsagdCudGagagdGu 2042 ACCAUGGAGUACCU 2490
1699951.1 | ucucagcucul.96 Afcuccaugsgsu CUCAGCUCU
AD- csusuacucaGfGfUf 1595 asdTsagdAudAcugadCcU 2043 GACUUACUCAGGUC 2491
1699964.1 | caguaucuaul.96 foaguaagsusc AGUAUCUAA
AD- ascsucagguCfAfGf 1596 asdTsaudTadGauacdTgA 2044 UUACUCAGGUCAGU 2192
16999671 | vaucuaanaul.96 fccugagusasa AUCUAAUAU
AD- csasggucag UFAfUf 1597 asdTsuadTadTuagad TaCf 2045 CUCAGGUCAGUAUC 2493
1699970.1 | cuaaunauaanl.96 ugaccugsasg UAAUAUAAG
AD- asgsgucaguAfUFCE 1598 asdCsuudAudAuuagdAu 2046 UCAGGUCAGUAUCU 2494
1699971.1 | uaavauaagul.96 Afcugaccusgsa AAUAUAAGC
AD- gsgsucaguaUfCIUf 1599 asdGscudTad TauuadGaU 5047 CAGGUCAGUAUCUA 2495
1699972.1 | aauauaagcul.96 facugaccsusg AUAUAAGCU
AD- gsuscaguauCfUfAf 1600 asdAsgcdTudAuauudAg 2048 AGGUCAGUAUCUAA 2196
1699973.1 | auauaagcuul.96 Afuacugacscsu UAUAAGCUC
AD- asgsuaucuaAfUfAf 1601 asdCscgdAgdCuuaudAu 5049 UCAGUAUCUAAUAU 2497
1699976.1 | uaagcucggul.96 Ufagauacusgsa AAGCUCGGA
AD- gsusaucuaaUfAfUf 1602 asdTsccdGadGeuuadTaU 2050 CAGUAUCUAAUAUA 2498
1699977.1 | aagcucggaul 96 fuagauacsusg AGCUCGGAG
AD- usasucuaauA fUfAf 1603 asdCsucdCgdAgcuudAu 2051 AGUAUCUAAUAUAA 2499
1699978.1 | agcucggagul.96 Afuuagauvascsu GCUCGGAGU
AD- asuscuaauaUfAfAf 1604 asdAscudCcdGagcudTaU 20352 GUAUCUAAUAUAAG 2500
1699979.1 | gcucggaguul .96 fauuagausasc CUCGGAGUU
AD- usasauauaaGfC{Uf 1605 asdCsaadAcdTccgadGeU 2053 UCUAAUAUAAGCUC 1501
1699982.1 | cggaguuugul.96 fuauauuasgsa GGAGUUUGG
197
SUBSTITUTE SHEET (RULE 26)




WO 2023/034837 PCT/US2022/075715

, | SEQ . , SEQ SEQ

Duplex ID tS:gfe Sequence 5 ID ﬁ)n;:sense Sequence 5 ID | mRNA target sequence | ID
NO: NO: NO:
AD- asasuauaag CfUfCf 1606 asdCscadAadCuccgdAgC 2054 CUAAUAUAAGCUCG 2502
1699983.1 | ggaguuuggul.96 fuuavauusasg GAGUUUGGA
AD- asusauaagcUfC{Gf 1607 asdTsccdAadAcucedGaG 2055 UAAUAUAAGCUCGG 2503
1699984.1 | gaguuuggaul .96 fcuuanaususa AGUUUGGAC
AD- usasuaagcuCfGfGf 1608 asdGsucdCadAacucdCgA 2056 AAUAUAAGCUCGGA 2504
1699985.1 | aguuuggacul.96 fecuuavasusu GUUUGGACG
AD- asusaagcucGfGfAf 1609 asdCsgudCcdAaacudCcG 2057 AUAUAAGCUCGGAG 7505
1699986.1 | guuuggacgul.96 fagcuuausasu UUUGGACGG
AD- usasagcucgGFAfGf 1610 asdCscgdTedCaaacd TcCf 2058 UAUAAGCUCGGAGU 2506
1699987.1 | uuuggacgoul.96 gagcuuasusa UUGGACGGA
AD- asasgcucgg AfGIUf 1611 asdTsccdGudCcaaadCuC 2059 AUAAGCUCGGAGUU 2507
1699988.1 | uuggacggaul 96 fcgagcuusasu UGGACGGAG
AD- asgscucggaGfUfUf 1612 asdCsucdCgdTccaad AcU 2060 UAAGCUCGGAGUUU 2508
1699989.1 | uggacgeagul.96 fccgageususa GGACGGAGG
AD- gscsucggag UfUfUS 1613 asdCscudCcdGuccadAaC 2061 AAGCUCGGAGUUUG 7509
1699990.1 | ggacggaggul .96 fuccgagcsusu GACGGAGGG
AD- asgscgaccuUfUCE 1614 asdAscadGadCacggdAaA 2062 CCAGCGACcuUUCC 1510
1700015.1 | cgugucuguul.96 fogucgcusgsg GUGUCUGUG
AD- gsasucacaaGfCIGf 1615 asdCsggdAudGguccdGe 2063 GUGAUCACAAGCGG 1511
1700035.1 | gaccauccgul.96 Ufugugaucsasc ACCAUCCGG
AD- uscsacaagcGFGTAT 1616 asdTscedGgdAuggudCe 2064 GAUCACAAGCGGAC 512
1700037.1 | ccauccggaul .96 Gfcuugugasusc CAUCCGGAA
AD- csascaagcgGfAfCfc 1617 asdTsucdCgdGauggdTcC 2065 AUCACAAGCGGACC 2513
1700038.1 | auccggaaul .96 fgcuugugsasu AUCCGGAAA
AD- ascsaagcgg AfCfCfa 1618 asdTsuudCedGgaugdGu 2066 UCACAAGCGGACCA 2514
1700039.1 | uccggaaaul.96 Cfcgcuugusgsa UCCGGAAAG
AD- csasageggaCfCIAf 1619 asdCsuudTcdCggaudGg 2067 CACAAGCGGACCAU 2515
1700040.1 | uccggaaagul.96 Ufccgcuugsusg CCGGAAAGG
AD- asasgcggacCrAfUT 1620 asdCscudTudCcggadTgG 2068 ACAAGCGGACCAUC 516
1700041.1 | ccggaaaggul .96 fuccgcuusgsu CGGAAAGGC
AD- gsgsagcugc UFA G 1621 asdAsugdCudTuggcdTaG 2069 CAGGAGCUGCUAGC 1517
1700077.1 | ccaaagcauul.96 fcagcuccsusg CAAAGCAUU
AD- gscsugcuag CfCfAf 1622 asdCscadAudGcuuudGg 2070 GAGCUGCUAGCCAA 7518
1700080.1 | aagcauugeul .96 Cfuagcagcsusc AGCAUUGGA
AD- csusgeuagcCTATAT 1623 asdTscedAadTgcuudTgG 2071 AGCUGCUAGCCAAA 7519
1700081.1 | agcauuggaul.96 fcuagcagscsu GCAUUGGAG
AD- usgscuagccAfAfAf 1624 asdCsucdCadAugcudTuG 2072 GCUGCUAGCCAAAG 2520
1700082.1 | gcauuggagul .96 focuagcasgsc CAUUGGAGA
AD- gscsuagccaAfAFGE 1625 asdTscudCcdAaugedTuU 2073 CUGCUAGCCAAAGC 1501
1700083.1 | cauuggagaul 96 fggcuagesasg AUUGGAGAC
AD- asasgcauug GFAfGf 1626 asdCsagdTadGggucdTcC 5074 CAAAGCAUUGGAGA 1527
1700091.1 | acccuacugul.96 faaugcuususg CCCUACUGC
AD- asgscauugg AfGfAf 1627 asdGscadGudAgggudCu 2075 AAAGCAUUGGAGAC 1593
1700092.1 | cccuacugcul.96 Cfcaaugcususu CCUACUGCU
AD- csasuuggag AfCfCf 1628 asdCsagdCadGuaggdGu 2076 AGCAUUGGAGACCC 2524
1700094.1 | cuacugcugul.96 Cfuccaaugscsu UACUGCUGA
AD- usgsgagaccCfUFAf 1629 asdAsuudCadGceagudAg 5077 AUUGGAGACCCUAC 9595
1700097.1 | cugcugaauul.96 Gfgucuccasasu UGCUGAAUG
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AD- gsasgacccuAfC{Uf 1630 asdCscadTudCagcadGuA 2078 UGGAGACCCUACUG 2596
1700099.1 | gcugaauggul .96 fggoucucscsa CUGAAUGGA
AD- asgsacccuaCfUfGfc 1631 asdTsccdAudTcagecdAgU 2079 GGAGACCCUACUGC 2527
1700100.1 | ugaauggaul.96 faggoucuscsc UGAAUGGAG
AD- gsasccecuacUFGTCE 1632 asdCsucdCadTucagdCaG 2080 GAGACCCUACUGCU 2578
1700101.1 | ugaaugeagul.96 fuagggucsusc GAAUGGAGU
AD- cscsuacugc UFGTAT 1633 asdGscadCudCcauudCaG 2081 ACCCUACUGCUGAA 1529
1700104.1 | auggagugcul.96 fcaguaggsgsu UGGAGUGCU
AD- usgscugaauGfGfAf 1634 asdGsgudTadGcacudCcA 2082 ACUGCUGAAUGGAG 1530
1700109.1 | gugcuaaccul.96 fuucagcasgsu UGCUAACCC
AD- usgsaauggaGfUfGf 1635 asdCsagdGgdTuagedAcU 2083 GCUGAAUGGAGUGC 1531
1700112.1 | cuaacccugul.96 fccanucasgsc UAACCCUGG
AD- gsasauggag UfGfCf 1636 asdCscadGgdGuuagdCaC 2084 CUGAAUGGAGUGCU 532
1700113.1 | vaacccuggul.96 fuccauucsasg AACCCUGGU
AD- asasuggaguGfCfUf 1637 asdAsccdAgdGguuadGe 2085 UGAAUGGAGUGCUA 7533
1700114.1 | aacccugguul.96 Afcuccauuscsa ACCCUGGUG
AD- asusggagug CflUfAf 1638 asdCsacdCadGgguudAg 2086 GAAUGGAGUGCUAA 2534
1700115.1 | acccuggugul.96 Cfacuccaususc CCCUGGUGC
AD- usgsgagugc UfAfAT 1639 asdGscadCcdAgggudTaG 5087 AAUGGAGUGCUAAC 7535
1700116.1 | cccuggugeul.96 fcacuccasusu CCUGGUGCU
AD- usgscuaaccCfURGE 1640 asdCsucdTadGceaccdAgG 2088 AGUGCUAACCCUGG 536
1700121.1 | gugcuagagul.96 fguuagcascsu UGCUAGAGG
AD- gscsuaacccUfGIGf 1641 asdCscudCudAgcacdCaG 2089 GUGCUAACCCUGGU 1537
1700122.1 | ugcuagaggul.96 fgguuagcsasc GCUAGAGGA
AD- asascccugg UfGICE 1642 asdCscudCcdTcuagdCaC 2090 CUAACCCUGGUGCU 1538
1700125.1 | vagaggaggul .96 fcaggouusasg AGAGGAGGA
AD- gsasacugcaGfUfGf 1643 asdCsucdAcdTguccdAcU 5001 UGGAACUGCAGUGG 1539
1700148.1 | gacagugagul.96 fgcaguucscsa ACAGUGAGG
AD- asascugcag UGG 1644 asdCscudCadCugucdCaC 2092 GGAACUGCAGUGGA 2540
1700149.1 | acagugaggul 96 fugcaguuscsc CAGUGAGGA
AD- gsusggacag UfGfAf 1645 asdAsagdAadGuccudCaC 2003 CAGUGGACAGUGAG 1541
1700156.1 | ggacuucuuul.96 fuguccacsusg GACUUCUUC
AD- gsgsacagug AfGIGf 1646 asdGsgadAgdAagucdCu 2004 GUGGACAGUGAGGA 2542
1700158.1 | acuucuuccul.96 Cfacuguccsasc CUUCUUCCA
AD- gsascagugaGfGfAf 1647 asdTsggdAadGaagudCcU 2005 UGGACAGUGAGGAC 2543
1700159.1 | cuucuuccaul.96 fcacugucscsa UUCUUCCAG
AD- ascsagugagGFAfCf 1648 asdCsugdGadAgaagdTcC 2096 GGACAGUGAGGACU 2544
1700160.1 | uucuuccagul.96 fucacuguscsc UCUUCCAGC
AD- asgsgacuuc UfUfCf 1649 asdCsagdCadGceuggdAa 5097 UGAGGACUUCUUCC 2545
1700166.1 | cagcugcugul.96 Gfaaguccuscsa AGCUGCUGG
AD- gsgsacuucuUfCCf 1650 asdCscadGedAgcugdGa 5008 GAGGACUUCUUCCA 2546
1700167.1 | agcugcuggul.96 Afgaaguccsusc GCUGCUGGA
AD- csusgeuggaGIGIAT 1651 asdCsacdGudGucaudCcU 5099 AGCUGCUGGAGGAU 2547
1700180.1 | ugacacgugul.96 fccagcagscsu GACACGUGC
AD- asgsgaugacA fCfGf 1652 asdCsaudCadGgcacdGuG 2100 GGAGGAUGACACGU 2548
1700187.1 | ugccugaugul .96 fucauccuscsc GCCUGAUGG
AD- gsgsaugacaCfGfUf 1653 asdCscadTcdAggcadCgU 5101 GAGGAUGACACGUG 1549
1700188.1 | gccugauggul.96 fgucauccsusc CCUGAUGGU

SUBSTITUTE SHEET (RULE

199

26)




WO 2023/034837 PCT/US2022/075715

, | SEQ . , SEQ SEQ

Duplex ID tS:gfe Sequence 5 ID ﬁ)n;:sense Sequence 5 ID | mRNA target sequence | ID
NO: NO: NO:
AD- gsasugacacGfUFGf 1654 asdAsccdAudCaggedAc 2102 AGGAUGACACGUGC 2550
1700189.1 | ccugaugguul.96 Gfugucaucscsu CUGAUGGUG
AD- asusgacacg UfGfCf 1655 asdCsacdCadTcaggdCaC 2103 GGAUGACACGUGCC 7551
1700190.1 | cugauggugul.96 fgugucauscsc UGAUGGUGU
AD- usgsacacguGfC{Cf 1656 asdAscadCcdAucagdGeA 2104 GAUGACACGUGCCU 7552
1700191.1 | ugaugguguul.96 fcgugucasusc GAUGGUGUU
AD- ascsacgugcCfUFGf 1657 asdCsaadCadCcaucdAgG 2105 UGACACGUGCCUGA 7553
1700193.1 | augguguugul.96 fcacguguscsa UGGUGUUGC
AD- csasgucugg UfCfAf 1658 asdCsucdCadGceucudGaC 2106 UGCAGUCUGGUCAG 2554
1700213.1 | gagcuggagul.96 fcagacugscsa AGCUGGAGC
AD- gsasguggag UfGICE 1659 asdCsaudAudGacagdCaC 2107 AGGAGUGGAGUGCU 7555
1700242.1 | ugucauaugul.96 fuccacucscsu GUCAUAUGG
AD- asgsuggaguGfCfUf 1660 asdCscadTadTgacadGcA 2108 GGAGUGGAGUGCUG 2556
1700243.1 | gucauauggul.96 fcuccacuscsc UCAUAUGGC
AD- gsusggagug CfUfGf 1661 asdGsccdAudAugacdAg 1109 GAGUGGAGUGCUGU 1557
1700244.1 | ucauauggcul.96 Cfacuccacsusc CAUAUGGCC
AD- usgsgagugc UfGIUf 1662 asdGsgedCadTaugadCaG 5110 AGUGGAGUGCUGUC 7558
1700245.1 | cauauggccul.96 fcacuccascsu AUAUGGCCU
AD- asgsugcuguCfAfUf 1663 asdCscadGgdCcauad TgA S111 GGAGUGCUGUCAUA 7559
1700248.1 | auggccuggul.96 fcagcacuscsc UGGCCUGGG
AD- gsusgcugucAfUTAT 1664 asdCsccdAgdGecaudAu 2112 GAGUGCUGUCAUAU 2560
1700249.1 | uggccugeeul.96 Gfacagcacsusc GGCCUGGGA
AD- usgscugucaUfAfUf 1665 asdTsccdCadGgccadTaU 2113 AGUGCUGUCAUAUG 13561
1700250.1 | ggccugggaul.96 fgacagcascsu GCCUGGGAC
AD- csusgucauaUfGfGf 1666 asdCsgudCcdCaggedCal 114 UGCUGUCAUAUGGC 1562
1700252.1 | ccugggaceul 96 faugacagscsa CUGGGACGG
AD- asgsgcccaaGfCfAfc 1667 asdTscedTudGeugudGeU 2115 AGAGGCCCAAGCAC 7563
1700272.1 | agcaaggaul.96 fugggccuscsu AGCAAGGAC
AD- asgscacagcAfAfGf 1668 asdGsgcdGadTgucedTuG 116 CAAGCACAGCAAGG 2564
1700279.1 | gacaucgccul 96 focugugcususg ACAUCGCCC
AD- gscsacagcaAfGfGf 1669 asdGsggdCgdAugucdCu 117 AAGCACAGCAAGGA 2565
1700280.1 | acaucgcecul.96 Ufgcugugesusu CAUCGCCCG
AD- uscsaccuuuGfAfCf 1670 asdCsuudGudAcacgdTcA 5118 AUUCACCUUUGACG 2566
1700303.1 | guguacaagul.96 faaggugasasu UGUACAAGC
AD- ususgacgug UfAFCE 1671 asdGsuudTudGeuugdTaC 5119 CUUUGACGUGUACA 1567
1700309.1 | aagcaaaacul.96 facgucaasasg AGCAAAACC
AD- ascsguguacAfAfGf 1672 asdAsggdGudTuugedTu 2120 UGACGUGUACAAGC 7568
1700312.1 | caaaacccuul.96 Gfuacacguscsa AAAACCCUC
AD- gsusguacaaGfCfAf 1673 asdCsgadGgdGuuuudGe 191 ACGUGUACAAGCAA 1560
1700314.1 | aaacccucgul96 Ufuguacacsgsu AACCCUCGA
AD- usgsuacaag CfAfAf 1674 asdTscgdAgdGguuudTg 2122 CGUGUACAAGCAAA 2570
1700315.1 | aacccucgaul 96 Cfuuguacascsg ACCCUCGAG
AD- gsusacaagcAfAfAf 1675 asdCsucdGadGgguudTu 2123 GUGUACAAGCAAAA 1571
1700316.1 | acccucgagul.96 Gfcuugunacsasc CCCUCGAGA
AD- usascaagcaAfAfAf 1676 asdTscudCgdAgggudTu 2124 UGUACAAGCAAAAC 2572
1700317.1 | cccucgagaul.96 Ufgcuuguascsa CCUCGAGAC
AD- ascsaagcaaAfAfCfc 1677 asdGsucdTedGagggdTuU 2195 GUACAAGCAAAACC 2573
1700318.1 | cucgagacul96 fugcuugusasc CUCGAGACC
200
SUBSTITUTE SHEET (RULE 26)




WO 2023/034837 PCT/US2022/075715
, | SEQ . , SEQ SEQ
Duplex ID tS:gfe Sequence 5 ID ﬁ)n;:sense Sequence 5 ID | mRNA target sequence | ID
NO: NO: NO:
AD- csasaaacccUfCfGfa 1678 asdAsagdAgdGucucdGa 2126 AGCAAAACCCUCGA 2574
17003231 | gaccucuuul.96 Gfgguuuugscsu GACCUCUUU
AD- asasaacccuCfGfAfg 1679 asdAsaadGadGgucudCg 2127 GCAAAACCCUCGAG 2575
1700324.1 | accucuuuul.96 Afggouuuusgsc ACCUCUUUG
AD- asasacccucGfAfGfa 1680 asdCsaadAgdAggucdTcG 2128 CAAAACCCUCGAGA 2576
1700325.1 | ccucuuugul.96 faggguuususg CCUCUUUGG
AD- ascsccucgaGfAfCee 1681 asdGsccdAadAgaggdTcU 1129 AAACCCUCGAGACC 577
1700327.1 | ucuuuggcul .96 fcgagggususu UCUUUGGCA
AD- cscscucgag AfCECE 1682 asdTsgcdCadAagagdGuC 1130 AACCCUCGAGACCU 1578
1700328.1 | ucuuuggcaul.96 fucgagggosusu CUUUGGCAG
AD- cscsucgagaCfCtUfc 1683 asdCsugdCcdAaagadGg 1131 ACCCUCGAGACCUC 2579
1700329.1 | uuuggcagul.96 Ufcucgaggsgsu UUUGGCAGC
AD- ascscucuuuGfGfCf 1684 asdAsuudCadGgeugdCe 2132 AGACCUCUUUGGCA 7580
1700336.1 | agccugaauul .96 Afaagagguscsu GCCUGAAUG
AD- uscsuuuggcAfGICf 1685 asdGsacdAudTcaggdCuG 7133 CCUCUUUGGCAGCC 1581
1700339.1 | cugaaugucul.96 fccaaagasgsg UGAAUGUCA
AD- gsgscagccuGTAfAf 1686 asdGscudTudGacaudTcA 134 UUGGCAGCCUGAAU 1587
1700344.1 | ugucaaagcul.96 fogcugccsasa GUCAAAGCC
AD- csusgaauguCfAfAf 1687 asdAsaudGudGgceuudTg 7135 GCCUGAAUGUCAAA 7583
1700350.1 | agccacauuul.96 Afcauucagsgsc GCCACAUUC
AD- gsasaugucaAfAfGf 1688 asdAsgadAudGuggedTu 2136 CUGAAUGUCAAAGC 2584
1700352.1 | ccacauucuul.96 Ufgacauucsasg CACAUUCUA
AD- asasugucaaAfGfCf 1689 asdTsagdAadTguggdCuU 1137 UGAAUGUCAAAGCC 7585
1700353.1 | cacauucuaul.96 fugacauuscsa ACAUUCUAC
AD- asusgucaaaGfCfCfa 1690 asdGsuadGadAugugdGce 1138 GAAUGUCAAAGCCA 7586
17003541 | cauucuacul.96 Ufuugacaususc CAUUCUACG
AD- usgsucaaag CfCfAf 1601 asdCsgudAgdAaugudGg 1139 AAUGUCAAAGCCAC 1587
1700355.1 | cauucuacgul.96 Cfuuugacasusu AUUCUACGG
AD- gsuscaaagcCfAfCfa 1692 asdCscgdTadGaaugdTgG 2140 AUGUCAAAGCCACA 7588
1700356.1 | uucuacggul.96 fcuuugacsasu UUCUACGGG
AD- uscsaaagccAfCFAf 1693 asdCsccdGudAgaaudGu 5141 UGUCAAAGCCACAU 1589
1700357.1 | uucuacgggul.96 Gfgcuuugascsa UCUACGGGC
AD- csasaagccaCfAfUfu 1694 asdGsccdCgdTagaadTgU 2142 GUCAAAGCCACAUU 2590
1700358.1 | cuacgggcul.96 fogcuuugsasc CUACGGGCU
AD- asasagccacAfUfUfc 1695 asdAsgcdCedGuagadAu 2143 UCAAAGCCACAUUC 1501
1700359.1 | vacgggcuul.96 Gfuggcuuusgsa UACGGGCUC
AD- ascsauucuaCfGfGf 1696 asdGsagdTadGagcedCgU 2144 CCACAUUCUACGGG 2592
1700365.1 | gcucuacucul.96 fagaaugusgsg CUCUACUCU
AD- csasuucuacGfGfGf 1697 asdAsgadGudAgagedCe 2145 CACAUUCUACGGGC 7503
1700366.1 | cucuacucuul96 Gfuagaaugsusg UCUACUCUA
AD- ususcuacggGfCfUf 1698 asdAsuadGadGuagadGe 2146 CAUUCUACGGGCUC 2504
1700368.1 | cuacucuauul.96 Cfcguagaasusg UACUCUAUG
AD- uscsuacggg CfUTCE 1699 asdCsaudAgdAguagdAg 2147 AUUCUACGGGCUCU 7505
1700369.1 | vacucuaugul.96 Cfccguagasasu ACUCUAUGA
AD- csusacgggcUTCTUT 1700 asdTscadTadGaguadGaG 2148 UUCUACGGGCUCUA 2506
1700370.1 | acucuaugaul.96 fcccguagsasa CUCUAUGAG
AD- usascgggcuCfUfAS 1701 asdCsucdAudAgagudAg 5149 UCUACGGGCUCUAC 1597
1700371.1 | cucuaugagul.96 Afgcecguasgsa UCUAUGAGU
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AD- ascsgggcucUFAfCE 1702 asdAscudCadTagagdTaG 5150 CUACGGGCUCUACU 7508
17003721 | ucuaugaguul.96 fageccgusasg CUAUGAGUU
AD- gsgsgcucuaCfUCE 1703 asdCsaadCudCauagdAgU 1151 ACGGGCUCUACUCU 7599
1700374.1 | vaugaguugul.96 fagagcceesgsu AUGAGUUGU
AD- gsgscucuacUTCIUf 1704 asdAscadAcdTcauadGaG 2152 CGGGCUCUACUCUA 2600
1700375.1 | augaguuguul.96 fuagagccscsg UGAGUUGUG
AD- gscsucuacuCfUfAS 1705 asdCsacdAadCucaudAgA 7153 GGGCUCUACUCUAU 2601
1700376.1 | ugaguugugul.96 fouagagcscsc GAGUUGUGA
AD- uscsuacucuA fUfGf 1706 asdGsucdAcdAacucdAu 5154 GCUCUACUCUAUGA 2602
1700378.1 | aguugugacul.96 Afgaguagasgsc GUUGUGACU
AD- uscsuaugag UfUTGE 1707 asdTsgadAadGucacdAaC 2155 ACUCUAUGAGUUGU 2603
1700383.1 | ugacuuucaul.96 fucauagasgsu GACUUUCAA
AD- csusaugaguUfGfUf 1708 asdTsugdAadAgucadCaA 2156 CUCUAUGAGUUGUG 2604
1700384.1 | gacuuucaaul.96 fcucauagsasg ACUUUCAAG
AD- usasugaguuGfUfGf 1709 asdCsuudGadAagucdAc 1157 UCUAUGAGUUGUGA 2605
1700385.1 | acuuucaagul.96 Afacucauasgsa CUUUCAAGG
AD- asusgaguug UFGfAf 1710 asdCscudTgdAaagudCaC 5158 CUAUGAGUUGUGAC 2606
1700386.1 | cuuucaaggul.96 faacucausasg UUUCAAGGA
AD- usgsaguuguGfAfC 1711 asdTsccdTudGaaagd TcA 5159 UAUGAGUUGUGACU 2607
1700387.1 | uuucaaggaul.96 fcaacucasusa UUCAAGGAC
AD- gsasguugugAfCfUf 1712 asdGsucdCudTgaaadGuC 2160 AUGAGUUGUGACUU 2608
1700388.1 | uucaaggacul.96 facaacucsasu UCAAGGACU
AD- ususggcecaAfAfGf 1713 asdGsagdTadCuuucdTuU 1161 ACUUGGCCCAAAGA 2609
1700408.1 | aaaguacucul.96 fggoccaasgsu AAGUACUCA
AD- gsgscecaaaGfAfAT 1714 asdCsugdAgdTacuudTcU 1162 UUGGCCCAAAGAAA 2610
1700410.1 | aguacucagul.96 fuugggeccsasa GUACUCAGG
AD- gscsccaaagAfATAT 1715 asdCscudGadGuacudTuC 1163 UGGCCCAAAGAAAG 2611
1700411.1 | guacucaggul.96 fuuugggcscsa UACUCAGGG
AD- cscsaaagaaAfGfUfa 1716 asdTscedCudGaguadCuU 2164 GCCCAAAGAAAGUA 2612
1700413.1 | cucagggaul .96 fucuuuggsesc CUCAGGGAG
AD- csasaagaaaGfUfAfc 1717 asdCsucdCcdTgagudAcU 2165 CCCAAAGAAAGUAC 2613
1700414.1 | ucagggagul.96 fuucuuugsgsg UCAGGGAGC
AD- gsusacucagGfGfAf 1718 asdCsgadAgdGagcudCcC 2166 AAGUACUCAGGGAG 2614
1700422.1 | gcuccuucgul.96 fugaguacsusu CUCCUUCGU
AD- usascucagg GFAfGE 1719 asdAscgdAadGgagedTcC 5167 AGUACUCAGGGAGC 2615
1700423.1 | cuccuucguul.96 fcugaguascsu UCCUUCGUU
AD- ascsucaggg AfGCf 1720 asdAsacdGadAggagdCu 2168 GUACUCAGGGAGCU 2616
17004241 | uccuucguuul.96 Cfccugagusasc CCUUCGUUG
AD- csuscagggaGfCfUf 1721 asdCsaadCgdAaggadGeU 7169 UACUCAGGGAGCUC 2617
1700425.1 | ccuucguugul96 fcccugagsusa CUUCGUUGG
AD- uscsagggag CfUfCE 1722 asdCscadAcdGaaggdAgC 2170 ACUCAGGGAGCUCC 2618
1700426.1 | cuucguugeul.96 fucccugasgsu UUCGUUGGA
AD- csasgggagc UFCTCE 1723 asdTsccdAadCgaagdGaG 2171 CUCAGGGAGCUCCU 2619
1700427.1 | uucguuggaul .96 fcucccugsasg UCGUUGGAC
AD- asgsggagcuCfCfUf 1724 asdGsucdCadAcgaadGg T2 UCAGGGAGCUCCUU 2620
1700428.1 | ucguuggacul .96 Afgcucccusgsa CGUUGGACC
AD- uscsguuggaCfCfUf 1725 asdGscadGudGuggadGg 2173 CUUCGUUGGACCUC 2601
1700439.1 | ccacacugcul96 Ufccaacgasasg CACACUGCU
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AD- csasaggccuGIGIGE 1726 asdAsacdAudAuggedCe 5174 UGCAAGGCCUGGGC 2622
1700461.1 | ccauauguuul.96 Afggccuugscsa CAUAUGUUG
AD- asasggccug GIGCf 1727 asdCsaadCad TauggdCcC 2175 GCAAGGCCUGGGCC 2623
1700462.1 | canauguugul.96 faggccuusgsc AUAUGUUGC
AD- gsgsccuggg CICTAL 1728 asdAsgcdAadCauandGg 2176 AAGGCCUGGGCCAU 2624
1700464.1 | vauguugcuul.96 Cfccaggecsusu AUGUUGCUG
AD- gscscuggecCAfUE 1729 asdCsagdCadAcauadTgG 2177 AGGCCUGGGCCAUA 2625
1700465.1 | auguugcugul.96 fcccaggescsu UGUUGCUGG
AD- usgsggccauAfUTGE 1730 asdTsccdCadGeaacdAuA 5178 CCUGGGCCAUAUGU 2626
1700468.1 | uugcugggaul 96 fuggcccasgsg UGCUGGGAA
AD- csasuauguuGfCfUf 1731 asdGsaadAudTcecadGeA 2179 GCCAUAUGUUGCUG 2627
1700473.1 | gggaauuucul.96 facanaugsgsc GGAAUUUCC
AD- asusauguug CfUfGf 1732 asdGsgadAadTucccdAgC 2180 CCAUAUGUUGCUGG 2628
1700474.1 | ggaauuuccul.96 faacauausgsg GAAUUUCCU
AD- asusguugcuGfGfGf 1733 asdGsagdGadAauucdCc 5181 AUAUGUUGCUGGGA 2629
1700476.1 | aauuuccucul.96 Afgcaacausasu AUUUCCUCC
AD- usgsuugcugGIGfAf 1734 asdGsgadGgdAaauudCe 1182 UAUGUUGCUGGGAA 2630
1700477.1 | auuuccuccul.96 Cfagcaacasusa UUUCCUCCA
AD- ususgcugggAfAfUf 1735 asdGsugdGadGgaaadTuC 7183 UGUUGCUGGGAAUU 2631
1700479.1 | uuccuccacul.96 fccagcaascsa UCCUCCACC
AD- csusgggaanUfUTCE 1736 asdAsggdGudGgaggdAa 2184 UGCUGGGAAUUUCC 2632
1700482.1 | cuccacccuul.96 Afuucccagscsa UCCACCCUU
AD- gsgsaauuucCfUCE 1737 asdCsgadAgdGguggdAg 7185 UGGGAAUUUCCUCC 2633
1700485.1 | cacccuucgul.96 Gfaaauuccscsa ACCCUUCGU
AD- gsasauuucc UFCTC 1738 asdAscgdAadGggugdGa 7186 GGGAAUUUCCUCCA 2634
1700486.1 | acccuucguul.96 Gfoaaauucsesc CCCUUCGUC
AD- asasuuuccuCfCfAf 1739 asdGsacdGadAgggudGg 5187 GGAAUUUCCUCCAC 2635
1700487.1 | cccuucgucul.96 Afggaaauuscsc CCUUCGUCA
AD- asusuuccucCfAfCt 1740 asdTsgadCgdAagggdTgG 7188 GAAUUUCCUCCACC 2636
17004881 | ccuucgucaul.96 faggaaaususc CUUCGUCAU
AD- ususuccuccAfCfCf 1741 asdAsugdAcdGaaggdGu 7189 AAUUUCCUCCACCC 2637
1700489.1 | cuucgucauul.96 Gfgaggaaasusu UUCGUCAUG
AD- ususccuccaCfCfCfu 1742 asdCsaudGadCgaagdGg 1190 AUUUCCUCCACCCU 2638
1700490.1 | ucgucaugul.96 Ufggagpaasasu UCGUCAUGC
AD- asasgggecg CICUT 1743 asdTsagdGadAuggadGg 5191 AGAAGGGCCGCCUC 2639
1700517.1 | ccauuccuaul.96 Cfogcccuuscsu CAUUCCUAC
AD- gsgsgecgccUFCICE 1744 asdAsgudAgdGaaugdGa 2192 AAGGGCCGCCUCCA 2640
1700519.1 | auuccuacuul.96 Gfecggccesusu UUCCUACUA
AD- gsgscegecuCfCAT 1745 asdTsagdTadGgaaudGgA 2193 AGGGCCGCCUCCAU 2641
1700520.1 | uuccuacuaul.96 fggcggecsesu UCCUACUAA
AD- cscsgecuccAfUTUT 1746 asdCsuudAgdTaggadAu 5194 GGCCGCCUCCAUUC 2642
1700522.1 | ccuacuaagul.96 Gfoagocggscsc CUACUAAGG
AD- cscscacugcAfAfAS 1747 asdGsucdAudAgucudTu 7195 GACCCACUGCAAAG 2643
1700542.1 | gacuaugacul.96 Gfcagugggsusc ACUAUGACA
AD- csascugcaaAfGfAf 1748 asdCsugdTcdAuagudCu 2196 CCCACUGCAAAGAC 2644
17005441 | cuaugacagul.96 Ufugcagugsgsg UAUGACAGC
AD- asasagacuaUfGfAf 1749 asdTsugdAudGceugudCa 1197 GCAAAGACUAUGAC 2645
1700550.1 | cagcaucaaul.96 Ufagucuuusgsc AGCAUCAAA
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AD- gsascuaugaCfAfGf 1750 asdAsaudTudGaugedTgU 7198 AAGACUAUGACAGC 2646
17005531 | caucaaauuul96 fcauagucsusu AUCAAAUUU
AD- ascsuaugacAfGfCf 1751 asdAsaadTudTgaugdCuG 2199 AGACUAUGACAGCA 2647
1700554.1 | aucaaauuuul.96 fucauaguscsu UCAAAUUUC
AD- csusaugacaGfCfAf 1752 asdGsaadAudTugaudGe 200 GACUAUGACAGCAU 2648
1700555.1 | ucaaauuucul.96 Ufgucauagsusc CAAAUUUCA
AD- usasugacag CfAfUf 1753 asdTsgadAadTuugadTgC 201 ACUAUGACAGCAUC 2649
1700556.1 | caaauuucaul.96 fugucauasgsu AAAUUUCAG
AD- asusgacagcAfUfC 1754 asdCsugdAadAuuugdAu 2902 CUAUGACAGCAUCA 2650
1700557.1 | aaauuucagul.96 Gfcugucausasg AAUUUCAGG
AD- usgsacagcaUfCfAf 1755 asdCscudGadAauuudGa 2203 UAUGACAGCAUCAA 2651
1700558.1 | aauuucaggul.96 Ufgcugucasusa AUUUCAGGA
AD- ascsagcaucAfAfAf 1756 asdGsucdCudGaaandTuG 2204 UGACAGCAUCAAAU 2652
1700560.1 | uuucaggacul.96 faugcuguscsa UUCAGGACC
AD- gscsaucaaaUfUfUf 1757 asdCsagdGudCcugadAa 905 CAGCAUCAAAUUUC 2653
1700563.1 | caggaccugul.96 Ufuugaugcsusg AGGACCUGC
AD- uscsaaauuuCfAfGf 1758 asdCsugdCadGguccdTgA 2906 CAUCAAAUUUCAGG 2654
1700566.1 | gaccugcagul.96 faauuugasusg ACCUGCAGA
AD- uscsaggacc UtGICE 1759 asdGsuadCudGucugdCa 207 UUUCAGGACCUGCA 2655
1700573.1 | agacaguacul.96 Gfguccugasasa GACAGUACA
AD- asgsgaccugCfAfGf 1760 asdCsugdTadCuguedTgC 2208 UCAGGACCUGCAGA 2656
1700575.1 | acaguacagul.96 fagguccusgsa CAGUACAGG
AD- gsgsaccugcAfGfAf 1761 asdCscudGudAcugudCu 209 CAGGACCUGCAGAC 2657
1700576.1 | caguacaggul.96 Gfcagguccsusg AGUACAGGC
AD- ascscugcag AfCfAf 1762 asdAsgcdCudGuacudGu 10 GGACCUGCAGACAG 2658
1700578.1 | guacaggcuul.96 Cfugcagguscse UACAGGCUA
AD- csusgcagacAfGfUf 1763 asdCsuadGedCuguadCu 11 ACCUGCAGACAGUA 2659
1700580.1 | acaggcuagul.96 Gfucugcagsgsu CAGGCUAGA
AD- gscsagacagUfAfCE 1764 asdAsucdTadGecugdTaC M2 CUGCAGACAGUACA 2660
1700582.1 | aggcuagauul.96 fugucugcsasg GGCUAGAUA
AD- ascsgecucaCfAfUfc 1765 asdAsgadCudTgggadTgU 113 UAACGCCUCACAUC 2661
1700623.1 | ccaagucuul.96 fgaggcgususa CCAAGUCUA
AD- ususccuagcCrAFCE 1766 asdGsccdAgdAaaggdTg 14 CUUUCCUAGCCACC 2662
1700670.1 | cuuucuggeul .96 Gfcuaggaasasg UUUCUGGCC
AD- uscscuagcc AfCICE 1767 asdGsgcdCadGaaagdGu 215 UUUCCUAGCCACCU 2663
1700671.1 | uuucuggccul.96 Gfocuaggasasa UUCUGGCCU
AD- csesuuucugGICCE 1768 asdCsaadGudGggagdGe 16 CACCUUUCUGGCCU 2664
1700680.1 | ucccacuugul.96 (Cfagaaagosusg CCCACUUGC
AD- csusuucugg CfCfUf 1769 asdGscadAgdTeggadGg 17 ACCUUUCUGGCCUC 2665
1700681.1 | cccacuugeul.96 (Cfcagaaagsgsu CCACUUGCC
AD- uscsuggccuCfCfCt 1770 asdAsggdGedAagugdGg 218 UUUCUGGCCUCCCA 2666
1700684.1 | acuugcccuul.96 Afsgccagasasa CUUGCCCUG
AD- gsgscaucuuGfAfUf 1771 asdCsagdGedTgggadTcA 19 CAGGCAUCUUGAUC 2667
1700710.1 | cccagecugul.96 fagaugccsusg CCAGCCUGA
AD- asasugccucCfUTGT 1772 asdGsuudTadGggacdAg 9220 CCAAUGCCUCCUGU 2668
1700736.1 | ucccuaaacul.96 Gfaggcauusgsg CCCUAAACU
AD- asusgccucc UfGFUf 1173 asdAsgudTudAgggadCa 291 CAAUGCCUCCUGUC 2669
1700737.1 | cccuaaacuul96 Gfgaggcaususg CCUAAACUC
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AD- usgsccuccuGfUCE 1774 asdGsagdTudTagggdAcA 9927 AAUGCCUCCUGUCC 2670
17007381 | ccuaaacucul96 fogagocasusu CUAAACUCC
AD- csasaacuaaCfAfAfa 1775 asdGsaadAudGuuuudTg 723 CUCAAACUAACAAA 2671
1700780.1 | aacauuucul.96 Ufuaguuugsasg AACAUUUCC
AD- asasacuaacAfAfAfa 1776 asdGsgadAad TguuudTu 9924 UCAAACUAACAAAA 2672
1700781.1 | acauuuccul.96 Gfuuaguuusgsa ACAUUUCCA
AD- asascuaacaAfAfAfa 1777 asdTsggdAadAuguudTu 275 CAAACUAACAAAAA 673
1700782.1 | cauuuccaul.96 Ufguuaguususg CAUUUCCAA
AD- gsusccugGfgCfUG 1778 asCfsugdGg(Agn)ucucag 2996 GGAAGGAAAGAGCA 2674
1700791.1 | fagaucccagul.96 CfcCfaggacsasa GAUCCCAGG
AD- usgsagauCfcCfAfG 1779 asGfsuudAc(Agn)aaccug 2997 GAGCAGAUCCCAGG 2675
1700793.1 | fouuuguaacul .96 GfgAfucucasgsc UUUGUAACA
AD- gsasgaucCfcAfGTG 1780 asUfsgudTa(Cgn)aaaccu 2978 AGCAGAUCCCAGGU 2676
1700794.1 | fuuuguaacaul .96 GfeGfaucucsasg UUGUAACAG
AD- gsasucccAfgGfUfU 1781 asUfscudGu(Tgn)acaaac 799 CAGAUCCCAGGUUU 2677
1700795.1 | fuguaacagaul.96 CfuGfggaucsusc GUAACAGAA
AD- cscsagguUfuGfUfA 1782 asGfsuud Tu(Cgn)uguuac 9930 UCCCAGGUUUGUAA 2678
1700796.1 | facagaaaacul.96 AfaAfccuggsgsa CAGAAAACA
AD- csasgguuUfgUfAf 1783 asUfsgudTu(Tgn)cuguua 31 CCCAGGUUUGUAAC 2679
1700797.1 | Afcagaaaacaul.96 CfaAfaccugsgsg AGAAAACAC
AD- asgsguuuGfuAfAf 1784 asGfsugd Tu(Tgn)ucuguu 2932 CCAGGUUUGUAACA 2680
1700798.1 | Cfagaaaacacul.96 AfcAfaaccusgsg GAAAACACC
AD- gsgsuuugUfaAfCf 1785 asGfsgudGu(Tgn)uucugu 733 CAGGUUUGUAACAG 2681
1700799.1 | Afgaaaacaccul.96 UfaCfaaaccsusg AAAACACCA
AD- usasacagAfaAfAfC 1786 asUfsuudAg(Tgn)gguguu 2934 UGUAACAGAAAACA 2682
1700800.1 | faccacuaaaul.96 UfuCfuguuascsa CCACUAAAG
AD- csasgaaaAfcAfCC 1787 asGfsgedTu(Tgn)aguggu 2935 AACAGAAAACACCA 2683
1700801.1 | facuaaagccul96 GfuUfuucugsusu CUAAAGCCC
AD- csascagg Afg AfGfA 1788 asCfsugdGg(Tgn)gguucu 36 AGCACAGGAGAGAA 2684
1700802.1 | faccacccagul.96 CtuCfcugugscsu CCACCCAGC
AD- gsasaccaCfcCfAfG 1789 asAfscudTc(Tgn)gggcug 937 GAGAACCACCCAGC 2685
1700804.1 | fcccagaaguul.96 GfgUfgguucsusc CCAGAAGUU
AD- asasccacCfcAfGICE 1790 asAfsacdTu(Cgn)ugggcu 738 AGAACCACCCAGCC 2686
1700805.1 | ccagaaguuul.96 GfeGfugguuscsu CAGAAGUUC
AD- ascscaccCfaGfCfCf 1791 asGfsaadCu(Tgn)cuggge 739 GAACCACCCAGCCC 2687
1700806.1 | cagaaguucul.96 UfeGfguggususc AGAAGUUCC
AD- cscsacccAfgCICECE 1792 asGfsgadAc(Tgn)ucuggg 2240 AACCACCCAGCCCA 2688
1700807.1 | agaaguuccul.96 CtuGfegugesusu GAAGUUCCA
AD- csascccaGfcCfCfAT 1793 asUfsggdAa(Cgn)uucugg 241 ACCACCCAGCCCAG 2689
1700808.1 | gaaguuccaul96 GfcUfgggugsgsu AAGUUCCAG
AD- cscsagaaGfuUfCEC 1794 asUfsccdTu(Cgn)ccugga 2947 GCCCAGAAGUUCCA 2690
1700809.1 | faggoaagoaul 96 AfcUfucuggsgsc GGGAAGGAA
AD- csasgaag UfuCfCfA 1795 asUfsucdCu(Tgn)cccugg 2743 CCCAGAAGUUCCAG 2601
1700810.1 | fgggaaggaaul 96 AfaCfuucugsgsg GGAAGGAAC
AD- asgsaaguUfcCFAfG 1796 asGfsuudCe(Tgn)ucccug 244 CCAGAAGUUCCAGG 2692
1700811.1 | fogaaggaacul .96 GfaAfcuucusgsg GAAGGAACU
AD- gsasaguuCfcAfGfG 1797 asAfsgudTc(Cgn)uucccu 945 CAGAAGUUCCAGGG 2693
1700812.1 | fgaaggaacuul.96 GfgAfacuucsusg AAGGAACUC
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AD- asasguucCfaGfGfG 1798 asGfsagdTu(Cgn)cuucce 2746 AGAAGUUCCAGGGA 2604
1700813.1 | faaggaacucul.96 UfgGfaacuuscsu AGGAACUCU
AD- asgsuuccAfgGfGfA 1799 asAfsgadGu(Tgn)ccuucc 2947 GAAGUUCCAGGGAA 2695
1700814.1 | faggaacucuul96 CfuGfgaacususc GGAACUCUC
AD- gsusuccaGfgGfAfA 1800 asGfsagdAg(Tgn)uccuuc 2948 AAGUUCCAGGGAAG 2696
1700815.1 | fegaacucucul.96 CfcUfggaacsusu GAACUCUCC
AD- gsusccacCfaUfGfG 1801 asAfsgadGg(Tgn)acucca 749 CGGUCCACCAUGGA 2697
1700816.1 | faguaccucuul.96 UfeGfuggacscsg GUACCUCUC
AD- csasccauGfgAfGfU 1302 asCfsugdAg(Agn)gguacu 2750 UCCACCAUGGAGUA 2608
1700817.1 | faccucucagul.96 CfcAfuggugsgsa CCUCUCAGC
AD- cscsaugg AfgUFA{C 1303 asAfsgcdTg(Agn)gaggua 2951 CACCAUGGAGUACC 2699
1700819.1 | fcucucagcuul.96 CfuCfcauggsusg UCUCAGCUC
AD- asusggagUfaCfCfU 1804 asAfsgadGe(Tgn)gagagg 2952 CCAUGGAGUACCUC 2700
1700821.1 | fcucagcucuul.96 UfaCfuccausgsg UCAGCUCUG
AD- ususacucAfgGfUfC 1305 asUfsuadGa(Tgn)acugac 253 ACUUACUCAGGUCA 2701
1700822.1 | faguaucuaaul.96 CfuGfaguaasgsu GUAUCUAAU
AD- uscsaguaUfcUfAfA 1306 asGfsagdCu(Tgn)auauua 954 GGUCAGUAUCUAAU 2702
1700824.1 | fuauaagcucul.96 GfaUfacugascse AUAAGCUCG
AD- csasguauCfuAfAfU 1307 asCfsgadGe(Tgn)uauauu 2755 GUCAGUAUCUAAUA 2703
1700825.1 | fauaagcucgul.96 AfgAfuacugsasc UAAGCUCGG
AD- asgsuaucUfaAfUfA 1808 asCfscgdAg(Cgn)unauau 2956 UCAGUAUCUAAUAU 2704
1700826.1 | fuaagcucggul.96 UfaGfauacusgsa AAGCUCGGA
AD- uscsuaauAfuAfAfG 1309 asAfsacdTc(Cgn)gagcuu 957 UAUCUAAUAUAAGC 2705
1700828.1 | fcucggaguuul.96 AfuAfuuagasusa UCGGAGUUU
AD- csusaauaUfaAfGfC 1310 asAfsaadCu(Cgn)cgagcu 9758 AUCUAAUAUAAGCU 2706
1700829.1 | fucggaguuuul.96 UfaUfauuagsasu CGGAGUUUG
AD- usasagcuCfeGfAfG 1811 asCfscgdTc(Cgn)aaacucC 5759 UAUAAGCUCGGAGU 2707
1700830.1 | fuuuggacggul.96 fgAfgcuuasusa UUGGACGGA
AD- asasgcucGfgAfGfU 1812 asUfsccdGu(Cgn)caaacu 2760 AUAAGCUCGGAGUU 2708
1700831.1 | fuuggacggaul 96 CfcGfagcuusasu UGGACGGAG
AD- gsgsaguuUfgGfAf 1813 asAfsgadCc(Cgn)uccguc 2961 UCGGAGUUUGGACG 709
1700832.1 | Cfggagggucuul.96 CfaAfacuccsgsa GAGGGUCUG
AD- usgsgacgGfaGIGfG 1314 asAfsggdTc(Cgn)agacce 2962 UUUGGACGGAGGGU 2710
1700833.1 | fucuggaccuul.96 UfcCfguccasasa CUGGACCUC
AD- asgscgacCuUfUfC 1815 asAfscadGa(Cgn)acggaa 1763 CCAGCGACCUUUCC 1711
1700834.1 | fcgugucuguul.96 AfoGfucgcusgsg GUGUCUGUG
AD- csasagcgGfaCfCfA 1816 asCfsuudTe(Cgn)ggangg 2964 CACAAGCGGACCAU 17112
1700837.1 | fuccggaaagul .96 UfcCfecuugsusg CCGGAAAGG
AD- csasuccgGfaAfAfG 1817 asCfsugdTc(Agn)ggccuu 2765 ACCAUCCGGAAAGG 2713
1700838.1 | fgccugacagul.96 UfcCfggaugsgsu CCUGACAGC
AD- asgsgagcUfg CfUFA 1318 asUfsgcdTu(Tgn)ggcuag 2766 CCAGGAGCUGCUAG 2714
1700839.1 | foccaaagcaul.96 CfaGfcuccusgsg CCAAAGCAU
AD- gsgsagcuGfcUfATG 1319 asAfsugdCu(Tgn)uggcua 767 CAGGAGCUGCUAGC 2715
1700840.1 | fccaaagcauul.96 GfcAfgcuccsusg CAAAGCAUU
AD- gsasgcug CfuAfGfC 1820 asAfsaudGe(Tgn)uuggeu 2768 AGGAGCUGCUAGCC 1716
1700841.1 | fcaaagcauuul.96 AfoCfagcucscsu AAAGCAUUG
AD- asgscugcUfaGfCfC 1821 asCfsaadTg(Cgn)uuugge 760 GGAGCUGCUAGCCA )717
1700842.1 | faaagcauugul96 UfaGfcagcuscse AAGCAUUGG
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AD- csusagccAfaAfGfC 1322 asGfsucdTc(Cgn)aaugcu 9970 UGCUAGCCAAAGCA 2718
1700843.1 | fauuggagacul.96 UfuGfgcuagscsa UUGGAGACC
AD- usasgccaAfaGfCfA 1823 asGfsgudCu(Cgn)caauge 9971 GCUAGCCAAAGCAU 2719
1700844.1 | fuuggagaccul 96 UfuUfggcuasgsc UGGAGACCC
AD- asgscauuGfgAfGfA 1824 asGfscadGu(Agn)gggucu 2972 AAAGCAUUGGAGAC 2720
1700845.1 | fcccuacugeul.96 CfcAfaugcususu CCUACUGCU
AD- gscsauugGfaGfAfC 1825 asAfsgedAg(Tgn)aggguc 2973 AAGCAUUGGAGACC 71
1700846.1 | fccuacugcuul.96 UfcCfaaugcsusu CUACUGCUG
AD- asusuggaGfaCfCfC 1326 asUfscadGc(Agn)guaggg 9974 GCAUUGGAGACCCU 2722
1700848.1 | fuacugcugaul.96 UfcUfccaausgse ACUGCUGAA
AD- gsgsagacCfcUFAfC 1827 asCfsaudTc(Agn)gcagua 975 UUGGAGACCCUACU 2723
1700850.1 | fugcugaaugul.96 GfgGfucuccsasa GCUGAAUGG
AD- gsasgaccCfuAfCfU 1828 asCfscadTu(Cgn)agcagu 2976 UGGAGACCCUACUG 1724
1700851.1 | fecugaauggul .96 AfgGfgucucscsa CUGAAUGGA
AD- ascsccuaCfuGfCfU 1329 asAfscudCc(Agn)uucage 9977 AGACCCUACUGCUG 2795
1700852.1 | feaauggaguul .96 AfgUfaggguscsu AAUGGAGUG
AD- cscscuacUfeCIURG 1330 asCfsacdTe(Cgn)auucag 9778 GACCCUACUGCUGA 2726
1700853.1 | faauggagugul.96 CfaGfuagggsusc AUGGAGUGC
AD- cscsuacuGfcUTGA 1831 asGfscadCu(Cgn)cauuca 779 ACCCUACUGCUGAA 2727
1700854.1 | fauggagugcul.96 GfcAfguaggsgsu UGGAGUGCU
AD- csusacugCfuGfAfA 1832 asAfsgedAc(Tgn)ccauuc 2780 CCCUACUGCUGAAU 2778
1700855.1 | fuggagugcuul.96 AfgCfaguagsgsg GGAGUGCUA
AD- usascugcUfg AfAfU 1833 asUfsagdCa(Cgn)uccauu 181 CCUACUGCUGAAUG 1779
1700856.1 | fggagugcuaul.96 CfaGfcaguasgsg GAGUGCUAA
AD- gscsugaaUfgGFATG 1334 asGfsggdTu(Agn)gcacuc 782 CUGCUGAAUGGAGU 2730
1700858.1 | fugcuaacccul.96 CfaUfucagcsasg GCUAACCCU
AD- csusgaauGfg AfGfU 1835 asAfsggdGu(Tgn)agcacu 7783 UGCUGAAUGGAGUG 1731
1700859.1 | focuaacccuul 96 CfcAfuucagscsa CUAACCCUG
AD- usgsaaugGfaGfUfG 1836 asCfsagdGg(Tgn)uagecac 784 GCUGAAUGGAGUGC 1732
1700860.1 | fcuaacccugul.96 UfcCfauucasgsc UAACCCUGG
AD- usgsgaguGfcUfAf 1837 asGfscadCc(Agn)ggguua 7785 AAUGGAGUGCUAAC 1733
1700863.1 | Afcccuggugeul.96 GfcAfcuccasusu CCUGGUGCU
AD- gsgsagugCTuAfAfC 1338 asAfsgcdAc(Cgn)aggguu 786 AUGGAGUGCUAACC 1734
1700864.1 | fccuggugcuul.96 AfgCfacuccsasu CUGGUGCUA
AD- gsasgugcUfaAfCfC 1339 asUfsagdCa(Cgn)cagggu 2787 UGGAGUGCUAACCC 2735
1700865.1 | fcuggugcuaul.96 UfaGfcacucscsa UGGUGCUAG
AD- asascccuGfgUFGIC 1840 asCfscudCc(Tgn)cuagca 788 CUAACCCUGGUGCU 1736
1700867.1 | fuagaggagoul 96 CfcAfggouusasg AGAGGAGGA
AD- cscscuggUfgCfUFA 1841 asAfsucdCu(Cgn)cucuag 1780 AACCCUGGUGCUAG 1737
1700868.1 | fgageaggauul 96 CfaCfcagggsusu AGGAGGAUG
AD- gsgsugcuAfgAfGf 1342 asUfsucdCa(Tgn)ccuccu 790 CUGGUGCUAGAGGA 1738
1700869.1 | Gfaggauggaaul .96 CfuAfgcaccsasg GGAUGGAAC
AD- gsusgcuaGfaGfGfA 1343 asGfsuudCc(Agn)uccuce 701 UGGUGCUAGAGGAG 1739
1700870.1 | fggauggaacul 96 UfcUfagcacscsa GAUGGAACU
AD- csusagagGfaGfGfA 1844 asGfscadGu(Tgn)ccaucc 2992 UGCUAGAGGAGGAU 2740
1700871.1 | fuggaacugcul.96 UfcCfucuagscsa GGAACUGCA
AD- gsasgeauGfgAfAfC 1845 asUfsccdAc(Tgn)geaguu 9703 AGGAGGAUGGAACU 2741
1700872.1 | fugcaguggaul.96 CfcAfuccucscsu GCAGUGGAC
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AD- gsgsaugg AfaCfUfG 1346 asUfsgudCc(Agn)cugcag 2704 GAGGAUGGAACUGC 2742
1700873.1 | fcaguggacaul.96 UfuCfcauccsusc AGUGGACAG
AD- gsasuggaAfcUfGC 1347 asCfsugdTe(Cgn)acugca 2705 AGGAUGGAACUGCA 2743
1700874.1 | faguggacagul 96 GfuUfccaucscsu GUGGACAGU
AD- asusggaaCfuGfCfA 1848 asAfscudGu(Cgn)cacuge 2706 GGAUGGAACUGCAG 2744
1700875.1 | feuggacaguul.96 AfgUfuccauscsc UGGACAGUG
AD- usgsgaacUfgCfATG 1349 asCfsacdTg(Tgn)ccacugC 9797 GAUGGAACUGCAGU 2745
1700876.1 | fuggacagugul.96 faGfuuccasusc GGACAGUGA
AD- gsasacugCfaGfUfG 1350 asCfsucdAc(Tgn)guccac 9708 UGGAACUGCAGUGG 2746
1700877.1 | feacagugagul.96 UfoCfaguucscsa ACAGUGAGG
AD- ascsugcaGfuGfGfA 1851 asUfsccdTc(Agn)cuguce 799 GAACUGCAGUGGAC 2747
1700878.1 | fcagugaggaul 96 AfcUfgcagususc AGUGAGGAC
AD- csusgcagUfgGFATC 1852 asGfsucdCu(Cgn)acuguc 2300 AACUGCAGUGGACA 2748
1700879.1 | fagugaggacul.96 CfaCfugcagsusu GUGAGGACU
AD- usgscaguGfgAfCfA 1353 asAfsgudCc(Tgn)cacugu 2301 ACUGCAGUGGACAG 2749
1700880.1 | fougagegacuul .96 CfcAfcugcasgsu UGAGGACUU
AD- gscsagugGfaCfAfG 1854 asAfsagdTc(Cgn)ucacug 302 CUGCAGUGGACAGU 2750
1700881.1 | fugaggacuuul.96 UfcCfacugcsasg GAGGACUUC
AD- csasguggAfcAfGfU 1855 asGfsaadGu(Cgn)cucacu 2303 UGCAGUGGACAGUG 1751
1700882.1 | feaggacuucul.96 GfuCfcacugscsa AGGACUUCU
AD- asgsuggaCfaGfUfG 1856 asAfsgadAg(Tgn)ccucac 2304 GCAGUGGACAGUGA 2752
1700883.1 | faggacuucuul.96 UfgUfccacusgsc GGACUUCUU
AD- usgsgacaGfuGfAfG 1857 asGfsaadGa(Agn)guccuc 2305 AGUGGACAGUGAGG 1753
1700885.1 | fgacuucuucul.96 AfcUfguccascsu ACUUCUUCC
AD- csasgugaGfg AfCfU 1358 asGfscudGg(Agn)agaagu 2306 GACAGUGAGGACUU 2754
1700887.1 | fucuuccagcul.96 CfcUfcacugsusc CUUCCAGCU
AD- usgsaggaCfuUfCfU 1859 asGfscadGe(Tgn)ggaaga 2307 AGUGAGGACUUCUU 2755
1700888.1 | fuccagcugcul96 AfgUfccucascsu CCAGCUGCU
AD- gsasggacUfuCfUfU 1860 asAfsgcdAg(Cgn)uggaag 2308 GUGAGGACUUCUUC 1756
1700889.1 | fccagcugcuul.96 AfaGfuccucsasc CAGCUGCUG
AD- gsgsacuuCfuUfCfC 1361 asCfscadGe(Agn)geugga 7309 GAGGACUUCUUCCA 1757
1700891.1 | fagcugcuggul.96 AfgAfaguccsusc GCUGCUGGA
AD- uscsuuccAfgCfUTG 1362 asAfsucdCu(Cgn)cagcag 1310 CUUCUUCCAGCUGC 2758
1700892.1 | fcuggaggauul .96 CfuGfgaagasasg UGGAGGAUG
AD- csasgeug CuGfGfA 1363 asGfsugdTc(Agn)uccucc 11 UCCAGCUGCUGGAG 759
1700893.1 | fogaugacacul.96 AfoCfagcugsgsa GAUGACACG
AD- gscsugcuGfgAfGE 1864 asAfscgdTg(Tgn)cauccu 2112 CAGCUGCUGGAGGA 1760
17008941 | Gfaugacacguul.96 CfcAfgcagcsusg UGACACGUG
AD- csusggagGfaUfGfA 1365 asAfsggdCa(Cgn)guguca 213 UGCUGGAGGAUGAC 1761
1700895.1 | fcacgugccuul96 UfcCfuccagscsa ACGUGCCUG
AD- gsgsaugaCfaCfGfU 1366 asCfscadTc(Agn)ggcacg 2314 GAGGAUGACACGUG 1762
1700897.1 | foccugaugeul 96 UfoUfcauccsusc CCUGAUGGU
AD- gsasugacAfcGfUTG 1367 asAfsccdAu(Cgn)aggceac 2315 AGGAUGACACGUGC 1763
1700898.1 | fccugaugguul.96 GfuGfucaucscsu CUGAUGGUG
AD- gsascacg UfgCfCfU 1868 asAfsacdAc(Cgn)aucagg 216 AUGACACGUGCCUG 1764
1700899.1 | foaugguguuul 96 CfaCfeugucsasu AUGGUGUUG
AD- gscsagucUfg GIUC 1369 asUfsccdAg(Cgn)ucugac 217 UUGCAGUCUGGUCA 1765
1700900.1 | fagagcuggaul 96 CfaGfacugcsasa GAGCUGGAG
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AD- usascaagGfaGfUfG 1370 asAfscadGce(Agn)cuccac 2318 CCUACAAGGAGUGG 2766
1700902.1 | fgagugcuguul96 UfcCfuuguasgsg AGUGCUGUC
AD- ascsaagg AfgUTGIG 1871 asGfsacdAg(Cgn)acucca 2319 CUACAAGGAGUGGA 2767
1700903.1 | fagugcugucul.96 CfuCfcuugusasg GUGCUGUCA
AD- asasggagUfg GFATG 1872 asAfsugdAc(Agn)gcacuc 2320 ACAAGGAGUGGAGU 2768
1700904.1 | fugcugucauul.96 CfaCfuccuusgsu GCUGUCAUA
AD- gsgsagugGfaGfUf 1373 asAfsuadTg(Agn)cagcac 2701 AAGGAGUGGAGUGC 1769
1700905.1 | Gfcugucauauul.96 UfcCfacuccsusu UGUCAUAUG
AD- usgsgaguGfcUfGf 1374 asGfsgedCa(Tgn)augaca 9322 AGUGGAGUGCUGUC 2770
1700906.1 | Ufcauauggccul 96 GfcAfcuccascsu AUAUGGCCU
AD- gsgsagugCtuGfUfC 1875 asAfsggdCc(Agn)uaugac 2323 GUGGAGUGCUGUCA 2771
1700907.1 | favauggccuul 96 AfgCfacuccsasc UAUGGCCUG
AD- gsasgugcUfgUfCTA 1876 asCfsagdGe(Cgn)ananga 2324 UGGAGUGCUGUCAU 2772
1700908.1 | fuauggccugul.96 CfaGfcacucscsa AUGGCCUGG
AD- asgsugcuGfuCfAfU 1877 asCfscadGg(Cgn)cauaug 9395 GGAGUGCUGUCAUA 2773
1700909.1 | fauggccugeul .96 AfcAfgcacuscse UGGCCUGGG
AD- gscsugucAfuAfUf 1378 asGfsucdCc(Agn)ggccau 9396 GUGCUGUCAUAUGG 2774
1700912.1 | Gfgccugggacul.96 AfuGfacagcsase CCUGGGACG
AD- csusgucaUfaUfGG 1879 asCfsgudCc(Cgn)aggeca 307 UGCUGUCAUAUGGC 2775
1700913.1 | fccugggacgul 96 UfaUfgacagscsa CUGGGACGG
AD- csasagcaCfaGfCfA 1880 asCfsgadTg(Tgn)ccuuge 2378 CCCAAGCACAGCAA 2776
1700915.1 | faggacaucgul.96 UfgUfgcuugsgsg GGACAUCGC
AD- asusucacCfuUfUfG 1381 asUfsgudAc(Agn)cgucaa 1329 CGAUUCACCUUUGA 1777
1700916.1 | facguguacaul.96 AfgGfugaauscsg CGUGUACAA
AD- ususcaccUfuUfGfA 1382 asUfsugdTa(Cgn)acguca 1330 GAUUCACCUUUGAC 2778
1700917.1 | fcguguacaaul.96 AfaGfgugaasusc GUGUACAAG
AD- uscsaccuUfuGfAfC 1383 asCfsuudGu(Agn)cacguc 1331 AUUCACCUUUGACG 2779
1700918.1 | fouguacaagul.96 AfaAfggugasasu UGUACAAGC
AD- csasccuuUfgAfCHG 1884 asGfscudTg(Tgn)acacgu 132 UUCACCUUUGACGU 1780
17009191 | fuguacaagcul.96 CfaAfagougsasa GUACAAGCA
AD- cscsuuugAfeGfURG 1385 asUfsugdCu(Tgn)guacac 7333 CACCUUUGACGUGU 1781
1700920.1 | fuacaagcaaul.96 GfuCfaaaggsusg ACAAGCAAA
AD- usgsacguGfuAfCfA 1386 asGfsgudTu(Tgn)gcuugu 334 UUUGACGUGUACAA 1782
1700922.1 | fagcaaaaccul.96 AfcAfcgucasasa GCAAAACCC
AD- gsascgugUfaCfAfA 1387 asGfsggdTu(Tgn)ugcuug 7335 UUGACGUGUACAAG 1783
1700923.1 | focaaaacccul 96 UfaCfacgucsasa CAAAACCCU
AD- ascsguguAfcAfATG 1388 asAfsggdGu(Tgn)uugcuu 1336 UGACGUGUACAAGC 1784
17009241 | fcaaaacccuul.96 GfuAfcacguscsa AAAACCCUC
AD- csgsuguaCfaAfGfC 1389 asGfsagdGg(Tgn)uuugecu 137 GACGUGUACAAGCA 2785
1700925.1 | faaaacccucul.96 UfgUfacacgsusc AAACCCUCG
AD- csasagcaAfaAfCfC 1390 asGfsgudCu(Cgn)gagggu 9338 UACAAGCAAAACCC 1786
1700929.1 | fcucgagaccul.96 UfuUfgcuugsusa UCGAGACCU
AD- asasgcaaAfaCfCfCt 1391 asAfsggdTe(Tgn)cgaggg 1339 ACAAGCAAAACCCU 1787
1700930.1 | ucgagaccuul.96 UfuUfugcuusgsu CGAGACCUC
AD- asgscaaaAfcCfCfU 1892 asGfsagdGu(Cgn)ucgagg 2340 CAAGCAAAACCCUC 1788
1700931.1 | fcgagaccucul.96 GfuUfuugcususg GAGACCUCU
AD- gsasgaccUfcUfUfU 1393 asCfsagdGe(Tgn)gcecaaa 2341 UCGAGACCUCUUUG 1789
1700934.1 | fggcagcecugul.96 GfaGfgucucsgsa GCAGCCUGA
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AD- cscsucuuUfgGFCFA 1394 asCfsaudTc(Agn)ggcuge 2342 GACCUCUUUGGCAG 2790
1700936.1 | fgccugaaugul.96 CfaAfagaggsusc CCUGAAUGU
AD- csuscuuuGfgCfAfG 1895 asAfscadTu(Cgn)aggcug 2343 ACCUCUUUGGCAGC 2791
1700937.1 | fccugaauguul.96 CfcAfaagagsgsu CUGAAUGUC
AD- csusuuggCfaGfCfC 1896 asUfsgadCa(Tgn)ucaggc 2344 CUCUUUGGCAGCCU 2792
1700938.1 | fugaaugucaul .96 Ufg(Cfcaaagsasg GAAUGUCAA
AD- ususuggcAfgCfCfU 1397 asUfsugdAc(Agn)uucagg 9345 UCUUUGGCAGCCUG 2793
1700939.1 | fgaaugucaaul .96 CfuGfccaaasgsa AAUGUCAAA
AD- usgsgcagCfcUfGFA 1398 asCfsuudTg(Agn)cauuca 2346 UUUGGCAGCCUGAA 2794
1700940.1 | faugucaaagul.96 GfoCfugcecasasa UGUCAAAGC
AD- gscsagccUfg AfAfU 1899 asGfsgedTu(Tgn)gacauu 2347 UGGCAGCCUGAAUG 2795
1700942.1 | foucaaagccul.96 CfaGfgcugescsa UCAAAGCCA
AD- csasgeccuGfaAfURG 1900 asUfsggdCu(Tgn)ugacau 2348 GGCAGCCUGAAUGU 2796
1700943.1 | fucaaagccaul.96 UfcAfggcugscsc CAAAGCCAC
AD- asgsccug AfaUfGfU 1901 asGfsugdGe(Tgn)uugaca 2349 GCAGCCUGAAUGUC 1797
1700944.1 | fcaaagccacul.96 UfuCfaggcusgsc AAAGCCACA
AD- asusgucaAfaGfCfC 1902 asGfsuadGa(Agn)uguggc 1350 GAAUGUCAAAGCCA 2798
1700947.1 | facauucuacul.96 UfuUfgacaususc CAUUCUACG
AD- asgsccacAfuUfCfU 1903 asAfsgadGe(Cgn)cguaga 1351 AAAGCCACAUUCUA 799
1700948.1 | facgggcucuul 96 AfuGfuggcususu CGGGCUCUA
AD- gscscacaUfuCfUfA 1904 asUfsagdAg(Cgn)ccguag 2352 AAGCCACAUUCUAC 7200
1700949.1 | fcgggcucuaul.96 AfaUfguggcsusu GGGCUCUAC
AD- csascauuCfuAfCfG 1905 asAfsgudAg(Agn)gccegu 7353 GCCACAUUCUACGG 1201
1700950.1 | fggcucuacuul.96 AfgAfaugugsgsc GCUCUACUC
AD- csasuucuAfcGfGfG 1906 asAfsgadGu(Agn)gagece 5354 CACAUUCUACGGGC 1202
1700952.1 | fecucuacucuul.96 GfuAfgaaugsusg UCUACUCUA
AD- asusucuaCfgGfGfC 1907 asUfsagdAg(Tgn)agagcc 7355 ACAUUCUACGGGCU 7203
1700953.1 | fucuacucuaul.96 CfgUfagaausgsu CUACUCUAU
AD- uscsuacgGfgCfULC 1908 asCfsaudAg(Agn)guagag 7356 AUUCUACGGGCUCU 2204
17009551 | fuacucuaugul.96 CfcCfouagasasu ACUCUAUGA
AD- ascsggecUfcUFATC 1909 asAfscudCa(Tgn)agagua 1357 CUACGGGCUCUACU 7205
1700957.1 | fucuaugaguul.96 GfaGfcccgusasg CUAUGAGUU
AD- gsgsgcucUfaCfUfC 1910 asCfsaadCu(Cgn)auagag 7358 ACGGGCUCUACUCU 1206
1700958.1 | fuaugaguugul.96 UfaGfagcecsgsu AUGAGUUGU
AD- gsgscucuAfcUfCfU 1911 asAfscadAc(Tgn)cauaga 1359 CGGGCUCUACUCUA 1207
1700959.1 | faugaguuguul.96 GfuAfgageescsg UGAGUUGUG
AD- csusacuc UfaUfGfA 1912 asAfsgudCa(Cgn)aacuca 7360 CUCUACUCUAUGAG 7308
1700960.1 | fouugugacuul.96 UfaGfaguagsasg UUGUGACUU
AD- usascucuAfuGfAfG 1913 asAfsagdTc(Agn)caacuc 1361 UCUACUCUAUGAGU 1209
1700961.1 | fuugugacuuul96 AfuAfgaguasgsa UGUGACUUU
AD- ascsucuaUfg AfGfU 1914 asAfsaadGu(Cgn)acaacu 1362 CUACUCUAUGAGUU 1210
1700962.1 | fugugacuuuul.96 CfaUfagagusasg GUGACUUUC
AD- csuscuauGfaGfUfU 1915 asGfsaadAg(Tgn)cacaac 7363 UACUCUAUGAGUUG 1311
1700963.1 | fgugacuuucul.96 UfcAfuagagsusa UGACUUUCA
AD- csusaugaGfuUfGfU 1916 asUfsugdAa(Agn)gucaca 364 CUCUAUGAGUUGUG 1312
17009651 | feacuuucaaul .96 AfcUfcavagsasg ACUUUCAAG
AD- gsasguug Ufg AfCf 1917 asGfsucdCu(Tgn)gaaagu 2365 AUGAGUUGUGACUU 2213
1700967.1 | Ufuucaaggacul.96 CfaCfaacucsasu UCAAGGACU
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AD- asgsuuguGfaCfUfU 1918 asAfsgudCc(Tgn)ugaaag 1366 UGAGUUGUGACUUU 1814
1700968.1 | fucaaggacuul.96 UfcAfcaacuscsa CAAGGACUU
AD- ususggccCfaAfAfG 1919 asGfsagdTa(Cgn)uuucuu 2367 ACUUGGCCCAAAGA 2815
1700969.1 | faaaguacucul.96 UfoGfaccaasgsu AAGUACUCA
AD- usgsgeccAfaAfGfA 1920 asUfsgadGu(Agn)cuuucu 2368 CUUGGCCCAAAGAA 1816
1700970.1 | faaguacucaul.96 UfuGfggccasasg AGUACUCAG
AD- gsgscccaAfaGfAfA 1921 asCfsugdAg(Tgn)acuuuc 7369 UUGGCCCAAAGAAA 1817
1700971.1 | faguacucagul.96 UfuUfgggccsasa GUACUCAGG
AD- cscscaaaGfaAfAfG 1922 asCfsccdTg(Agn)guacuu 2370 GGCCCAAAGAAAGU 7818
1700973.1 | fuacucagggul.96 UfcUfuugggscsc ACUCAGGGA
AD- asasagaaAfgUfAfC 1923 asGfscudCc(Cgn)ugagua 2371 CCAAAGAAAGUACU 1819
1700975.1 | fucagggagcul 96 CfuUfucuuusgsg CAGGGAGCU
AD- asasgaaaGfuAfCfU 1924 asAfsgedTe(Cgn)cugagu 2372 CAAAGAAAGUACUC 7220
1700976.1 | fcagggagcuul.96 AfcUfuucuususg AGGGAGCUC
AD- asgsaaag UfaCfUfC 1925 asGfsagdCu(Cgn)ccugag 2173 AAAGAAAGUACUCA 1201
1700977.1 | fagggagcucul.96 UfaCfuuucususu GGGAGCUCC
AD- asgsuacuCfaGfGfG 1926 asGfsaadGg(Agn)gcucce 9374 AAAGUACUCAGGGA 1827
1700978.1 | fagcuccuucul96 Ufg Afguacususu GCUCCUUCG
AD- asgsggag CfuCfCfU 1927 asGfsucdCa(Agn)cgaagg 2375 UCAGGGAGCUCCUU 7823
1700980.1 | fucguuggacul .96 AfgCfucccusgsa CGUUGGACC
AD- gsgsagcuCfcUfUTC 1928 asAfsggdTc(Cgn)aacgaa 2376 AGGGAGCUCCUUCG 2824
1700981.1 | feuuggaccuul.96 GfgAfgcuccscsu UUGGACCUC
AD- ususcguuGfgAfCfC 1929 asCfsagdTg(Tgn)ggaggu 377 CCUUCGUUGGACCU 7805
1700982.1 | fuccacacugul.96 CfcAfacgaasgsg CCACACUGC
AD- csgsuuggAfcCfUC 1930 asAfsgcdAg(Tgn)guggag 2378 UUCGUUGGACCUCC 126
1700984.1 | fcacacugcuul.96 GfuCfcaacgsasa ACACUGCUG
AD- gsasccucCfaCfAfC 1931 asCfsuudGe(Agn)gcagug 5379 UGGACCUCCACACU 1807
1700985.1 | fugcugcaagul.96 UfgGfaggucscsa GCUGCAAGG
AD- gsgsccugGfgCICIA 1932 asAfsgcdAa(Cgn)auaugg 7380 AAGGCCUGGGCCAU 1828
1700986.1 | fuauguugcuul.96 CfcCfaggccsusu AUGUUGCUG
AD- gsgsgccaUfaUfGfU 1933 asUfsucdCc(Agn)gcaaca 1381 CUGGGCCAUAUGUU 129
1700988.1 | fugcugggaaul .96 UfaUfggceccesasg GCUGGGAAU
AD- gsgsccauAfuGfUfU 1934 asAfsuudCc(Cgn)agcaac 1382 UGGGCCAUAUGUUG 1230
1700989.1 | focugggaauul .96 AfuAfugoccscsa CUGGGAAUU
AD- csesauauGfuUfGTC 1935 asAfsaadTu(Cgn)ccagea 7383 GGCCAUAUGUUGCU 1231
1700990.1 | fugggaauuuul.96 AfcAfuauggscsc GGGAAUUUC
AD- csasuaug UfuGfCfU 1936 asGfsaadAu(Tgn)cccage 1384 GCCAUAUGUUGCUG 1832
1700991.1 | fegoaauuucul .96 AfaCfavaugsgsc GGAAUUUCC
AD- usgsuugcUfg GG 1937 asGfsgadGg(Agn)aauuce 7385 UAUGUUGCUGGGAA 7833
1700992.1 | Afauuuccuccul.96 CfaGfcaacasusa UUUCCUCCA
AD- usgsggaaUfuUfCC 1938 asAfsagdGg(Tgn)ggagga 7386 GCUGGGAAUUUCCU 1834
1700995.1 | fuccacccuuul.96 AfaUfucccasgsc CCACCCUUC
AD- ususccucCfaCfCfC 1939 asCfsaudGa(Cgn)gaaggg 1387 AUUUCCUCCACCCU 7235
1700997.1 | fuucgucaugul.96 UfoGfaggaasasu UCGUCAUGC
AD- asasgggcCfgCfCfU 1940 asUfsagdGa(Agn)uggagg 7388 AGAAGGGCCGCCUC 1236
1700998.1 | fecanuccuaul.96 CfeGfcccuuscsu CAUUCCUAC
AD- gscscgecUfcCAATU 1941 asUfsuadGu(Agn)ggaaug 7389 GGGCCGCCUCCAUU 1837
1701001.1 | fuccuacuaaul.96 GfaGfgeggescse CCUACUAAG
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AD- cscsgecuCfcAfUTU 1942 asCfsuudAg(Tgn)aggaau 5390 GGCCGCCUCCAUUC 1238
1701002.1 | fccuacuaagul96 GfgAfggcgoscsc CUACUAAGG
AD- cscscacuGfcAfAfA 1943 asGfsucdAu(Agn)gucuuu 2391 GACCCACUGCAAAG 1839
1701003.1 | feacuaugacul.96 GfcAfougggsusc ACUAUGACA
AD- cscsacugCraAfAfG 1944 asUfsgudCa(Tgn)agucuu 2302 ACCCACUGCAAAGA 7240
1701004.1 | facuaugacaul.96 UfgCfaguggsgsu CUAUGACAG
AD- csascugcAfaAfGfA 1945 asCfsugdTc(Agn)uagucu 9393 CCCACUGCAAAGAC 7841
1701005.1 | fcuaugacagul.96 UfuGfcagugsgsg UAUGACAGC
AD- asasgacuAfuGfAfC 1946 asUfsuudGa(Tgn)gcuguc 5394 CAAAGACUAUGACA 1847
1701007.1 | fagcaucaaaul.96 AfuAfgucuususg GCAUCAAAU
AD- gsascagcAfuCfAfA 1947 asUfsccdTg(Agn)aauuug 7395 AUGACAGCAUCAAA 2843
1701009.1 | fauuucaggaul 96 AfuGfcugucsasu UUUCAGGAC
AD- csasgcauCfaAfAfU 1948 asGfsgudCc(Tgn)gaaauu 2306 GACAGCAUCAAAUU 2844
1701011.1 | fuucaggaccul.96 UfgAfugcugsusc UCAGGACCU
AD- asgscaucAfaAfUfU 1949 asAfsggdTc(Cgn)ugaaau 1397 ACAGCAUCAAAUUU 7845
1701012.1 | fucaggaccuul.96 UfuGfaugcusgsu CAGGACCUG
AD- gscsaucaAfaUfUfU 1950 asCfsagdGu(Cgn)cugaaa 1398 CAGCAUCAAAUUUC 2846
1701013.1 | fcaggaccugul.96 UfuUfgaugcsusg AGGACCUGC
AD- csasucaaAfuUfUTC 1951 asGfscadGg(Tgn)ccugaa 1399 AGCAUCAAAUUUCA 1847
1701014.1 | faggaccugcul.96 AfuUfugaugscsu GGACCUGCA
AD- asusuucaGfgAfCfC 1952 asCfsugdTc(Tgn)gcaggu 2400 AAAUUUCAGGACCU 2848
1701016.1 | fugcagacagul.96 CfcUfgaaaususu GCAGACAGU
AD- ususucagGfaCfCfU 1953 asAfscudGu(Cgn)ugcagg 2401 AAUUUCAGGACCUG 7849
1701017.1 | fgcagacaguul.96 UfcCfugaaasusu CAGACAGUA
AD- csasggacCtuGfCfA 1954 asUfsgudAc(Tgn)gucuge 2402 UUCAGGACCUGCAG 1250
1701019.1 | foacaguacaul.96 AfoGfuccugsasa ACAGUACAG
AD- gsasccugCfaGfAfC 1955 asGfsccdTg(Tgn)acuguc 2403 AGGACCUGCAGACA 1851
1701020.1 | faguacaggcul.96 UfgCfaggucscsu GUACAGGCU
AD- cscsugcaGfaCfAfG 1956 asUfsagdCc(Tgn)guacug 2404 GACCUGCAGACAGU 1852
17010221 | fuacaggcuaul.96 UfcUfecaggsusc ACAGGCUAG
AD- csusgcagAfcAfGfU 1957 asCfsuadGe(Cgn)uguacu 2405 ACCUGCAGACAGUA 7853
1701023.1 | facaggcuagul.96 GfuCfugcagsgsu CAGGCUAGA
AD- usgscagaCfaGfUfA 1958 asUfscudAg(Cgn)cuguac 2406 CCUGCAGACAGUAC 1854
1701024.1 | fcaggcuagaul .96 UfgUfcugcasgsg AGGCUAGAU
AD- csasgacaGfuAfCfA 1959 asUfsaudCu(Agn)gccugu 2407 UGCAGACAGUACAG 7855
1701026.1 | fegcuagauaul 96 AfcUfgucugscsa GCUAGAUAA
AD- gsascaguAfcAfGIG 1960 asGfsuudAu(Cgn)uagecu 2408 CAGACAGUACAGGC 1856
17010271 | fcuagauaacul.96 GfuAfcugucsusg UAGAUAACC
AD- cscsuagcCfaCfCfU 1961 asAfsggdCc(Agn)gaaagg 2409 UUCCUAGCCACCUU 1857
1701029.1 | fuucuggecuul 96 UfgGfcuaggsasa UCUGGCCUC
AD- csusuucuGfgCfCfU 1962 asGfscadAg(Tgn)gggagg 2410 ACCUUUCUGGCCUC 7858
1701031.1 | fcecacuugeul.96 CfcAfoaaagsgsu CCACUUGCC
AD- uscsuggeCHuCfCfC 1963 asAfsggdGe(Agn)agugge 2411 UUUCUGGCCUCCCA 1259
1701032.1 | facuugcccuul.96 AfoGfccagasasa CUUGCCCUG
AD- gsgscaucUfuGfAfU 1964 asCfsagdGe(Tgn)gggauc 212 CAGGCAUCUUGAUC 7260
1701033.1 | fcccagecugul.96 AfaGfaugccsusg CCAGCCUGA
AD- gscsaucuUfg AfUC 1965 asUfscadGg(Cgn)ugggau 2413 AGGCAUCUUGAUCC 1261
1701034.1 | fccagecugaul 96 CfaAfgaugescsu CAGCCUGAC
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AD- ascscaauGfcCfUfC 1966 asUfsagdGg(Agn)caggag 2414 CUACCAAUGCCUCC 1262
17010351 | feugucccuaul.96 GfcAfuuggusasg UGUCCCUAA
AD- asusgccuCfcUfGfU 1967 asAfsgudTu(Agn)gggaca 2415 CAAUGCCUCCUGUC 7263
1701037.1 | fcccuaaacuul.96 GfeAfggcaususg CCUAAACUC
AD- gsescuccUfgUFCEC 1968 asGfsgadGu(Tgn)uaggga 2416 AUGCCUCCUGUCCC 2864
1701038.1 | fcuaaacuccul.96 CfaGfgaggcsasu UAAACUCCC
AD- asasaacccuCfGfAfg 1969 asdAsadAg(Agn)ggucud 2417 GCAAAACCCUCGAG 7865
1720280.1 | accucuuuul.96 CeAfoGfouuuusgse ACCUCUUUG
AD- csusgggcugAfGfAf 1970 asdAsadCc(Tgn)gggaudC 2418 AGGAAAGAGCAGAU 2266
1720281.1 | ucccagguuul.96 uCfaGfcccagsgsa CCCAGGUUU
AD- gsusggacag UfGFAf 1971 asdAsadGa(Agn)guccud 2419 CAGUGGACAGUGAG 1867
1720282.1 | ggacuucuuul.96 CaCfuGfuccacsusg GACUUCUUC
AD- csasaaacccUfCfGfa 1972 asdAsagadGg(Tgn)cucdG 2120 AGCAAAACCCUCGA 7868
1720283.1 | gaccucuuul.96 aGfgGfuuuugscsu GACCUCUUU
AD- csusgaauguCfAfAf 1973 asdAsadTg(Tgn)ggcuud T 2101 GCCUGAAUGUCAAA 1260
1720284.1 | agccacauuul.96 gAfcAfuucagsgsc GCCACAUUC
AD- gsgscucuAfcUfCfU 1974 asdAscadAc(Tgn)cauadG 2427 CGGGCUCUACUCUA 1870
1720285.1 | faugaguuguul.96 aGfuAfoagccscsg UGAGUUGUG
AD- asasuggaguGfCfUf 1975 asdAscc(Agn)gdGguuad 2423 UGAAUGGAGUGCUA 1871
1720286.1 | aacccugguul.96 GceAfcUfecauuscsa ACCCUGGUG
AD- asasuggaguGfCfUf 1976 asdAsccdAadGguuadGe 2124 UGAAUGGAGUGCUA 2872
1720287.1 | aaccuugguul.96 Afcuccauuscsa ACCCUGGUG
AD- asasuggaguGfCfUf 1977 asdAsccdAgdAguuadGe 2475 UGAAUGGAGUGCUA 7873
1720288.1 | aacucugguul.96 Afcuccauuscsa ACCCUGGUG
AD- ascsccuaCfuGfCfU 1978 asdAscudCc(Agn)uucad 2126 AGACCCUACUGCUG 2874
1720289.1 | feaauggaguul.96 GeAfgUfageouscsu AAUGGAGUG
AD- ascscugcagAfCfAf 1979 asdAsgdCc(Tgn)guacudG 2427 GGACCUGCAGACAG 1875
1720290.1 | guacaggcuul.96 uCfuGfcagguscsc UACAGGCUA
AD- csusgggaauUfUTCE 1980 asdAsgdGg(Tgn)ggaggd 2128 UGCUGGGAAUUUCC 1376
17202911 | cuccacccuul.96 AaAfuUfcccagscsa UCCACCCUU
AD- gsgsgcegec UFCTCE 1981 asdAsguadGg(Agn)augd 2499 AAGGGCCGCCUCCA 1877
1720292.1 | auuccuacuul.96 GaGfgCfggeccsusu UUCCUACUA
AD- ususcuacggGfCfUf 1982 asdAsudAg(Agn)guagad 2430 CAUUCUACGGGCUC 1878
1720293.1 | cuacucuauul.96 GeCfeGfuagaasusg UACUCUAUG
AD- gscsagacag UfAfCE 1983 asdAsudCu(Agn)gccugd 2431 CUGCAGACAGUACA 1879
1720294.1 | aggcuagauul.96 TaCfuGfucugcsasg GGCUAGAUA
AD- usgsgagaccCIUTAS 1984 asdAsudTc(Agn)gcagud 232 AUUGGAGACCCUAC 7280
1720295.1 | cugcugaauul.96 AgGfgUfcuccasasu UGCUGAAUG
AD- ascscucuuuGfGfCf 1985 asdAsudTc(Agn)ggcugd 2433 AGACCUCUUUGGCA 1281
1720296.1 | agccugaauul96 CcAfaAfgagguscsu GCCUGAAUG
AD- cscsuuucugGICfCE 1986 asdCsadAg(Tgn)gggagd 2434 CACCUUUCUGGCCU 1282
1720297.1 | ucccacuugul.96 GeCfaGfaaaggsusg CCCACUUGC
AD- usgsgaacUfg CFAfG 1987 asdCsacdTg(Tgn)ccacdT 2435 GAUGGAACUGCAGU 7383
1720298.1 | fuggacagugul.96 gCfaGfuuccasusc GGACAGUGA
AD- asgsgaugacA fCfGf 1938 asdCsadTc(Agn)ggcacdG 2136 GGAGGAUGACACGU 7384
1720299.1 | ugccugaugul .96 uGfuCfauccuscsc GCCUGAUGG
AD- gsasauggag UfGfCf 1989 asdCscagdGg(Tgn)uagdC 2437 CUGAAUGGAGUGCU 785
1720300.1 | vaacccuggul96 aCfuCfcauucsasg AACCCUGGU
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AD- gsusgcugucAfUfAS 1990 asdCscc(Agn)gdGecaudA 2138 GAGUGCUGUCAUAU 7886
1720301.1 | uggccuggoul 96 uGfaCfagcacsusc GGCCUGGGA
AD- gsusgcugucAfUfAS 1991 asdCsccdAadGecaudAuG 2439 GAGUGCUGUCAUAU 7887
1720302.1 | uggcuugggul 96 facagcacsusc GGCCUGGGA
AD- gsusgcugucAfUTAT 1992 asdCsccdAgdAccaudAu 2440 GAGUGCUGUCAUAU 7388
1720303.1 | uggucugggul .96 Gfacagcacsusc GGCCUGGGA
AD- gscsccaaagAfAfAf 1993 asdCscdTg(Agn)guacud T 2441 UGGCCCAAAGAAAG 7289
1720304.1 | guacucaggul.96 uCfuUfugggcscsa UACUCAGGG
AD- gsusacucagGfGfAf 1994 asdCsgaadGg(Agn)gcud 2447 AAGUACUCAGGGAG 7290
1720305.1 | gcuccuucgul.96 CcCfuGfaguacsusu CUCCUUCGU
AD- gsgsaauuucCIUCE 1995 asdCsga(Agn)gdGguggd 2443 UGGGAAUUUCCUCC 7291
1720306.1 | cacccuucgul.96 AgGfaAfauuccscsa ACCCUUCGU
AD- gsgsaauuucCfUfCE 1996 asdCsgadAadGguggdAg 2444 UGGGAAUUUCCUCC 7892
1720307.1 | caccuuucgul.96 Gfaaauuccscsa ACCCUUCGU
AD- gsgsaauuucCfUCE 1997 asdCsgadAgdAguggdAg 2445 UGGGAAUUUCCUCC 7203
1720308.1 | cacucuucgul.96 Gfaaauuccscsa ACCCUUCGU
AD- gsusguacaaGfCfAf 1998 asdCsgagdGg(Tgn)uuud 2446 ACGUGUACAAGCAA 7204
1720309.1 | aaacccucgul.96 GcUfuGfuacacsgsu AACCCUCGA
AD- csasgucugg UfCAf 1999 asdCsudCc(Agn)gcucud 2447 UGCAGUCUGGUCAG 7805
1720310.1 | gagcuggagul.96 GaCfcAfgacugscsa AGCUGGAGC
AD- usgscuaaccCfURGE 2000 asdCsudCu(Agn)gcaccdA 2448 AGUGCUAACCCUGG 7206
1720311.1 | gugcuagagul.96 gGfgUfuagcascsu UGCUAGAGG
AD- uscsaaauuuCfAfGf 2001 asdCsudGe(Agn)gguccdT 2449 CAUCAAAUUUCAGG 1207
1720312.1 | gaccugcagul.96 gAfaAfuuugasusg ACCUGCAGA
AD- asgsaaccacCfCfAfg 2002 asdCsudTc(Tgn)gggcudG 2450 AGAGAACCACCCAG 7208
1720313.1 | cccagaagul.96 gGfuGfguucuscsu CCCAGAAGU
AD- csasaacuaaCfAfAfa 2003 asdGsadAa(Tgn)guuuudT 2451 CUCAAACUAACAAA 7299
1720314.1 | aacanuucul.96 gUfuAfguuugsasg AACAUUUCC
AD- csasuggaguAfCfCt 2004 asdGsadGe(Tgn)gagagdG 2152 ACCAUGGAGUACCU 2900
17203151 | ucucagcucul.96 uAfcUfccaugsgsu CUCAGCUCU
AD- uscsguuggaCfCfUf 2005 asdGscdAg(Tgn)guggad 2453 CUUCGUUGGACCUC 2001
1720316.1 | ccacacugcul.96 GgUfcCfaacgasasg CACACUGCU
AD- ascscauggaGfUfAf 2006 asdGscdTg(Agn)gaggud 2454 CCACCAUGGAGUAC 2002
1720317.1 | ccucucagcul.96 AcUfcCfauggusgsg CUCUCAGCU
AD- gsgscagecuGfAfAf 2007 asdGscdTu(Tgn)gacaud T 2455 UUGGCAGCCUGAAU 2003
1720368.1 | ugucaaagcul.96 cAfgGfcugecsasa GUCAAAGCC
AD- uscscuagccAfCICE 2008 asdGsgdCc(Agn)gaaagd 2456 UUUCCUAGCCACCU 2904
1720369.1 | uuucuggccul.96 GuGfeCuaggasasa UUCUGGCCU
AD- usgscugaauGfGfAf 2009 asdGsgdTu(Agn)gcacudC 2457 ACUGCUGAAUGGAG 2005
1720370.1 | gugcuaaccul96 cAfuUfcagcasgsu UGCUAACCC
AD- uscsaggacc UtGFC 2010 asdGsudAc(Tgn)gucugd 2458 UUUCAGGACCUGCA 2006
1720371.1 | agacaguacul.96 CaGfoUfccugasasa GACAGUACA
AD- ascsagcaucAfAfAf 2011 asdGsudCc(Tgn)gaaaudT 2459 UGACAGCAUCAAAU 2007
1720372.1 | uuucaggacul.96 uGfaUfgcuguscsa UUCAGGACC
AD- ususgcugge AfAfU 2012 asdGsudGg(Agn)ggaaad 2160 UGUUGCUGGGAAUU 2908
17203731 | uuccuccacul.96 TuCfcCfagcaascsa UCCUCCACC
AD- asasugccucCfUfGF 2013 asdGsudTu(Agn)gggacd 2461 CCAAUGCCUCCUGU 1909
1720374.1 | ucccuaaacul.96 AgGfaGfgcauusgsg CCCUAAACU
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AD- ususgacgug UFAfCT 2014 asdGsudTu(Tgn)gcuugdT 2162 CUUUGACGUGUACA 2010
1720375.1 | aagcaaaacul.96 aCfaCfgucaasasg AGCAAAACC
AD- gsgscegecuCCAT 2015 asdTsadGu(Agn)ggaaud 2463 AGGGCCGCCUCCAU 2011
1720376.1 | uuccuacuaul.96 GgAfoGfeggecescsu UCCUACUAA
AD- ascsucagguCfAfGf 2016 asdTsadTu(Agn)gauacd T 2464 UUACUCAGGUCAGU 2012
1720377.1 | vaucuaauaul.96 gAfcCfugagusasa AUCUAAUAU
AD- usgsggccauAfUTGE 2017 asdTscdCc(Agn)gcaacd A 2465 CCUGGGCCAUAUGU 2013
1720378.1 | uugcugggaul 96 uAfuGfgcccasgsg UGCUGGGAA
AD- usgscugucaUfAfUf 2018 asdTscdCc(Agn)ggecad T 2466 AGUGCUGUCAUAUG 2014
1720379.1 | geccuggeaul 96 aUfgAfcagcascsu GCCUGGGAC
AD- usgsaguuguGfAfCf 2019 asdTscdCu(Tgn)gaaagdT 2467 UAUGAGUUGUGACU 2015
1720380.1 | uuucaaggaul .96 cAfcAfacucasusa UUCAAGGAC
AD- asgsgcecaaGfCTAfc 2020 asdTscdCu(Tgn)gcugudG 2468 AGAGGCCCAAGCAC 2016
1720381.1 | agcaaggaul .96 cUfuGfggccuscsu AGCAAGGAC
AD- usgsuacaag CfAfAf 2001 asdTscg(Agn)gdGguuud 2460 CGUGUACAAGCAAA 1917
1720382.1 | aacccucgaul.96 TeCfuUfguacascsg ACCCUCGAG
AD- usgsuacaag CfAfAf 2022 asdTscgdAadGguuudTgC 2470 CGUGUACAAGCAAA 1018
1720383.1 | aaccuucgaul.96 fuuguacascsg ACCCUCGAG
AD- usgsuacaag CfAfAf 2023 asdTscgdAgdAguuudTg 2471 CGUGUACAAGCAAA 1019
1720384.1 | aacucucgaul.96 Cfuuguacascsg ACCCUCGAG
AD- uscsuaugag UfUTGE 2004 asdTsgdAa(Agn)gucacdA 2472 ACUCUAUGAGUUGU 2920
1720385.1 | ugacuuucaul.96 aCfuCfauagasgsu GACUUUCAA
AD- asasagacuaUfGfAf 2025 asdTsudGa(Tgn)gcugudC 2473 GCAAAGACUAUGAC 2071
1720386.1 | cagcaucaaul.96 aUfaGfucuuusgsc AGCAUCAAA

Example 2. In vitro screening of CIDEB siRNA

Experimental Methods
Cell culture and transfections:

Hepalclc7 cells are grown to near confluence at 37°C in an atmosphere of 3% CO; in Minimum

Essential Medium Alpha (Gibco) supplemented with 10% FBS (ATCC) before being released from the plate

by trypsinization. Transfection is carried out by adding 14.8 ul of Opti-MEM plus 0.2 pl of Lipofectamine

RNAiMax per well (Invitrogen, Carlsbad CA. cat # 13778-150) to 5 ul of each siRNA duplex to an individual

well in a 96-well plate. The mixture is then incubated at room temperature for 15 minutes. Eighty pl of

complete growth media without antibiotic containing ~2 x10* cells are then added to the siRNA mixture. Cells

are incubated for 24 hours prior to RNA purification. Single dose experiments are performed at 10 nM, 1 nM

and/or 0.1 nM final duplex concentration.

Panc-1 cells are grown to near confluence at 37°C in an atmosphere of 5% CO; m Minimum Essential

Medium Alpha (Gibco) supplemented with 10% FBS (ATCC) before being released from the plate by

trypsinization. Transfection is carried out by adding 14.6 ul of Opti-MEM plus 0.4 ul of Lipofectamine 2000
per well to 5 ul of each siRNA duplex to an individual well in a 96-well plate. The mixture is then incubated
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at room temperature for 15 minutes. Eighty pl of complete growth media without antibiotic containing ~1.5
x10* cells are then added to the siRNA mixture. Cells are incubated for 24 hours prior to RNA purification.
Dose experiments are performed at 10 nM and 0.1 nM final duplex concentration.

Hep3B cells were grown to near confluence at 37°C in an atmosphere of 5% CO, in Minimum
Essential Medium Alpha (Gibco) supplemented with 10% FBS (ATCC) before being released from the plate
by trypsinization. Transfection was carried out by adding 14.6 pl of Opti-MEM plus 0.4 ul of Lipofectamine
RNAimax per well to 5 pl of each siRNA duplex to an individual well in a 96-well plate. The mixture was
then incubated at room temperature for 15 minutes. Eighty ul of complete growth media without antibiotic
containing ~1.5 x10* cells were then added to the siRNA mixture. Cells were incubated for 24 hours prior to

RNA purification. Dose experiments were performed at 10 nM, 1 nM and 0.1 nM final duplex concentration.

Total RNA isolation using DYNABEADS mRNA Isolation Kit:
RNA was 1solated using an automated protocol on a BioTek-EL406 platform using DYNABEADs

(Invitrogen, cat#61012). Briefly, 70 pl of Lysis/Binding Buffer and 10 pl of lysis buffer containing 3 pl of
magnetic beads were added to the plate with cells. Plates were incubated on an electromagnetic shaker for 10
minutes at room temperature and then magnetic beads were captured and the supematant was removed. Bead-
bound RNA was then washed 2 times with 150 ul Wash Buffer A and once with Wash Buffer B. Beads were

then washed with 150 pl Elution Buffer, re-captured and supernatant removed.

Synthesis using ABI High capacity cDNA reverse transcription kit (Applied Biosystems,
Foster City, CA, Cat #4368813):

Ten pl of a master mix containing 1 ul 10X Buffer, 0.4 pl 25X dNTPs, 1 pl 10x Random primers, 0.5
ul Reverse Transcriptase, 0.5 pl RNase inhibitor and 6.6 pl of H;O per reaction was added to RNA isolated
above. Plates were sealed, mixed, and incubated on an electromagnetic shaker for 10 minutes at room

temperature, followed by 2 h 37°C.

Real time PCR:

Two pl of cDNA and 5 pl Lightcycler 480 probe master mix (Roche Cat # 04887301001) were added
to either 0.5 pl of human GAPDH TagMan Probe and 0.5 pl human CIDEB probe per well in a 384 well
plates (Roche cat # 04887301001). Real time PCR was done in a LightCycler480 Real Time PCR system
(Roche). Each duplex was tested at least two times and data were normalized to cells transfected with a non-
targeting control siRNA. To calculate relative fold change, real time data were analyzed using the AACt

method and normalized to assays performed with cells transfected with a non-targeting control siRNA.
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The results of the screening of the dsRNA agents listed in Table 6 in Hep3B cells are shown in

Table 7. CIDEB Single Dose Screens in Hep3B Cells

was performed. CIDEB signal was normalized to GAPDH. The results are shown in Table 8.

Table 7. An additional single dose (10 nM) screening of the dsSRNA agents listed in Table 4 in Hep3B cells

10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1700791.1 88.90 10.50 99.00 15.60 151.20 9.60
AD-1699864.1 92.80 20.20 107.70 22.30 140.30 17.20
AD-1699867.1 27.40 8.30 41.80 6.50 72.30 3.30
AD-1720281.1 77.20 10.40 91.20 14.40 92.70 19.30
AD-1699868.1 41.80 9.30 40.30 12.80 73.30 4.20
AD-1699869.1 63.10 8.70 93.40 1.80 94.50 9.70
AD-1699870.1 54.70 10.50 77.00 15.50 95.70 6.10
AD-1699871.1 32.60 6.70 55.70 7.40 62.00 7.70
AD-1699872.1 49.30 7.50 79.70 18.10 87.40 24.30
AD-1700793.1 44.90 7.40 60.30 6.80 67.40 8.50
AD-1699873.1 42.30 8.10 60.70 5.70 74.90 14.20
AD-1700794.1 78.00 14.40 87.00 3.10 82.70 10.40
AD-1699875.1 47.50 13.10 94.00 11.70 104.60 12.80
AD-1700795.1 73.30 11.30 29.70 9.70 73.80 10.10
AD-1700796.1 58.60 15.10 61.10 10.30 67.40 3.60
AD-1700797.1 62.20 7.50 65.00 15.00 61.30 11.70
AD-1700798.1 29.90 250 38.50 13.10 72.50 10.40
AD-1699882.1 42.40 7.40 47.40 11.50 68.00 13.80
AD-1700799.1 40.40 3.40 66.10 11.30 95.40 11.80
AD-1700800.1 46.90 8.60 40.00 9.40 75.00 7.50
AD-1699891.1 55.50 7.50 88.80 7.80 115.80 19.50
AD-1700801.1 54.10 3.90 81.00 15.40 96.80 11.20
AD-1699892.1 66.20 2.70 103.90 15.40 110.00 8.60
AD-1700802.1 19.30 4.60 57.70 8.30 110.90 16.20
AD-1699904.1 36.80 9.60 64.00 11.40 98.10 13.00
AD-1720313.1 80.30 14.70 94.40 20.60 91.30 8.30
AD-1700804.1 43.00 6.20 70.40 21.00 102.60 13.70
AD-1700805.1 36.30 6.40 49.90 4.20 83.20 14.30
AD-1700806.1 7.00 2.20 39.90 7.30 79.20 15.20
AD-1699907.1 18.00 4.20 48.80 12.30 94.00 11.30
AD-1700807.1 10.80 1.90 5150 5.70 98.40 3.80
AD-1700808.1 31.30 3.20 70.10 15.30 94.90 16.40
AD-1700809.1 34.00 3.90 9220 13.00 113.70 4.20
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining

AD-1700810.1 15.60 1.10 2570 3.00 99.20 7.70
AD-1700811.1 17.30 2.80 37.20 740 78.00 10.10
AD-1700812.1 35.90 5.40 38.10 10.60 33.40 0.30
AD-1700813.1 2.20 0.70 7.90 1.40 59.20 12.30
AD-1700814.1 11.70 2.00 32.60 6.90 110.80 15.90
AD-1700815.1 21.00 4.60 2710 5.80 58.50 12.30
AD-1700816.1 5.10 1.10 20.70 2.60 87.20 13.70
AD-1700817.1 7.70 0.60 38.60 6.40 106.50 8.40
AD-1699948 1 7.30 0.50 13.90 2.90 99.50 12.00
AD-1699949 1 5.30 0.60 2420 3.10 89.60 8.60
AD-1720317.1 3.70 1.10 12.20 2.30 98.60 7.60
AD-1700819.1 3.40 0.80 27.70 6.70 62.90 9.10
AD-1699951.1 7.80 1.40 12.50 3.90 37.60 2.60
AD-17203135.1 3.60 1.60 7.70 2.60 40.10 6.20
AD-1700821.1 4.70 1.10 10.80 1.00 71.90 10.20
AD-1699964.1 3.50 0.70 6.50 2.30 45 .90 11.40
AD-1700822.1 59.70 12.40 58.70 12.40 78.20 14.00
AD-1699967.1 3.60 1.20 14.80 2.10 100.00 12.10
AD-1720377.1 4.00 1.50 38.70 2.60 82.10 12.20
AD-1699970.1 3.90 1.00 7.70 0.80 54.70 10.30
AD-1699971.1 3.50 1.80 7.60 2.00 51.80 1.60
AD-1699972.1 .00 1.20 44 80 5.80 106.00 7.20
AD-1699973.1 6.00 1.70 16.20 4.20 102.10 14.00
AD-1700824.1 56.40 12.10 40.80 13.00 75.10 14.70
AD-1700825.1 5.00 1.90 17.40 3.70 41.50 23.90
AD-1700826.1 11.70 3.60 2220 4.60 30.80 8.80
AD-1699976.1 6.20 1.20 7.70 1.10 23.60 4.70
AD-1699977 1 10.80 1.80 37.10 3.60 86.20 20.00
AD-1699978.1 9.60 1.60 31.00 6.60 105.90 13.10
AD-1699979 1 14.40 3.30 37.10 3.20 116.60 19.40
AD-1700828.1 16.10 2.70 2750 2.90 129.30 10.40
AD-1700829.1 8.90 2.80 15.80 3.40 63.10 4,80
AD-1699982.1 5.50 0.70 15.20 450 84.10 10.60
AD-1699983.1 25.10 7.80 85.60 8.80 99.40 15.50
AD-1699984.1 29.70 1.60 37.00 15.20 95.70 14.50
AD-1699985.1 4.60 0.40 14.20 2.80 68.10 11.90
AD-1699986.1 34.00 4.20 48.70 11.30 111.80 15.60
AD-1700830.1 51.30 8.70 62.90 7.00 NA NA

AD-1699987.1 30.60 6.50 52.60 8.90 4450 16.50
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1699988.1 14.30 1.80 53.90 5.90 95.90 2.20
AD-1700831.1 57.20 8.20 96.80 540 124.70 15.30
AD-1699989.1 5.30 0.70 4750 6.00 101.10 15.20
AD-1699990.1 39.80 11.40 41.50 10.10 88.30 9.30
AD-1700832.1 64.90 16.10 47.00 19.10 83.30 2.90
AD-1700833.1 19.90 3.70 27.60 1.10 81.00 8.50
AD-1700834.1 27.80 3.90 52.90 8.40 51.00 12.80
AD-1700015.1 7.50 2.40 19.60 1.70 93.20 28.00
AD-1700035.1 17.30 2.20 35.20 7.10 63.30 27.50
AD-1700037.1 79.80 2140 79.30 10.30 121.70 24.40
AD-1700038.1 14.60 1.90 34 .80 5.50 71.00 2.50
AD-1700039.1 13.40 2.80 2120 1.00 66.60 12.70
AD-1700837.1 27.10 8.60 4420 6.10 96.10 12.00
AD-1700040.1 18.30 3.90 4590 8.20 80.60 17.60
AD-1700041.1 85.20 12.40 57.70 9.70 93.80 4.30
AD-1700838.1 20.60 6.60 53.80 6.90 114.40 34.60
AD-1700839.1 35.10 2.40 61.20 5.90 97.90 10.40
AD-1700840.1 29.50 1.40 57.10 12.40 88.60 8.60
AD-1700077.1 14.00 1.70 29.60 8.30 87.70 16.40
AD-1700841.1 7.10 1.00 21.90 5.20 105.40 13.10
AD-1700842.1 9.30 1.50 42 90 10.00 117.30 6.70
AD-1700080.1 17.10 1.30 72 .40 6.50 62.60 17.90
AD-1700081.1 16.20 6.70 63.30 8.60 104.20 18.00
AD-1700082.1 6.50 2.20 16.60 3.60 67.10 6.00
AD-1700083.1 9.70 1.60 30.30 6.10 91.20 13.40
AD-1700843.1 38.00 11.60 61.70 6.20 54.70 16.90
AD-1700844.1 3.10 1.60 14.20 3.40 75.40 3.70
AD-1700091.1 13.40 0.60 31.60 4.60 68.90 5.00
AD-1700845.1 16.10 5.30 54.50 11.00 4970 11.80
AD-1700092.1 5.80 0.60 2480 1.10 93.80 18.00
AD-1700846.1 3.90 0.30 36.70 14.00 118.60 34.70
AD-1700094.1 5.00 1.00 22.30 2.60 88.70 29.10
AD-1700848.1 3.60 1.10 22.10 3.20 99.30 8.80
AD-1700097.1 10.10 2.30 34.30 10.90 85.90 12.50
AD-1720295.1 63.40 5.40 86.20 6.30 102.10 15.80
AD-1700850.1 21.90 7.20 75.90 7.50 86.30 14.20
AD-1700851.1 35.20 6.20 81.10 18.50 78.60 29.30
AD-1700099.1 17.40 3.90 29.40 12.60 42.00 18.00
AD-1700100.1 14.00 2.40 60.00 1.50 110.20 4.40
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WO 2023/034837 PCT/US2022/075715
10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1700101.1 28.70 8.00 98.10 12.00 123.70 13.20
AD-1700852.1 19.70 2.30 71.30 730 106.20 14.50
AD-1720289.1 14.40 3.90 46.30 3.50 41.40 2.30
AD-1700853.1 14.40 1.70 90.70 7.00 116.20 15.10
AD-1700854.1 27.20 6.90 62.20 3.80 81.90 10.10
AD-1700104.1 31.50 2820 4930 11.40 98.00 9.90
AD-1700855.1 3.30 1.10 11.70 2.20 84 .40 19.20
AD-1700856.1 7.80 1.10 2930 5.00 69.60 6.90
AD-1700109.1 13.60 3.70 37.10 7.90 82.80 15.90
AD-1720370.1 4.00 0.60 13.70 4.40 80.70 15.10
AD-1700858.1 14.70 1.30 74 .20 6.60 106.00 3.90
AD-1700859.1 7.70 3.00 32.10 12.30 99.40 24.30
AD-1700860. 1 12.70 1.60 64.00 2.20 100.90 1.40
AD-1700112.1 8.70 1.30 20.30 2.90 107.30 11.10
AD-1700113.1 16.60 4.20 63.60 4.10 77.70 10.50
AD-1720300.1 27.30 7.70 81.20 12.70 82.30 21.90
AD-1700114.1 15.10 3.30 37.90 6.00 101.70 8.00
AD-1720286.1 9.10 2.80 2540 5.00 103.60 10.80
AD-1720287.1 31.10 3.70 74 40 20.90 116.20 21.00
AD-1720288.1 6.30 1.10 34.40 1.60 119.50 5.00
AD-1700115.1 2450 2.30 70.80 9.20 90.30 29.30
AD-1700863.1 23.20 9.00 56.20 7.00 106.00 10.00
AD-1700116.1 15.70 2.40 4740 6.60 71.10 11.70
AD-1700864.1 33.10 1.50 79.20 28.00 69.70 15.30
AD-1700865.1 12.00 1.90 41.00 7.60 89.90 6.80
AD-1700121.1 35.50 6.10 92.50 16.90 113.60 16.00
AD-1720311.1 38.70 2.40 61.80 3.00 104.60 11.90
AD-1700122.1 46.30 6.30 40.00 11.20 83.10 9.50
AD-1700867.1 23.70 4.00 38.40 11.00 80.80 12.10
AD-1700125.1 10.90 1.60 4270 10.50 92.70 7.30
AD-1700868.1 43.00 3.60 85.80 13.80 80.60 17.10
AD-1700869. 1 14.20 3.20 47.50 11.00 67.80 6.70
AD-1700870.1 4.00 1.10 28.00 7.20 75.90 14.00
AD-1700871.1 2.00 0.20 13.80 3.70 77.60 6.90
AD-1700872.1 5.30 1.30 29.50 7.60 68.50 14.00
AD-1700873.1 24.00 5.40 4920 4.60 80.50 12.60
AD-1700874.1 67.90 11.70 95.50 18.20 115.20 7.10
AD-1700875.1 11.20 3.10 45 380 29.40 100.30 5.40
AD-1700876.1 35.20 11.40 83.30 8.90 108.00 17.90
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WO 2023/034837 PCT/US2022/075715
10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1720298.1 13.70 2.30 47 30 4.50 129.30 28.70
AD-1700877.1 17.70 2.60 78.30 6.40 95.40 12.00
AD-1700148.1 5.40 1.10 22.50 5.00 85.10 3.40
AD-1700149.1 23.20 9.10 51.70 9.30 45 .80 15.30
AD-1700878.1 8.90 1.60 57.70 9.30 86.10 11.20
AD-1700879.1 72.70 12.80 74.60 26.30 90.30 15.10
AD-1700880.1 7.70 1.90 27.60 7.70 67.50 6.50
AD-1700881.1 2.60 1.10 9.70 2.30 97.60 13.30
AD-1700882.1 6.50 1.20 23.50 7.20 88.60 19.70
AD-1700883.1 4.30 0.40 20.30 4.80 97.00 15.50
AD-1700156.1 5.20 1.00 18.50 4.10 66.10 8.80
AD-1720282.1 7.20 1.30 12.80 1.00 96.00 5.10
AD-1700885.1 14.20 2.20 4570 520 95.30 .10
AD-1700158.1 6.20 0.90 29.90 3.50 99.10 7.20
AD-1700159.1 5.20 1.50 18.30 2.70 84.30 11.90
AD-1700160.1 5.40 1.50 19.20 4.20 119.70 13.70
AD-1700887.1 29.30 6.00 51.90 5.70 78.50 11.50
AD-1700888.1 6.70 1.10 37.80 6.30 94.20 11.10
AD-1700889.1 26.40 4.20 77.90 26.00 83.60 11.10
AD-1700166.1 35.00 5.80 109.20 19.10 114.50 16.10
AD-1700167.1 41.80 12 .40 78.70 11.50 75.20 9.70
AD-1700891.1 34.90 2.00 97.10 6.20 90.10 15.60
AD-1700892.1 74.40 8.70 84.00 22.10 84.70 9.20
AD-1700893.1 6.40 2.50 29.60 4.30 82.20 3.80
AD-1700894 .1 30.60 1.60 84.70 25.00 99.90 6.10
AD-1700180.1 6.00 0.90 2730 1.70 59.90 8.50
AD-1700895.1 4.10 0.90 26.20 5.80 98.40 21.30
AD-1700187.1 7.70 1.30 30.70 6.80 90.60 11.90
AD-1720299.1 13.70 2.10 5440 3.90 85.40 12.50
AD-1700188.1 17.30 4.60 47.70 14.40 66.40 16.60
AD-1700897.1 55.90 10.80 99.50 8.20 74.20 4.10
AD-1700898.1 93.60 13.90 110.20 24.00 109.30 12.20
AD-1700189.1 32.60 7.80 77.40 13.30 93.30 7.40
AD-1700190.1 8.50 2.20 51.00 3.20 72.50 10.90
AD-1700191.1 4.70 0.40 16.30 2.80 102.90 5.30
AD-1700899.1 29.20 1.80 36.80 4.30 97.30 7.20
AD-1700193.1 16.60 2.20 57.60 10.60 106.70 5.90
AD-1700900.1 46.40 4.40 73.10 9.30 86.10 9.80
AD-1700213.1 8.50 1.10 71.30 4.20 102.50 17.40
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WO 2023/034837 PCT/US2022/075715
10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining

AD-1720310.1 8.60 1.60 39.20 7.10 130.30 5.30
AD-1700902.1 8.10 430 4570 430 111.90 15.50
AD-1700903.1 16.90 3.30 68.70 15.00 96.10 6.40
AD-1700904.1 15.60 2.30 36.60 6.90 79.30 9.10
AD-1700905.1 7.70 1.70 19.50 2.30 50.80 17.60
AD-1700242.1 8.80 1.00 30.90 4 .40 109.10 9.10
AD-1700243.1 24.70 5.30 66.40 7.90 65.50 19.60
AD-1700244.1 11.50 0.90 46.60 6.80 84.90 4.00
AD-1700906.1 86.90 6.40 97.90 10.00 98.40 5.00
AD-1700245.1 49.20 3.70 89.60 8.20 116.20 5.10
AD-1700907.1 34.70 12.20 87.10 23.80 96.70 15.50
AD-1700908.1 63.10 11.60 91.30 13.60 99.30 20.20
AD-1700909.1 59.00 9.20 96.30 8.70 69.00 11.00
AD-1700248.1 26.70 7.90 59.50 10.10 89.30 13.50
AD-1700249.1 45.10 4.50 90.70 4.50 NA NA

AD-1720301.1 52.70 .10 85.10 11.10 72.90 16.20
AD-1720302.1 58.90 15.30 68.90 9.00 71.30 21.50
AD-1720303.1 40.30 7.70 79.90 12.30 79 .40 2150
AD-1700250.1 26.10 4.80 75.80 10.10 102.40 16.20
AD-1720379.1 47.20 10.00 97.90 19.90 117.60 12.20
AD-1700912.1 84.60 10.20 86.70 10.50 86.40 20.90
AD-1700913.1 82.20 14.30 105.20 16.40 120.70 10.30
AD-1700252.1 17.90 1.50 60.80 8.90 116.20 14.10
AD-1720381.1 45.80 7.20 70.20 6.30 108.00 15.70
AD-1700272.1 34.00 4.60 86.00 9.90 115.40 20.90
AD-1700915.1 5.00 0.70 14.10 3.80 68.60 8.30

AD-1700279.1 16.50 2.50 60.80 5.10 90.10 13.30
AD-1700280.1 8.00 3.70 25.60 5.90 89.00 10.80
AD-1700916.1 7.10 2.70 23.20 5.90 69.30 14.50
AD-1700917.1 17.60 3.70 2530 7.90 65.70 8.40

AD-1700918.1 27.830 3.10 51.10 11.90 102.80 5.10

AD-1700303.1 470 1.70 13.60 4.60 79.00 15.00
AD-1700919.1 8.50 1.30 47.50 6.90 104.70 9.70
AD-1700920.1 14.10 2.30 24.40 4.60 66.30 18.10
AD-1700309.1 4.30 0.70 17.50 5.70 43.00 6.40

AD-1720375.1 5.90 1.60 14.80 7.20 29.50 5.80

AD-1700922.1 8.60 0.60 29.70 6.10 80.70 12.00
AD-1700923.1 6.10 1.30 23.60 6.30 46.90 25.40
AD-1700312.1 2.70 0.50 6.90 2.50 54.70 5.50
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WO 2023/034837 PCT/US2022/075715
10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1700924.1 32.60 13.00 5740 10.30 101.80 15.30
AD-1700925.1 3.10 0.80 9.90 1.50 62.30 8.20
AD-1700314.1 3.40 1.00 3.80 1.40 37.20 11.50
AD-1720309.1 5.10 0.50 12.70 1.40 37.50 21.80
AD-1700315.1 5.30 1.40 11.80 1.00 62.10 11.00
AD-1720382.1 6.30 1.40 14.50 1.80 74.60 7.90
AD-1720383.1 8.70 5.10 28.60 3.20 92.20 3.20
AD-1720384.1 9.10 4.00 11.30 2.30 4570 4.60
AD-1700316.1 8.80 1.20 38.50 6.20 118.30 5.00
AD-1700317.1 6.10 1.00 17.60 1.70 87.40 5.60
AD-1700318.1 220 0.50 10.80 6.10 55.00 12.00
AD-1700929.1 10.10 2.10 4120 4.60 80.00 7.60
AD-1700930.1 5.00 1.80 9.50 3.20 91.80 8.60
AD-1700931.1 26.40 3.10 4430 4.30 76.50 5.80
AD-1700323.1 3.60 0.40 9.10 2.20 85.70 8.30
AD-1720283.1 4.40 1.00 10.40 2.90 66.70 3.50
AD-1700324.1 5.50 2.50 10.10 3.00 71.20 9.60
AD-1720280.1 19.30 3.30 14 .40 6.30 81.60 7.10
AD-1700325.1 18.40 2.00 66.70 13.20 113.10 9.10
AD-1700327.1 4.00 0.90 40.20 9.10 98.90 18.00
AD-1700328.1 15.60 1.90 64.90 11.20 92 40 14.80
AD-1700329.1 3.00 1.60 29.10 1.50 114.60 3.90
AD-1700934.1 51.80 3.60 101.90 18.00 104.70 7.20
AD-1700336.1 12.10 2.80 41.70 7.80 92.70 10.50
AD-1720296.1 62.10 11.20 96.90 14.60 84.90 19.00
AD-1700936.1 51.10 7.00 112.80 5.70 9420 11.60
AD-1700937.1 72.00 17.20 108.40 6.20 134.20 13.90
AD-1700339.1 11.40 3.40 32.70 7.90 49.00 16.70
AD-1700938.1 6.90 1.60 39.40 4.40 82.60 7.60
AD-1700939.1 85.80 10.00 81.50 20.20 103.20 26.50
AD-1700940.1 65.80 14.30 99.20 19.70 90.40 15.30
AD-1700344.1 9.30 1.20 40.60 4,10 99.40 3.90
AD-1720368.1 9.20 2.10 36.20 2.60 101.10 15.10
AD-1700942.1 35.00 8.20 89.10 21.90 100.00 26.10
AD-1700943.1 5.30 1.40 23.30 7.20 53.90 1.30
AD-1700944.1 5.70 1.20 34.60 2.70 70.60 6.30
AD-1720284.1 4.90 1.20 20.30 1.50 104.40 12.90
AD-1700350.1 31.40 4.90 70.00 4.80 117.60 13.90
AD-1700352.1 3.30 0.80 8.90 1.20 116.20 12.30
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WO 2023/034837 PCT/US2022/075715
10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining

AD-1700353.1 12.70 5.10 19.60 3.30 57.00 7.80
AD-1700947.1 5.60 0.30 17.50 540 86.00 14.10
AD-1700354.1 2.30 0.30 4.00 1.50 69.50 6.70
AD-1700355.1 5.00 1.10 8.80 1.00 69.30 12.30
AD-1700356.1 16.80 2.40 53.10 8.20 NA NA

AD-1700357.1 22.00 2.00 72.30 7.70 79.60 14.10
AD-1700358.1 2.90 0.30 19.90 2.60 75.20 3.00
AD-1700359.1 16.70 2.60 50.60 19.70 112.30 19.00
AD-1700948.1 9.70 3.00 31.70 9.50 79.90 13.70
AD-1700949.1 16.30 1.30 40.90 1.30 60.30 6.70
AD-1700950.1 16.90 7.00 35.70 10.10 82.60 18.60
AD-1700365.1 3.30 0.40 17.10 3.40 72.60 11.90
AD-1700952.1 53.20 9.20 87.00 25.10 83.30 16.80
AD-1700366.1 4.20 0.40 41.30 12.00 91.30 18.00
AD-1700953.1 24.50 6.40 64.70 12.30 71.10 8.60
AD-1720293.1 34.70 7.10 13.20 0.40 61.70 25.00
AD-1700368.1 8.90 2.00 32.80 4.00 86.50 5.70
AD-1700955.1 22.40 0.80 68.50 11.50 77.60 15.50
AD-1700369.1 3.90 1.80 25.60 3.70 80.40 10.10
AD-1700370.1 37.10 3.80 43.90 19.10 94.50 10.70
AD-1700371.1 6.70 2.30 21.00 2.90 114.80 4.20
AD-1700957.1 49.80 3.40 84.60 18.90 92.50 26.30
AD-1700372.1 6.60 0.60 27.70 5.80 95.70 17.40
AD-1700374.1 3.50 0.40 11.50 0.60 38.20 8.50
AD-1700958.1 53.10 2.30 100.80 10.40 89.10 11.80
AD-1700959.1 38.60 0.50 71.60 3.90 92.20 6.30
AD-1720285.1 23.80 7.00 4720 9.00 85.30 23.20
AD-1700375.1 4.60 1.10 30.30 6.40 93.00 16.90
AD-1700376.1 6.10 1.10 19.30 7.60 76.10 6.00
AD-1700378.1 3.10 1.20 27.10 8.40 79.90 13.10
AD-1700960.1 26.70 5.10 38.50 11.60 61.00 3.70
AD-1700961.1 4.30 0.80 11.90 1.30 116.60 6.70
AD-1700962.1 51.00 10.60 30.90 3.10 71.80 22.90
AD-1700963.1 3.40 0.20 28.70 4.40 99.00 .10
AD-1700383.1 4.60 1.10 11.10 6.40 69.10 10.20
AD-1720385.1 4.00 0.70 16.50 4.40 89.10 4.50
AD-1700965.1 12.20 4.20 16.50 0.60 44 30 7.90
AD-1700384.1 5.30 1.60 11.60 540 53.40 20.40
AD-1700385.1 3.10 0.60 11.40 440 88.40 10.70
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WO 2023/034837 PCT/US2022/075715
10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1700386.1 6.10 0.80 10.70 5.10 47 .80 19.00
AD-1700387.1 11.70 2.40 37.20 6.20 135.50 4.40
AD-1720380.1 5.50 1.30 12.80 1.80 100.60 18.50
AD-1700967.1 4 .40 0.80 20.60 5.10 68.30 10.90
AD-1700388.1 3.80 0.30 17.60 4.30 71.10 20.40
AD-1700968.1 6.10 2.20 9.30 3.70 57.80 14.10
AD-1700969.1 540 1.80 20.60 1.00 94 .80 12.70
AD-1700408.1 1.80 0.50 5.80 2.00 54.20 10.80
AD-1700970.1 16.10 3.10 54.70 10.10 105.40 13.00
AD-1700971.1 34.30 8.70 82.40 15.30 107.40 15.10
AD-1700410.1 2.50 0.20 12.20 3.80 95.60 18.30
AD-1700411.1 8.20 2.20 21.70 7.50 63.60 14.90
AD-1720304.1 6.30 2.60 14,30 7.70 76.30 12.80
AD-1700973.1 16.10 6.40 64.00 3.00 45.20 12.20
AD-1700413.1 25.70 6.40 83.40 5.30 129.00 8.50
AD-1700414.1 7.20 1.30 45.20 9.60 125.30 17.80
AD-1700975.1 17.50 5.80 50.20 7.50 101.50 16.30
AD-1700976.1 8.80 1.60 32.00 .10 97.10 6.90
AD-1700977.1 10.70 1.70 26.60 5.00 48.90 4.90
AD-1700978.1 15.30 3.80 2150 5.00 80.20 13.10
AD-1700422.1 31.50 6.10 62.90 9.00 96.10 430
AD-1720305.1 57.00 3.60 73.70 10.10 120.40 6.50
AD-1700423.1 27.10 6.00 2710 8.50 71.10 26.30
AD-1700424.1 4.00 0.40 15.90 1.80 106.10 16.00
AD-1700425.1 6.50 0.80 4350 9.50 110.30 8.90
AD-1700426.1 29.00 5.00 80.60 15.50 84.50 21.00
AD-1700427.1 30.30 6.20 49 40 28.80 103.70 7.20
AD-1700980.1 28.90 5.80 57.20 5.30 68.90 13.30
AD-1700428.1 10.00 1.30 37.70 8.40 66.20 18.80
AD-1700981.1 70.90 17.00 89.10 27.90 89.60 12.40
AD-1700982.1 11.70 5.90 36.50 3.40 93.70 21.90
AD-1700439.1 5.30 2.60 38.90 10.50 112.10 8.30
AD-1720316.1 33.30 5.70 66.20 7.50 90.90 11.00
AD-1700984.1 56.50 12.40 98.20 31.40 114.50 13.90
AD-1700985.1 9.20 3.50 4130 9.80 92.40 9.20
AD-1700461.1 2.90 0.30 6.50 1.50 72.20 18.30
AD-1700462.1 40.30 6.00 92.30 11.20 59.00 6.30
AD-1700986.1 93.90 18.50 105.10 29.10 103.00 24.00
AD-1700464.1 18.80 3.60 48 90 9.50 109.00 10.90
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WO 2023/034837 PCT/US2022/075715
10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1700465.1 34.70 5.80 84.10 8.60 106.50 18.90
AD-1700468.1 10.40 0.90 54.10 9.10 64.80 13.00
AD-1720378.1 11.50 1.30 72.70 3.80 90.40 13.60
AD-1700988.1 10.70 1.50 34.50 7.80 56.30 20.30
AD-1700989.1 73.60 18.20 92.30 9.60 93.60 12.60
AD-1700990.1 2 .40 0.60 7.50 1.00 72.10 11.90
AD-1700473.1 3.30 0.90 7.40 0.90 50.10 5.40
AD-1700991.1 3.20 1.10 9.20 1.60 100.50 8.00
AD-1700474.1 4.90 0.50 2390 430 91.60 5.30
AD-1700476.1 2.30 0.80 5.60 0.60 4350 5.60
AD-1700992.1 92.10 8.00 107.60 10.00 85.50 17.40
AD-1700477.1 12.70 1.50 65.60 9.30 83.00 9.30
AD-1700479.1 3.50 0.80 17.40 0.80 68.80 11.00
AD-1720373.1 3.10 1.00 11.10 3.30 58.70 12.70
AD-1700482.1 7.50 1.50 38.40 5.20 91.20 6.30
AD-1720291.1 25.70 6.90 24.20 1.80 80.90 24.50
AD-1700995.1 3.10 0.90 5.20 1.80 67.00 15.40
AD-1700485.1 16.40 1.20 36.80 4.10 103.00 14.40
AD-1720306.1 30.40 5.50 34.90 7.10 87.90 10.40
AD-1720307.1 55.10 15.00 71.40 4.10 102.90 9.10
AD-1720308.1 470 0.50 10.10 1.40 66.10 5.00
AD-1700486.1 75.60 3.60 66.70 28.30 78.20 19.50
AD-1700487.1 6.80 1.70 10.30 3.20 58.70 8.50
AD-1700488.1 15.60 2.00 51.30 15.20 111.30 23.70
AD-1700489.1 51.30 2.50 83.20 12.30 73.60 5.50
AD-1700997.1 13.30 2.40 93.60 9.10 75.40 19.50
AD-1700490.1 10.50 2.00 70.70 9.00 89.50 11.40
AD-1700998.1 66.00 11.40 64.00 8.40 70.00 10.70
AD-1700517.1 25.80 5.30 61.30 5.90 84.70 11.60
AD-1700519.1 48.60 13.10 8420 39.10 111.20 10.60
AD-1720292.1 76.80 8.50 70.20 2.80 74.50 12.10
AD-1700520.1 12.30 3.00 4620 8.80 85.00 10.20
AD-1720376.1 50.40 10.70 79.60 4.60 93.70 7.40
AD-1701001.1 53.90 6.70 88.90 7.10 115.50 27.10
AD-1701002.1 79.10 10.40 110.00 19.60 111.90 3.60
AD-1700522.1 71.90 7.70 94 .40 22.70 115.00 17.00
AD-1701003.1 6.60 1.20 67.80 9.00 90.70 14.20
AD-1700542.1 6.30 0.90 30.00 7.00 101.50 13.60
AD-1701004.1 8.00 3.50 17.30 3.40 76.60 10.50
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1701005.1 3.50 1.50 16.00 3.90 90.10 10.00
AD-1700544 .1 3.60 0.70 11.60 3.80 84.10 9.30
AD-1700550.1 4.10 1.90 4.80 2.20 46.60 6.90
AD-1720386.1 6.20 1.70 11.60 540 64.50 9.00
AD-1701007.1 11.30 2.10 11.00 3.70 42.10 5.90
AD-1700553.1 3.80 0.70 6.00 2.30 77.80 6.40
AD-1700554.1 4.80 0.90 6.60 1.20 73.50 17.60
AD-1700555.1 5.10 1.20 6.40 1.00 63.80 9.50
AD-1700556.1 440 1.50 10.70 1.80 61.00 10.00
AD-1700557.1 5.10 2.60 23.10 7.50 95.90 9.40
AD-1700558.1 5.90 0.80 6.60 1.40 63.40 12.50
AD-1701009.1 18.30 3.10 46.30 5.00 99.80 6.40
AD-1700560.1 6.20 4,60 17.50 4,90 63.90 3.30
AD-1720372.1 3.20 1.00 7.30 1.30 56.50 14.90
AD-1701011.1 3.10 0.90 18.50 2.70 75.10 7.90
AD-1701012.1 7.50 2.60 15.00 2.80 78.00 13.90
AD-1701013.1 27.60 5.60 68.10 10.00 115.30 30.40
AD-1700563.1 8.20 1.50 29.30 4.50 114.10 11.00
AD-1701014.1 8.40 0.60 29.90 2.60 83.40 10.10
AD-1700566.1 3.00 1.30 8.10 1.60 82.30 8.40
AD-1720312.1 5.80 3.20 17.10 2.10 108.80 7.00
AD-1701016.1 4.70 0.20 14.90 2 .40 83.40 12.00
AD-1701017.1 9.30 1.80 26.60 3.50 115.80 5.30
AD-1700573.1 2.80 1.70 12.70 2.20 67.70 3.00
AD-1720371.1 7.90 0.80 12.40 2.00 74.20 10.60
AD-1701019.1 7.50 2.40 18.30 2.90 86.50 14.90
AD-1700575.1 9.70 1.80 18.90 2.60 106.30 9.00
AD-1700576.1 31.80 6.50 61.00 5.90 84 .80 8.00
AD-1701020.1 7.00 1.50 41.80 5.50 105.50 10.20
AD-1700578.1 920 2.00 18.80 3.70 96.70 3.20
AD-1720290.1 5.40 1.50 19.00 3.20 95.50 1.80
AD-1701022.1 5.00 0.30 14.60 2.00 68.70 11.30
AD-1701023.1 10.20 1.40 36.00 9.10 107.40 12.00
AD-1700580.1 7.60 2.10 33.10 6.10 107.50 11.70
AD-1701024.1 12.10 5.90 39.70 10.90 91.00 3.00
AD-1700582.1 8.20 1.30 14.80 3.80 56.90 7.40
AD-1720294.1 5.40 1.20 14.10 2.80 63.40 14.00
AD-1701026.1 3.20 0.50 28.60 3.40 84.40 8.70
AD-1701027.1 5.20 1.00 27.10 3.30 82.10 8.50
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % CIDEB Avg % CIDEB Avg % CIDEB
Duplex ID mRNA SD mRNA SD mRNA SD
Remaining Remaining Remaining
AD-1700623.1 5.50 1.20 13.10 5.90 95.90 10.40
AD-1700670.1 42.70 7.00 93.20 12.10 96.70 6.20
AD-1700671.1 62.40 12.30 81.80 11.60 8240 19.80
AD-1720369.1 21.80 3.80 67.10 11.30 98.80 11.70
AD-1701029.1 13.80 5.60 52.00 16.10 96.50 25.40
AD-1700680.1 20.10 1.00 82.90 10.20 99.20 14.30
AD-1720297.1 79.80 3.70 105.80 12.80 101.50 17.30
AD-1701031.1 16.10 3.90 19.90 2.10 93.50 2.90
AD-1700681.1 8.10 1.70 35.00 5.60 76.20 15.60
AD-1701032.1 22.40 8.30 65.10 19.30 80.30 1.10
AD-1700684.1 10.10 3.80 2970 5.60 96.90 8.50
AD-1701033.1 98.60 7.10 117.50 19.10 123.90 3.90
AD-1700710.1 93.80 16.60 112.90 16.20 122.60 15.20
AD-1701034.1 93.50 11.40 105.10 3.80 110.30 8.20
AD-1701035.1 18.80 1.00 65.90 10.50 89.30 7.70
AD-1700736.1 9.00 3.10 18.80 5.60 72.10 5.00
AD-1720374.1 45.60 14.20 55.40 12.00 61.70 10.40
AD-1701037.1 37.60 12.00 66.20 11.70 69.90 13.10
AD-1700737.1 17.30 3.70 58.00 8.00 71.60 19.10
AD-1700738.1 11.70 1.60 37.80 8.60 92.00 10.90
AD-1701038.1 23.60 1.40 113.80 9.20 93.10 11.80
AD-1700780.1 3.90 2.20 6.10 1.50 35.40 11.10
AD-1720314.1 3.40 1.00 7.30 2.00 59.20 13.00
AD-1700781.1 3.00 0.70 6.90 1.90 51.30 5.40
AD-1700782.1 5.80 1.60 8.80 2.90 58.30 14.20

Table 8. CIDEB Single Dose Screens in Hep3B Cells

Duplex ID | Avg% CIDEB mRNA Duplexip | Ave” CIDEB
. mRNA
Remaining .
Remaining
10nM 10nM
Mean SD Mean SD
AD-1686813 7.034 0.258 AD-1686057.1 | 5373 | 0.633
AD-1686803.1 | 7.037 0.549 AD-1686053.1 | 56.574 | 3.938
AD-1686794.1 | 6.698 0.335 AD-1686028.1 | 46.840 | 2.177
AD-1686783.1 | 9.004 0.720 AD-1686016.1 | 9940 | 0.590
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DuplexID | Avg% CIDEB mRNA DuplexID Avgz‘k CNg)EB
Remaining Remaining
10nM 10nM
Mean SD Mean SD

AD-1686781.1 | 26.941 1.075 AD-1686007.1 | 18.073 | 1.221
AD-1686770.1 | 7.394 0.857 AD-1685994.1 | 9314 | 0.297
AD-1686761.1 | 29.344 3.097 AD-1685983.1 | 15.368 | 0.551
AD-1686751.1 | 75.987 4.650 AD-1685969.1 | 9303 | 0.607
AD-1686747.1 | 74.602 6.448 AD-1685956.1 | 24.725 | 7.404
AD-1686738.1 | 33.637 1.984 AD-1685935.1 | 38.364 | 1.701
AD-1686729.1 | 24.804 3.052 AD-1685931.1 | 40.894 | 1.620
AD-1686720.1 | 20.335 0.768 AD-1685921.1 | 48.205 | 4.328
AD-1686709.1 | 10.072 0.802 AD-1685912.1 | 54202 | 3.053
AD-1686693.1 | 15.320 1.441 AD-1685902.1 | 91.948 | 4.558
AD-1686680.1 | 8.115 0.694 AD-1685898.1 | 98.617 | 4.497
AD-1686669.1 | 11.933 1.964 AD-1685889.1 | 84.955 | 2.049
AD-1686658.1 | 9.575 0.485 AD-1685878.1 | 95346 | 1.773
AD-1686649.1 | 7.356 0.570 AD-1685869.1 | 87.386 | 2.693
AD-1686639.1 | 11.744 0.890 AD-1685856.1 | 90.274 | 1411
AD-1686626.1 | 9.617 0.753 AD-1685847.1 | 61.105 | 2.592
AD-1686616.1 | 10.909 0.749 AD-1685838.1 | 83.672 | 4.357
AD-1686606.1 | 9.636 0.540 AD-1685826.1 | 77305 | 2.383
AD-1686597.1 | 7.108 0.308 AD-1685810.1 | 100.598 | 6.749
AD-1686585.1 | 5.715 1.579 AD-1685798.1 | 81.801 | 6.236
AD-1686576.1 | 8.745 0.449 AD-1685788.1 | 76.643 | 16.621
AD-1686566.1 | 7.504 0.442 AD-1685779.1 | 93.379 | 8.610
AD-1686565.1 | 51.547 2.866 AD-1685770.1 | 94.639 | 5.122
AD-1686556.1 | 34.239 2.082 AD-1685744.1 | 93.333 | 6.221
AD-1686543.1 | 50.576 2.174 AD-1685735.1 | 72951 | 5.540
AD-1686540.1 | 50.093 4978 AD-1685726.1 | 92927 | 8.552
AD-1686531.1 | 56.092 3.563 AD-1685717.1 | 84.588 | 8.485
AD-1686518.1 | 10.338 0.356 AD-1685708.1 | 85.659 | 6.249
AD-1686508.1 | 56.285 2.808 AD-1685699.1 | 93.319 | 3.803
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DuplexID | Avg% CIDEB mRNA DuplexID Avgz‘k CNg)EB
Remaining Remaining
10nM 10nM
Mean SD Mean SD

AD-1686491.1 | 19.182 0.216 AD-1685689.1 | 98.857 | 4.806
AD-1686475.1 | 52.270 2.123 AD-1685673.1 | 78.962 | 3.900
AD-1686466.1 | 8.819 0.655 AD-1685664.1 | 96.600 | 15.224
AD-1686451.1 | 12.861 0.277 AD-1685648.1 | 89.253 | 4.285
AD-1686435.1 | 20.744 0.806 AD-1685637.1 | 82.011 | 1.907
AD-1686426.1 | 15.031 0.938 AD-1685627.1 | 91.683 | 23.711
AD-1686417.1 | 12.149 0.855 AD-1685614.1 | 89.157 | 4.921
AD-1686403.1 | 15.485 1.878 AD-1685610.1 | 78.640 | 8.712
AD-1686394.1 | 12.687 0.710 AD-1685599.1 | 83.195 | 5.391
AD-1686377.1 | 15.920 0.978 AD-1685587.1 | 93.563 | 13.290
AD-1686366.1 | 17.513 1.255 AD-1685570.1 | 88.283 | 6.794
AD-1686354.1 | 18.012 0.876 AD-1685561.1 | 88.025 | 5.340
AD-1686343.1 | 19.232 1.476 AD-1685549.1 | 82.656 | 5.181
AD-1686334.1 | 24.115 1.100 AD-1685538.1 | 88.232 | 3.361
AD-1686319.1 | 13.232 0.799 AD-1685528.1 | 92.786 | 7.624
AD-1686286.1 | 22.559 0512 AD-1685512.1 | 97.641 | 6.841
AD-1686274.1 | 29.551 0.741 AD-1685503.1 | 95.865 | 17.990
AD-1686265.1 | 70.105 5.349 AD-1685491.1 | 94.393 | 11.080
AD-1686251.1 | 14.695 1.084 AD-1685469.1 | 85.615 | 7.133
AD-1686242.1 | 4.855 0.629 AD-1685418.1 | 86.858 | 2.046
AD-1686225.1 | 10.479 0.390 AD-1685406.1 | 76.723 | 3.400
AD-1686216.1 | 15.955 1.165 AD-1685388.1 | 83.950 | 4.269
AD-1686207.1 | 10.015 1.533 AD-1685379.1 | 82.859 | 3.868
AD-1686197.1 | 4.724 1.010 AD-1685366.1 | 85364 | 1.718
AD-1686181.1 | 15.356 0.366 AD-1685284.1 | 82.852 | 1.693
AD-1686171.1 | 19.964 0.716 AD-1685271.1 | 84.648 | 3.346
AD-1686159.1 | 12.973 0.587 AD-1685250.1 | 86.016 | 3.414
AD-1686147.1 | 6.105 1.495 AD-1685240.1 | 79.332 | 2.819
AD-1686136.1 | 5.802 0.945 AD-1685228.1 | 90.535 | 6.335
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Duplex ID | Avg% CIDEB mRNA DuplexiD | Ave” CIDEB
.. mRNA
Remaining .
Remaining
10nM 10nM
Mean SD Mean SD
AD-1686126.1 | 11.135 1.538 AD-1685217.1 | 80.884 | 4.373
AD-1686116.1 | 14.156 3.058 AD-1685207.1 | 74.123 | 2.932
AD-1686098.1 | 22.948 0.996 AD-1685198.1 | 85.722 | 6.301
AD-1686086.1 | 53.797 3.239 AD-1685173.1 | 83.069 | 7.260
AD-1686075.1 | 34.648 2.855 AD-1685156.1 | 99.596 | 11.628
AD-1686066.1 | 54.370 2.364

Example 3. In vitro screening methods
A subset of the duplexes was also assessed by transfection and free uptake in primary human
hepatocytes and primary cynomologus hepatocytes

Cell culture and transfections:

Transfection and free uptake assays were carried out in primary human hepatocyte (PHH,
BioIVT) and primary cyno hepatocyte (PCH, BiolVT). Transfection was performed by adding of Opti-
MEM plus 0.1pl of Lipofectamine RNAiMax per well (Invitrogen, Carlsbad CA. cat # 13778-150) to 5ul
of siRNA duplexes per well into a 384-well plate and incubated at room temperature for 15 minutes. 40ul
of in Invitrogro CP media (BiolVT, Cat # Z99029) containing ~10 x10° cells were then added to the
siRNA mixture. Cells were incubated for 24 hours prior to RNA purification. Experiments were
performed at 10nM, 1nM, 0.1nM and 0.01nM. Free uptake assay was performed similarly to transfection
assay without using Liporectamine RNAimax and cells were incubated for 48 hours prior to the RNA

purification. Experiments were performed at 250nM, 100nM, 10nM, 1nM.

Total RNA isolation using DYNABEADS mRNA Isolation Kit:

RNA was isolated using an Highres Biosolution integration system using Dynabeads™ mRNA
DIRECT™ Purification Kit (Invitrogen™, Catalog No. 61012). Briefly, 70 uL of Lysis/Binding Buffer
and 10 pL of lysis buffer containing 3 pL of magnetic beads were added to the plate with cells. Plates
were incubated on an electromagnetic shaker for 10 minutes at room temperature and then magnetic
beads were captured and the supernatant was removed. Bead-bound RNA was then washed 2 times with
90 uL. Wash Buffer A and once with 90 uL. Wash Buffer B. Beads were then washed with 90 uL. Elution
Buffer, re-captured, and supernatant was removed. Complementary DNA (¢cDNA) was synthesized using

High-Capacity cDNA Reverse Transcription Kit with RNase Inhibitor (Applied Biosystems™, Catalog
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No. 4374967) according to the manufacturer’s recommendations. A master mix containing 1 pL 10X
Buffer, 0.4 ul. 25X deoxyribonucleotide triphosphate, 1 pL 10X Random primers, 0.5 pL Reverse
Transcriptase, 0.5 pL RNase inhibitor, and 6.6 uL of H>O per reaction was added to RNA isolated above.

The plates were sealed, mixed, and incubated on an electromagnetic shaker for 10 minutes at room

5  temperature, followed by 2 hours incubation at 37°C.
CIDEB mRNA levels were quantified by performing RT-gPCR analysis. 2ul of cDNA were
added to a master mix containing 0.5ul of human or cyno GAPDH TagMan Probe, 0.5ul human or ¢cyno
CIDEB probe) and Sl Lightcycler 480 probe master mix (Roche Cat # 04887301001) per well in a 384
well plates. Real time PCR was done in a LightCycler480 Real Time PCR system (Roche). To calculate
10 relative fold change, real-time data were analyzed using the Delta-Delta Threshold Cycle (Relative
Quantification) (AAC4[RQ]) method [Schmittgen and Livak 2008] and were normalized to control assays
performed using cells transfected with PBS. For all samples, CIDEB mRNA levels were first normalized
to GAPDH as a reference gene. Data are expressed as percent of CIDEB mRNA remaining relative to
average PBS control and error is expressed as standard deviation (SD), derived from the 4 transfection
15 replicates.
The results of of the single dose transfection screens and free uptake screens of the dsSRNA agents in
PCH is showin in Table 9 and PHH cells arc shown in Table 10.
Table 9. Transfection and Free Uptake in Primary Cyno Hepatocytes
20
Duplex Transfection Free uptake
ID 10 nM 1 nM 0.1 nM 0.01nM 250 nM 100 nM 10nM | 1nM
Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD |Avg | SD | Avg | SD
AD-
1700826.1 | 9 2 16 |3 17 |3 25 6 36 |5 47 |2 73 11 |60 |2
AD-
1699971.1 | 2 1 5 1 5 1 8 1 16 |5 23 |4 31 4 44 |5
AD-
17203091 | 8 | 17 |2 22 |3 31 3 36 |6 41 5 53 12 | 68 7
AD-
1720382.1 | 7 1 11 3 12 |2 18 |3 35 5 30 |5 46 10 |59 8
AD-
1700355.1 | 6 0 14 | 15 |3 22 |5 25 5 35 |7 42 10 |55 |2
AD-
17202941 | 2 0 4 0 7 1 11 3 28 |5 31 3 43 7 52 |17
AD-
1700411.1 | 10 | 24 |2 41 6 45 7 46 |7 55 |4 55 |2 71 7
AD-
1700383.1 | 6 1 I |2 11 | 16 |3 25 |2 32 |6 50 19 60 10
AD-
1720304.1 | 11 4 19 | 29 |5 36 |4 40 10 {48 |9 49 1 58 5
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Duplex Transfection Free uptake
ID 10 nM 1 nM 0.1 nM 0.0lnM | 250nM 100 nM 10nM_[1nM

Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1700082.1 | 5 0 13 ]2 13 (2 [24 [3 [27 |5 |32 |7 (43 |9 [54 |5
AD-
1700872.1 | 3 | 7 1 6 1 13 2 21 4 35 1 44 4 54 9
AD-
1700990.1 | 4 1 8 2 |5 1 13 [2 [46 [14 |43 |7 139 |23 [64 |7
AD-
1700558.1 | 7 1 17 14 [23 [4 [25 |2 |35 |9 [42 |3 [53 |9 |64 |6
AD-
1700782.1 | 3 1 |7 1 |7 1 16 |2 23 [3 [26 |2 |49 |2 1[50 |8
AD-
1720375.1 | 15 3 22 4 14 2 27 5 55 5 59 4 69 7 82 5
AD-
1700358.1 | 5 1 13 |2 18 [2 19 |2 [30 |5 [37 |6 |57 |5 |44 |3
AD-
1720314.1 |16 |5 10 2 [9 2 14 [2 |23 [6 [37 |5 |40 [8 [51 |10
AD-
1700156.1 | 5 319 1 8 1 16 |3 26 [6 [40 |6 149 |5 70 |9
AD-
1699964.1 | 2 0 |5 1 |4 1 11 |3 16 (2 [19 |2 [35 |6 [49 |9
AD-
1699976.1 | 1 0 |3 0 |6 2 |6 1 15 (2 [18 |2 32 |2 [37 |2
AD-
1701007.1 | 7 1 19 1 10 [1 16 |2 [28 [4 [41 |4 |5 |10 [53 |2
AD-
1700386.1 | 8 1 13 ]2 15 (2 (20 [3 |24 |1 |32 |4 |40 [7 |54 |5
AD-
1700995.1 | 3 1 |6 1 |5 0 12 |1 18 (2 [27 |3 [32 [3 [53 |8
AD-
1700376.1 | 4 1 |7 2 |8 1 11 (2 [20 [1 |26 |2 |47 |8 |49 |3
AD-
1700915.1 | 7 1 14 |2 16 [1 [25 [4 |37 |3 |32 |7 [43 [11 [54 |3
AD-
1700384.1 | 6 1 11 ]2 12 |1 18 |3 [34 |3 [43 |4 [63 |9 |61 |5
AD-
1700925.1 | 8 2 14 |3 19 [3 [26 [6 [35 |8 |39 |4 |61 [11 [46 |O
AD-
1700378.1 | 6 1 15 |3 15 [3 [21 [4 [32 |5 |34 |6 [5 [5 [60 |4
AD-
1700870.1 | 4 1 10 |1 14 [3 [24 [4 [29 |3 |36 |3 [54 [6 [57 |2
AD-
1700353.1 |13 |1 21 |1 16 |1 [35 [11 [44 |4 |55 |3 |63 |7 |8 |3
AD-
1720371.1 |11 |2 |22 |5 |28 |8 |28 |7 |38 [4 |47 |3 |60 [10 [63 |2
AD-
1700374.1 | 4 0 |8 1 19 1 14 12 [26 [3 [33 |3 |5 |7 |54 |3
AD-
1700825.1 |12 |2 |22 |3 18 |4 [27 |5 [40 |7 |46 |11 |58 [6 |71 |11
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Duplex Transfection Free uptake
ID 10 nM 1 nM 0.1 nM 0.0lnM | 250nM 100 nM 10nM_[1nM

Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1720386.1 | 3 1 |5 1 |6 1 10 |2 27 [2 |38 |4 |53 |8 [5 |6
AD-
1720315.1 | 2 0 4 1 4 1 8 1 14 3 23 2 27 6 34 6
AD-
1700159.1 | 2 0 |5 1 |5 1 |9 2 19 [2 [26 |5 [44 [3 [50 |1
AD-
1700923.1 | 7 1 16 |2 [22 [4 [24 |4 129 |1 39 |7 [57 |4 |52 |7
AD-
1700369.1 | 5 2 |6 1 11 |2 14 |1 120 |3 [24 |5 [37 [8 |39 |8
AD-
1701016.1 | 5 1 14 3 12 2 20 0 29 5 33 5 43 7 60 4
AD-
1700148.1 | 3 1 |6 1 |7 1 12 |1 18 (4 [23 |4 |25 |5 |46 |4
AD-
1700318.1 | 5 1 19 1 13 [4 17 |1 [26 |4 [30 |5 [36 [8 |50 |9
AD-
1700781.1 | 2 1 |7 2 11 |2 12 |3 [33 |16 [29 |6 |47 |4 |51 |7
AD-
1700905.1 | 10 |1 15 |2 16 [2 [22 [2 |40 |7 149 |8 |54 [8 |57 |5
AD-
1720308.1 | 3 1 8 1 10 [1 15 (2 21 [2 [29 [4 |30 [7 [60 |10
AD-
1700916.1 |16 [3 |20 |2 19 [3 [23 [3 [43 |3 |5 |9 [62 [11 [63 |9
AD-
1700461.1 | 5 1 |7 2 |5 1 13 12 29 [3 [42 |8 |52 |9 |64 |8
AD-
1700871.1 | 2 1 |6 2 12 |3 11 |3 16 |3 19 (4 [41 |10 [46 |7
AD-
1720373.1 | 4 1 11 |3 14 12 20 [1 [27 [2 |29 |4 [49 [4 [54 |8
AD-
1701004.1 | 4 1 19 0 13 [2 18 |1 [35 [5 [42 |4 |63 [12 |60 |8
AD-
1700556.1 | 2 0 |5 1 |5 0 17 |7 121 [1 (24 |2 |38 |9 [50 |8
AD-
1720283.1 |14 |5 |20 |5 16 |1 [30 [3 [41 [2 |49 |4 [54 [2 [77 |13
AD-
1700303.1 | 5 0 10 [3 |8 1 15 |2 [25 |7 [34 |7 [31 [3 |45 |9
AD-
1720370.1 | 2 0 |4 1 |6 1 10 [1 19 (6 [25 |5 [39 [5 [51 |11
AD-
1700573.1 | 4 1 8 1 12 |2 17 |2 19 [5 [28 |6 |36 |6 [44 |2
AD-
1720372.1 | 3 1 19 1 12 |1 16 |1 [26 |3 [36 |7 [48 |6 |59 |4
AD-
1700473.1 | 2 1 |4 1 |5 1 8 1 14 (3 [21 |2 |23 |6 |40 |8
AD-
1700821.1 | 2 0 |4 1 |3 0 |6 1 11 |1 15 (4 [20 |1 [33 |1
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Duplex Transfection Free uptake
ID 10 nM 1 nM 0.1 nM 0.0lnM | 250nM 100 nM 10nM_[1nM

Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1720384.1 | 4 0 |7 1 |7 1 12 12 |25 [8 [31 |4 140 |6 (47 110
AD-
1700314.1 | 5 1 10 2 9 1 16 1 20 4 25 3 41 6 48 2
AD-
1700582.1 | 2 1 |4 1 |6 1 |9 1 (21 [4 |25 [2 |34 |2 |48 |5
AD-
1700385.1 | 6 1 10 |1 [9 1 15 |3 [23 |5 [30 |6 [34 |7 |48 |8
AD-
1700544.1 | 2 0 |7 1 8 1 15 (3 |21 [5 [29 [4 |43 |4 [49 |8
AD-
1699970.1 | 1 0 2 1 2 0 4 1 11 2 13 3 29 6 31 1
AD-
1700967.1 | 7 1 12 |1 16 (2 [27 |7 [28 |4 |37 |7 [4 [8 [5 |8
AD-
1700844.1 | 2 0 |5 0 19 1 13 |2 [23 [4 |31 |4 |53 |7 |47 |5
AD-
1700555.1 | 1 0 |4 1 |4 1 8 0 12 (2 [18 |5 |23 |10 [36 |8
AD-
1700880.1 | 5 2 |6 1 10 [1 12 |1 [24 [4 |41 |7 143 |12 |53 |1
AD-
1700388.1 | 7 2 12 |2 16 (3 [20 [2 [24 |4 |34 |10 [35 |6 [54 |8
AD-
1700560.1 | 5 1 15 |2 22 |3 [28 |4 |31 |6 [38 |3 [54 |4 |59 |4
AD-
1700550.1 | 2 0 |4 1 |4 0 |7 1 18 [0 [22 |3 [39 |6 [43 |3
AD-
1700180.1 | 1 0 |3 1 |5 1 10 |1 [22 [4 [30 |3 |43 |4 |46 |4
AD-
1700312.1 | 8 3 11 13 [7 1 |21 |7 [25 [1 [31 |2 |3 [3 [49 |4
AD-
1699985.1 | 2 0 |7 1 10 [1 13 |3 [29 |0 [33 |2 [48 |7 |49 |3
AD-
1701011.1 | 5 1 12 12 120 [4 [23 |3 |28 |3 |41 |2 |57 |9 |57 |6
AD-
1700476.1 | 3 1 8 1 14 [2 15 |1 23 [3 [37 |9 |57 [11 [57 |9
AD-
1701022.1 | 3 0 |6 1 |6 1 13 12 [23 [4 [30 |1 |38 |3 1[5 |3
AD-
1700554.1 | 3 1 |5 1 |5 1 14 |3 18 (3 [21 |6 [41 |6 [63 |7
AD-
1699951.1 | 2 0 |4 1 |5 1 8 1 12 (2 [16 |2 |22 |4 [34 |6
AD-
1700408.1 | 5 1 8 2 12 |2 13 |4 [26 |6 [33 |2 |57 |9 |45 |5
AD-
1700487.1 | 4 0 11 ]2 11 12 21 [2 |28 |6 |19 |2 [43 [10 [51 |1
AD-
1700943.1 | 5 1 |9 1 19 0 18 [0 [33 [6 [43 [2 |50 [5 [68 |12
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Duplex Transfection Free uptake
ID 10 nM 1nM 0.1 nM 0.01nM 250 nM 100 nM 10nM | 1nM
Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1700736.1 | 9 2 18 |3 19 |3 29 |2 49 12 | 61 9 68 15 | 84 12
AD-
1700813.1 | 3 1 6 1 9 2 12 2 26 6 31 4 36 3 44 3
AD-
1700968.1 | 4 | 8 1 3 2 13 2 23 4 31 8 54 8 50 7
AD-
1700780.1 | 4 1 3 | 5 4 3 2 9 1 14 |3 19 |3 31 9
AD-
1700324.1 | 9 2 14 |2 11 2 21 6 NA |[NA|NA [NA|NA |NA|[NA |NA
AD-
1700566.1 | 1 0 4 0 5 1 3 1 15 4 17 1 23 5 34 6
AD-
1700354.1 | 4 | 7 1 9 1 10 1 20 |3 23 3 30 |6 51 3
AD-
1700365.1 | 8 2 14 |3 22 |3 29 |6 33 7 45 5 69 |4 61 7
AD-
1700553.1 | 2 1 4 1 4 1 9 2 13 2 23 |4 30 |4 38 6
Table 10. Transfection and Free Uptake in Primary Human Hepatocytes
Duplex Transfection Free Uptake
ID 10 nM 1nM 0.1 nM 0.01nM 250 nM 100 nM 10nM |1nM
Avg | SD [ Avg |SD |[Avg [SD |Avg | SD |Avg | SD |Avg |SD | Avg | SD | Avg | SD
AD-
1700826.1 | 13 2 24 |3 28 |7 32 |6 33 3 34 |3 77 | 4 108 |22
AD-
1699971.1 | 5 | 9 1 15 3 13 3 7 3 8 2 16 |3 50 14
AD-
1720309.1 | 12 0 25 |4 42 |7 48 6 47 10 | 58 11 |75 9 75 22
AD-
1720382.1 | 8 2 10 |3 7 4 14 |2 21 2 25 3 38 6 73 8
AD-
1700355.1 | 12 | 17 |3 25 5 29 10 |28 9 32 |8 54 |4 08 14
AD-
17202941 | 4 | 8 1 13 1 16 |2 16 |3 15 1 25 4 67 12
AD-
1700411.1 | 19 2 33 4 59 10 |59 14 |63 4 68 14 |94 5 115 | 15
AD-
1700383.1 | 5 3 4 4 7 4 13 4 15 3 15 3 32 |7 75 17
AD-
1720304.1 | 17 3 30 |4 41 5 4] 7 54 10 |60 |4 73 7 102 | 10
AD-
1700082.1 | 13 3 23 5 28 |7 28 7 37 8 43 | 4 61 14 |93 5
AD-
1700872.1 | 7 1 11 3 16 2 16 2 25 6 25 3 40 4 77 15
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Duplex Transfection Free Uptake
ID 10 nM 1 nM 0.1 nM 0.0lnM | 250nM 100 nM 10nM_[1nM

Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1700990.1 | 4 0 |7 2 |8 2 |8 3 |5 2 |8 2 18 |2 [33 |8
AD-
1700558.1 | 12 1 21 2 28 3 29 4 32 7 40 5 68 4 100 | 12
AD-
1700782.1 | 8 1 13 |1 17 12 [22 [3 [24 |2 |22 |4 [43 [3 [91 |19
AD-
17203751 |16 |2 |20 |1 |25 |4 |27 [3 [38 [7 |30 |2 |5 |2 |8 |3
AD-
1700358.1 | 11 |2 |22 |2 |28 |2 |31 [3 [37 |5 |3 |2 |61 [8 [8 |8
AD-
17203141 | 5 2 9 3 11 2 10 2 10 2 11 3 19 7 41 20
AD-
1700156.1 | 6 1 8 1 11 ]2 10 [2 14 |5 18 [3 [32 |3 [55 |8
AD-
1699964.1 | 3 0 |8 2 19 2 12 |2 |7 1 |7 1 15 |1 [54 |11
AD-
1699976.1 | 6 2 11 ]2 12 |1 13 |1 8 2 |10 |2 |24 [4 |60 |12
AD-
1701007.1 | 15 |4 15 |4 16 |3 17 [4 11 {2 [12 |2 |24 |2 |61 |4
AD-
1700386.1 | 10 |0 18 [3 [29 [4 [23 |2 |27 |2 [38 |8 [45 |9 |8l |6
AD-
1700995.1 | 5 1 19 2 19 2 10 [2 |8 1 11 (3 [21 |4 [55 |19
AD-
1700376.1 | 6 0 13 ]2 16 |2 15 13 19 2 |14 |3 |32 |6 |70 |8
AD-
1700915.1 |12 |1 19 [3 [29 [8 [34 |8 |34 |10 |33 |7 [48 |9 |9 |17
AD-
1700384.1 | 8 2 16 |2 18 |2 [20 [2 |30 |4 |36 |8 |46 [8 [92 |2
AD-
1700925.1 |18 |1 |27 |7 |38 |4 |46 [2 |70 |16 |68 |9 [82 |11 [122 |8
AD-
1700378.1 | 11 |2 19 14 28 [2 [27 |3 |34 |6 |42 |9 [62 |12 |97 |10
AD-
1700870.1 |14 |2 20 |4 |31 |3 |35 |4 [41 |8 |37 |2 |71 |10 [118 |4
AD-
1700353.1 |18 |1 |22 |5 |26 |4 [29 [4 [44 |5 |49 |4 |64 [13 107 |1
AD-
1720371.1 |12 |3 |21 |5 |26 |2 |27 [5 [26 |1 129 |7 |51 |7 [75 [22
AD-
1700374.1 | 8 1 15 |2 18 |2 18 |1 15 |1 18 (3 |37 |7 [77 |17
AD-
1700825.1 |15 |1 |20 |4 |30 |6 |37 [8 [46 [4 |57 |10 |75 [11 [115 |19
AD-
1720386.1 | 6 1 10 |2 12 |2 13 [2 6 (2 [15 |2 |30 [5 [76 |6
AD-
1720315.1 | 6 1 10 |2 15 [2 14 [6 11 15 14 [5 [24 |7 [50 |21
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Duplex Transfection Free Uptake
ID 10 nM 1 nM 0.1 nM 0.0lnM | 250nM 100 nM 10nM_[1nM

Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1700159.1 | 5 0 12 |3 13 1[4 16 |3 15 (3 (20 |3 [32 |5 |91 |1
AD-
1700923.1 | 17 3 29 6 39 3 45 10 |33 10 | 61 8 34 9 103 | 11
AD-
1700369.1 | 5 0 10 |1 13 |1 17 |1 |6 1 19 1 [26 [2 |56 |16
AD-
1701016.1 | 8 2 13 |3 18 [6 13 [5 [22 [7 [22 |4 |46 |4 |92 |25
AD-
1700148.1 | 7 3 13 ]2 18 |3 17 14 18 (6 [17 |2 |38 |7 |69 |6
AD-
1700318.1 | 13 3 18 3 25 3 28 5 32 7 32 8 52 3 88 3
AD-
1700781.1 | 10 |1 18 |3 [20 [2 |21 |3 |25 |4 [23 |3 [5 |9 9% |24
AD-
1700905.1 | 13 | 4 15 |3 17 14 [24 [3 [24 |4 |38 |6 [25 [12 |54 |11
AD-
1720308.1 | 10 |1 17 13 120 [2 |23 |3 19 (3 [24 |6 |4 |2 |78 |6
AD-
1700916.1 | 8 2 12 |1 15 [2 17 |3 |21 |8 |8 3 (42 |8 |67 |9
AD-
1700461.1 | 6 2 |7 3 |7 3 10 [4 11 13 11 |5 17 |5 [43 |18
AD-
1700871.1 | 9 1 13 |2 13 [2 15 |3 10 (2 [13 |2 [36 |8 [65 |8
AD-
1720373.1 | 11 |0 18 |2 127 [2 [30 |3 |25 |4 |33 |6 |5 |6 |9 |8
AD-
1701004.1 | 6 1 11 |1 14 [2 15 [2 16 |3 15 [4 [35 |6 [56 |12
AD-
1700556.1 | 5 1 8 1 12 |2 15 |3 10 |1 19 2 |24 |6 |67 |4
AD-
1720283.1 | 12 |1 14 |1 [21 |2 16 [3 [33 [3 [31 |2 |38 |5 |78 |1
AD-
1700303.1 | 9 2 16 |4 20 |3 19 |5 [24 |3 [28 |4 [48 |2 |60 |8
AD-
1720370.1 | 9 1 15 |2 14 |3 17 [2 12 (2 [17 |4 [38 |4 |65 |10
AD-
1700573.1 | 9 1 15 |1 18 [2 19 [2 16 |2 [21 |3 [46 |11 |8 |12
AD-
1720372.1 |10 |2 14 12 [20 [3 |22 |3 15 [3 [21 |5 [48 |6 |92 |16
AD-
1700473.1 | 5 1 19 3 13[4 15 17 19 2 |11 |3 |23 [2 |52 |16
AD-
1700821.1 | 3 0 |5 1 19 2 10 |1 |4 1 |5 1 12 |3 [33 |17
AD-
1720384.1 | 5 1 8 3 11 ]2 14 |1 10 (2 [11 |3 [28 |6 |60 |26
AD-
1700314.1 | 6 3 |7 3 15 [0 |21 |3 11 (2 [19 |4 [39 |3 |8 |14
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Duplex Transfection Free Uptake
ID 10 nM 1 nM 0.1 nM 0.0lnM | 250nM 100 nM 10nM_[1nM

Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1700582.1 | 5 1 19 2 15 1[4 13 |2 11 (2 [13 |3 20 [5 [55 |4
AD-
1700385.1 | 9 1 13 2 20 3 21 6 12 5 22 4 42 7 57 9
AD-
1700544.1 | 7 1 11 ]2 17 |4 19 [6 10 |3 13 (3 [24 |2 |67 |5
AD-
1699970.1 | 3 1 |6 2 |8 1 8 1[5 1 |5 1 10 |4 [24 |3
AD-
1700967.1 |12 |1 |24 |4 |27 |3 |25 |4 [40 [8 |45 |11 |67 |7 100 |9
AD-
1700844.1 | 9 1 16 2 21 1 24 1 24 6 28 7 57 3 98 10
AD-
1700555.1 | 4 1 8 1 11 (1 [9 2 |4 1 |6 2 12 |1 [22 |8
AD-
1700880.1 | 5 2 10 |2 12 |4 10 14 |9 3 19 (4 [35 |3 [4 |13
AD-
1700388.1 | 10 | 0 16 |4 27 [6 [25 |2 |30 |2 |36 |4 |[5 |8 |8 |17
AD-
1700560.1 | 11 |2 16 |2 23 [2 [25 |2 |28 |5 |35 |8 |61 |II |95 |9
AD-
1700550.1 | 4 0 10 |1 10 [1 12 |1 |7 1 |8 2 16 |1 |51 |15
AD-
1700180.1 | 7 1 11 |1 16 [2 16 |1 18 (2 [14 |2 [33 |1 |64 |12
AD-
1700312.1 | 5 1 19 1 14 |2 12 |2 10 |3 11 (0 27 |5 [71 |10
AD-
1699985.1 | 8 1 (20 |4 (22 |4 |26 |5 [31 |9 [4 [9 |62 |5 105 |9
AD-
1701011.1 | 9 1 19 |1 23 |3 [24 |3 |26 |4 [31 |4 [53 |3 |8 |1
AD-
1700476.1 | 12 | 4 18 |2 [27 |6 |31 |9 |41 |1 [45 [4 [5 |13 |109 |7
AD-
1701022.1 | 6 1 10 14 14 |2 14 |1 15 (2 [13 |2 29 [4 [69 |5
AD-
1700554.1 | 4 1 |7 1 |6 3 10 |2 |4 1 |3 1 10 |3 [23 |11
AD-
1699951.1 | 6 1 10 |2 17 14 13 [6 13 (4 [13 |6 [26 [3 |48 |5
AD-
1700408.1 | 9 3 15 |5 [22 [2 [22 |4 |29 |4 |31 |6 [53 |10 |95 |10
AD-
1700487.1 | 6 2 11 |3 14 |3 13 |5 120 [6 [27 |6 |37 [11 [51 |12
AD-
1700943.1 | 8 1 13 |2 16 [3 [21 |8 |28 |4 |31 |4 [53 |3 105 |17
AD-
1700736.1 | 12 |1 17 |3 [24 [4 [28 |2 |5 |11 |55 |7 |71 |7 103 | 20
AD-
1700813.1 | 9 1 14 |3 14 [4 16 |4 [23 [4 [25 |1 |45 [2 |67 |10
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Duplex Transfection Free Uptake
ID 10 nM 1 nM 0.1 nM 0.0lnM | 250nM 100 nM 10nM_[1nM
Avg |SD |Avg |SD |Avg |SD [Avg | SD |Avg |SD |Avg | SD | Avg | SD | Avg | SD
AD-
1700968.1 | 6 2 10 |1 12 13 |8 3 10 |3 19 (3 [35 |11 [41 129
AD-
1700780.1 | 1 0 3 1 9 2 7 2 4 1 4 1 10 4 22
AD-
1700324.1 | 8 2 19 2 10 [1 12 |4 18 |1 (20 |4 [33 |6 |4
AD-

1700566.1 | 10 | 2 17 |3 19 | 20 |3 35 |5 29 |5 51 5 90

AD-
1700354.1 | 7 | 11 12 16 |2 16 1 9 2 12 13 28 |4 49

AD-

1700365.1 | 20 2 35 4 42 |3 44 5 58 10 | 61 11 |38l 5 112

AD-
1700553.1 | 2 0 5 | 6 | 6 2 3 0 5 2 3 3 30

Example 4. In vivo screening of dsRNA Duplexes
(1) Single Dose Study (3mg/kg)

Duplexes of interest, identified from the above in vitro studies, were evaluated in vivo. In
particular, at pre-dose day -14 wild-type mice (C57BL/6) were transduced with 2 x 10" viral particles of
an adeno-associated virus 8 (AAV8) vector encoding human CIDEB intravenously via retro-orbital
delivery. In particular, mice were administered an AAV8 encoding a portion of human CIDEB mRNA
encoding the open reading frame and 3° UTR of human CIDEB mRNA referenced as NM_ 0013933381,
referred to as VCAV-07736-AAVS8 HsCideb-FL-trd.

At day 0, groups of three mice were subcutancously administered a single 3 mg/kg dose of the
duplexes of interest or phosphate-buffered saline (PBS). Table 11 provides the treatment design and
provides the duplexes of interest. On day 7 after dosing, animals were sacrificed, and liver samples were
collected and snap-frozen in liquid nitrogen. Liver mRNA was extracted and analyzed by the RT-QPCR
method.

For all samples, human CIDEB Cq values were first normalized to Gapdh Cq values as a
reference gene to calculate the liver CIDEB mRNA levels for each animal. For each group, the liver
CIDEB mRNA levels relative to Gapdh from individual treated animals were normalized to the group
mean (+standard deviation [SD]) of relative CIDEB mRNA levels from the PBS group.

The data were expressed as percent of baseline value and presented as mean plus standard
deviation. The results, listed in Table 12 and shown in Figure 1, demonstrate that the exemplary duplex

agents tested effectively reduce the level of the human CIDEB messenger RNA in vivo.
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Table 11. Study Design for In Vivo Single Dose Study

. Dose Dose Dose Route/
Gre(s)sutp Test Material Fﬁ{a{i S Level | Volume [ Conc.
(mg/kg) | (mL/kg) | (mg/mL) Regimen

Gl PBS 3 3 10 03 SC/Single dose
G2 Naive 3 3 10 03 N/A

G3 AD-1700554 3 3 3 10 0.3 SC/Single dose
G4 AD-1700383.3 3 3 10 0.3 SC/Single dose
G5 AD-1700374 3 3 3 10 0.3 SC/Single dose
G6 AD-1700995.3 3 3 10 0.3 SC/Single dose
G7 AD-1720294 3 3 3 10 0.3 SC/Single dose
G8 AD-1720314 3 3 3 10 0.3 SC/Single dose
G9 AD-1700556.3 3 3 10 0.3 SC/Single dose
GI10 AD-1700782.3 3 3 10 0.3 SC/Single dose
Gl1 AD-1700376.3 3 3 10 0.3 SC/Single dose
Gl12 AD-1700544 3 3 3 10 0.3 SC/Single dose
GI3 AD-1699964 3 3 3 10 0.3 SC/Single dose
Gl4 AD-1700314 3 3 3 10 0.3 SC/Single dose
Gl15 AD-1700148 3 3 3 10 0.3 SC/Single dose
Glé6 AD-1700573 3 3 3 10 0.3 SC/Single dose
G17 AD-1699971 .3 3 3 10 0.3 SC/Single dose
GI8 AD-1700473 3 3 3 10 0.3 SC/Single dose
GI19 AD-1700369.3 3 3 10 03 SC/Single dose
G20 AD-1699976.5 3 3 10 0.3 SC/Single dose
G21 AD-1700555 3 3 3 10 0.3 SC/Single dose
G22 AD-17203153 3 3 10 0.3 SC/Single dose
G23 AD-1700821.3 3 3 10 0.3 SC/Single dose
G24 AD-1699970.3 3 3 10 0.3 SC/Single dose
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Table 12. qPCR Results for In Vivo Single Dose Study

PCT/US2022/075715

Grp | Mouse # Duplex # message/mouse avg/mouse | grp avg stdev/grp.
1 131.8 | 1247 [ 123.0 | 118.0 1244 104.3 33.86
1 2 PBS 123.0 | 122.1 | 125.6 | 123.0 123.4
3 659 | 673 | 63.7 | 641 65.2
4 659 | 692 | 64.1 | 598 64.7 79.3 20.60
2 5 Naive
6 972 | 958 | 90.6 | 919 93.9
7 312 | 341 | 327 | 327 327 19.6 12.56
AD-
3 8 1700554.3 192 | 182 | 188 | 182 18.6
8.0 7.8 7.6 7.1 7.6
10 69.2 | 659 | 659 | 632 66.0 66.5 1.71
AD-
4 11 1700383.3 68.7 | 619 | 650 | 645 65.0
12 70.1 | 70.1 | 67.8 | 654 68.4
13 127 | 127 | 135 | 121 12.7 174 5.40
AD-
5 14 1700374.3 16.0 | 157 | 159 | 172 16.2
15 238 | 230 | 228 | 236 233
16 269 | 305 | 26.8 | 289 283 29.0 439
‘ AD-
6 17 17009953 341 | 348 | 325 | 334 33.7
18 253 | 251 | 248 | 248 25.0
19 48.5 35.86
AD-
7 20 1720294.3 144 | 161 | 133 | 145 14.6
21 378 | 400 | 36.8 | 395 38.5
22 269 | 305 | 27.1 | 275 28.0 35.6 12.70
AD-
8 23 17203143 472 | 532 | 51.0 | 496 50.2
24 27.1 | 299 | 299 | 269 28.5
25 AD 142 | 161 | 16.6 | 165 15.9 17.5 3.58
9 26 1700556.3 | 143 | 145 | 166 | 147 15.1
27 219 | 217 | 213 | 216 21.6
28 AD 21.0 | 227 | 209 | 22.0 21.6 19.7 4.09
10 29 1700782.3 150 | 154 | 151 | 147 15.0
30 231 | 223 | 222 | 223 225
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Grp | Mouse # Duplex # message/mouse avg/mouse | grp avg stdev/grp.

31 AD 145 | 141 | 144 | 145 14.4 15.7 8.40
11 32 1700376.3 82 7.8 8.1 8.1 8.1

33 236 | 264 | 26.0 | 2238 24.7

34 AD 285 | 271 | 275 | 269 275 22.8 11.68
12 35 1700544 3 312 | 320 | 31.6 | 305 313

36 92 | 101 | 97 | 90 95

37 AD 121 | 124 | 122 | 123 12.3 11.0 1.61
13 38 1699964 3 8.4 93 95 94 92

39 116 | 116 | 113 | 111 11.4

40 AD 109 | 11.1 | 109 | 109 11.0 11.3 231
14 41 17003143 139 | 140 | 137 | 136 13.8

42 95 9.5 9.1 8.9 92

43 AD 460 | 463 | 476 | 479 46.9 441 6.35
15 44 1700148.3 36.6 | 366 | 363 | 36.8 36.6

45 482 | 489 | 479 | 496 48.7

46 AD 204 | 207 | 21.0 | 219 21.0 25.6 438
16 47 1700573.3 297 | 305 | 299 | 289 29.8

48 255 | 264 | 257 | 26.0 259

49 AD 432 | 447 | 408 | 414 425 293 1643
17 50 16999713 1.1 | 11.0 | 11.0 | 105 10.9

51 353 | 348 | 356 | 320 344

52 AD 46.6 | 450 | 46.6 | 456 46.0 235 20.90
18 53 17004733 195 | 20.1 | 20.1 | 20.6 20.1

54 46 | 45 46 | 4.6 4.6

55 AD 139 | 132 | 133 | 132 13.4 14.2 0.75
19 56 1700369.3 151 | 148 | 150 | 147 14.9

57 141 | 139 | 140 | 151 143

58 AD 16.0 | 155 | 144 | 152 153 24.1 14.83
20 59 1699976.5 414 | 429 | 429 | 378 413

60 154 | 155 | 165 | 16.1 15.9

61 AD 37 37 | 36 | 33 3.6 9.1 5.50
21 62 1700555.3 16.1 | 157 | 13.0 | 135 14.6

63 102 | 9.1 8.8 8.7 92

64 AD 456 | 441 | 429 | 453 44.5 64.9 2344
22 65 17203153 90.0 | 913 | 91.3 | 894 90.5

66 574 | 61.1 | 59.8 | 60.6 59.7

67 AD 133 | 138 | 139 | 136 13.6 14.8 2.18
23 68 17008213 17.1 | 173 | 182 | 169 17.4

69 133 | 139 | 137 | 133 13.5
24 70 271 | 275 | 246 | 251 26.1 19.0 721
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Grp | Mouse # Duplex # message/mouse avg/mouse | grp avg stdev/grp.
71 AD- 129 | 114 | 11.8 | 10.6 11.7
72 16999703 | 19.1 | 195 | 185 | 196 19.2

(2) Multiple Dose Study (0.75 mg/kg and 1.5 mg/kg)

Duplexes of interest, identified from the above in vitro studies, were evaluated in vivo. In particular,
at pre-dose day -14 wild-type mice (C57BL/6) were transduced with 2 x 10 viral particles of an adeno-
associated virus 8§ (AAV3) vector encoding human CIDEB by intravenously via retro-orbital delivery. In
particular, mice were administered an AAV8 encoding a portion of human CIDEB mRNA encoding the open
reading frame and 3” UTR of human CIDEB mRNA referenced as NM_001393338.1, referred to as VCAV-
07736-AAV8 HsCideb-FL-trd.

At day 0, groups of three mice were subcutaneously administered a single 0.75 or 1.5 mg/kg dose of
the duplexes of interest or phosphate buffered saline (PBS). Table 13 provides the study design and provides
the duplexes of interest. On day 10 after dosing, animals were sacrificed, and liver samples were collected
and snap-frozen in liquid nitrogen. Liver mRNA was extracted and analyzed by the RT-QPCR method.

For all samples, human CIDEB Cq values were first normalized to Gapdh Cq values as a reference
gene to calculate the liver CIDEB mRNA levels for each animal. For each group, the liver CIDEB mRNA
levels relative to Gapdh from individual treated animals were normalized to the group mean (+standard
deviation [SD]) of relative CIDEB mRNA levels from the PBS group.

The data were expressed as percent of baseline value and presented as mean plus standard
deviation. The results, listed in Table 14 and shown in Figure 2, demonstrate that the exemplary duplex

agents tested effectively dose-dependently reduced the level of the human CIDEB messenger RNA in vivo.

Table 13. Study Design for In Vivo Multi-Dose Study

No. of Dose Dose Dose Route/
Test Group | Test Material Felt:{a(;es Level | Volume | Conc.

(mg/kg) | (mL/kg) | (mg/mL) Regimen
Gl PBS 3 3 10 03 SC/Single
dose

G2 Naive 3 3 10 0.3 N/A
G3 AD-1700355 3 3 15 10 015 SC/Single
dose
G4 AD-17005553 | 3 0.75 10 0075 | SC/Single
dose
G5 AD-16999643 | 3 15 10 015 SC/Single
dose
G6 AD-16999643 | 3 0.75 10 0.075 Scc/lilslzgle
G7 AD-17003143 | 3 15 10 015 | SC/Single
dose
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No. of Dose Dose Dose Route/
Test Group | Test Material Feltl);a(;es Level | Volume | Conc.
(mg/kg) | (mL/kg) | (mg/mL) Regimen
GS$ AD-17003143 3 075 10 0.075 SC/Single
dose
G9 AD-17003693 3 15 10 0.15 SC/Single
dose
G10 AD-17003693 | 3 0.75 10 0.075 Scéilszgle
Gl1 AD-17008213 3 1.5 10 0.15 SC/Single
dose
Gl12 AD-17008213 | 3 0.75 10 0.075 Scéi‘;gle
Gl13 AD-1700376 3 3 15 10 0.15 SC/Single
dose
Gl4 AD-1700376.3 3 0.75 10 0.075 Scc/l?;gle
Gl5 AD-17003743 3 15 10 0.15 SC/Single
dose
G16 AD-17003743 3 0.75 10 0.075 Scé?sl;gle
Gl17 AD-17005563 3 15 10 0.15 SC/Single
dose
G18 AD-1700556.3 3 0.75 10 0.075 Scéilstgle
G19 AD-1699976 5 3 15 10 0.15 SC/Single
dose
G20 AD-1699976.5 3 0.75 10 0.075 SC/Single
dose
Table 14. qPCR Results for In Vivo Multi-Dose Study
G Mouse erp
rp P Duplex # message/mouse avg/mouse avg stdev/grp.
] 101.0 | 1024 | 1017 | 996 101.2 100.0 1.01
] 2 PBS 103.1 | 1010 | 975 | 969 99.6
3 1003 | 1010 | 975 | 982 993
4 685 | 719 | 662 | 709 694 99.7 69.67
2 5 Naive 1771 | 1911 | 1758 | 1734 179.3
6 501 | 519 | 505 | 484 502
7 AD. 100 | 109 | 109 | 100 105 20.8 1121
3 8 17005553 | 189 | 204 | 185 | 18.9 19.1
9 1.5mpk 322 | 340 | 331 | 315 327
10 AD. 437 | 468 | 455 | 42.8 447 422 216
4 1 17005553 | 410 | 434 | 402 | 404 412
12 0.75mpk | 413 | 425 | 404 | 385 407
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Grp M(;use Duplex # message/mouse avg/mouse gz‘; stdev/grp.

13 AD. 37.7 | 393 | 370 | 367 377 26.3 16.14
5 14 1699964.3

15 1.5Smpk 150 | 150 | 148 | 146 149

16 AD- 676 | 671 | 648 | 67.1 66.6 69.6 13.85
6 17 1699964.3 | 849 | 873 | 838 | 826 84.6

18 0.75mpk | 592 | 576 | 356 | 572 574

19 AD- 221 | 221 | 218 | 218 22.0 25.2 0.66
7 20 17003143 | 251 | 269 | 26.1 | 246 257

21 1.5Smpk 242 | 254 | 246 | 247 247

2 AD- 60.9 7.08
8 23 1700314.3 | 572 | 364 | 545 | 556 559

24 0.75mpk | 671 | 676 | 639 | 653 66.0

25 AD- 302 | 304 | 300 | 300 30.2 34.6 8.85
9 26 1700369.3 | 437 | 452 | 449 | 455 44 8

27 L.Smpk 282 | 282 | 294 | 296 289

28 AD- 478 | 49.1 | 508 | 505 49.6 48.3 38.49
10 [ 29 1700369.3 | 9.1 94 | 9.1 9.2 9.2

30 0.75mpk | 867 | 89.1 | 873 | 815 86.2

3] AD- 370 | 375 | 372 | 377 374 25.0 21.40
11 32 17008213 | 03 | 02 | 02 | 03 0.2

33 1.5mpk 375 | 372 | 377 | 367 373

34 AD- 519 | 345 | 523 | 326 528 435 16.48
12 35 17008213 | 24.1 | 246 | 246 | 246 244

36 0.75mpk | 530 | 545 | 545 | 505 53.1

37 AD- 296 | 309 | 288 | 284 294 37.1 6.74
13 38 1700376.3 | 38.5 | 434 | 393 | 383 399

39 1.5Smpk 431 | 419 | 407 | 425 420

40 AD- 798 | 809 | 798 | 809 803 68.3 23.43
14 | 41 1700376.3 | 425 | 422 | 416 | 388 413

4 0.75mpk | 826 | 843 | 838 | 820 83.2

43 AD- 220 | 229 | 226 | 228 226 32.2 12.26
15 44 17003743 | 282 | 27.1 | 288 | 282 28.1

45 1.5mpk 474 | 478 | 440 | 449 46.0

46 AD- 729 | 765 | 755 | 765 754 56.7 25.04
16 | 47 17003743 | 292 | 280 | 274 | 282 282

43 0.75mpk | 635 | 666 | 648 | 657 66.4

49 AD- 63.0 | 648 | 580 | 609 61.7 29.6 30.64
17 50 1700556.3 | 27.6 | 265 | 269 | 252 26.6

51 1.5mpk 07 | 06 06 | 06 0.6
18 52 639 | 644 | 653 | 622 63.9 89.3 22.06
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Grp M(;use Duplex # message/mouse avg/mouse gz‘; stdev/grp.
53 AD- 98.9 | 1024 | 1024 | 969 100.1
54 17005563 1053 | 1017 | 1038 | 1045 103.8
0.7Smpk ' ' ' ' '
55 AD- 357 | 360 | 377 | 383 36.9 35.3 4.49
19 56 1699976.5 | 30.0 | 298 | 313 | 30.0 30.3
57 1.5mpk 375 | 407 | 404 | 367 38.8
58 AD- 622 | 613 | 617 | 596 612 72.1 18.75
20 59 1699976.5 | 97.5 | 955 | 93.6 | 885 93.8
60 0.75mpk | 622 | 613 | 613 | 60.9 614
CIDEB Sequences

SEQ ID NO: 1

>NM 001393338.1 Homo sapiens cell death inducing DFFA like effector b
(CIDEB), transcript variant 7, mRNA
CCCTTCCGGTGGAGCCAGCGCTGCGACCGCCTGCAGAAGGTTGACTGCGTGGTAGGGGGCCCAGAGCAAGCCGAAGG
CAAGCACGATGGCGCTCACCAGCCGGCCCACCCGCGCLCCCGTGLCCGCCCGGAGCCCCAGLCGGGCGCCCCGCAGCCET
GCCAGCGTCACGCTGTAGCAGCCGAGCATCAGCCCGAAAGGAAGCACGAAAGCGGT CAGAGTCTCCAGGCTCAGGTG
GGCGGCGGCGTGGACCGGCGACGGGTGGCACAGCTGGCATACGCGGTCCCTCCACAGGTGGCGGTAGACGGCGGCCG
GGACGGCGAGCAACAGGGCGGCCAGCCAGACCGCCAGCAGCAGGCGGCGEGCCAGGGCCGGGLTGCGCAGCCGAGEC
GCCAGGAAGGGGCGGGTGACTGCGAGGCAGCGCT GCAGGCTGAGCAGGCCGGT GAGCAGCACGCTGGCGTACATGCT
GAGCGCGCACACGTAGTACACCGCCTTGCAGCCCGCCTGGCCCAGCGGCCAGGCCTGCCGGGTCAGGAAGGCCACAA
AGAGCGGCGTGAGCAGCAGCACCGCGCLCGETCGGCCAGCGCCAGGTGCAGCACAAGCGTGGCCGCCAGCGGTCGCLCLC
CGTGCAGGCCGCCAGCCCGCCAAGCTCCACACCACGAAGCCGTTGCCAGGCAGCCCCAGCAGCGCCGCCAGCAGCAG
GAAGGCTGTGCCTGTGGCCCGCGAAGTCTTCCAGCTCAGCAGTGTCTCGTTCCCTGGGGGACGGTAGCAGACCGACA
TCCTTCTGGGCCTACAGCCTGCCTCTTTTCTGCCTGGGAGT CCTGACTTCCACGAGGACCCAGACCCCACCTCAAAC
ACAACTCCTTCTTGGAACCCAGATCCCCTGCTCCCAGTCAGTTGACCTGCCCCACTCCTGGCCTCCTTCCCAGAGCT
CAGTGGACACAGAAAAAAAGT GGGGAAGCTGGGGGACCCTACAAGGATCCTTGGCAGGAAAGCAGGGATTGTGTTCA
TTTGAGGGTTTCACTGTCAGT GAGAGTCTCAGCTTCCATGCAACTGTCCATCACGGCTGCAACTGAAATCAGAGCTG
GGACACAGCGCACCAGAAGCTAAAGTCTTGATGCCATCAAAGGACAT CCCTGCCCCATTCACATCTCTGTCACGTCC
ACTAATCGGCAAAAGGAGAAAAGT GAGAGAAGATGACCTAAGTGTGACTGCAGCAGGCAGCT CTGGAARATGAAGCC
AGAGCAGTGAGCCAGCCCCTCCTCCGACCAAGGAGGAAGGAAAGAGCAGATCCCAGGTTTCGTAACAGAAAACACCAC
TAAAGCCCCAGCACAGGAGAGAACCACCCAGCCCAGAAGTTCCAGGGAAGGAACTCTCCGGTCCACCATGGAGTACC
TCTCAGCTCTGAACCCCAGTGACTTACTCAGGTCAGTATCTAATATAAGCTCGGAGTTTGCACGGAGGGTCTGGACC
TCAGCTCCACCACCCCAGCGACCTTTCCGTGTCTGTGATCACAAGCGGACCAT CCGGAAAGGCCTGACAGCTGCCAC
CCGCCAGGAGCTGCTAGCCAAAGCATTGGAGACCCTACTGCTGAATGGAGTGCTAACCCTGGTGCTAGAGGAGGATG
GAACTGCAGTGGACAGTGAGGACTTCTTCCAGCTGCTGCAGCATGACACGTGCCTGATGCTGTTGCAGTCTGGTCAG
AGCTGGAGCCCTACAAGCAGTGGAGTGCTGTCATATGGCCT GGGACGCGAGAGGCCCAAGCACAGCAAGGACATCGC
CCGATTCACCTTTGACGTGTACAAGCAARAACCCTCGAGACCTCTTTGGCAGCCTGAATGTCARAGCCACATTCTACG
GGCTCTACTCTATGAGTTGTGACTTTCAAGGACTTGGCCCAAAGARAAGTACTCAGGGAGCTCCTTCGTTGGACCTCC
ACACTGCTGCAAGGCCTGGGCCATATGTTGCTGGGAATTTCCTCCACCCTTCGTCATGCAGTGGAGGGGGCTGAGCA
GTGGCAGCAGAAGGGCCGCCTCCATTCCTACTAAGGGGCTCTGAGCTTCTGCCCCCAGAATCATTCCAACCGACCCA
CTGCAAAGACTATGACAGCATCAAATTTCAGGACCTGCAGACAGTACAGGCTAGATAACCCACCCAATTTCCCCACT
GTCCTCTGATCCCCTCGTGACAGAACCTTTCAGCATAACGCCTCACATCCCAAGTCTATACCCTTACCTGAAGAATG
CTGTTCTTTCCTAGCCACCTTTCTGGCCTCCCACTTGCCCTGARAGGCCAAGATCAAGATGTCCCCCAGGCATCTTG
ATCCCAGCCTGACTGCTGCTACATCTAATCCCCTACCAATGCCTCCTGTCCCTAAACTCCCCAGCATACTGATGACA
GCCCTCTCTGACTTTACCTTGAGATCTGTCTTCATACCCTTCCCCTCAAACTAACAAAAACATTTCCAATAAAAATA
TCAAATATTTACCACTAA

SEQ ID NO:2
>Reverse complement of SEQ ID NO: 1
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TTAGTGGTAAATATTTGATATTTTTATTGGAAATGTTTTTGTTAGTTTGAGGGGAAGGGTATGAAGACAGATCTCAA
GGTAAAGTCAGAGAGGGCTGTCATCAGTATGCTGGGGAGTTTAGGGACAGGAGGCATTGGTAGGGGATTAGATGTAG
CAGCAGTCAGGCTGGGAT CAAGATGCCTGGGGGACAT CTTGATCTTGGCCTTTCAGGGCAAGT GGGAGGCCAGAAAG
GTGGCTAGGAAAGAACAGCATTCTTCAGGTAAGGGTATAGACTTGGGATGTGAGGCGTTATGCTGAAAGGTTCTGTC
ACGAGGGGATCAGAGGACAGT GGGGAAATTGGGTGGGTTATCTAGCCTGTACTGTCTGCAGGTCCTGAAATTTGATG
CTGTCATAGTCTTTGCAGTGGGTCGGTTGGAATGATT CTGGGGGCAGAAGCTCAGAGCCCCTTAGTAGGAATGGAGG
CGGCCCTTCTGCTGCCACTGCTCAGCCCCCTCCACTGCATGACGAAGGGTGGAGGAAATTCCCAGCAACATATGGCC
CAGGCCTTGCAGCAGTGTGGAGGTCCAACGAAGGAGCTCCCTGAGTACTTTCTTTGGGCCAAGTCCTTGAAAGTCAC
AACTCATAGAGTAGAGCCCGTAGAATGTGGCTTTGACATT CAGGCTGCCAAAGAGGT CTCGAGGGTTTTGCTTGTAC
ACGTCAAAGGTGAATCGGGCGATGTCCTTGCTGTGCTTGGGCCTCTCCCGTCCCAGGCCATATGACAGCACT CCACT
CCTTGTAGGGCTCCAGCTCTGACCAGACTGCAACACCATCAGGCACGTGTCAT CCTCCAGCAGCTGGAAGAAGTCCT
CACTGTCCACTGCAGTTCCATCCTCCTCTAGCACCAGGGTTAGCACTCCATTCAGCAGTAGGGTCTCCAATGCTTTG
GCTAGCAGCTCCTGGCGGGTGGCAGCTGTCAGGCCTTTCCGGATGGTCCGCTTGTGATCACAGACACGGAAAGGTCG
CTGGGGTGGTGGAGCTGAGGTCCAGACCCTCCGTCCAAACTCCGAGCTTATATTAGATACTGACCTGAGTAAGTCAC
TGGGGTTCAGAGCTGAGAGGTACTCCATGGTGGACCGGAGAGTTCCTTCCCTGGAACTTCTGGGCTGGGTGGTTCTC
TCCTGTGCTGGGGCTTTAGTGGTGTTITTCTGTTACAAACCTGGGATCTGCTCTTTCCTTCCTCCTTGGTCGGAGGAG
GGGCTGGCTCACTGCTCTGGCTTCATTTTCCAGAGCTGCCTGCTGCAGTCACACTTAGGTCATCTTCTCTCACTTTT
CTCCTTTTGCCGATTAGT GGACGTGACAGAGATGTGAATGGGGCAGGGATGTCCTTTGAT GGCATCAAGACTTTAGC
TTCTGGTGCGCTGTGTCCCAGCTCTGATTTCAGTTGCAGCCGT GATGGACAGTTGCATGGAAGCTGAGACTCTCACT
GACAGTGAAACCCTCAAATGAACACAATCCCTGCTTTCCTGCCAAGGATCCTTGTAGGGTCCCCCAGCTTCCCCACT
TTTTTTCTGTGTCCACTGAGCTCTGGGAAGGAGGCCAGGAGTGGGGCAGGTCAACTGACT GGGAGCAGGGGATCT GG
GTTCCAAGAAGGAGTTGTGTTTGAGGTGGGGTCTGGGTCCTCGTGGAAGT CAGGACTCCCAGGCAGAAAAGAGGCAG
GCTGTAGGCCCAGAAGGATGTCGGTCTGCTACCGTCCCCCAGGGAACGAGACACTGCTGAGCTGGAAGACTTCGCGG
GCCACAGGCACAGCCTTCCTGCTGCTGGCEECGCTGCTGGGGCTGCCTGGCAACGGCTTCGTGGTGTGGAGCTTGGEC
GGGCTGGCGGCLCTGCACGGGGGCGACCGCTGGCEECCACGCTTGTGCTGCACCTGGCGCTGGCCGACGGCGCGGTGC
TGCTGCTCACGCCGCTCTTTGTGGCCTTCCTGACCCGGCAGGCCTGGCCECTGGGCCAGGCGGGCTGCAAGGCGGTG
TACTACGTGTGCGCGCTCAGCATGTACGCCAGCGTGCTGCTCACCGGCCTGCTCAGCCTGCAGCGCTGCCTCGCAGT
CACCCGCCCCTTCCTGGCGCCTCGGLCTGCGCAGCCCGGCCLCTGGCCCGCCGCCTGCTGCTGGLCGGTCTGGCTGGCCG
CCCTGTTGCTCGCCGTCCCGGCCGCCGTCTACCGCCACCTGTGGAGGGACCGCGTATGCCAGCTGTGCCACCCGTCG
CCGGTCCACGCCGCCGCCCACCTGAGCCTGGAGACTCTGACCGCTTTCGTGCTTCCTTTCGGGCTGATGCTCGGCTG
CTACAGCGTGACGCTGGCACGGCTGCGGGGCGCCCGLCTGGGGCTCCGGGLGGCALCGGGGLCECEEETGGGCCGGLTGE
TGAGCGCCATCGTGCTTGCCTTCGGCTTGCTCTGGGCCCCCTACCACGCAGTCAACCTTCTGCAGGCGGTCGCAGCG
CTGGCTCCACCGGAAGGG
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We Claim:

1. A double stranded ribonucleic acid (dSRNA) agent for inhibiting expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA agent comprises a sense strand and an
antisense strand, wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 1 and the antisense strand comprises at least

15 contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID
NO: 2.

2. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of cell death-
inducing DFFA-like effector b (CIDEB)in a cell, wherein said dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein said antisense strand comprises a region of
complementarity to an mRNA encoding CIDEB which comprises at least 15 contiguous nucleotides differing

by no more than 3 nucleotides from any one of the antisense sequences listed in Tables 3-6.

3. The dsRNA agent of claim 1 or 2, wherein

(@) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700555 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1700555;

(b) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700821 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1700821;

(¢) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700369 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1700369

(d) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1699976 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1699976;
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(e) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700374 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1700374;

§3) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700314 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1700314,

(2) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700376 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1700376,

(h) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1699964 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-
1699964 or

(1) the antisense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the antisense strand nucleotide sequence of duplex AD-
1700556 and the sense strand comprises a nucleotide sequence comprising at least 15 contiguous
nucleotides, with 0, 1, 2, or 3 mismatches, from the sense strand nucleotide sequence of duplex AD-

1700556.

4. The dsRNA agent of any one of claims 1-3, wherein said dsRNA agent comprises at least one
modified nucleotide.
5. The dsRNA agent of any one of claims 1-4, wherein substantially all of the nucleotides of the

sense strand comprise a modification.

6. The dsRNA agent of any one of claims 1-4, wherein substantially all of the nucleotides of the

antisense strand comprise a modification.
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7. The dsRNA agent of any one of claims 1-4, wherein substantially all of the nucleotides of the

sense strand and substantially all of the nucleotides of the antisense strand comprise a modification.

8. A double stranded RNA (dsRNA) agent for inhibiting expression of cell death-inducing
DFFA-like effector b (CIDEB) in a cell, wherein the double stranded RNA agent comprises a sense strand and
an antisense strand forming a double stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO: 1 and the antisense strand comprises at least 15
contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:
2,

wherein substantially all of the nucleotides of the sense strand and substantially all of the nucleotides
of the antisense strand are modified nucleotides, and

wherein the sense strand is conjugated to a ligand attached at the 3°-terminus.

9. The dsRNA agent of claim 8, wherein all of the nucleotides of the sense strand comprise a
modification.

10. The dsRNA agent of claim 8, wherein all of the nucleotides of the antisense strand comprise a
modification.

11. The dsRNA agent of claim 8, wherein all of the nucleotides of the sense strand and all of the

nucleotides of the antisense strand comprise a modification.

12. The dsRNA agent of any one of claims 4-11, wherein at least one of said modified nucleotides
is selected from the group consisting of a deoxy-nucleotide, a 3’ -terminal deoxy-thymine (dT) nucleotide, a 2'-
O-methyl modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked
nucleotide, an unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl nucleotide, an
abasic nucleotide, a 2”-amino-modified nucleotide, a 2’-O-allyl-modified nucleotide, 2°-C-alkyl-modified
nucleotide, 2 -hydroxyl-modified nucleotide, a 2’-methoxyethyl modified nucleotide, a 2°-0-alkyl-modified
nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a
tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclohexenyl modified
nucleotide, a nucleotide comprising a phosphorothioate group, a nucleotide comprising a methylphosphonate
group, a nucleotide comprising a 5’-phosphate, a nucleotide comprising a 5’-phosphate mimic, a glycol

modified nucleotide, and a 2-O-(N-methylacetamide) modified nucleotide, and combinations thereof.
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13. The dsRNA agent of claim 12, wherein the nucleotide modifications are 2’-O-methyl and/or

2’-fluoro modifications.

14. The dsRNA agent of any one of claims 1-13, wherein the region of complementarity is at least

17 nucleotides in length.

15. The dsRNA agent of any one of claims 1-14, wherein the region of complementarity is 19 to
30 nucleotides in length.

16. The dsRNA agent of claim 15, wherein the region of complementarity is 19-25 nucleotides in

length.

17. The dsRNA agent of claim 16, wherein the region of complementarity is 21 to 23 nucleotides
in length.

18. The dsRNA agent of any one of claims 1-17, wherein each strand is no more than 30

nucleotides in length.

19. The dsRNA agent of any one of claims 1-18, wherein each strand is independently 19-30

nucleotides in length.

20. The dsRNA agent of claim 19, wherein each strand is independently 19-25 nucleotides in
length.

21. The dsRNA agent of claim 19, wherein each strand is independently 21-23 nucleotides in
length.

22, The dsRNA agent of any one of claims 1-21, wherein at least one strand comprises a 3

overhang of at least 1 nucleotide.

23. The dsRNA agent of any one of claim 22, wherein at least one strand comprises a 3” overhang

of at least 2 nucleotides.

24. The dsRNA agent of any one of claims 1-7 and 12-23 further comprising a ligand.
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25. The dsRNA agent of claim 24, wherein the ligand is conjugated to the 3™ end of the sense
strand of the dsRNA agent.

26. The dsRNA agent of claim 8 or 25, wherein the ligand is an N-acetylgalactosamine (GalNAc)

dervative.

27. The dsRNA agent of claim 26, wherein the ligand 1s

ho OH
Q H H
HO O\/\V’WKN N

28. The dsRNA agent of claim 27, wherein the dsSRNA agent is conjugated to the ligand as shown

in the following schematic

and, wherein X is O or S.

29. The dsRNA agent of claim 28, wherein the X 1s O.

30. The dsRNA agent of claim 2, wherein the region of complementarity comprises any one of

the antisense sequences in Tables 3-6.
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31 A double stranded ribonucleic acid (dsRNA) agent for inhibiting the expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein said dsRNA agent comprises a sense strand
complementary to an antisense strand, wherein said antisense strand comprises a region complementary to part
of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides in length, wherein
said dsRNA agent is represented by formula (Ij):

sense: 5'1np-Na-(X X X) i-Np-Y Y Y -Np-(Z Z Z);-N3 - ng 3'
antisense: 31y N (XXX NN -YY'Y'-Ny'-(ZZ'Z')W-Ny'-ng' 5* (1))
wherein:

1,], k, and 1 are each independently 0 or 1;
p.p’. q. and q are cach independently 0-6;
cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;
each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thercof;,
each np, ny', ng, and ng', cach of which may or may not be present, independently represents
an overhang nucleotide;
XXX, YYY, ZZZ, X'X'X',Y'Y'Y', and Z'Z'Z’ each independently represent one motif of three
1dentical modifications on three consecutive nucleotides;
modifications on N, differ from the modification on Y and modifications on Ny' differ from the
modification on Y'; and

wherein the sense strand is conjugated to at least one ligand.

32. The dsRNA agent of claim 31, whereiniis 0; jis 0;11s 1;j is 1; both 1 and j are 0; or both 1

and j are 1.

33. The dsRNA agent of claim 31, wherein k 1s 0; 11s 0; kis 1; 1 is 1; both k and 1 are 0; or both k

and lare 1.

34. The dsRNA agent of claim 31, wherein XXX is complementary to X'X'X’, YYY is
complementary to Y'Y'Y', and ZZZ is complementary to Z'Z'Z’.

35. The dsRNA agent of claim 31, wherein the YYY motif occurs at or near the cleavage site of

the sense strand.
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36. The dsRNA agent of claim 31, wherein the Y'Y'Y" motif occurs at the 11, 12 and 13 positions

of the antisense strand from the 5'-end.

37. The dsRNA agent of claim 31, wherein formula (1)) is represented by formula (Ik):
sense: 5'mp-Na-YY Y -N; -ng 3'
antisense: 3'np-Na- Y'Y'Y'-Ny-ng 5' (Ik).

38. The dsRNA agent of claim 31, wherein formula (1)) is represented by formula (I1):
sense: 5'np-Na-YYY -Ny-ZZZ -Ny-1nq3'

antisense: 3'ny-Na- YY'Y'-Np-Z'Z'Z'- No-ng 5" (1)

wherein each Ny, and Ny' independently represents an oligonucleotide sequence comprising 1-5

modified nucleotides.

39. The dsRNA agent of claim 31, wherein formula (1)) is represented by formula (Im):
sense: 5'mp -Ng X XX -Np-YYY -Ny-ng 3

antisense: 3'np-Na- X'X'X'-Np- YY'Y'-Ny-ng 5" (Im)

wherein each Ny and Ny’ independently represents an oligonucleotide sequence comprising 1-3

modified nucleotides.

40. The dsRNA agent of claim 31, wherein formula (Ij) is represented by formula (In):

sense: 5'np -Na X XX-No-YYY-Ny-ZZZ -N; -n¢ 3'

antisense: 3' np-Ng= X'X'X'- Ny-Y'Y'Y'-Np-Z'Z'Z'- Ny-1n¢ 5" (In)

wherein each Ny and Ny' independently represents an oligonucleotide sequence comprising 1-5
modified nucleotides and each N, and N,' independently represents an oligonucleotide sequence comprising 2-

10 modified nucleotides.

41. The dsRNA agent of any one of claims 31-40, wherein the region of complementarity is at

least 17 nucleotides in length.

42. The dsRNA agent of any one of claims 31-40, wherein the region of complementarity is 19 to

30 nucleotides in length.

43. The dsRNA agent of claim 42, wherein the region of complementarity is 19-25 nucleotides in
length.
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44. The dsRNA agent of claim 43, wherein the region of complementarity is 21 to 23 nucleotides
in length.

45, The dsRNA agent of any one of claims 31-44, wherein each strand is no more than 30

nucleotides in length.

46. The dsRNA agent of any one of claims 31-44, wherein each strand 1s independently 19-30

nucleotides in length.
47. The dsRNA agent of any one of claims 31-46, wherein the modifications on the nucleotides
are selected from the group consisting of LNA, HNA, CeNA, 2’-methoxyethyl, 2'-O-alkyl, 2'-O-allyl, 2'-C-

allyl, 2'-fluoro, 2°-O-methyl, 2'-deoxy, 2’ -hydroxyl, and combinations thereof.

48. The dsRNA agent of claim 47, wherein the modifications on the nucleotides are 2'-O-methyl

and/or 2’-fluoro modifications.

49. The dsRNA agent of claim any one of claims 31-47, wherein the Y' is a 2'-O-methyl or 2°-

flouro modified nucleotide.

50. The dsRNA agent of any one of claims 31-49, wherein at least one strand comprises a 3

overhang of at least 1 nucleotide.

51. The dsRNA agent of any one of claims 31-50, wherein at least one strand comprises a 3’

overhang of at least 2 nucleotides.

52. The dsRNA agent of any one of claims 31-51, wherein the dsRNA agent further comprises at

least one phosphorothioate or methylphosphonate internucleotide linkage.

53. The dsRNA agent of claim 52, wherein the phosphorothioate or methylphosphonate

internucleotide linkage is at the 3’-terminus of one strand.

54. The dsRNA agent of claim 53, wherein said strand is the antisense strand.

55. The dsRNA agent of claim 53, wherein said strand 1s the sense strand.

256

SUBSTITUTE SHEET (RULE 26)



WO 2023/034837 PCT/US2022/075715

56. The dsRNA agent of claim 52, wherein the phosphorothioate or methylphosphonate

internucleotide linkage is at the 5°-terminus of one strand.

57. The dsRNA agent of claim 56, wherein said strand is the antisense strand.

58. The dsRNA agent of claim 56, wherein said strand 1s the sense strand.

59. The dsRNA agent of claim 52, wherein the phosphorothioate or methylphosphonate

internucleotide linkage is at both the 5°- and 3’-terminus of one strand.

60. The dsRNA agent of claim 31, wherein the base pair at the 1 position of the 5’-end of the

antisense strand of the duplex 1s an AU base pair.

ol. The dsRNA agent of claim 31, wherein p™0.

62. The dsRNA agent of claim 31, wherein p'=2.

63. The dsRNA agent of claim 62, wherein q’=0, p=0, q=0, and p’ overhang nucleotides are
complementary to the target mRNA.

64. The dsRNA agent of claim 62, wherein q’=0, p=0, q=0, and p’ overhang nucleotides are non-
complementary to the target mRNA.

65. The dsRNA agent of claim 31, wherein the sense strand has a total of 21 nucleotides and the

antisense strand has a total of 23 nucleotides.

66. The dsRNA agent of claim 31, wherein at least one ny' is linked to a neighboring nucleotide

via a phosphorothioate linkage.

67. The dsRNA agent of claim 66, wherein all n,’ are linked to neighboring nucleotides via
phosphorothioate linkages.

68. The dsRNA agent of claim 31, wherein all of the nucleotides of the sense strand and all of the

nucleotides of the antisense strand comprise a modification.
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69. The dsRNA agent of any one of claims 31-68, wherein the ligand is conjugated to the 3° end
of the sense strand of the dsRNA agent.

70. The dsRNA agent of claim 69, wherein the ligand is one or more N-acetylgalactosamine

(GalNAc) derivatives attached through a monovalent, bivalent, or trivalent branched linker.

71. The dsRNA agent of claim 70, wherein the ligand 1s

ho OH
Q H H
HO O\/\V’WKN N

72. The dsRNA agent of claim 71, wherein the dsSRNA agent is conjugated to the ligand as shown

in the following schematic

and, wherein X is O or S.

73. The dsRNA agent of claim 72, wherein the X 1s O.

74. A double stranded ribonucleic acid (dsRNA) agent for inhibiting the expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA agent comprises a sense strand
complementary to an antisense strand, wherein the antisense strand comprises a region complementary to part

of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides in length, wherein the
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dsRNA agent is represented by formula (Ij):

sense: 5'1p-Na-(X X X) i-Np-Y Y Y -Np-(Z Z Z);-N; - ng 3'
antisense: 31y N - (XXX N-Np'-YY'Y'-Ny'-(ZZ'Z')-Ni-ng' 5 (Ij)
wherein:

1,], k, and 1 are each independently 0 or 1;
p.p’»q, and q are each independently 0-6;
cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;
cach Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thereof;
each np, np', ng, and ng', cach of which may or may not be present independently represents
an overhang nucleotide;
XXX, YYY,ZZZ, X'X'X,Y'Y'Y', and Z'Z'Z' each independently represent one motif of three
identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-O-methyl or 2'-
fluoro modifications;
modifications on Ny differ from the modification on Y and modifications on Ny’ differ from the
modification on Y'; and

wherein the sense strand is conjugated to at least one ligand.

75. A double stranded ribonucleic acid (dASRNA) agent for inhibiting the expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA agent comprises a sense strand
complementary to an antisense strand, wherein the antisense strand comprises a region complementary to part
of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides in length, wherein the
dsRNA agent is represented by formula (Ij):

sense: 5'1p-Na-(X X X) -Np-Y Y Y -Np-(Z Z Z);-N; - ng 3'
antisense: 30y N (XX XN-Np'-YY'Y'-Ny'-(ZZ'Z')-Ni-ng' 5 (Ij)
wherein:

1,], k, and 1 are each independently 0 or 1;
each np, ng, and ng’, each of which may or may not be present, independently represents an overhang
nucleotide;
p, g, and q' are cach independently 0-6;
np’' >0 and at least one n,' is linked to a neighboring nucleotide via a phosphorothioate linkage;
cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two

differently modified nucleotides;

259

SUBSTITUTE SHEET (RULE 26)



WO 2023/034837 PCT/US2022/075715

each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thercof;
XXX, YYY,ZZZ, X'X'X, Y'Y'Y', and Z'Z'Z' cach independently represent one motif of three
identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-O-methyl or 2'-
fluoro modifications;
modifications on N, differ from the modification on Y and modifications on Ny' differ from the
modification on Y'; and

wherein the sense strand is conjugated to at least one ligand.

76. A double stranded ribonucleic acid (dASRNA) agent for inhibiting the expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA agent comprises a sense strand
complementary to an antisense strand, wherein the antisense strand comprises a region complementary to part
of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides in length, wherein the
dsRNA agent is represented by formula (Ij):

sense: 5'1p-Ng-(X X X) i-Np-Y Y Y -Np-(Z Z Z);-N; - ng 3'
antisense: 30y N (XX XN-Np-YY'Y'-Np'-(ZZ'Z')-Ni-ng' 5 (Ij)
wherein:

1,], k, and 1 are each independently 0 or 1;
cach nyp, ng, and nq’, cach of which may or may not be present, independently represents an overhang
nucleotide:
p. q. and q" are each independently 0-6;
np,' >0 and at least one n;' is linked to a neighboring nucleotide via a phosphorothioate linkage;
cach Ny and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;
cach Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thercof;

XXX, YYY, ZZZ, X'X'X',Y'Y'Y', and Z'Z'Z’ ¢ach independently represent one motif of
three identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-O-methyl
or 2'-fluoro modifications;

modifications on Ny differ from the modification on Y and modifications on Ny’ differ from the
modification on Y'; and
wherein the sense strand is conjugated to at least one ligand, wherein the ligand is one or more

GalNAc derivatives attached through a monovalent, bivalent, or trivalent branched linker.
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77. A double stranded ribonucleic acid (dsRNA) agent for inhibiting the expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA agent comprises a sense strand
complementary to an antisense strand, wherein the antisense strand comprises a region complementary to part
of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides in length, wherein the
dsRNA agent is represented by formula (I):

sense: 5'1np-Na-(X X X) i-Np-Y Y Y -Np-(Z Z Z);-N3 - ng 3'
antisense: 31y N (XXX NN -YY'Y'-Ny'-(ZZ'Z')W-Ny'-ng' 5* (1))
wherein:

1,], k, and 1 are each independently 0 or 1;
each np, ng, and ng', each of which may or may not be present, independently represents an overhang
nucleotide;
p, q, and q' are cach independently 0-6;
np' >0 and at least one n,' is linked to a neighboring nucleotide via a phosphorothioate linkage;
cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, cach sequence comprising at least two
differently modified nucleotides;
each Ny and Ny’ independently represents an oligonucleotide sequence comprising 0-10 nucleotides
which are either modified or unmodified or combinations thereof;,

XXX, YYY, ZZZ, X'X'X',Y'Y'Y', and Z'Z'Z’ each independently represent one motif of
three identical modifications on three consecutive nucleotides, and wherein the modifications are 2'-0-methyl
or 2'-fluoro modifications;

modifications on N, differ from the modification on Y and modifications on Ny' differ from the
modification on Y';
wherein the sense strand comprises at least one phosphorothioate linkage; and
wherein the sense strand is conjugated to at least one ligand, wherein the ligand is one or

more GalNAc derivatives attached through a monovalent, bivalent, or trivalent branched linker.

78. A double stranded ribonucleic acid (dSRNA) agent for inhibiting the expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA agent comprises a sense strand
complementary to an antisense strand, wherein the antisense strand comprises a region complementary to part
of an mRNA encoding CIDEB, wherein each strand is about 14 to about 30 nucleotides in length, wherein the
dsRNA agent is represented by formula (Ij):

sense: 5'mp-Na-YYY -Ni-ng 3
antisense: 30y -Na-YY'Y'-Ni-ng' 5" (Ik)
wherein:
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each ny, ng, and ng', each of which may or may not be present, independently represents an overhang
nucleotide;
p. . and q' are each independently 0-6;
np,' >0 and at least one n,’ is linked to a neighboring nucleotide via a phosphorothioate linkage;
cach N, and N, independently represents an oligonucleotide sequence comprising 0-25 nucleotides
which are either modified or unmodified or combinations thereof, each sequence comprising at least two
differently modified nucleotides;
YYY and Y'Y'Y' each independently represent one motif of three identical modifications on
three consecutive nucleotides, and wherein the modifications are 2’-0-methyl or 2'-fluoro modifications;
wherein the sense strand comprises at least one phosphorothioate linkage; and
wherein the sense strand is conjugated to at least one ligand, wherein the ligand is one or

more GalNAc derivatives attached through a monovalent, bivalent, or trivalent branched linker.

79. A double stranded ribonucleic acid (dSRNA) agent for inhibiting the expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more
than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 1 and the antisense strand comprises at least
15 contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID
NO: 2,

wherein substantially all of the nucleotides of the sense strand comprise a modification
selected from the group consisting of a 2’-0-methyl modification and a 2”-fluoro modification,

wherein the sense strand comprises two phosphorothioate interucleotide linkages at the 5°-
terminus,

wherein substantially all of the nucleotides of the antisense strand comprise a modification selected
from the group consisting of a 2°-0-methyl modification and a 2’-fluoro modification,

wherein the antisense strand comprises two phosphorothioate intermucleotide linkages at the
5-terminus and two phosphorothioate internucleotide linkages at the 3’-terminus, and
wherein the sense strand is conjugated to one or more GalNAc derivatives attached through a

monovalent, bivalent or trivalent branched linker at the 3 -terminus.

80. The dsRNA agent of claim 79, wherein all of the nucleotides of the sense strand and all of the

nucleotides of the antisense strand are modified nucleotides.

81. The dsRNA agent of any one of claims 3, 31, and 74-80 wherein the region of

complementarity comprises any one of the antisense sequences listed in Tables 3-6.
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82. The dsRNA agent of any one of claims 1-81, wherein the sense strand and the antisense strand
comprise nucleotide sequences selected from the group consisting of the nucleotide sequences of any one of

the agents listed in Tables 3-6.

83. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of cell death-
inducing DFFA-like effector b (CIDEB) in a cell, wherein the dSRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the sense strand comprises a nucleotide sequence
of any one of the agents in Tables 3-6, and the antisense strand comprises a nucleotide sequence of any one of
the agents in in Tables 3-6,

wherein substantially all of the nucleotide of the sense strand and substantially all of the nucleotides
of the antisense strand are modified nucleotides, and

wherein the dsSRNA agent is conjugated to a ligand.

84. The dsRNA of any one of claims 1-83 wherein the dsRNA agent targets a hotspot region of an
mRNA encoding CIDEB.

85. A dsRNA agent that targets a hotspot region of a cell death-inducing DFFA-like effector b
(CIDEB) mRNA.

86. A cell containing the dsRNA agent of any one of claims 1-85.

87. A vector encoding at least one strand of the dsSRNA agent of any one of claims 1-85.

88. A pharmaceutical composition for inhibiting expression of the cell death-inducing DFFA-like
effector b (CIDEB) gene comprising the dsRNA agent of any one of claims 1-85.

89. The pharmaceutical composition of claim 88, wherein the agent is formulated in an

unbuffered solution.

90. The pharmaceutical composition of claim 89, wherein the unbuffered solution is saline or
water.
91. The pharmaceutical composition of claim 88, wherein the agent is formulated with a buffered
solution.
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92. The pharmaceutical composition of claim 91, wherein said buffered solution comprises

acetate, citrate, prolamine, carbonate, or phosphate or any combination thereof.

93. The pharmaceutical composition of claim 91, wherein the buffered solution is phosphate
buffered saline (PBS).

94, A method of inhibiting cell death-inducing DFFA-like effector b (CIDEB) expression in a
cell, the method comprising contacting the cell with the agent of any one of claims 1-84, or a pharmaceutical

composition of any one of claims 88-93, thereby inhibiting expression of CIDEB in the cell.

95. The method of claim 94, wherein said cell is within a subject.

96. The method of claim 95, wherein the subject is a human.

97. The method of any one of claims 94-96, wherein the CIDEB expression is inhibited by at least
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or to below the level of detection of CIDEB expression.

98. The method of claim 97, wherein the human subject suffers from an CIDEB-associated

disease, disorder, or condition.

99. The method of claim 98, wherein the CIDEB-associated discase, disorder, or condition is a

chronic inflammatory disease.

100.  The method of claim 99, wherein the chronic inflammatory disease is chronic inflammatory

liver disease.

101.  The method of claim 100, wherein the chronic inflammatory liver disease is associated with

the accumulation and/or expansion of lipid droplets in the liver.

102.  The method of claim 100, wherein the chronic inflammatory liver disease 1s selected from the
group consisting of accumulation of fat in the liver, inflammation of the liver, liver fibrosis, fatty liver disease
(steatosis), nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD) and cirrhosis of

the liver.

103.  The method of claim 102, wherein the chronic inflammatory liver disease is nonalcoholic

steatohepatitis (NASH).
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104. A method of inhibiting the expression of CIDEB in a subject, the method comprising
administering to the subject a therapeutically effective amount of the dsRNA agent of any one of claims 1-85,
or a pharmaceutical composition of any one of claims 88-93, thereby inhibiting the expression of CIDEB in

said subject.

105. A method of treating a subject suffering from a CIDEB-associated disease, disorder, or
condition, comprising administering to the subject a therapeutically effective amount of the agent of any one
of claims 1-85, or a pharmaceutical composition of any one of claims 88-93, thereby treating the subject

suffering from a CIDEB-associated disease, disorder, or condition.

106. A method of preventing at least one symptom in a subject having a disease, disorder or
condition that would benefit from reduction in expression of a CIDEB gene, comprising administering to the
subject a prophylactically effective amount of the agent of any one of claims 1-83, or a pharmaceutical
composition of any one of claims 88-93, thereby preventing at least one symptom in a subject having a

disease, disorder or condition that would benefit from reduction in expression of a CIDEB gene.

107. A method of reducing the risk of developing chronic liver disease in a subject having
nonalcoholic steatohepatitis (NASH), the method comprising administering to the subject a therapeutically
effective amount of the dsRNA agent of any one of claims 1-835, or a pharmaceutical composition of any one

of claims 88-93, thereby reducing the risk of developing chronic liver disease in the subject having NASH.

108.  The method of any one of claims 104-107, wherein the CIDEB-associated disease, disorder,

or condition is a chronic inflammatory discase.

109.  The method of claim 108, wherein the chronic inflammatory disease is chronic inflammatory

liver disease.

110.  The method of claim 109, wherein the chronic inflammatory liver disease is associated with

the accumulation and/or expansion of lipid droplets in the liver.

111.  The method of claim 109, wherein the chronic inflammatory liver disease is selected from the
group consisting of accumulation of fat in the liver, inflammation of the liver, liver fibrosis, fatty liver disease
(steatosis), nonalcoholic steatohepatitis (NASH), nonalcoholic fatty liver disease (NAFLD) and cirrhosis of

the liver.
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112, The method of claim 111, wherein the chronic inflammatory liver disease is nonalcoholic
steatohepatitis (NASH).

113, The method of any one of claims 95-112, wherein the subject is obese.

114, The method of any one of claims 95-113, further comprising administering an additional

therapeutic to the subject.

115.  The method of any one of claims 95-114, wherein the dsSRNA agent is administered to the
subject at a dose of about 0.01 mg/kg to about 10 mg/kg or about 0.5 mg/kg to about 50 mg/kg.

116.  The method of any one of claims 95-115, wherein the agent is administered to the subject

intravenously, intramuscularly, or subcutaneously.

117.  The method of any one of claims 95-116, further comprising determining, the level of CIDEB

in the subject.
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