(21) 2739170

122 DEMANDE DE BREVET CANADIEN

CA 2739170 A1 2010/04/01

CANADIAN PATENT APPLICATION

Canadian
Intellectual Property
Office

An agency of
Industry Canada

Office de la Proprieté

Intellectuelle

du Canada
d'Industrie Canada

Un organisme

i~

13) A1

51) Cl.Int./Int.Cl. C72N 15/77 (2006.01),

A61K 31/713(2006.01)
(71) Demandeur/Applicant:

ALNYLAM PHARMACEUTICALS, INC., US

(72) Inventeurs/Inventors:

ROLLES, ANTONIN, US;

NOVOBRANTSEVA, TATIANA, US;

HINKL
(74) Agent: SMART & BIGGAR

DE FOUG

GREGORY, US

t PCT/PCT Filing Date: 2009/09/25

epo

[ 4

(86) Date de d

(87) Date publication PCT/PCT Publication Date: 2010/04/01
(85) Entree phase nationale/National Entry: 2011/03/23

(86) N° demande PCT/PCT Application No.: US 2009/058430
(87) N° publication PCT/PCT Publication No.: 2010/036962

(30) Priornte/Priority: 2008/09/25 (US61/100,195)

(54) Titre : COMPOSITIONS A BASE DE PREPARATION LIPIDIQUE ET METHODES DESTINEES A INHIBER

L'EXPRESSION D'UN GENE DE SERUM AMYLOIDE A
(54) Title: LIPID FORMULATED COMPOSITIONS AND METHODS FOR INHIBITING EXPRESSION OF SERUM

AMYLOID A GENE

FIG. 2

f‘7m’I(mIIfmIIIf”IIIfmll(mllfmII((”IIIfmIIfmIIfmlld’d’”lll"mIIa’mIId'mIId'd'”IIIfmlld’mlld’mIIa’a’”IIId'”IIId'mIId'mllfd'”llla’”IIIa’mIId'mIId'mIIIf”Illd'mlld’mIIa’mIIIf”IIIfmIIfmllfmllf(”III(mIIfmIIfmllff”@m’lffﬂ;

N Ilwﬂxwﬁ%ﬁggxgggﬁaﬁ%g%ﬁ?ﬁ _

-_&r////..?////..a QNN ////,,?///,.?///é,///ﬁ///,.//,? AR RN NN /,v/x?//g//ﬁ
I%%féﬂ?f&ﬂ?fgﬁﬁﬁgfgf?&%V&Z??géézzyﬁ
-Iulxtxx#?//.w?x//ﬁ////ﬁ/%/ﬁ/f//f/ﬁ .ﬂ//.n?x///v./xx//J//xf/ﬁ/ﬁ/ﬁ/ﬁ/fﬁz/ﬁ?f//ﬁ/x

Wlirﬁ////g///ﬁ///ﬁ//g/// /././..ﬂf/////,?///ﬂf////d?////ﬂ//ﬂﬂfg//%//a% b

.m. Tw@#ﬂ&%ﬁﬁ?&%ﬁ%ﬁgﬁé.
: lﬂvﬁzﬁﬂ?/ﬁ//// //// RN /////ﬂ/// //ézf//,/ﬁ%// RARRNRNRY

/ﬁeﬁfwﬂ?/éﬁzﬁﬁﬂx gxﬂ
%/é/%/g//g/g/g/g//é/é/ S

MMWHN////./. ////df///// ///z?//// ////JV///.////// SNNAURANNNAR

ry

R R RN RN
3 vﬁﬁ.&ﬁ?&ﬁﬁmﬁ?gﬁgﬁﬁﬁéﬁ%&

3

gfﬁé&?ﬁﬂ,
m&@? NN /,%ﬂ%%/%/.
gﬁﬁf/gggﬁﬁx/gﬁ.
%ﬁ%ﬁég/ %
- NSNS ,ﬁﬂf/,.
M %ﬁﬁé, SNSRI ..zz.,,f..
e i //,V,? /é )
%&wﬂ?ﬁ?ﬁéﬁf/gﬁ.
AU NSNS
%ﬁ%ﬁgﬁu
RN aﬁf//ﬁfg/m.
/z%é,
%V//.@V//éwv//fg/éﬁ?//j‘
Fepfiinuunnns ,,7////?///%////««%.
%ﬁ?«?gﬁﬁ?// .
zg//gﬁr/g/é//ﬁ .

m Epfgfdg//g//gffém.
wi% IR x,.om

s NN /ﬁ/ﬂﬂ.ﬂ//éﬂ; RRNWRY

m g/:ﬁ/&ﬂ?/g//ﬁx

3 %///f/&uy?//g///f

: g/éﬁ?/ﬁﬁﬁ%ﬁ//éﬁ.
gﬁ/g.
v%//f? Aﬂ.ﬂﬂm
F/é//é//é//éﬂ.

—.zm?//,ﬁ/ SRR

—..#uu,//éu?//&y?///u?f
Tﬁﬁ@,fggzﬁﬂ.

B ,Jﬂ..
_lzz&vz?ézf///ﬁ//
gﬁ//&ﬂ?féﬁ =

-lﬁ///,ﬂ/////g////a
Tz?a&uzﬁﬁﬁ&,
B /,m.
_uxv?é, /Az?/r
[ NN /.
T%gdmm;
—m.?/ NN 4?.

2

:

:

:

2

:

:

:

2

:

: s ,,,,,,,m,
:
2
:
:
:
2
2
:
:
2
2

Lty £ Lty

LIS LA ELELAS

LA

LA

AL

LA EELELAS

LA

LSS

LA

ST LA ELLLAS

LA

vt%////.
%ﬁ?&ﬁ.
m&oz?/? N\
m BN

r_f

LTS LA

L a S
M ERSRRNRRY
g

LSS

ERNNY
; %ﬁ.
-
m?xxi,

LA

LA

BN

Eswessg.
ﬂ//////,

LSS LA

LA

.
VEFRTFTTIEIFTTT IR TFT TR T TFT T FTF T FT TN FTITIENTFTI IR IT T ITTITIEI IS T TR T T ITTFTIEIITTTIEI IS TR FTIF I IT T T T TN TSFT IR FT IR FTF T T T TF I ST TR F T TN T T T T T T FT IR FTITINITFTIII T TFTIEI T TR FTIFIRIT T T TTFT I T T T IR T TR FT IR RIS FFF XS FF X
>

»
4:’
WOrl
.

.....................................................................................................

7. 7,

'~ r— < C— =

HO S S TMUGUEUERS iy S U sbefeny

Iﬁﬁ?f///// NN M/// RN //// SANNUUAMANR ///J' RN ///fu.?/_ T B
lﬁ% RIS /Vg/é&/ga@me
j’in

N %@%ﬁ%ﬁ%ﬁ%ﬁ. -

?ff A R R R e H
AU RN N /ﬁ//r/,// ,.ﬂuﬂﬂx/f i

;///zm% .

QQQQQQQQQQQQQQQQQQQQQQQ@QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

'—‘v.'{h; A% t+

N Sl el ™ Wl Bl . B AU T DA WL R N WL A W T 1

LK,

ﬁ-’ i .‘.}1‘

N " T

[ A
' -'ee
e

"-'4-1- e =)

o T A T M L T N KL A K R = B Bt

L L K I
— _.h'
LI L N IR R R LB LRI R L EL R IR RLE LR IJJEL AL BRI R IR IR IR NI N LRI N ]

R AT

44 & u &
- - - = -l.v
LA L L L L L LR L

- —

5AA sIFNA - D

/Abstract:
The Invention relates to a double-stranded ribonucleic acid (dsRNA) targeting a Serum Amyloid A (SAA) gene, and methods of

ege

[ 4

(57) Abr

using the dsRNA to inhibit expression of SAA.

V-\u
[

=]
el
R
AR
- ...H“.-\“sw

~ 4
L

CIPO

..y
4 a"a"w ey N
S A A

OPIC

http.//opic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

Ll

Canada

OPIC - CIPO 191



w0 2010/036962 A1 |[HI A1 HHD Y HOREY OV RV VRO R

CA 02739170 2011-03-23

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

%

!

N

Pt

)

S 1

e
(43) International Publication Date
1 April 2010 (01.04.2010)

DA
JY

(10) International Publication Number

WO 2010/036962 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(71)

(72)
(75)

International Patent Classification:
CI2N 15/11 (2006.01) A61K 31/713 (2006.01)

International Application Number:

(74)

PCT/US2009/058480 (81)

International Filing Date:
25 September 2009 (25.09.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/100,195 25 September 2008 (25.09.2008) US

Applicant (for all designated States except US): ALNY-
LAM PHARMACEUTICALS, INC. [US/US]; 300
Third Street, Third Floor, Cambridge, MA 02142 (US).

Inventor; and

Applicant (for all designated States except US). HIN-
KLE, Gregory [US/US]; C/o Alnylam Pharmaceuticals,
Inc., 300 Third Street, Third Floor, Cambridge, MA
02142 (US).

Inventors; and

Inventors/Applicants (for US only): DE
FOUGEROLLES, Antonin [CA/US]; C/o Alnylam
Pharmaceuticals, Inc., 300 Third Street, Third Floor,
Cambridge, MA 02142 (US). NOVOBRANTSEVA, Ta-
tiana [RU/US]; C/o Alnylam Pharmaceuticals, Inc., 300
Third Street, Third Floor, Cambridge, MA 02142 (US).

(84)

Agents: SHUSTER, Michael, J. et al.; Fenwick & West
LLP, Silicon Valley Center, 801 California Street, Moun-
tain View, CA 94041 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(534) Title: LIPID FORMULATED COMPOSITIONS AND METHODS FOR INHIBITING EXPRESSION OF SERUM AMY -
LOID A GENE

08F8EH05.1\LId

---------

e 0,5, PNRRPNRPNNPNEESING EEEEEEEEEE L PONENNPNNNNSESINNL EEEEEEEE LS PONENNNNNNNOSINL L EE LS 2202

---------

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

-------------------

Awarags RenainingSAR signalncinelzesdte AAPDH

. . .
H B b Z
H Z 27z
H BB Z Z 7 7
S § ﬁggéggg/%/ é%¢
o.wa Mzz,gg,;g, N ,{;:, of P Py s Tog 00 75 0 555 Fir

o
CORNNNL L LELLEL 8L L8 PPPPPPPPPLPPPPPEDINL 8 E LS E S8 8 S PPPPPPPPPPLEPPPPLDNL EELEEEE LS 8 S PIPPPPPPLLPPPLPLLTDL EEEEEEE 8 S8 PPPPPPPPPLPPPPPEDDIL L EEEEE P 8 S S OPPPPPPPPEPPEPPDDNS

(LR R ] /i 0o XDo T s FPaada
' H e . ' . e . . g . . . . . d
m‘

E‘QQQQQQQQQQQQQQQQ%QQQQQQQQQQQQMélééQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ@

ShAsRNS 0%

B

(87) Abstract: The mvention relates to a double-stranded ribonucleic acid (dsRNA) targeting a Serum Amyloid A (SAA) gene,
and methods of using the dsRNA to inhibit expression of SAA.



10

15

20

25

30

CA 02739170 2011-03-23
WO 2010/036962 PCT/US2009/058480

LIPID FORMULATED COMPOSITIONS AND METHODS FOR INHIBITING
EXPRESSION OF SERUM AMYLOID A GENE

Field of the Invention

The invention relates to lipid formulated double-stranded ribonucleic acid (dsRNA)
targeting a Serum Amyloid A (SAA) gene, and methods of using the dsSRNA to inhibit
expression of SAA.

Background of the Invention

Serum Amyloid A (SAA) 1s an 104 amino acid HDL-associated apolipoprotein whose
level 1n the blood 1s elevated up to 1000-fold 1n response to various injuries including trauma,
inflammation and neoplasia. SAA proteins are involved in cholesterol metabolism and
transport, inhibition of lymphocyte and endothelial cell proliferation, induction of matrix
metalloproteinases, and modulation of the inflammatory response via both anti- and pro-
inflammatory activities. Pro-inflammatory cytokines, such as IL-1p3, IL-6, and TNFa, trigger

inflammation and stimulate the production of acute-phase proteins, including SAA1 and

SAA2.

Liver 1s the major site of SAA expression, and extrahepatic SAA expression has also
been described 1n human atherosclerotic lesions, 1n the brains of Alzheimer disecase patients,
and 1n synovial tissues from rheumatoid arthritis patients. SAA levels have also been found
to be elevated 1n the serum of patients with a wide range of malignancies, being highest in
those with metastatic carcinoma of unknown primary sites. SAA mRNA and protein has also
been found to be locally expressed in human colon carcinoma tissues and in epithelial

carcinomas.

Four SAA loci, all mapped to chromosome 11p, have been described. Two of the loci
(SAA1 and SAA2) encode acute-phase SAAs (A-SAAS), which exhibit a dramatic transient
Increase 1n serum concentration in response to inflammatory stimuli; a third locus (SAA3)
defines a pseudogene; and a fourth locus (SAA4) encodes a constitutively expressed SAA
(C-SAA), which responds only moderately to inflammatory stimuli. SAA3 1s expressed 1n
mice and other mammalian species, but 1s not expressed in humans. SAA1 and SAA?2 are
95% homologous 1n both their coding and noncoding regions, and are coordinately induced 1n
response to inflammation. The A-SAASs are the circulating precursors of the insoluble

cleavage product amyloid A that 1s deposited in major organs 1n secondary amyloidosis (also

1
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called AA amyloidosis, or reactive amyloidosis), a progressive and fatal discase that 1s an
occasional consequence of chronic or episodic inflammatory conditions such as rheumatoid

arthritis and leprosy.

Double-stranded RNA molecules (ASRNA) have been shown to block gene expression
in a highly conserved regulatory mechanism known as RNA 1interference (RNA1). WO
99/32619 (Fire et al.) disclosed the use of a dSRNA of at least 25 nucleotides in length to
inhibit the expression of genes 1n C. elegans. dsRNA has also been shown to degrade target
RNA 1n other organisms, including plants (see, e.g., WO 99/53050, Waterhouse et al.; and
WO 99/61631, Heitetz et al.), Drosophila (see, e.g., Yang, D., et al., Curr. Biol. (2000)
10:1191-1200), and mammals (sece WO 00/44895, Limmer; and DE 101 00 586.5, Kreutzer et
al.).

Summary of the Invention

The mvention provides compositions containing double-stranded ribonucleic acid
(dsSRNA) and methods for inhibiting the expression of an SAA gene, such as one or both of
SAA1 and SAA2, such as in a cell or mammal. The invention also provides compositions
and methods for treating pathological conditions and discases caused by the expression of an
SAA gene, such as amyloidosis. The dsSRNAs included 1in the compositions featured herein
include a dSRNA having an RNA strand (the antisense strand) having a region that 1s less
than 30 nucleotides 1n length, generally 19-24 nucleotides 1n length, and that 1s
complementary to at Ieast part of an mRNA transcript of an SAA gene.

In one embodiment, a dSRNA for inhibiting expression of an SAA gene includes at
lecast two strands that are complementary to cach other. The dsSRNA includes a sense strand
and an antisense strand. The antisense strand includes a nucleotide sequence that 18
complementary to at least part of an mRNA encoding SAA, and the region of
complementarity 1s less than 30 nucleotides in length, and at least 15 nucleotides in length.
Generally, the dsSRNA 15 19 to 24, e.g., 19 to 21 nucleotides in length. The dsRNA, upon
contacting with a cell expressing SAA, inhibits the expression of an SAA gene by at least

40%, such as when assayed by a method as described herein.

For example, the dSRNA molecules featured herein can include a sense strand that 1s
selected from the group consisting of the sense sequences of Table 2 and an antisense strand

that 1s sclected from the group consisting of the antisense sequences of Table 2. The dsRNA
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molecules featured herein can include naturally occurring nucleotides or can include at least
one modified nucleotide, such as a 2'-O-methyl modified nucleotide, a nucleotide having a 5'-
phosphorothioate group, and a terminal nucleotide linked to a cholesteryl derivative.
Alternatively, the modified nucleotide may be chosen from the group of: a 2'-deoxy-2'-tluoro
modified nucleotide, a 2'-deoxy-modified nucleotide, a locked nucleotide, an abasic
nucleotide, 2’-amino-modified nucleotide, 2’-alkyl-modified nucleotide, morpholino
nucleotide, a phosphoramidate, and a non-natural base comprising nucleotide. Generally,
such a modified sequence will be based on a first sequence of said dsRNA selected from the
group consisting of the sense sequences of Table 2 and a second sequence selected from the

group consisting of the antisense sequences of Table 2.

In an embodiment, the dSRNA can include a sense strand including at least 15
contiguous nucleotides of a sense strand sequence selected from Table 2. In an embodiment,
the dSRNA can include an antisense strand including at least 15 contiguous nucleotides of an

antisense sequence sclected from Table 2.

In one embodiment, the sense strand can include 15 or more contiguous nucleotides of
the nucleotide sequence of SEQ ID NO:37, SEQ ID NO:127, SEQ ID NO:95, SEQ ID
NO:105, SEQ ID NO:59, SEQ ID NO:23, SEQ ID NO:155, SEQ ID NO:193, SEQ 1D
NO:283, SEQ ID NO:251, SEQ ID NO:261, SEQ ID NO:215, SEQ ID NO:179, or SEQ ID
NO:311. In an embodiment, the antisense strand can mclude 15 or more contiguous
nucleotides of the nucleotide sequence of SEQ ID NO:38, SEQ ID NO:128, SEQ ID NO:96,
SEQ 1D NO:106, SEQ ID NO:60, SEQ ID NO:24, SEQ ID NO:156, SEQ ID NO:194, SEQ
ID NO:284, SEQ ID NO:252, SEQ ID NO:262, SEQ ID NO:216, SEQ ID NO:180, or SEQ
ID NO:312. In another embodiment, the sense strand can consist of SEQ ID NO:37, SEQ ID
NO:127, SEQ ID NO:95, SEQ ID NO:105, SEQ ID NO:59, SEQ ID NO:23, SEQ ID
NO:155, SEQ ID NO:193, SEQ 1D NO:283, SEQ ID NO:251, SEQ ID NO:261, SEQ ID
NO:215, SEQ ID NO:179, or SEQ ID NO:311 and the antisense strand can consist of SEQ ID
NO:38, SEQ ID NO:128, SEQ ID NO:96, SEQ ID NO:106, SEQ ID NO:60, SEQ ID NO:24,
SEQ ID NO:156, SEQ ID NO:194, SEQ ID NO:284, SEQ ID NO:252, SEQ ID NO:262,
SEQ ID NO:216, SEQ ID NO:180, or SEQ ID NO:312. In an embodiment, the dsSRNA 1s
18397, 18379, 18445, 18420, 18415, 18431, or 18326. In an embodiment, the dSRNA targets
SEQ 1D NO:193, SEQ ID NO:283, SEQ ID NO:251, SEQ ID NO:261, SEQ ID NO:2135,
SEQ ID NO:179, or SEQ ID NO:311.
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In an embodiment, the dSRNA 1s conjugated to a ligand. In an embodiment, the
dsRNA 1s formulated 1n a lipid formulation. In an embodiment, the dSRNA 1s formulated 1n a

LNP formulation, a LNPO1 formulation, a LIPID A-SNALP formulation, or a SNALP

formulation.

In an embodiment, administration of the dsSRNA to a cell results 1n about 97%., 95%,
92%., 89%, or 74% inhibition of SAA mRNA expression as measured by a real time PCR
assay. In an embodiment, administration of the dSRNA to a cell results 1n about 89%, 87%,
83%., 68%, or 54% 1nhibition of SAA mRNA expression as measured by a branched DNA
assay. In an embodiment, administration of the dSRNA to a cell results 1n about 100%, 99%,
or 93% inhibition of SAA protein expression as measured by an ELISA assay. In an
embodiment, the dSRNA has an IC50 of less than 10 pM. In an embodiment, administration
of the dsRNA reduces SAA protein expression by about 80% 1n mice compared to an sSiRNA

control.

In an embodiment, the dSRNA 1ncludes an overhang. In an embodiment, the dSRNA
includes a dTdT overhang. In an embodiment, the dSRNA comprises two dTdT overhangs on

the 3’ end of the sense strand and the antisense strand.

In an embodiment, the sense strand 1s 21 nucleotides in length. In an embodiment, the
antisense strand 1s 21 nucleotides in length. In an embodiment, the dSRNA comprises one or
more 2'-O-methylcytidine-5’-phosphates and/or one or more 2'-O-methyluridine-5’-

phosphates.

In another embodiment, the invention provides a cell containing at least one of the
dsRNAs featured 1n the invention. The cell 1s generally a mammalian cell, such as a human

cell.

In another embodiment, the invention provides a pharmaceutical composition for
inhibiting the expression of an SAA gene 1n an organism, generally a human subject. The
composition typically includes one or more of the dsSRNAs described herein and a
pharmaceutically acceptable carrier or delivery vehicle. In one embodiment, the composition

1s used for treating amyloidosis, e.g., AA (secondary or reactive) amyloidosis.

In another embodiment, the pharmaceutical composition 1s formulated for
administration of a dosage regimen described herein, e.g., not more than once every four

weeks, not more than once every three weeks, not more than once every two weeks, or not
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more than once every week. In another embodiment, the pharmaceutical composition can be

maintained for a month or longer, e.g., one, two, three, or six months, or on¢ year or longer.

In another embodiment, a composition containing a dSRNA featured in the invention,
i.e., a dASRNA targeting SAA, 1s administered with a non-dsRNA therapeutic agent, such as an
agent known to treat amyloidosis, or a symptom of amyloidosis. For example, a dsSRNA
featured 1n the invention can be administered with an agent for treatment of an inflammatory
disorder, such as chronic inflammatory arthritis, or an agent for treatment of renal
dysfunction. Exemplary agents for treatment of chronic inflammatory arthritis include anti-
cytokine biologics, such as anakinra, tocilizumab, etanercept, infliximab, adlimumab,
certolizumab, rituxan, rituximab, chlorambucil, and Eprodisate (Neurochem, Canada).
Exemplary agents for treatment of renal dysfunction include, e.g., diurctics, ACE
(Angiotensin-Converting Enzyme) inhibitors, ARBs (angiotensin receptor blocking agents),

dialysis 1n end stage renal disease (ESRD), and renal transplant.

In another embodiment, an SAA dsRNA 1s administered to a patient, and then the
non-dsRNA agent 1s administered to the patient (or vice versa). In another embodiment, an

SAA dsRNA and the non-dsRNA therapeutic agent are administered at the same time.

In another embodiment, the invention provides a method for inhibiting the expression

of an SAA gene 1n a cell by performing the following steps:

(a) introducing into the cell a double-stranded ribonucleic acid (dSRNA), wherein
the dSRNA 1includes at least two sequences that are complementary to each other. The dsSRNA
has a sense strand having a first sequence and an antisense strand having a second sequence;
the antisense strand has a region of complementarity that 1s complementary to at least a part
of an mRNA encoding SAA, and where the region of complementarity 1s less than 30
nucleotides 1n length, generally 19-24 nucleotides 1n length, and where the dsSRNA, upon

contact with a cell expressing an SAA, inhibits expression of an SAA gene by at least 40%;
and

(b)  maintaining the cell produced 1n step (a) for a time sufficient to obtain
degradation of the mRNA transcript of SAA gene, thereby inhibiting expression of an SAA

gene 1n the cell.

In another embodiment, the method 1s for inhibiting gene expression in a tumor cell.



10

15

20

25

30

CA 02739170 2011-03-23
WO 2010/036962 PCT/US2009/058480

In another embodiment, the invention provides methods for treating, preventing or
managing pathological processes mediated by SAA expression, such as amyloidosis, e.g., AA
amyloidosis. In one embodiment, the method includes administering to a patient in need of
such treatment, prevention or management a therapeutically or prophylactically effective
amount of on¢ or more of the dsSRNAs featured 1n the invention. In one embodiment the
patient has amyloidosis. In another embodiment, administration of the dsSRNA targeting SAA
alleviates or relieves the severity of at least one symptom of an SAA-mediated disorder 1n the
patient. In one embodiment the patient has psoriatic arthritis, chronic juvenile arthritis,
ankylosing spondylitis, Behcet’s syndrome, Reiter’s syndrome, adult Still’s disease,
inflammatory bowel disease, hereditary periodic fevers, tuberculosis, ostcomyelits,
bronchiectasis, leprosy, pyelonephritis, decubitus ulcers, Whipple’s disease, acne conglobata,
common variable immunodeficiency hypo/agammaglobulinemia, cystic fibrosis, hepatoma,
renal carcinoma, Castleman’s disease, Hodgkin’s disease, adult hairy cell leukemaa,
Waldenstrom’s disease, a ncoplasm, a chronic infections, a chronic inflammatory disease,
chronic arthritis, chronic sepsis, a periodic fever syndrome, familial Mediterranean fever, or

Crohn’s disease.

In another embodiment, the invention provides a vector for inhibiting the expression
of an SAA gene in a cell. In one embodiment, the vector includes at least one regulatory
sequence operably linked to a nucleotide sequence that encodes at Ieast one strand of a

dsRNA featured in the invention.

In another embodiment, the invention provides a cell containing a vector for
inhibiting the expression of an SAA gene 1n a cell. The vector includes a regulatory sequence
operably linked to a nucleotide sequence that encodes at least one strand of one of the dSRNA

featured 1n the 1nvention.

In a further embodiment, the invention provides a composition containing an SAA
dsRNA, 1n combination with a second dsRNA targeting a second gene involved 1n a

pathological discase, and useful for treating the disease, e.g., amyloidosis.

The details of one or more embodiments of the invention are set forth 1n the
accompanying drawings and the description below. Other features, objects, and advantages

of the mvention will be apparent from the description and drawings, and from the claims.
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Brief Description of the Drawings

FIGs. 1A and 1B are graphs showing the effect of IL-1 and 1L-6 cytokines on SAA
mRNA and protein levels in HepB3 cell culture.

FIG. 2 1s a bar graph 1llustrating SAA mRNA levels in Hep3B cells following
administration of candidate SAA siRNAs.

FIG. 3 1s a bar graph 1illustrating SAA protein levels in Hep3B cells following
administration of candidate SAA siRNAs.

FIGs. 4A-4G are graphs 1llustrating dose response curves for selected SAA siIRNAs.

FIG. 5 1s a graph showing that SAA levels were increased 1n all mice tested 24 hours

after LPS 1njection compared to pre-LPS 1mnjection SAA levels.

FIG. 6 1s a graph showing that LNPO1-formulated 18445 and SNALP-formulated
18445 significantly downregulated SAA levels compared to controls.

FIG. 7 1s a graph showing that expression of hSAAT1 can last for approximately 2

weeks after a single injection of hNSAAI-adenovirus.
FIG. & 1s a picture showing a construct for expression of hSAAT1 1n hepatocytes.

FIG. 9 1s a graph showing the expression of hSAA1 m mice following hydrodynamic

injection.

FIG. 10 1s a picture showing a construct that was designed for hSAA1 transgene

expression.

Detailed Description of the Invention

The mvention provides dSRNAs and methods of using the dSRNAs for inhibiting the
expression of an SAA gene 1n a cell or a mammal where the dSRNA targets an SAA gene. In
some¢ embodiments, the dSRNAs featured in the invention target both an SAA1 gene and an
SAA2 gene. The invention also provides compositions and methods for treating pathological
conditions and diseases, such as an amyloidosis, in a mammal caused by the expression of an

SAA gene. dSRNA directs the sequence-specific degradation of mRNA through a process
known as RNA interference (RNA1).

The dsRNAs of the compositions featured herein include an RNA strand (the

antisense strand) having a region which 1s less than 30 nucleotides 1n length, generally 19-24
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nucleotides 1n length, and 1s substantially complementary to at least part of an mRNA
transcript of an SAA gene. The use of these dSRNASs enables the targeted degradation of
mRNAS of genes that are implicated 1in pathologies associated with an inflammatory response
(e.g., an acute phase inflammatory response) in mammals. Very low dosages of SAA
dsRNASs 1n particular can specifically and efficiently mediate RNA1, resulting 1in significant
inhibition of expression of an SAA gene. Using cell-based assays, the present inventors have
demonstrated that dSRNASs targeting SAA can specifically and efficiently mediate RNA1,
resulting 1n significant inhibition of expression of an SAA gene. Thus, methods and
compositions including these dSRNAs are useful for treating pathological processes that can

be mediated by down regulating SAA, such as in the treatment of amyloidosis.

The dsRNAs of the compositions can include a sense strand including at least 15, 16,
17, 18, 19, 20, or 21 or more nucleotides of a sense strand sequence selected from Table 2.
The dsSRNASs of the compositions can include an antisense strand including at least 15, 16, 17,
18, 19, 20, or 21 or more nucleotides of a sense strand sequence selected from Table 2. In an
embodiment, the sense strand can include 15, 16, 17, 18, 19, 20, or 21 or more contiguous
nucleotides of SEQ ID NO:37, SEQ ID NO:127, SEQ ID NO:95, SEQ ID NO:105, SEQ ID
NO:59, SEQ ID NO:23, or SEQ ID NO:155. In an embodiment, the antisense strand can
include 15, 16, 17, 18, 19, 20, or 21 or more contiguous nucleotides of SEQ ID NO:38, SEQ
ID NO:128, SEQ ID NO:96, SEQ ID NO:106, SEQ ID NO:60, SEQ ID NO:24, or SEQ ID
NO:156.

The dsRNAs of the compositions can target 15, 16, 17, 18, 19, 20, or 21 or more
contiguous nucleotides of a SAA mRNA, SEQ ID NO:286, SEQ ID NO:220, SEQ ID
NO:230, SEQ ID NO:324, SEQ ID NO:223, SEQ ID NO:386, and/or SEQ ID NO:373.

The dsRNA can be conjugated to a ligand. The dSRNA can be formulated in a lipid
formulation. In an embodiment, the dSRNA 1s formulated in a LNP formulation, a LNPO1

formulation, a Lipid A-SNALP formulation, or a SNALP formulation.

The dsRNASs of the compositions, when administered to a cell, can result in about 50-
100%, 97%, 95%, 92%, 89%, or 74% 1nhibition of SAA mRNA expression as measured by a
real time PCR assay. The dsRNAs of the compositions, when administered to a cell, can
result 1n about 50-100%, 89%, 87%, 83%, 68%, or 54% 1nhibition of SAA mRNA expression
as measured by a branched DNA assay. The dSRNAs of the compositions, when
administered to a cell, can result 1n about 50-100%, 100%, 99%, or 93% i1nhibition of SAA
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protein expression as measured by an ELISA assay. The dSRNAs of the compositions have
an IC50 oflessthan 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, or 15 pM. The dsRNAs of the
compositions can reduce SAA protein expression by about 40, 50, 60, 70, 80, or 90% 1n mice

compared to an sSiIRNA control.

The methods and compositions containing an SAA dsRNA are useful for treating
pathological processes mediated by SAA expression, such as inflammation-associated
disorders, such as amyloidosis. Other pathological processes can include psoriatic arthritis,
chronic juvenile arthritis, ankylosing spondylitis, Behcet’s syndrome, Reiter’s syndrome,
adult Still’s disease, inflammatory bowel disease, hereditary periodic fevers, tuberculosis,
ostcomyelitis, bronchiectasis, leprosy, pyelonephritis, decubitus ulcers, Whipple’s disease,
acne conglobata, common variable immunodeficiency hypo/agammaglobulinemia, cystic
fibrosis, hepatoma, renal carcinoma, Castleman’s disease, Hodgkin’s disease, adult hairy cell
leukemia, Waldenstrom’s disease, a neoplasm, a chronic infections, a chronic inflammatory
disease, chronic arthritis, chronic sepsis, a periodic fever syndrome, familial Mediterranean

fever, or Crohn’s disease.

The following detailed description discloses how to make and use the compositions
containing dsSRNASs to inhibit the expression of an SAA gene, as well as compositions and
methods for treating diseases and disorders caused by the expression of these genes. The
pharmaceutical compositions featured 1n the invention include a dSRNA having an antisense
strand comprising a region of complementarity which 1s less than 30 nucleotides in length,
generally 19-24 nucleotides 1n length, and 1s substantially complementary to at least part of
an RNA transcript of an SAA gene, together with a pharmaceutically acceptable carrier. The
compositions featured in the invention also include a dsSRNA having an antisense strand
having a region of complementarity which 1s less than 30 nucleotides in length, generally 19-
24 nucleotides 1n length, and 1s substantially complementary to at least part of an RNA
transcript of an SAA gene.

Accordingly, in some aspects, pharmaceutical compositions containing an SAA
dsRNA and a pharmacecutically acceptable carrier, methods of using the compositions to
inhibit expression of an SAA gene, and methods of using the pharmaceutical compositions to

treat discases caused by expression of an SAA gene are featured 1n the invention.
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1. Definitions

For convenience, the meaning of certain terms and phrases used 1 the specification,
examples, and appended claims, are provided below. If there 1s an apparent discrepancy
between the usage of a term 1n other parts of this specification and its definition provided in

this section, the definition in this section shall prevail.

"G," "C," "A" and "U" each generally stand for a nucleotide that contains guanine,
cytosine, adenine, and uracil as a base, respectively. “T” and “dT” are used interchangeably
herein and refer to a deoxyribonucleotide wherein the nucleobase 1s thymine, ¢.g.,
deoxyribothymine. However, 1t will be understood that the term “‘ribonucleotide” or
“nucleotide” or “deoxyribonucleotide™ can also refer to a modified nucleotide, as further
detailed below, or a surrogate replacement moiety. The skilled person 1s well aware that
guanine, cytosine, adenine, and uracil may be replaced by other moieties without
substantially altering the base pairing properties of an oligonucleotide comprising a
nucleotide bearing such replacement moiety. For example, without limitation, a nucleotide
comprising 1nosine as its base may base pair with nucleotides containing adenine, cytosine, or
uracil. Hence, nucleotides containing uracil, guanine, or adenine may be replaced 1n the
nucleotide sequences of the invention by a nucleotide containing, for example, 1mnosine.

Sequences comprising such replacement moieties are embodiments of the invention.

As used herein, “Serum Amyloid A” (“SAA”) refers to an SAA1 or an SAA2 gene
(e.g., an endogenous SAA1 or SAA2 gene) in a cell. SAATI 1s also known as serum amyloid
Al, MGC111216, PIG4, SAA, and tumor protein p53 inducible protein 4 (TP5314). The
sequence of two alternative human SAA1 mRNA transcripts can be found at NM 000331.3
and NM 199161.2. The sequence of mouse SAA1 mRNA can be found at NM 009117.3. A

single, near full length, SAA-like trace cDNA sequence from cynomolgus monkey 18

Mta#S27795076 (Macaca fascicularis).

SAA2 1s also known as serum amyloid A2 and SAA. The sequence of two alternative
human SAA2 mRNA transcripts can be found at NM 001127380.1 and NM 030754.3. The
sequence of mouse SAA2 mRNA 1s at NM 011314.1.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide
sequence of an mRNA molecule formed during the transcription of an SAA gene, including

mRNA that 1s a product of RNA processing of a primary transcription product. The target
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sequence 1s complementary to the dSRNA antisense sequence and thus has the same sequence

as the dSRNA sense sequence, minus any overhang that 1s present in the sense strand.

As used herein, the term “strand comprising a sequence” refers to an oligonucleotide
comprising a chain of nucleotides that 1s described by the sequence referred to using the

standard nucleotide nomenclature.

As used herein, and unless otherwise indicated, the term “complementary,” when used
to describe a first nucleotide sequence 1n 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 may 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. Other conditions, such as physiologically relevant
conditions as may be encountered inside an organism, can apply. The skilled person will be
able to determine the set of conditions most appropriate for a test of complementarity of two

sequences 1n accordance with the ultimate application of the hybridized nucleotides.

This includes base-pairing of the oligonucleotide or polynucleotide comprising the
first nucleotide sequence to the oligonucleotide or polynucleotide comprising the second
nucleotide sequence over the entire length of the first and second nucleotide sequence. Such
sequences can be referred to as “fully complementary” with respect to each other herein.
However, where a first sequence 1s referred to as “substantially complementary” with respect
to a second sequence herein, the two sequences can be fully complementary, or they may
form one or more, but generally not more than 4, 3 or 2 mismatched base pairs upon
hybridization, while retaming the ability to hybridize under the conditions most relevant to
their ultimate application. 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 on¢ oligonucleotide 21 nucleotides 1n length and another oligonucleotide 23
nucleotides in length, wherein the longer oligonucleotide comprises a sequence of 21
nucleotides that 1s fully complementary to the shorter oligonucleotide, may yet be referred to

as “fully complementary” for the purposes described herein.
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“Complementary” sequences, as used herein, may also include, or be formed entirely
from, non-Watson-Crick base pairs and/or base pairs formed from non-natural and modified
nucleotides, 1n as far as the above requirements with respect to their ability to hybridize are
fulfilled. Such non-Watson-Crick base pairs includes, but not limited to, G:U Wobble or

Hoogstein base pairing.

The terms “complementary,” “fully complementary” and “‘substantially
complementary’ herein may 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 a dsSRNA and

a target sequence, as will be understood from the context of their use.

As used herein, a polynucleotide that 1s “substantially complementary to at least part
of” a messenger RNA (mRNA) refers to a polynucleotide that 1s substantially complementary
to a contiguous portion of the mRNA of interest (e.g., an mRNA encoding SAA, such as
SAA1 or SAA2) including a 5° UTR, an open reading frame (ORF), or a 3° UTR. For
example, a polynucleotide 1s complementary to at least a part of an SAA mRNA 1if the

sequence 18 substantially complementary to a non-interrupted portion of an mRNA encoding

SAA.

The term “double-stranded RNA™ or “dsRNA,” as used herein, refers to a complex of
ribonucleic acid molecules, having a duplex structure comprising two anti-parallel and
substantially complementary, as defined above, nucleic acid strands. In general, the majority
of nucleotides of each strand are ribonucleotides, but as described 1n detail herein, each or
both strands can also include at least one non-ribonucleotide, €.g., a deoxyribonucleotide
and/or a modified nucleotide. In addition, as used 1n this specification, “dsRNA” may
include chemical modifications to ribonucleotides, including substantial modifications at
multiple nucleotides and including all types of modifications disclosed herein or known in the
art. Any such modifications, as used 1n an siRNA type molecule, are encompassed by

“dsRNA” for the purposes of this specification and claims.

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
on¢ 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 1s referred to as a “hairpin loop.” Where the two

strands are connected covalently by means other than an uninterrupted chain of nucleotides
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between the 3’-end of one strand and the 5’end of the respective other strand forming the
duplex structure, the connecting structure 1s 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 1n the shortest strand of the dSRNA minus any overhangs that are
present 1n the duplex. In addition to the duplex structure, a dSRNA may comprise one or
more nucleotide overhangs. The term “siRNA” 1s also used herein to refer to a dsSRNA as

described above.

As used herein, a “nucleotide overhang” refers to the unpaired nucleotide or
nucleotides that protrude from the duplex structure of a dASRNA when a 3'-end of one strand
of the dsRNA extends beyond the 5'-end of the other strand, or vice versa. “Blunt” or “blunt
end” means that there are no unpaired nucleotides at that end of the dsSRNA, i.e., no
nucleotide overhang. A “blunt ended” dsRNA 1s a dsSRNA that 1s double-stranded over its
entire length, i.e., no nucleotide overhang at either end of the molecule. In an embodiment,
the sequences shown 1n the “Sequence without chemistry (5°-37)” column of Table 2 (SAA
siIRNASs; below) can include one or more overhangs comprised of one or more nucleotides.
In one aspect, the overhang 1s a two nucleotide 3’ overhang comprising the sequence NN,
where NN can be any nucleotide, ¢.g., C, A, G, T. In an embodiment, the overhang can
include one or more phosphorothioates on the overhang, ¢.g., the terminal 3’ dT of the

overhang can have a phosphorothioate. In an embodiment, the overhang 1s dTsdT.

The term “antisense strand” refers to the strand of a dSRNA which mcludes a region
that 1s substantially complementary to a target sequence. 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, as defined herein. Where the
region of complementarity 1s not fully complementary to the target sequence, the mismatches
arc most tolerated 1n the terminal regions and, 1f present, are generally 1 a terminal region or

regions, e.g., within 6, 5, 4, 3, or 2 nucleotides of the 5° and/or 3’ terminus.

The term ““sense strand,” as used herein, refers to the strand of a dsSRNA that includes

a region that 1s substantially complementary to a region of the antisense strand.

“Introducing 1nto a cell,” when referring to a dsSRNA, means facilitating uptake or
absorption into the cell, as 1s understood by those skilled 1n the art. Absorption or uptake of
dsRNA can occur through unaided diffusive or active cellular processes, or by auxiliary

agents or devices. The meaning of this term 1s not limited to cells in vitro; a dASRNA may also
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be “introduced 1nto a cell,” wherein the cell 1s part of a living organism. In such instance,
introduction into the cell will include the delivery to the organism. For example, for in vivo
delivery, dsSRNA can be injected into a tissue site or administered systemically. In vitro
introduction into a cell includes methods known 1n the art such as electroporation and

lipotection.

2% C¢

The terms ““silence,” “inhibit the expression of,” “down-regulate the expression of,”
“suppress the expression of”” and the like 1n as far as they refer to an SAA gene, herein refer
to the at least partial suppression of the expression of an SAA gene, as manifested by a
reduction of the amount of mRNA which may be 1solated and/or detected from a first cell or
group of cells in which an SAA gene 1s transcribed and which has or have been treated such
that the expression of an SAA gene 18 inhibited, as compared to a second cell or group of
cells substantially 1dentical to the first cell or group of cells but which has or have not been so

treated (control cells). The degree of inhibition 1s usually expressed in terms of

(mRNA m control cells) - (mRNA 1n treated cells)
(mRNA 1n control cells)

e 100%

Alternatively, the degree of inhibition may be given in terms of a reduction of a
parameter that 1s functionally linked to SAA gene transcription, e.g., the amount of protein
encoded by an SAA gene which 1s secreted by a cell, or the number of cells displaying a
certain phenotype, e.g., apoptosis. In principle, SAA gene silencing may be determined in
any cell expressing the target, either constitutively or by genomic engineering, and by any
appropriate assay. However, when a reference 1s needed 1n order to determine whether a
given dsSRNA 1nhibits the expression of an SAA gene by a certain degree and therefore 1s
encompassed by the instant invention, the assays provided in the Examples below shall serve

as such reterence.

For example, in certain instances, expression of an SAA gene 18 suppressed by at least
about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, or 50% by administration of the
double-stranded oligonucleotide featured 1n the invention. In some embodiments, an SAA
gene 18 suppressed by at least about 60%, 70%, or 80% by administration of the double-
stranded oligonucleotide featured in the invention. In some embodiments, an SAA gene 1s
suppressed by at least about 85%, 90%, or 95% by administration of the double-stranded

oligonucleotide featured 1n the mnvention. Tables 3, 4, and 5, and FIGs. 2 and 3 indicate a
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range of inhibition of expression obtained 1n in vitro and ex vivo assays using various SAA

dsRNA molecules at various concentrations.

2% <6

As used herein 1n the context of SAA expression, the terms “treat,” “treatment,” and
the like, refer to relief from or alleviation of pathological processes mediated by SAA
expression. In the context of the present invention isofar as it relates to any of the other
conditions recited herein below (other than pathological processes mediated by SAA

P4

expression), the terms “treat,” “treatment,” and the like mean to relieve or alleviate at least
on¢ symptom associated with such condition, or to slow or reverse the progression of such

condition, such as the slowing and progression of amyloidosis.

As used herein, the phrases “therapeutically effective amount” and “prophylactically
etfective amount” refer to an amount that provides a therapeutic benefit in the treatment,
prevention, or management of pathological processes mediated by SAA expression or an
overt symptom of pathological processes mediated by SAA expression. The specific amount
that 1s therapeutically effective can be readily determined by an ordinary medical practitioner,
and may vary depending on factors known 1n the art, such as, for example, the type of
pathological processes mediated by SAA expression, the patient’s history and age, the stage
of pathological processes mediated by SAA expression, and the administration of other anti-

pathological processes mediated by SAA expression agents.

As used herein, a “pharmaceutical composition” comprises a pharmacologically
cffective amount of a dSRNA and a pharmaceutically acceptable carrier. As used herein,

2% 66

“pharmacologically effective amount,” “therapeutically effective amount” or simply
“effective amount” refers to that amount of a RNA effective to produce the intended
pharmacological, therapeutic or preventive result. For example, 1f a given clinical treatment
1s considered effective when there 1s at least a 25% reduction 1n a measurable parameter
associated with a disease or disorder, a therapeutically effective amount of a drug for the
trcatment of that discase or disorder 1s the amount necessary to effect at least a 25% reduction
in that parameter. For example, a therapeutically effective amount of a dSRNA targeting

SAA can reduce SAA serum levels by at least 25%. In another example, a therapeutically

cffective amount of a dSRNA targeting SAA can improve renal function by at least 25%.

The term “pharmacecutically acceptable carrier” refers to a carrier for administration
of a therapeutic agent. Such carriers include, but are not limited to, saline, buffered saline,

dextrose, water, glycerol, ethanol, and combinations thercof. The term specifically excludes
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cell culture medium. For drugs administered orally, pharmaceutically acceptable carriers
include, but are not limited to pharmaceutically acceptable excipients such as inert diluents,
disintegrating agents, binding agents, lubricating agents, sweetening agents, flavoring agents,
coloring agents and preservatives. Suitable inert diluents include sodium and calcium
carbonate, sodium and calcium phosphate, and lactose, while corn starch and alginic acid are
suitable disintegrating agents. Binding agents may mclude starch and gelatin, while the
lubricating agent, 1f present, will generally be magnesium stearate, stearic acid or tale. If
desired, the tablets may be coated with a material such as glyceryl monostearate or glyceryl

distearate, to delay absorption 1 the gastrointestinal tract.

As used herein, a “transformed cell” 1s a cell into which a vector has been introduced

from which a dSRNA molecule may be expressed.

I1. Double-stranded ribonucleic acid (dsRNA

As described 1n more detail herein, the invention provides double-stranded
ribonucleic acid (ASRNA) molecules for inhibiting the expression of an SAA gene 1n a cell or
mammal, e.g., in a human having an amyloidosis, where the dSRNA includes an antisense
strand having a region of complementarity which 1s complementary to at least a part of an
mRNA formed 1n the expression of an SAA gene, and where the region of complementarity
1S less than 30 nucleotides 1 length, generally 19-24 nucleotides in length, and where said
dsRNA, upon contact with a cell expressing said SAA gene, inhibits the expression of said
SAA gene by at least 30% as assayed by, for example, a PCR or branched DNA (bDNA)-
based method, or by a protein-based method, such as by Western blot. Expression of an SAA
gene can be reduced by at least 30% when measured by an assay as described 1n the
Examples below. For example, expression of an SAA gene 1n cell culture, such as in HepB3
cells, can be assayed by measuring SAA mRNA levels, such as by bDNA or TagMan assay,
or by measuring protein levels, such as by ELISA assay. The dSRNA of the invention can

further include one or more single-stranded nucleotide overhangs.

The dsRNA can be synthesized by standard methods known 1n the art as further
discussed below, e.g., by use of an automated DNA synthesizer, such as are commercially
available from, for example, Bioscarch, Applied Biosystems, Inc. The dsRNA 1includes two
RNA strands that are sufficiently complementary to hybridize to form a duplex structure.
One strand of the dsSRNA (the antisense strand) includes a region of complementarity that 1s

substantially complementary, and generally fully complementary, to a target sequence,
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derived from the sequence of an mRNA formed during the expression of an SAA gene, the
other strand (the sense strand) includes a region that 1s complementary to the antisense strand,
such that the two strands hybridize and form a duplex structure when combined under
suitable conditions. Optionally, the region of the antisense strand that 1s substantially
complementary to a sequence of an SAA mRNA 1s substantially complementary to both an
SAAI and an SAA2 mRNA. Generally, the duplex structure 1s between 15 and 30, more
generally between 18 and 25, yet more generally between 19 and 24, and most generally
between 19 and 21 base pairs in length. Similarly, the region of complementarity to the
target sequence 18 between 15 and 30, or between 25 and 30, or between 18 and 25, or
between 19 and 24, or between 19 and 21, or 19, 20, or 21 base pairs 1n length. In one
embodiment the duplex 1s 19 base pairs in length. In another embodiment the duplex 1s 21
base pairs 1n length. When two different sSiIRNAs are used in combination, the duplex lengths

can be identical or can differ.

Each strand of the dSRNA of invention 18 generally between 15 and 30, or between 18
and 25, or 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides 1n length. In other embodiments, cach
1s strand 18 25-30 nucleotides 1n length. Each strand of the duplex can be the same length or
of different lengths. When two different siRNASs are used 1n combination, the lengths of cach

strand of each siRNA can be 1dentical or can differ.

The dsRNA of the mvention can include one or more single-stranded overhang(s) of
on¢ or more nucleotides. In one embodiment, at Ieast one end of the dSRNA has a single-
stranded nucleotide overhang of 1 to 4, generally 1 or 2 nucleotides. In another embodiment,
the antisense strand of the dsSRNA has 1-10 nucleotides overhangs cach at the 3” end and the
5’ end over the sense strand. In further embodiments, the sense strand of the dSRNA has 1-

10 nucleotides overhangs cach at the 3’ end and the 5° end over the antisense strand.

"Generally, the dSRNA 1ncludes two 3’ overhangs. In an embodiment, the antisense
strand of the dSRNA has a nucleotide overhang at the 3’-end, and the 5’-end 1s blunt. In
another embodiment, the sense strand of the dSRNA has a nucleotide overhang at the 3’ end
and the 5 end 1s blunt. In another embodiment, both ends of the dSRNA can be blunt. In
another embodiment, one or more of the nucleotides 1n the overhang 1s replaced with a

nucleoside thiophosphate.

In one embodiment, an SAA gene 1s a human SAA gene. In specific embodiments,

the sense strand of the dSRNA 1s one of the sense sequences from Table 2, and the antisense
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strand 18 on¢ of the antisense sequences of Table 2. Alternative antisense agents that target
clsewhere 1n the target sequence provided 1n Table 2 can readily be determined using the

target sequence and the flanking SAA sequence.

The skilled person 1s well aware that dSRNAs having a duplex structure of between 20
and 23, but specifically 21, base pairs have been hailed as particularly effective in inducing
RNA 1nterference (Elbashir ef al., EMBO 2001, 20:6877-6888). However, others have found
that shorter or longer dSRNASs can be effective as well. In the embodiments described above,
by virtue of the nature of the oligonucleotide sequences provided in Table 2, the dSRNAs
featured 1n the mnvention can include at least one strand of a length described therein. It can
be reasonably expected that shorter dSRNAS having one of the sequences of Table 2 minus
only a few nucleotides on one or both ends may be similarly effective as compared to the
dsRNAs described above. Hence, dSRNAs having a partial sequence of at least 15, 16, 17,
18, 19, 20, 21, or 22 or more contiguous nucleotides from one of the sequences of Table 2,
and differing 1n their ability to inhibit the expression of an SAA gene 1n an assay as described
herein below by not more than 5, 10, 15, 20, 25, or 30 % inhibition from a dsSRNA
comprising the full sequence, are contemplated by the invention. Further, dSRNNAs that
cleave within a desired SAA target sequence can readily be made using the corresponding

SAA antisense sequence and a complementary sense sequence.

In addition, the dSRNASs provided in Table 2 1dentify a site 1n an SAA mRNA (e.g., 1n
an SAAT and/or an SAA2 mRNA) that 1s susceptible to RNA1 based cleavage. As such, the
present invention further features dsSRNAs that target within the sequence targeted by one of
the agents of the present invention. As used herein, a second dsRNA 1s said to target within
the sequence of a first dASRNA 1f the second dsSRNA cleaves the message anywhere within the
mRNA that 1s complementary to the antisense strand of the first dSSRNA. Such a second
dsRNA will generally consist of at least 15 contiguous nucleotides from one of the sequences
provided in Table 2 coupled to additional nucleotide sequences taken from the region
contiguous to the selected sequence in an SAAI or SAA2 gene. For example, the last
15 nucleotides of SEQ ID NO:1 combined with the next six nucleotides from the target SAA
ogene produces a single strand agent of 21 nucleotides that 1s based on one of the sequences

provided 1n Table 2.

The dsRNA featured in the invention can contain one or more mismatches to the

target sequence. In one embodiment, the dSRNA featured the invention contains no more than
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3 mismatches. It the antisense strand of the dSRNA contains mismatches to a target sequence,
it 1s preferable that the arca of mismatch not be located 1n the center of the region of
complementarity. If the antisense strand of the dSRNA contains mismatches to the target
sequence, 1t 18 preferable that the mismatch be restricted to 5 nucleotides from either end, for
example 3, 4, 3, 2, or 1 nucleotide from either the 5’ or 3° end of the region of
complementarity. For example, for a 23 nucleotide dsRNA strand which 1s complementary to
a region of an SAA gene, the dSRNA generally does not contain any mismatch within the
central 13 nucleotides. The methods described within the invention can be used to determine
whether a dSRNA containing a mismatch to a target sequence 1s effective 1n inhibiting the
expression of an SAA gene. Consideration of the efficacy of dSRNAs with mismatches 1n
inhibiting expression of an SAA gene 1s important, especially if the particular region of
complementarity in an SAA gene 18 known to have polymorphic sequence variation within

the population.

Modifications

In yet another embodiment, the dsSRNA 1s chemically modified to enhance stability.
The nucleic acids featured 1n the invention may be synthesized and/or modified by methods
well established 1n the art, such as those described 1n “Current protocols 1in nucleic acid
chemistry,” Beaucage, S.L. ef al. (Edrs.), John Wiley & Sons, Inc., New York, NY, USA,
which 18 hereby incorporated herein by reference. Specific examples of dSRNA compounds
uscful 1n this invention include dsRNAs containing modified backbones or no natural
internucleoside linkages. As defined 1n this specification, dSRNAs having modified
backbones include those that retain a phosphorus atom 1n the backbone and those that do not
have a phosphorus atom 1n the backbone. For the purposes of this specification, and as
sometimes referenced in the art, modified dsRNAs that do not have a phosphorus atom 1n

their internucleoside backbone can also be considered to be oligonucleosides.

Modified dsRNA 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°-5°

linked analogs of these, and those) having inverted polarity wherein the adjacent pairs of
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nucleoside units are linked 3’-5" to 5°-3" or 2°-5" to 5°-2’. Various salts, mixed salts and free

acid forms are also included.

Representative U.S. patents that teach the preparation of the above phosphorus-
containing linkages include, but are not limited to, U.S. Pat. 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, and 5,625,050, cach of

which 18 herein incorporated by reference

Modified dsRNA 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 ore 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; sultamate backbones; methyleneimino and methylenehydrazino backbones;
sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, O, S

and CH2 component parts.

Representative U.S. patents that teach the preparation of the above oligonucleosides
include, but are not limited to, U.S. Pat. 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, each of which 1s herein

incorporated by reference.

In other suitable dSRNA mimetics, 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, a dSRNA mimetic that has been shown to have excellent hybridization
properties, 1s referred to as a peptide nucleic acid (PNA). In PNA compounds, the sugar
backbone of a dsSRNA 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.
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patents that teach the preparation of PNA compounds include, but are not limited to, U.S. Pat.
Nos. 5,539,082; 5,714,331; and 5,719,262, cach of which 1s herein incorporated by reference.
Further teaching of PNA compounds can be found 1n Nielsen et al., Science, 1991, 254,
1497-1500.

Other embodiments of the invention are dSRNAs 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;--
O--N(CH3)--CH;--, --CH,--N(CH3)--N(CH3)--CH,-- and --N(CH3)--CH,--CH,--[wherein the
native phosphodiester backbone 1s represented as --O--P--O--CH,--] of the above-referenced
U.S. Pat. No. 5,489.677, and the amide backbones of the above-reterenced U.S. Pat. No.
5,602,240. Also preferred are dSRNAs having morpholino backbone structures of the above-
referenced U.S. Pat. No. 5,034.506.

Modified dSRNAs may also contain one or more substituted sugar moieties. Preferred
dsRNAs comprise 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
may be substituted or unsubstituted C1 to C10 alkyl or C2 to C10 alkenyl and alkynyl.
Particularly pretferred are O[(CH,),0O].CH3, O(CH,),OCH;, O(CH,),NH,, O(CH,),CHs,
O(CH;),ONH,, and O(CH;),ON[(CH;),CH3)],, where n and m are from 1 to about 10. Other
preferred dSRNAs comprise one of the following at the 27 position: C1 to C10 lower alkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, CI, Br, CN,
CF3, OCF3, SOCH3, SO2CH3, ONO2, NO2, N3, NH2, heterocycloalkyl,
heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving
group, a reporter group, an intercalator, a group for improving the pharmacokinetic properties
of an dsRNA, or a group for improving the pharmacodynamic properties of an dsRNA, and
other substituents having similar properties. A preferred modification includes 2°-
methoxyethoxy (27-O--CH2CH20CH3, also known as 2’-O-(2-methoxyethyl) or 2°-MOE)
(Martin et al., Helv. Chim. Acta, 1993, 78, 486-504) i.e., an alkoxy-alkoxy group. A further
preferred modification includes 2’-dimethylaminooxyethoxy, i.e., a O(CH;),ON(CH3);
group, also known as 2°-DMAOE, as described 1in examples herein below, and 2°-

dimethylaminocthoxyethoxy (also known in the art as 2°-O-dimethylaminoethoxyethyl or 2°-
DMAEOE), i.e., 2°-O--CH2--O--CH2--N(CH2)2, also described 1in examples herein below.
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Other preferred modifications include 2’-methoxy (2°-OCH3), 2°-aminopropoxy (2°-
OCH,CH,;CH;NH;) and 2’-fluoro (2’-F). Stmilar modifications may also be made at other
positions on the dSRNA, particularly the 3° position of the sugar on the 3’ terminal nucleotide
or in 2°-5" linked dsRNAs and the 57 position of 5° terminal nucleotide. DSRNAs may also
have sugar mimetics such as cyclobutyl moicties 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 1nstant application, and cach of

which 18 herein incorporated by reference 1 1its entirety.

dsRNAs may 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, S-halouracil and cytosine, S-propynyl uracil and cytosine, 6-azo uracil, cytosine
and thymine, 5-uracil (pscudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, &-
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 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., Angewandte Chemie, International Edition, 1991, 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 Press, 1993. Certain of these nucleobases are
particularly useful for increasing the binding affinity of the oligomeric compounds featured 1n
the invention. These include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-
6 substituted purines, including 2-aminopropyladenine, S-propynyluracil and 5-

propynylcytosine. 5-methylcytosine substitutions have been shown to increase nucleic acid
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duplex stability by 0.6-1.2°C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., Eds., DSRNA
Research and Applications, CRC Press, Boca Raton, 1993, pp. 276-278) and arc exemplary
base substitutions, even more particularly when combined with 2°-O-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. Pat. No. 3,687.808, as well as U.S. Pat. Nos. 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; and 5,681,941, cach of
which 1s herein incorporated by reference, and U.S. Pat. No. 5,750,692, also herein

incorporated by reference.

Conjugates

Another modification of the dSRNAs featured 1n the invention involves chemically
linking to the dSRNA one or more moicties or conjugates which enhance the activity, cellular
distribution or cellular uptake of the dSRNA. Such moieties include but are not limited to
l1ipid moieties such as a cholesterol moiety (Letsinger ef al., Proc. Natl. Acid. Sci1. USA,
1989, 86: 6553-6556), cholic acid (Manoharan et al., Biorg. Med. Chem. Let., 1994, 4:1053-
1060), a thiocther, e.g., beryl-S-tritylthiol (Manoharan ef al., Ann. N.Y. Acad. Sci., 1992,
660:306-309; Manoharan et al., Biorg. Med. Chem. Let., 1993, 3:2765-2770), a
thiocholesterol (Oberhauser ef al., Nucl. Acids Res., 1992, 20:533-538), an aliphatic chain,
e.g., dodecandiol or undecyl residues (Saison-Behmoaras et a/., EMBO J, 1991, 10:1111-
1118; Kabanov et al., FEBS Lett., 1990, 259:327-330; Svinarchuk et a/., Biochimie, 1993,
75:49-54), a phospholipid, e.g., di-hexadecyl-rac-glycerol or triecthyl-ammonium 1,2-di1-O-
hexadecyl-rac-glycero-3-Hphosphonate (Manoharan ef al., Tetrahedron Lett., 19935, 36:3651-
3654; Shea et al., Nucl. Acids Res., 1990, 18:3777-3783), a polyamine or a polyethylene
glycol chain (Manoharan et al., Nucleosides & Nucleotides, 19935, 14:969-973), or
adamantane acetic acid (Manoharan et al., Tetrahedron Lett., 1993, 36:3651-3654), a
palmityl moiety (Mishra et al., Biochim. Biophys. Acta, 1995, 1264:229-237), or an

octadecylamine or hexylamino-carbonyloxycholesterol moiety (Crooke et al., J. Pharmacol.

Exp. Ther., 1996, 277:923-937).

Representative U.S. patents that teach the preparation of such dSRNA conjugates

include, but are not limited to, U.S. Pat. Nos. 4,828.979: 4 948 882: 5,218,105; 5,525.4635;
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5,941,313, 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, each of which 1s

herein incorporated by reference.

It 1s not necessary for all positions 1in a given compound to be uniformly modified,
and 1n fact more than one of the aforementioned modifications may be incorporated 1n a
single compound or even at a single nucleoside within a dsRNA. The present invention also
includes dsRNA compounds which are chimeric compounds. “Chimeric” dsSRNA compounds
or “‘chimeras,” 1n the context of this invention, are dSRNA compounds, particularly dsRNAsS,
which contain two or more chemically distinct regions, ecach made up of at least one
monomer unit, i.e., a nucleotide 1n the case of a dsSRNA compound. These dSRNAs typically
contain at least one region wherein the dsRNA 1s modified so as to confer upon the dsRNA
increased resistance to nuclease degradation, increased cellular uptake, and/or increased
binding affinity for the target nucleic acid. An additional region of the dSRNA may serve as a
substrate for enzymes capable of cleaving RNA:DNA or RNA:RNA hybrids. By way of
example, Rnase H 1s 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
orcatly enhancing the efficiency of dSRNA 1nhibition of gene expression. Consequently,
comparable results can often be obtained with shorter dSRNAs when chimeric dSRNAS are
used, compared to phosphorothioate deoxydsRNASs hybridizing to the same target region.
Cleavage of the RNA target can be routinely detected by gel electrophoresis and, 1f

necessary, associated nucleic acid hybridization techniques known 1n the art.

In certain instances, the dSRNA may be modified by a non-ligand group. A number
of non-ligand molecules have been conjugated to dsSRNASs 1n order to enhance the activity,
cellular distribution or cellular uptake of the dSRNA, and procedures for performing such
conjugations are¢ available 1n the scientific literature. Such non-ligand moicties have included
lipid moieties, such as cholesterol (Letsinger ef al., Proc. Natl. Acad. Sci. USA, 1989,
86:6553), cholic acid (Manoharan et al., Bioorg. Med. Chem. Lett., 1994, 4:1053), a

thiocther, e.g., hexyl-S-tritylthiol (Manoharan et a/., Ann. N.Y. Acad. Sci., 1992, 660:306;
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Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3:2765), a thiocholesterol (Oberhauser et
al., Nucl. Acids Res., 1992, 20:533), an aliphatic chain, e.g., dodecandiol or undecyl residues
(Saison-Behmoaras ef al., EMBO J., 1991, 10:111; Kabanov et al., FEBS Lett., 1990,
259:327; Svinarchuk et al., Biochimie, 1993, 75:49), a phospholipid, e.g., di-hexadecyl-rac-
glycerol or tricthylammonium 1,2-di1-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan
et al., Tetrahedron Lett., 19935, 36:3651; Shea et al., Nucl. Acids Res., 1990, 18:3777), a
polyamine or a polyethylene glycol chain (Manoharan et al., Nucleosides & Nucleotides,
1995, 14:969), or adamantane acetic acid (Manoharan et al., Tetrahedron Lett., 1995,
36:3651), a palmityl moiety (Mishra et al., Biochim. Biophys. Acta, 1995, 1264:229), or an
octadecylamine or hexylamino-carbonyl-oxycholesterol moiety (Crooke ez al., J. Pharmacol.
Exp. Ther., 1996, 277:923). Representative United States patents that teach the preparation of
such dsSRNA conjugates have been listed above. Typical conjugation protocols involve the
synthesis of dSRNAs bearing an aminolinker at one or more positions of the sequence. The
amino group 18 then reacted with the molecule being conjugated using appropriate coupling
or activating reagents. The conjugation reaction may be performed either with the dsSRNA
still bound to the solid support or following cleavage of the dSRNA 1n solution phase.
Purification of the dSRNA conjugate by HPLC typically affords the pure conjugate.

Vector encoded dsRNAS

In another aspect, SAA dsRNA molecules are expressed from transcription units
inserted into DNA or RNA vectors (see, e.g., Couture, A, et al., TIG. (1996), 12:5-10;
Skillern, A., et 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). These transgenes
can be mtroduced as a linear construct, a circular plasmid, or a viral vector, which can be
incorporated and inherited as a transgene mtegrated into the host genome. The transgene can

also be constructed to permit 1t to be inherited as an extrachromosomal plasmid (Gassmann,

et al., Proc. Natl. Acad. Sci. USA (1995) 92:1292).

The individual strands of a dSRNA can be transcribed by promoters on two separate
expression vectors and co-transfected into a target cell. Alternatively each individual strand
of the dSRNA can be transcribed by promoters both of which are located on the same
expression plasmid. In one embodiment, a dSRNA 1s expressed as an inverted repeat joined

by a linker polynucleotide sequence such that the dSRNA has a stem and loop structure.
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The recombinant dSRNA expression vectors are generally DNA plasmids or viral
vectors. dSRNA expressing viral vectors can be constructed based on, but not limited to,
adeno-associated virus (for a review, see Muzyczka, et al., Curr. Topics Micro. Immunol.
(1992) 158:97-129)); adenovirus (see, for example, Berkner, et al., BioTechniques (1998)
6:616), Rosenfeld ez al. (1991, Science 252:431-434), and Rosenfeld et al. (1992), Cell
68:143-155)); or alphavirus as well as others known 1n the art. Retroviruses have been used
to introduce a variety of genes into many different cell types, including epithelial cells, in
vitro and/or in vivo (see, e.g., Eglitis, et al., Science (1985) 230:1395-1398; Danos and
Mulligan, Proc. Natl. Acad. Sci. USA (1998) 85:6460-6464; Wilson et al., 1988, Proc. Natl.
Acad. Sc1. USA 85:3014-3018; Armentano ef al., 1990, Proc. Natl. Acad. Sci. USA
87:61416145; Huber et al., 1991, Proc. Natl. Acad. Sci. USA 88:8039-8043; Ferry et al.,
1991, Proc. Natl. Acad. Sc1. USA 88 :8377-8381 ; Chowdhury et al., 1991, Science
254 :1802-1805 ; van Beusechem. £t al., 1992, Proc. Nad. Acad. Sci. USA 89:7640-19 ; Kay
et al., 1992, Human Gene Therapy 3:641-647; Dai et al., 1992, Proc. Natl.Acad. Sci. USA
89:10892-10895; Hwu ef al., 1993, J. Immunol. 150:4104-4115; U.S. Patent No. 4,868,116;
U.S. Patent No. 4,980,286, PCT Application WO 89/07136; PCT Application WO 89/02468;
PCT Application WO 89/05345; and PCT Application WO 92/07573). Recombinant

retroviral vectors capable of transducing and expressing genes inserted into the genome of a
cell can be produced by transfecting the recombinant retroviral genome into suitable
packaging cell lines such as PA317 and Psi-CRIP (Comette ef al., 1991, Human Gene
Therapy 2:5-10; Cone et al., 1984, Proc. Natl. Acad. Sci. USA 81:6349). Recombinant
adenoviral vectors can be used to infect a wide variety of cells and tissues 1n susceptible hosts
(e.g., rat, hamster, dog, and chimpanzee) (Hsu ez al., 1992, J. Infectious Discase, 166:769),

and also have the advantage of not requiring mitotically active cells for infection.

Any viral vector capable of accepting the coding sequences for the dsSRNA
molecule(s) to be expressed can be used, for example vectors derived from adenovirus (AV);
adeno-associated virus (AAV); retroviruses (e.g, lentiviruses (LV), Rhabdoviruses, murine
leukemia virus); herpes virus, and the like. The tropism of viral vectors can be modified by
pscudotyping the vectors with envelope proteins or other surface antigens from other viruses,

or by substituting different viral capsid proteins, as appropriate.

For example, lentiviral vectors featured in the invention can be psecudotyped with
surface proteins from vesicular stomatitis virus (VSV), rabies, Ebola, Mokola, and the like.

AAYV vectors featured 1n the invention can be made to target different cells by engineering
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the vectors to express different capsid protein serotypes. For example, an AAV vector
expressing a serotype 2 capsid on a serotype 2 genome 1s called AAV 2/2. This serotype 2
capsid gene 1n the AAV 2/2 vector can be replaced by a serotype 5 capsid gene to produce an
AAYV 2/5 vector. Techniques for constructing AAV vectors which express different capsid
protein serotypes are within the skill in the art; see, e.g., Rabinowitz J E er al. (2002), J Virol

76:791-801, the entire disclosure of which 1s herein incorporated by reference.

Selection of recombinant viral vectors suitable for use in the invention, methods for
inserting nucleic acid sequences for expressing the dsRNA 1nto the vector, and methods of
delivering the viral vector to the cells of interest are within the skill 1n the art. See, for
example, Dornburg R (19935), Gene Therap. 2: 301-310; Eglitis M A (1988), Biotechniques 6:
608-614; Miller A D (1990), Hum Gene Therap. 1: 5-14; Anderson W F (1998), Nature 392:
25-30; and Rubinson D A ef al., Nat. Genet. 33: 401-406, the entire disclosures of which are

herein incorporated by reference.

Viral vectors can be derived from AV and AAV. In one embodiment, the dsRNA
featured 1n the invention 1s expressed as two separate, complementary single-stranded RNA
molecules from a recombinant AAV vector having, for example, either the U6 or HI RNA

promoters, or the cytomegalovirus (CMV) promoter.

A suitable AV vector for expressing the dSRNA featured 1n the invention, a method

for constructing the recombinant AV vector, and a method for delivering the vector into

target cells, are described 1n Xi1a H er al. (2002), Nat. Biotech. 20: 1006-1010.

Suitable AAV vectors for expressing the dsSRNA featured 1n the invention, methods
for constructing the recombinant AV vector, and methods for delivering the vect<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>