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inhibit the expression of the PTP1B gene. Furthernore, the use of said
dsRNAs to treat/prevent a w de range of diseases/disorders which are
associated with the expression of the PTP1B gene, |ike type 2 diabetes,
liver failure and obesity is part of the 5 invention. Type 2 di abetes
is a polygenic disease that manifests insulin resistance, hyperinsulinem a,
and hyperglycem a. The nol ecul ar mechani sm underlying the insulin
resistance is not well understood but appears to invoI ve a defect in the
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pathway. The IR is a receptor tyrosine kinase, and the binding of insulin to its receptor results in

10  autophosphorylation of the IR and tyrosyl phosphorylation of IR substrate proteins. Protein

tyrosine kinases and protein tyrosine phosphatases are important regulators of insulin signal
transduction.

An essential regulatory role in signaling mediated by the insulin receptor has been

established for PTP1B. PTP1B (also known as protein phosphatase 1B and PTPN1) is localized

15 in the cytoplasmic face of the endoplasmic reticulum and is expressed ubiquitously, including

liver, muscle and fat. Biochemical, genetic and pharmacological studies support a role for

PTPIB as a negative regulator in both insulin and leptin signaling. PTP1B can associate with and

dephosphorylate activated insulin receptor (IR) or insulin receptor substrates (IRS).

Overexpression of PTP1B in cell cultures decreases insulin-stimulated phosphorylation of IR

20 and/or IRS-1, whereas reduction in the level of PTP1B in cells and animals augments insulin-

initiated signaling. In addition, analyses of quantitative trait loci and mutations in the gene

encoding PTP1B in humans support the notion that aberrant expression of PTP1B can contribute

to diabetes and obesity. This important role of PTPIB in diabetes and obesity was also

demonstrated in animal models. Mice deficient in PTP1B expression have increased insulin

25 sensitivity and low adiposity with resistance to weight gain on a high fat diet. In addition, these

mice show increased basal metabolic rate and total energy expenditure. Interestingly, PTP1B

was subsequently shown to bind and dephosphorylate JAK2, which is downstream of leptin
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20 substantial changes in endogenous expression of pro-apoptotic genes in the liver the present

dsRNAs targeting PTP1B can be used for treatment of liver failure.

Collectively, these biochemical, genetic and pharmacological studies provide strong
proof-of-concept, validating the notion that inhibition of PTP1B could address diabetes, liver

25 failure and obesity and making PTP1B an exciting target for drug development.

Double-stranded ribonucleic acid (dsSRNA) molecules have been shown to block gene

expression in a highly conserved regulatory mechanism known as RNA interference (RNAI).

The invention provides double-stranded ribonucleic acid (dsSRNA) molecules able to selectively

30 and efficiently decrease the expression of PTP1B. The use of PTP1B RNAIi provides a method
for the therapeutic and/or prophylactic treatment of discases/disorders which are associated with
insulin and leptin signaling. Particular disease/disorder states include the therapeutic and/or

prophylactic treatment of type 2 diabetes, obesity, liver failure, dislipidemia, diabetic



expression in a highly conserved regul atory nmechani sm known as RNA
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20 In one embodiment, the antisense strand comprises a nucleotide sequence which is
substantially complementary to at least part of an mRNA encoding said PTP1B gene, and the
region of complementarity is most preferably less than 30 nucleotides in length. Furthermore, it
is preferred that the length of the herein described inventive dsSRNA molecules (duplex length) is
in the range of about 16 to 30 nucleotides, in particular in the range of about 18 to 28

25 nucleotides. Particularly useful in context of this invention are duplex lengths of about 19, 20,
21, 22, 23 or 24 nucleotides. Most preferred are duplex stretches of 19, 21 or 23 nucleotides. The
dsRNA, upon contacting with a cell expressing a PTP1B gene, inhibits the expression of a

PTP1B gene in vitro by at least 60%, preferably by at least 70%, most preferred by 80%.

Appended Table 13 relates to preferred molecules to be used as dsRNA in accordance
30  with this invention. Also modified dSRNA molecules are provided herein and are in particular

disclosed in appended Tables 1 and 4, providing illustrative examples of modified dsRNA
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] pre@iles comprise an antisense strand with a 3’

are identicdl 6 FHEOGRRE &
overhang of 1-5 nucleotides length, preferably of 1-2 nucleotides length. Preferably said
20 overhang of the antisense strand comprises uracil or nucleotides which are complementary to the

mRNA encoding PTP1B.

In another preferred embodiment, said dSRNA molecules comprise a sense strand with a
3’ overhang of 1-5 nucleotides length, preferably of 1-2 nucleotides length. Preferably said
25 overhang of the sense strand comprises uracil or nucleotides which are identical to the mRNA

encoding PTP1B.

In another preferred embodiment, said dSRNA molecules comprise a sense strand with a

3’ overhang of 1-5 nucleotides length, preferably of 1-2 nucleotides length, and an antisense

30 strand with a 3’ overhang of 1-5 nucleotides length, preferably of 1-2 nucleotides length.
Preferably said overhang of the sense strand comprises uracil or nucleotides which are at least

90% identical to the mRNA encoding PTPIB and said overhang of the antisense strand



I n anot her preferred enbodi ment, said dsRNA nol ecul es conprise a sense
strand with a 3 overhang of 1-5 nucleotides length, preferably of 1-2
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strand is selected fromthe group consting of the nucleic acid sequences
deplxt edciaf tBEQoll@viNgsmodificd nugleotidss: 42’ -@8nethyldmpéificdcowtabitidgl § nutletide

inventive dsRNA nol ecul e inter alia, conpri.se the.sequ pairs
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13/ 14, cbipliSing M iRRf AR lcotiBeLRBLR%h iPTaisieeChAd 4 dSRNA nol ecul es provi ded
herein, pairs of SEQ ID NOs 25 relate to correspondi ng sense and anti sense

strands sequences (5 to 3') as also shown in appended and incl uded Tabl es.

In a pref er NSt ORTTEThETRNA Moo lpawasritre peovierNA theoanpeuddsT abbpr anslet Ashlintried
e N e
sel Hrt edidf soquericee dgpioted 10 BBQ 9D N@soB, 5, 7, 11, 13, 17, 25 and the antisense strand is
selected from the group consting of the nucleic acid sequences depicted in SEQ ID NOs: 4, 6, 8,
12, 14, 18, and 26. Accordingly, the inventive dSRNA molecule may, inter alia, comprise the
sequence pairs selected from the group consisting of SEQ ID NOs: 3/4, 5/6, 7/8, 11/12, 13/14,
17/18, and 25/26. In context of specific dSRNA molecules provided herein, pairs of SEQ ID NOs
25 relate to corresponding sense and antisense strands sequences (5’ to 3°) as also shown in

appended and included Tables.

In a preferred embodiment the inventive dsRNA molecules comprise modified
nucleotides as detailed in the sequences given in Tables 1 and 4. In one preferred embodiment
the inventive dsSRNA molecule comprises sequence pairs selected from the group consisting of

30 SEQ ID NOs: 3/4, 5/6, 7/8, 11/12, 13/14, 17/18, and 25/26, and comprise modifications as
detailed in Table 1.



30 SEQ I D NGs: 3/4, 5/6, 7/8, 11/12, 13/14, 17/18, and 25/26, and conprise
nodi fications as detailed in Table 1. WD 2010/ 089221PCT/ EP2010/ 050814 - 6-
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as researcn tool, or exanpl e aIIOSO I n drug esh ng. I'-Ihl‘t ernore, t he

I nvent ia@hara@t aNgS-alpa & Higdohdardodlierichtbolinidn ghe MR NeX PiodSsile@bflhe vERBhRIo
gene, in particular a mamalian or human PTP1B gene, in a cell, tissue or
or gHhi sHmsbse Vg erd TG bl it s very &)ingtregisduci ng into the cell,

ti ssue or organi sma doubl e-stranded ri bonucleic acid 20(dsRNA) as defined
herei n: (D) THRLALAHRLNGS ViRl for deliSURpAKInG" AATAE DB AUAE SHRNAS bR 2)
for a tinme sufficient to obtaln 3egradat|8n of the nRNA transcript of a
PTP1B gevweafion.h€hebsll inhicikrablpg expmedsnarllofuc &TPIBngenelli Fuehgimeen ds | .

The invention also relates to.pharnmaceutical .conposition risi t he
! nvent hies syl pat-Byith coe i P BR S aDE TR Rt | SR A GHREEIR g
are parcbin%ﬁk&f In¥hid s&fcrtion, Wvﬁe?&)yi AR rﬁintﬂlf?ﬁhanrgﬁrhﬁn %ﬂﬁ&ﬁ&@u&}hl%ﬁ@?&a@blﬂe ne

inacell, atissue or an organism The pharmaceutical conposition
conpY i Pumpsene asreseaich tesfl, fohexatgHalsofin divg testiwgnt i on may al so conprise (a)
pharmaceutically acceptable carrier(s), diluent(s) and/ or excipient(s).

I n anot her | ty .t Y i | : 0 i Bq,
revent i ng orTGy RS e LERPUALRINGPR ERRHCATE IRUARS Heofiph el pTein
di sl i pigdemiapaticalaeth ntanahilemnas duetaa P TP 1Baghe, in a cell, tissue or organism comprising

the following steps:

(a) introducing into the cell, tissue or organism a double-stranded ribonucleic acid

20 (dsRNA) as defined herein;

(b) maintaining said cell, tissue or organism produced in step (a) for a time sufficient
to obtain degradation of the mRNA transcript of a PTP1B gene, thereby inhibiting

expression of a PTP1B gene in a given cell.

The invention also relates to pharmaceutical compositions comprising the inventive

25 dsRNAs of this invention. These pharmaceutical compositions are particularly useful in the
inhibition of the expression of a PTP1B gene in a cell, a tissue or an organism. The
pharmaceutical composition comprising one or more of the dsSRNA of the invention may also

comprise (a) pharmaceutically acceptable carrier(s), diluent(s) and/or excipient(s).

In another embodiment, the invention provides methods for treating, preventing or

30 managing type 2 diabetes, obesity, liver failure, dislipidemia, diabetic atherosclerosis, and



WO 2010/ 089221PCT/ EP2010/ 050814 -7- hypertension, which are associated with
PTP1B, said nethod conprising admnistering to a subject in need of such

t r eat mentwoposvesp2ion or managenent a therapeutical ly oPCpmppéngloswsis cal |y
effective anount of one or nore of the dsRNAs of the invention. Preferably,
said subject is a mammal, nost preferably a human patient. 5l n one

enbodi nent, the invention provides a nethod for treating a subject having a

pat hol agpe&dnsioanehichare aesliatbe dithP T8, ex¢ heswidudnghishgRIRLBsERgto Such
condi ti ons conprise djsorders associated with diabetes, |iver failure and
obesi t yubigg 18 @%%dr ofiswah HBFUENT. PFEVERTQD UrByHRARIERE 2 thefaPediRNlY @t s as a

Lher anehiii 08T dREaCoNhe Al ok DR b RIRSRIA 0D e RIRIR OPAGerall®

nmet hod rises mnistering a pharnmaceut| c conposition o
i nvent isaid stbjetthe a hhnpasl swst [frefecpbly hbwmmm) patemch t hat expressi on of a PTP1B
gene is silenced. Because of their high specificity, the dsRNAs of the

t f | | f PTP1B - f d
bt ment - @ aegar e SRS CaR i Blsp 1y THUER ot L HRGA IBUBE S and
do not Hito®lday caddifst ncBRtRXBY @S Tixprrs@dE of a PTPTBNSenk ev@lhScodtiit Rt vhRpast
genes in the cell. In one preferred enbodi nent the described dsRNA decrease

PTP1B wipdarevssosiated vrith iBbeieyefiveyy faifure eandt oboWy, s edaseralisidy abgyveatin| thasst

70% | 0
foe TR HpoRlrie AR MR RN B hERTherBht Aetled8r iR B fRRG BP Y riR)B | |
anot hergegérdini@hdd tdiepithes adinbedertaRNAGarfhacs g slecoifdd BoATaehd ﬁV@{tﬁ)nltﬂ th/d Vo

by at least 60% for at |east 4 days Particularly useful with
r esHbcatigntt(per Aain cugls ARASXprsssneot & P THH Baaqrrids slacgdt Besguseoofrieis dighhd

rat PT ﬂngg mRNgh Lcpc nd
effecti é&@ﬂg@lggﬁaan I lrdl)%\??ev%&eﬁﬁd F%%gisctaﬁ%lrtﬁgie I ndi Vi dugItI{PgBFg&ks ﬁl é{nea
ani mal posfeced mbeditnentethowidedribed dsSRNAk spaniiddatigrdeerched? TR mRMNwe lexm:\]wntdl dmn
provi des yect or i nhi biting the res f a PTP1B gene_in a cell,
in par tPEFeELY %ﬁ%ﬁ@s%ewwﬁé@ﬁ&@gé@w Sa&%fgtag%a@e?f‘ééngﬁ bl e 1i nked
to a nucl eoti de sequence that encodes at |east one strand of one of the

dsRNA of thep@aec bRYGRID @ibodimc@NRE B BEDQRNE RberchRPTIMEARNI IRERMh @RS 2
cell conprising a vector for |nh|b|t|n8 t he expression of a PTP1B gene in a

cel 15 $ezp1dby @t: Q@pt %ﬁrpplie&é@blﬁ byesgeast GP%, segt erﬂf@rabipéayaﬁl least |8|Q%3d1 vigoaln

nucl eoti d ce t Rne of of

Mo rohfifes fabEFen] PElehBE BinShs RaRe NP FLERYA RyeBNF 1Bl RYG RETH

sai d regi. dﬁ @ﬁc)’ché&ﬂh&ﬂﬁﬁetﬂ the described dsRNAs decrease PTP1B mRNA levels in vivo by at
least 60% for at least 4 days.

Particularly useful with respect to therapeutic dsSRNAs is the set of dSRNAs targeting
20 mouse and rat PTP1B which can be used to estimate toxicity, therapeutic efficacy and effective

dosages and in vivo half-lifes for the individual dsRNAs in an animal or cell culture model.

In another embodiment, the invention provides vectors for inhibiting the expression of a
PTPIB gene in a cell, in particular PTP1B gene comprising a regulatory sequence operable
linked to a nucleotide sequence that encodes at least one strand of one of the dsRNA of the

25 1nvention.

In another embodiment, the invention provides a cell comprising a vector for inhibiting
the expression of a PTP1B gene in a cell. Said vector comprises a regulatory sequence operable
linked to a nucleotide sequence that encodes at least one strand of one of the dsRNA of the
invention. Yet, it is preferred that said vector comprises, besides said regulatory sequence a

30 sequence that encodes at least one “sense strand” of the inventive dSRNA and at least one “anti



30 sequence that encodes at |east one "sense strand” of the inventive dsRNA
and at |east one "anti WD 2010/ 089221PCT/ EP2010/ 050814 -8- sense strand"
of said dsBMAo0/a8e22ls al so envi saged that the clai med celPCTEPAEOI0SE34t WO OF
nore vectors conprising, besides said regulatory sequences, the herein
defined sequence(s) that encode(s) at t8%ast one strand of one of the dsRNA
of the invention. In one enbodi nent, the nethod conprises adm nistering a
conposisthsentraadipof siididsRNA. dsiRNso sveagedthah eheddBMAd @ TOhBRScatwiliet otd de
sequence which is conplepentary to at least a part of an_ RNA transcrlpt of
a PTP1BCgeRe C@pp&%g,gﬁffﬁf&ﬁ pyl 6%%% lgteuyt éﬂuews,pm%b@al%dﬁﬁ%mue%%ﬁ hat
vect or i | t hat encode for at

| east %ﬁgﬂgf§%{i %gﬂ’ eaﬁgggPE%ghgﬁﬁggegggﬁguﬁ% g@ﬁles can be used as
pharmaceutical conpositions and may, therefore, also be enployed in the
herei n di scllosad entddodsntofhet meﬁmoﬂrtg»na)rfscﬂ)ja@umistﬂingeectompoait)'omdhmeﬂsing a

i nterven n of note that, these enbodi nts rel ati

e T S NG afhetei s RR Ao BTy b PRt S SRS Mo SerBle Py fory lapst
(human), sud R tRNA $RAnS@Ipabea PIPABREASENEBS nhankBald6 BE tichRH ARY pHRRH QAL RS/,
PTP1B ;@FCIfIC dsRNA nol ecul es as provided herein or nucleic acid nol ecul es
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i nsert t t 2 gene t.h t nts
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I Nt r aveRau®drd, HIRChd empldyed dh ta@l RS Hisalb kN mkteds Uf&eai?@g arﬁubﬁ:cﬁaﬁné&i%f or
by stereotactlc i njection (see %#g., Chen et al. (1994) Proc. Natl. Acad.
Sci 10 ygpedaend Jotsavennery) It prashedrmede dbati hgse ﬁméﬁ%}rrm%wl%mgt%pg@H@C%lﬁ@ﬁhpy
vect or e ct.er a of, can
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i nbeddeﬂproébheerlﬁatgen@tmramwpmatlim EORpB ep@:@@dmm mcvlec@esZz& precidod heratn be
produced i nt act reconbi hant ce retroviral tor

phar maQEGFIER) a%i: RPN mﬁwﬂv&ﬁst%g’ef thggs WVERIYCSISATA oy 6%a>t he
gene d%ﬁ%%rlﬁse?ﬁéatlﬁtw Vectors and ke@R0% Qﬁé’th@%@?%ct@fs fob BumBY PRt GdRE RBapy
speci fic dsRNA nol ecul es that nodulate PTP1B gene expression activity are
expk%ssedoﬁY@mﬂmnth@ﬁdp!a@mmgﬁﬂngﬁnwsampbdHKMW@mDNAugnmRNbcwewmunswmgue
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transgene integrated into the host genone. The transgene can a

const r uedledp the g@@rtﬂiﬁltapy vegter m@nuaﬁmtahl@dlﬂ@@t & CAX ETARINCErbBY Al Pasp INpdK e
Ga S 1

i( n d;s\s;rgv ?h 9} %ﬁ% O}/eqrg Vg%isclgﬁ)%gdedt ?\étﬁgnglﬁ %lé/ %/%gl)e t%g C%‘%@Qé gg-&edehvery

sepzy atvect3p caxiy moducd inact fdd rédothtimnt caRSE e tracbumat Oeoaof's ahg@harealktutical
Alternatively each individual strand of the dsRNA can be transcribed by
pr oot SFPAFBIOR ca ngHidsipng P& Mo erlls Viaeh prducethe eangriclizeiysustom.

2010/ 089221PCT/ EP2010/ 050814 - 9-

In another aspect of the invention, PTP1B specific dSSRNA molecules that modulate

PTPIB gene expression activity are expressed from transcription units inserted into DNA or
RNA vectors (see, ¢.g., Skillern, A., et al., International PCT Publication No. WO 00/22113).
25 These transgenes can be introduced as a linear construct, a circular plasmid, or a viral vector,
which can be incorporated and inherited as a transgene integrated into the host genome. The
transgene can also be constructed to permit it to be inherited as an extrachromosomal plasmid

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

The individual strands of a dsSRNA can be transcribed by promoters on two separate
30 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



plasmd. In a preferred enbodi nent, a dsRNA is expressed as an inverted
repeat joined by a |linker polynucl eotide sequence such that the dsRNA has a
st em and WOQp10418922¢t ur e. The reconbi nant dsRNA expCeg&P2@0/05@8¢t or s are
preferably DNA plasmds or viral vectors. dsRNA expressing viral vectors
can be constructed based on, but not [i%ited to, adeno- 5 associated virus
(for a review, see Miuzyczka, et al., Curr. Topics Mcro. Inmunol. (1992)
158: 97 plRhid.; Inaﬂpfﬁ%ﬁrdfdwmb@cﬁﬁwnﬁ ardseraapd exprésekneran igverdd. repBit Ggiaedh ygues
(1998) 6 616), Rosenfeld et al. (1991, Science 252:431-434), and Rosenfeld
et al . linkggmlynuelsofidggsayancesgely shatt%lﬁ dsRYRalias e anduoop SEUCtBEher s known i n
the art. Retroviruses have been used to introduce a variety of genes into

many differ @[fhfe Fe%&ﬁlbﬁlﬁﬂte%sRNJ&CEkﬁ%bé},ﬂ)ne%étB@ R I\%I%Felritﬁy DNAviéfaﬁﬁio%“&’ Qral N
vivo (see, 10 e.g., Danos and 1 gan, Proc. . Acad. Sci. USA (1998)

85: 646@664@4)15R1Rémsmagmrabmcmrs cal by emtsousted dpsed|om, bﬁt mqt émwddbngieand

ted.into t d d
rBrer et Rivy BE oo ot MEHPRD Teflonb imd BPE0 Y25 SRt 82k el |
| i nes Sl@@@ﬁ@%}“%h@n@‘ﬁ%sﬂ%be Gt %xﬁ&?[&tﬁ&k&& 3l al, ﬁ@ﬂechﬂgﬁ@sﬂ @'8? 6T@m)apy
2:5-10; Cone et al 1984, Proc Acad. Sci. USA 81:6349 Recombi nant
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driving dsRNA expression in eith viral vector of the
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transggne; XPPERRSNAA. head R AL RERI 465 ?@cco{ﬁbﬁiantt a{?i%néﬂl%ll' lvb&ofsecgﬁ |b%ttﬁéd/ to
sequence’ for pancreas 25 (Bucchini et al 6, Proc. USA

83: Pb1inf28&18)Wyide | variatidof icolly ark prsessi mnsustepttib@ hoﬂms{ggnerat;dmntmrpde@ smﬂ y
regul ated, for np e, us i n i ducib ) ul at or pSeqyence nd

o eoSTapoog) AFRVRL A D25 T Bl B eEisn gl hil T ERHRIG MG of
cert ai moPRYGirRkasit@ Ry 8&tHlcakns for u@fe@hon circul ating gl UCOSG | evel s, or
hor mones (Docherty et al., 1994, FASEB J. 8:20-24). Such i nduci bl e

expressi on sjystems suitable for the 30 control of transgene expression in

cells or in rhﬁrﬁﬁamgter HEV 8 ISR PHIPHIPNLIR cBer s SREA p&gs ©F Stjelnvector of the

PO SV b0 ISR B LA 48 P, e

20 polyrnerase II (e.g. CMV early promoter or actin promoter or Ul snRNA promoter) or preferably
RNA polymerase III promoter (e.g. U6 snRNA or 7SK RNA promoter) or a prokaryotic
promoter, for example the T7 promoter, provided the expression plasmid also encodes T7 RNA
polymerase required for transcription from a T7 promoter. The promoter can also direct
transgene expression to the pancreas (see, e¢.g. the insulin regulatory sequence for pancreas

25 (Bucchini et al., 1986, Proc. Natl. Acad. Sci. USA 83:2511-2515)).

In addition, expression of the transgene can be precisely regulated, for example, by using
an inducible regulatory sequence and expression systems such as a regulatory sequence that is
sensitive to certain physiological regulators, e.g., circulating glucose levels, or hormones
(Docherty et al., 1994, FASEB J. 8:20-24). Such inducible expression systems, suitable for the

30 control of transgene expression in cells or in mammals include regulation by ecdysone, by

estrogen, progesterone, tetracycline, chemical inducers of dimerization, and isopropyl-beta-D1 -



t hi ogal act opyranosi de (EPTG. A person skilled in the art would be able to
choose the appropriate regul atory/ pronoter sequence based on the intended
use of thwOodsRMBIZ21ansgene. Preferably, reconbi naRCTiEPee10/0S08¢apabl e
of expressing dsRNA nol ecul es are delivered as described bel ow, and persi st
intarget cells. Aternatively, viral -Vectors can be used that provide 5
for transient expression of dsRNA nol ecul es. Such vectors can be repeatedly
adm ni shiepslactapyragseiRs ERTGONAepax@t siiied, int e dgRMASIdbbachblo té aghgete RINA
and nodul ate its function or expression. Delivery of dsRNA expressing

vect or $PRIRRTIAE regidtany Rrometrs neausnes based prhsripigadesuse of hesB} Ypnsgene.

adm nistration, by admnistration to target cells ex-planted fromthe
patient ol lppuedbRY rdcBhibhf.A0uGkA @aﬁ%ﬁ@oﬁ&ﬁre@ﬁh% BN AGho Y018 Wre Qb RRScdTRANS
that allows for introduction 10 into a desired target cell. dsRNA
expr esslicombbibclohasnd gsrsat & taygeit calld Wtcrmnsélgcvied vicatoos ¢aartpeatscd dhdt pragda

conpl e fth.cationic |ipi rrier a i gof ect am ne r nan-catjonic
b B i By OB SR o BESRrmh oD BebT Teered S aHOTRS T She o
ds RNA- nReldsgdred dﬁ@@%&?ﬁ: , ted ask NG ©thé frer @Rfet YA ORIl Blodalafd RY!BndiibR1E
gene or nultiple PTP1B genes over a period of a week or 15 nore are al so
cont enskpicedorbyDelivery o/ eV drexpRssiae ysetars ¢anthcodisicmiorsueh as thy iplsecopes of
the invention int RS - ito usj Vari Qus o) t hods.
For exditpafyl 8RRty RR 19 SR LR LR ARG S PR G Tl B, PREREY
as a flfeltgvescentcinsdtion $i16 hhapatidhg et tyl agr gheemtanrtaitedld wsGoPintrodliatre
transfection of ex vivo cells can be ensured using markers that provide the
t r alsf detpadicsistd tagget felk esi st ance to specific environnental factors (e.g.,
antibiotics 20 and drugs), such as hygronycin B resistance. The
following dekRNACAHESRAITNAGLMIEC LA aSCNRNR RGN W MP il AR and
conpositions containing ds to 1nhib t e expression of a target PTP1B
gene, agthwehtioras lpodpesids dag. ddlizofetdogs) foor ndiredibneg lipidswasksaards (e.g.

di sorders c ¢hiby. I he expr.essi o f sajd P ene. . 25 | NI TI ONS. For
convenﬁ%ﬁ&&?ﬁgﬁe e hﬂﬂeoﬁmgeﬁﬁﬁﬂﬂgP8§n%?aﬁ§8é5?§§€§e$§@HBE§“WWbtmgd“@
speci figG@irtRNeg@RABPh &gl ANUP AR BRI BH nfilltd | EPTPAB & REOYV ALy RRIUQW. 2 ek ber e
i s an apparent di screpancy between the usage of a termin other parts

of thi snapeut falsoacdndemplaigdi bys thiefrivantiano Syseesyiud aatroductipn ofstbe tvicoters 80 thehe
definition.in.this section shall prevail . . 2010/ 089 Z%PCT/EP%O%OIOSO 14
"G v CNEHRY i fpSst GRS e beponiad Pl gapip IR RO de TF ST S I o a

G or an

nucl eottia@igfecttival c&DBE alifitl@UANhNE refAttedSs b, afdeflidiesceht afilteraBéth as Green
deoxyt hym di ne as a base, resEFctlveLy. However, the term "ribonucl eoti de”

or "nudilesescget Progan 4PEB). Sdfable ransteohipriiof 8 driviueslsotandes, engyref isingemarkers
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20  and drugs), such as hygromycin B resistance.

The following detailed description discloses how to make and use the dsRNA and
compositions containing dSRNA to inhibit the expression of a target PTP1B gene, as well as
compositions and methods for treating diseases and disorders caused by the expression of said

PTP1B gene.
25
DEFINITIONS

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

30 the definition in this section shall prevail.



5 replacenent noieties are enbodi nents of the invention As detail ed bel ow,
the herein described dsRNA nol ecul es may al so conpri se "overhangs", i.e.
unpai r ed,wouverdmsming nucl eoti des whi ch are not dlrectIyCWﬂwwhv@dmnm t he
RNA doubl e helical structure normally formed by the herein defined pair of
"sense strand" and "anti sense strand-l1-Often, such an overhangi ng stretch
conpri ses the deoxythym di ne nucl eotide, in nost enbodi nents, 2

deoxyt hym di"ges"@,n "ahe 3" add“Endr “@C%sp@@wb@ng&hvgdnbrah? sekpd obi hedcrotde
illustrated bel ow The term "PTP1B" as used herein relates in

part i ciiar conERshgugsing: SYIPSEKo PPt sEacBand dsoxribyinidis aha berpNesesHvelyi d
termr b n RRNA

protei§§ o) pg%%%gg’gg%%gﬁﬁﬂgg ?%ngﬁggﬁmﬁ %?ggggnts T? t(gggg%%wﬂ%nm?erred
is thethMnndaImiBlgkne ot ma cuhrepatpr epéacemente mpocty neetjseriche @siRiNARgofutthe

|nve tio et the PTP1 ene of .rat. 15 (Rattys no and . nou
S R L At T A A SR S R B

' nVent 'd@RN%aﬁlB%Eul’éb&aEllé%rboﬁlﬁrﬁé‘% é@“‘i’e {?Pcl Wa@ﬁﬁ%ﬁcl@&%@%lch

fascicul aris) PTP1B géene. The term " PTP1 ene/ sequence" does not only

rel atearo n@t Higgctlyi indolvgén seqRidirc é@@b)le thalicaaIstrocturs neradly dngmethly dhe &ergin ons

vent RORREPREIT IR el (i S EcRAE arkia O b BE ' pRBlredriten

her ei n.cotipBisdsnihe ebRRhPhiihd RlARRlc! B £ RNMBBAIREHb.ES dedraithyaniaRick S€ tiRN3’
antisense strand that is at |east 85% conplenmentary to the correspondi ng

nucﬂboﬁn@éﬁgﬁﬂ%@@%mgﬁW@ﬁb@@#@ﬂ%ﬂﬁ@éﬂﬁﬂﬁm@ﬂbébPTPlB gene that conprises such
nmut ati ons/ al terati ons. As used herein, "target sequence" refers to
a contiguou fract f d
during the. tanam PETPte DN B o SR AR R R TR, Jn ™

produc&noWnRNAmbP@BHﬂ$mdgmdﬁma1pﬂaaﬁmyhécmmapomhnggﬁxmemmuednﬂUQA encddedused

h the t " st d f
o1 1 Gon eV EBOBP BT Srh§S TrcHar ToRoRa Sghs ss TRGRrEd e dumsad ) B he
sequengend 8 Sice frdrtirétPdiihdifiens HRNANANYCHE O VeflBo SRBATH AP 1S B oERVESE

as detalled herein, such a "strand conprising a sequence" nay also conpri se
modl ¥ i ¢Beitensorvekes)nodi ficese fivbisenusaids), WOY20 1061089 PRIPET/ ERBOAIOROE 0814

-12- abj Lity an. ol i cleotide o nuc i de co risi first
el et BN ASethuRoESebRl Bred e Ml BTl ARG, B PEERH ddifas NS &
condi t lf@slaﬁsu%ish pap B! geﬁ@ Nere! 180k FIEP OB goAd/YUEARD o nGIIHDY F34tB 9o (he) wagond
nucl eoti de sequence. " Conpl ementary"” sequences, as used herein, nmay al so

i ncl udéypeosedqueneais)nbet elsei ﬁOenyltartmm ando plteatiansnwitiohc Rap abe %aipflgedan@llsard 5
b d X fi Leotid
e D R AP APD, R Bk TG 14 i THERT o bR g

f u| 10 | Ingsdlecules provﬁed]llﬁmileSTlﬁeeirﬁzéﬁt@cdl 'aIQo aslatek ubldsRMU‘@hcﬂmlIﬁsaﬂh&'t cEapiel &€
base- pairing of the ollqpnucleotlde or pol ynucl eotide conprising the first

nucl eotPdENsetfireddhatinattpst 85?@@%?@%@@@ e W%m@r%m&e“%ﬁﬁ%%@ t he
second m&'tl%ﬁgdrg@oﬁgﬁwmge@ Wit SRGROL W B afEralifh f1 T St 10 and

second nucl eot1 de sequenc Wever, ere i rst sequence is
referred to as substantlally conplenentary with respect to a second
sequence herfsi nsedt herciwo tagcfusiqoescet anfdne t6 L lcyntezmops evweminany thomutketydaray

form one or p b t nDr than 13.ms base. |rs
upon. nEHRBrSal Fo T YARBLEHE tolpfEuoh e YRR G S nbeal g1

" subst aNAl thit i€ @RI ROEBSHRN X prdcesdifs 8F HpiBiryAeand&@fion fréducespect to t he
base mat ching between the sense strand and the antisense strand of a dsRNA,

or between the antisense strand of a dsRNA and a target sequence, as wil|
be under st odt Pscdnhareie. BSneERt SEIG pRMpriviae 2 SPRECICET RYferdabineo kganaplgetdde

RNAT, 'cgﬁlléﬁéing%lcﬁgﬁ{lo? nud%tldeg RN des@ﬁbe"élsb%gthg %q%'eﬂCe referred to using the standard

nucleotide nomenclature. However, as detailed herein, such a “strand comprising a sequence”

may also comprise modifications, like modified nucleotides.

30 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



refers to a ribonucleic acid nolecule, or conplex of ribonucleic acid

nol ecul es, having a duplex 20 structure conprising two anti-parallel and
subst ant ivaDI2910082 enent ary nucl ei ¢ acid strands. The twOTSPR@EN®SOsHOr M ng
t he duplex structure may be different portions of one | arger RNA nol ecul e,
or they may be separate RNA nol ecul es.-13here the two strands are part of
one | arger nolecule, and therefore are connected by an uninterrupted chain

of nuclabiity dfsarbetipy@ericotide dr-w@ivhuelcotde dinpaivtigaihd filde nbclestidt efquthe to
respective other strand form ng the duplex structure, the caonnecting 25 RNA
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r espec tusscehating magtalandclude, mrrg fohreedengirely fsémundniMeatsonkeridkobase phirsgnd/or

structyre is referred to as a "linker.. The RNA strands y,. have the sane
or & dPPRERED AmaPn e gnf dedifigduslafide i #505 Fo M PTG Y FR o,
a dsRNA B s SR thSiE aBING BhyBRES. BHCh BRIde 30 overhangs. The nucl eoti des
in said "overhangs" may ‘conpri se between 0 and 5 nucl eoti des, whereby "O0"

neans no addi tional nucleotide(s) that forn(s) an "overhang" and whereas
"5" WD 201(*a89Res PEfrER20d 005081y carsplemeatasy’T iopepaiddi bassrrairingucifedhd des

are | ooUERE of o PRRTechlte BT RARGHE] SisolESC R B pUAERARRES

are | oca
bel ow, oalpsBndslEBhicEI s ithigstheheedhdCcaiFotide s@ikelceddver ANEERaBdngtin oD IR firke

two strands may be useful and even advantageous in context of this
i nvkht i28¢ scopRd nuglgetideatguerédnpri ses preferably between 0
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 may

form one or more, but preferably not more than 13 mismatched base pairs upon hybridization.

2% ¢

The terms “complementary”, “fully complementary” and “substantially complementary”
15 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 dSRNA and a target sequence, as will be

understood from the context of their use.

The term “double-stranded RNA”, “dsRNA molecule”, or “dsRNA”, as used herein,

refers to a ribonucleic acid molecule, or complex of ribonucleic acid molecules, having a duplex

20 structure comprising two anti-parallel and substantially complementary nucleic acid strands. 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

25 RNA chain is referred to as a “hairpin loop”. Where the two strands are connected 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. In addition to the duplex structure, a dSRNA may comprise one or more nucleotide

30 overhangs. The nucleotides in said “overhangs” may comprise between 0 and 5 nucleotides,

whereby “0” means no additional nucleotide(s) that form(s) an “overhang” and whereas “5”



5 and 2 nucl eotides. Mst preferably 2 "dT" (deoxythym di ne) nucl eoti des
are found at the 3 end of both strands of the dsRNA. Also 2 "U'(uracil)
nucl eot i owe 208vd8k1used as overhangs at the 3' end of beCh/EPRI@0SS1Of t he
dsRNA. Accordingly, a "nucleotide overhang” refers to the unpaired

nucl eoti de or nucleotides that protrudé3fromthe duplex structure of a
dsRNA when a 3'-end of one strand of the dsRNA extends beyond the 5'-end of
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her ei n.end o€ bpdy sirande gl te dsRsz népdcembmglwa flyucleoélﬂeloyelﬁl@ng hefarety the wpairdde
t St d th t | | I t
o TR kSt BRI ot PSR ER STRELRE Ve AT S Skelht
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unai de sive or active cel processes, y auxiliary ag nts or
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complementarity” refers to the region on the antlsense strand that is substantially complementary
to a sequence, for example a target sequence. Where the region of complementarity is not fully
20 complementary to the target sequence, the mismatches are most tolerated outside nucleotides 2-7

of the 5’ terminus of the antisense strand

The term “sense strand,” as used herein, refers to the strand of a dsSRNA that includes a
region that is substantially complementary to a region of the antisense strand. “Substantially
complementary” means preferably at least 85% of the overlapping nucleotides in sense and

25 antisense strand are complementary.

“Introducing into a cell”’, when referring to a dsRNA, means facilitating uptake or
absorption into the cell, as is understood by those skilled in 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 is not limited to cells in vitro; a dSRNA may also be

30 "introduced into a cell", wherein the cell is 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, dsRNA can be injected into a tissue site or administered systemically. It is, for example



envi saged that the dsRNA nol ecules of this invention be adm nistered to a
subject in need of nmedical intervention. Such an adm nistrati on may

conpri se wheoiojsextti on of the dsRNA, the vector or an c@CI/EpRoOI0FES14
invention into a diseased side in said subject, for exanple into liver

ti ssue/cells or into cancerous tissuesl¢ells, like liver cancer tissue.
However, also the injection in 5 close proximty of the diseased tissue is
envi sagadisaded thatt the dsRNAOeHetdcuRB of Nhio idvedeibh bk ridhiisietsraaetohosishjdonammneddiof he
art such as electroporation and |ipofection. | The terng "sil ence",
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as CcomMadiRslsikAo@nSe AR Ghhs OkctdsRYRidA and tpbRcasbst antial Iy i dentical to
the first cell or group of cells but which has or have not been so treated
(control cells). The degree of inhibition is usually expressed in terns of
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secreted by a cell, or the nunber of cells displaying a certain hethXPe.
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| east “Ofpamdgd apscedbwd addl yr byouatofl cels sul@btinhly vdanticalas shy Sirsticel or rgraut o0.
The term "jn vitro" as used herein includes but is not linited.to.cel
cul tur égﬁ%élgyféhlcfr Rt dueto Rotdigbas HEHES (408D herht e dasiral HORBKeH Bonugly
capabl%xﬁg$k89ﬁggﬁgeg the expression of 25 a nouse or rat PTP1B by at |east
60 % preferably by at |east 70% nost preferably by at | east 80% The
person skilled in the art can readily determ ne such an inhibition rate and
related effects, in @dﬂﬂAdmb@ﬁﬂﬂaﬂb)ghmRbW%mhemaéga&é.qggyided herein. WO
20107 089221PCT/ EP2010/ 050814 (mkRA mQBRIrsIRM)ar i ty. The ﬁNAs of the
present invention preferably do specifically inhibit the expression of
PTP1B, i.e. do not inhibit the expression of any off-target. The
t erm " hal f - |Alfeetlatvslyusbd deercei of irdhilatione asay de ofivet abitbingsy o6fa seduotipowfich or
nmol ecul e and can .be asse d.b t nown to a person.skilled in the
et o B (i BRI et (& P B raSer Rt 8, (S Smouroletplsfin
" non- i MERHRE Wy MU P 108 ¥enedShibis BAeBRIQIYY 4 &lIebSthk Quhiber 8B&H0 R pRfy i Weertain
i nduction of & inmmune response by the’invented dsRNA nol ecul es. thods to
det er miphendtyprune r esponses are well know to a person skilled in the art,
for exanple by assessing the rel ease of cytokines, as described in the
ex | es sectl T . RPN ' § ’ ke, an. in
CO?I%H;X £ of ﬁ# @H%tﬁ%%dn Iq(l')l%l gﬁ@?%# I&ga?ﬁples arld ﬁqﬁggﬂﬁendeﬁ&lgyfmudgg helrgﬁl, Thd
inventive dSRNA molecules are capable of inhibiting the expression of a human PTP1B by at

least about 60%, preferably by at least 70%, most preferably by at least 80% in vitro assays, i.¢
in vitro. The term “in vitro” as used herein includes but is not limited to cell culture assays. In
another embodiment the inventive dsSRNA molecules are capable of inhibiting the expression of
25 a mouse or rat PTP1B by at least 60 %.preferably by at least 70%, most preferably by at least
80%. The person skilled in the art can readily determine such an inhibition rate and related

effects, in particular in light of the assays provided herein.

The term “off target” as used herein refers to all non-target mRNAs of the transcriptome

that are predicted by in silico methods to hybridize to the described dsRNAs based on sequence



fromor alleviation of a disorder related to PTP1B expression, |ike type 2

di abetes, obesity, liver failure, dislipidema, diabetic atherosclerosis,
and hyperwonsionso22The term "liver failure" as used herePOTEPRE0S5ESD4 al
conditions in which the liver fails to fulfill its function or is unable to

meet the demand nmade on it. It may occl$- for exanple as a result of trauma
neopl asti ¢ i nvasion, 15 prolonged biliary obstruction, viral infections
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thigsinventionkil is also envisaged that cells, tissues or isolated organs
t hat efﬁ?@%@qg?eégﬁﬁ??se the herein defined dsRNAs may be used as
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amount , " "t hekageutiddindiu®fsfigalatore” aymeatherddn referdid Yhe' BhdRe bif ¥y aaLidn’
refers to that anmount of an RNA effective to produce the intended 25
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adm nstgeabhh®mfe bnat. ds RAS ocMBCoR! &afiplcC 8l laSre@flt tdFi Sauniy etbpRBtic Wakeas
also the 5 enteric admnistration is envisaged the parentral adm nistration
andlal $eolongadddbarsrebstarctippayisiipdedons (ee.diepitisut ) Paeliremc alsgbelsim. vagi nal |
anal) admnistration as well was inhalation of the drug are feasible ways

of adm ni ste 0 at | e j 0 beab | .vent i nds
of This | et SeOpfeht 4 Platu G CorfRAGR bARFIKENL| i SOERRY
conpr i sffettive admoett of aj &RIN Arandf a tpher taopieaig Sacoépthbie scarmiare Hdwaivet, duoh tahe
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invention are wthin the ski rtisan, for exanpl attendi ng

phy2{ cinapleotide sequence that encodes at least one strand of a sense or an antisense strand comprised
in the dsRNAs of this invention. It is also envisaged that cells, tissues or isolated organs that
express or comprise the herein defined dsSRNAs may be used as “pharmaceutical compositions”.
As used herein, “pharmacologically effective amount,” “therapeutically effective amount” or
simply “effective amount” refers to that amount of an RNA effective to produce the intended

25 pharmacological, therapeutic or preventive result.

The term “pharmaceutically 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 thereof. The term specifically excludes cell culture
medium. For drugs administered orally, pharmaceutically acceptable carriers include, but are not

30 limited to pharmaceutically acceptable excipients such as inert diluents, disintegrating agents,



For intranuscul ar, subcutaneous and intravenous use, the pharnaceuti cal
conpositions of the invention will generally be provided in sterile agueous
sol ut i onswonosuspensi ons, buffered to 15 an appropri at e POIHER2@0/0S@1HNI City.
In a preferred enbodi ment, the carrier consists exclusively of an agueous
buffer. In this context, "exclusively™lfreans no auxiliary agents or
encapsul ati ng substances are present which m ght affect or nedi ate uptake
of dsRWdimg tapentselubscdtingt ag@XBr 888ctanikd RLBntg e AigvorAGU egunss, SERRIASILAS and
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der i vatPrPeeatisesis RPN 4o pesens skdleghin g arhyrr ol i done and gum tragacanth, and
a 20 wetting agent such as lecithin. Suitable preservatives for aqueous
suspensi ons 1 RChUdRH&HAYLnvARge D 1RF ARY bhPmly Ak PAKPERZABDR- calfl§ allows for the
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the art, Li ol . sus [ - S r ically.
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sequence. In a preferred enbodi ment, the dsRNA of the invention contains no
more t HaORY et dhoaoacq. £ DDPRRCEIHIGS BERP SN AN TBE AR st BBt Ths
m smat %ﬁ%sinélﬁd@eﬁc%ﬁgﬁéteé REHHRMARs b phofed? bR RRAPA Godin@lrapil @)ifi 8RR frdth $HERL Ch
not be located wthin nucleotides 2-7 of the 5 t%rnln s of the antisense
st rand.bolly, sunht hera emdodicdertcasd fosmpateineriadlhding haiplitte aad esiwéenchssubtah

gﬁz i tsgﬁiggve‘!gg r%ghggls.%}ogggrag%ﬁel,eb%éo%psati%fegpoqglmgrgeca% bet gsre , Qu%ﬁ a%fetlqugne vinyl

25 acetate, polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be apparent to those skilled in the art.
Liposomal suspensions can also be used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the art, for example, as described in

PCT publication WO 91/06309 which is incorporated by reference herein.

30 As used herein, a “transformed cell” is a cell into which at least one vector has been
introduced from which a dsSRNA molecule or at least one strand of such a dSRNA molecule may

be expressed. Such a vector is preferably a vector comprising a regulatory sequence operably



As nentioned above, at |east one end/strand of the dsRNA may have a

singl e-stranded 20 nucl eoti de overhang of 1 to 5, preferably 1 or 2
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thi s casend. thancthENmsydempitddisgrefchiplesibbi e prass rﬁlyﬂnaﬂaﬁslbb‘toahmdlomed within
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(e.g., NAFlepti pf the 5° tiepinges gf thenfisense sfeddm  (1996) 35: 14665-14670). In a
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the sense StA@ﬁ@nt?Jn%d%'B@% GRlda¥t dhd&Res4ha o@tﬁ@&ﬁ@ﬁﬁl%ﬁnﬁa&' ¥Sableldkgts 10
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further enbodi nents, a chem cal bond may be fornmed by branched nucl eoti de

anal og$inghsstededpvatrngdsiocated at therdrtrisaenl prd of theenatsa wragd ogriegatively,
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30 of the nucleotides in the overhang is replaced with a nucleoside thiophosphate.




WO 2010/ 089221PCT/ EP2010/ 050814 -19- including, but not Iimted to,

2'-am no nodifications, 2'-amno sugar nodifications, 2'-F sugar

nodi fi catworee10/@Y22fk nodi fi cations, 2'-al kyl sugar nodi f iPCRtEPRMI®/05a8m€har ged
backbone nodifications, norpholino nodifications, 2'-0-nethyl

modi fi cati ons, and phosphorani date (seé$- e.g., Wagner, Nat. Med. (1995)
1:1116-8). Thus, at |east one 2'-hydroxyl group of the 5 nucleotides on a
dsRNA i s repfhacéRNoy & dRepicsalt igvaition pagfasoabt ychbyially' madified tor erhadce
met hyl group. Al so, ~at |east one nucleotide my be nodified to forma
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af fi ni tBeahagecdHmpkeate (Edsy, bhguEnces sod, lmcrsas aSorkhN YrelSA, nghitle plearetiyur e
by several degrees. 10Mydifications of dsRNA nol ecul e rovi ded .herei n_pay
posi1 1 VEYPITARH Dty Fdrienes Z&Fﬁ% Rlog e B @y, drdludes Biirg mpt B (P s
i pr ovenddigidiioHe! iRdctidh tdre nbilhgRagedidsct ae@lledi dRachiidnt NBT BDIBandS Uty
structural and chem cal nodifications may positively influence

physi olrejacsaicnt efpitospte idwgesiwith h@Oﬂm%atﬁﬁnle&gaﬂi.és thip embedimient, sheriateigoty,

e.g. th tokine rel ease, which i referably su essed. Sych.chem cal and
ot et AR SR SielinEaR S RehstibyP i ShRL el BE Y fuo. By STk
i 11 ust reHegficdl inNaymty K28Rk ey bRNGT A ORIk of WeMRHowh &thnBued F&-&dfple by
Con{ ugating a ligand to a dsRNA can enhance its cellular absorption as well

as thr gettedvgingocayajsat.t osigl @ hydregen bonds: dwdraphabic nigtcagrtiess. enhgelr Sabbet
| i gand j ' ed . to facidi e dj r | e
cel ot A isRRtE o8, his ST PhldBh o el RE ST el
subst r @refefabdly, riae apemicaigo@isethaendo et asdds to el dppddashemchaiee wigeot
used to, 20 facilitate cell -germeati on of antisense oligonuc]eotides. For

exanpl éMikignedeRyine i QIR EpRPEIPTESTRRY DEUE-ditTpeianamine; N-acetyl-
ol i gonugl eQt Egoéw LG d.N 4C d e At il jve
conpar elikg (??%O%Z?’F n -C%%%jggfge ét4 gﬁgg%gp’ogg B%%gl%{l\l/l Ilﬁ/gﬁﬁhar an&A%%P@%E%@gcﬁé
Nuclfi dinkei @ Dhexp-Obylehogiyent 1i2KH2]n s cd@3 theaQd$R¥ Al drp ppdduced by cxofid yrhdse

herd, | TYRIET And (e SEeEgY e PhsPOITReng hempnBred tiardad K SHBHEt ghtSds
l'igand (§@r weGRRLOD.Medidt RIBENHACYLOShSn.| 81998 | 15 Af68-14690) Clnag! ParBBIES S

the cell "by folate-receptor-nedi ated endocytosis. dsRNA conpounds bearing
fol i c aoibddimeant.dhyé'-efdf ¢fche antisgnser siriogond dlet 3'rend of e scabd strand ardyehemically

fol ate-recept or s nedj,at ed endocyt 0sisS. tach t of lic acid . to.th

5 for HREEkEY RGBS PO TREE nE cnfbb” FRBR e Bl b Bbc ROniat 8 dnes

t heo®! idgRNUC t@apiisde a(gHospHoréthida spidroddttiio dtel @Rglips LThdPbtaiical Rdsid al 928,

15, 1540). O her ligands that have been 30 conjugated to oligonucl eotides
i ncl udéngoeiibe HRNEALS grojrably formpddutyinledtcdixdondt ers, cross-1inki ng agents,
por phyrin conjugates, and delivery peptides. W)

2010/ 089221 R TR0 0%9%?34 q %Qefmical %ondlﬂi%%r %%%ﬁh%}i[ Pg%@a%%%n%?gi H0aL] on

of a cationic I'igand to oligonucleotides often res I n 1 mprov
resi st dooding ogroujed, eelsesin fepriemdimgagiovps exappifesblyf pelgt(oxyphosphigesky-Bs-e

propyl anmoni.um angd di et hyl propyl ampni um_ I nterestingly, antisense
ol i gonm@am@]égm_&@fr @@%Eﬁ?&@% chapsiTh ot CROATBIEEY haheTCak ey i
MRNA Whg o fh&l 6RtdcamM 6f bﬁﬁ@&a@ i SRRES §flo Phd BEMIORRINded RBucture instead of
ol i gonucl eotide. See M Manoharan Antisense & Nucleic Acid Drug Devel opnent
2002, Dp2rind3lna Adtheef emndements,her diemical bond may be formed by azabenzene units
introduced into the double-stranded structure. In still further embodiments, a chemical bond may
be formed by branched nucleotide analogs instead of nucleotides introduced into the double-

stranded structure. In certain embodiments, a chemical bond may be induced by ultraviolet light.

30 In yet another embodiment, the nucleotides at one or both of the two single strands may
be modified to prevent or inhibit the activation of cellular enzymes, for example certain

nucleases. Techniques for inhibiting the activation of cellular enzymes are known in the art



The |igand-conjugated dsRNA of the invention may be synthesized by the use
of a dsRNA that bears a pendant reactive functionality, such as that
derived fworntonsortt achnent of a |inking nol ecul e onto POE/EPIRBASSTHI S
reactive oligonucleotide my be reacted directly with 10

commerci al | y-avail abl e i gands, |igand$9that are synthesized bearing any of
a variety of protecting groups, or ligands that have a linking noiety

at t achestltidieg,eduo nofl limitee td @ santiho hhﬁhfﬁdwieﬁrst, i2oanfias bidat atodifidadiosy Nt Fesigsr of
| i gand- con ated dsRNA by the use of, in sone preferred enpodi nents

nucl eoﬁ@é% ??glﬁ%’er% gl hH’PdﬁWBOIEeeﬁ -alkyt opprgent e1oflifisHpIY ateahaiesh brcgh%rs
and th

T gand T el oA RRG ok Ty PR RS phéppo s Gep
rrat er i &lg., aVegnpr.epar eMedc cm%) nigl 1t 1®-Sorikhusr ef elearseobrerrﬁeliydremyzls gmfupt brﬁ the

ds of t ernve on.via reaction of. a sel ecte ndrn nd
nqu‘ﬁR‘il IAoéSa’EeB%PCE)(ﬂ%%’ He® n@mlﬁ%sgrf’%np%%@?% '31?8 1% sFl&}El o?r Ee

0| ' gomﬂﬂét@}qt%rsl@ Alﬁb G@dadd Shd Iﬂl%ﬁe%ﬁﬁ@%a HeidNey l@@%rh{w IRReAhatikttde! Sgand

attached to -termnus of the dsRNA is prepared by first covalently
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or other organic conpound that is conpatible w tﬁ d- phase synthesis.
The dsRNA used in the conjugates of the invention nmay be convenjently and
routd nel y 23Vogifieationp dlfgﬁsmﬁé Werqcukﬁdrmvee%rher%memw wértwaLthHBlence their

synt hegj %lllt tin 'VﬁIOaEISSVQ IS 3 Qlspi e th&f GQH&'I’?% fs@ ta, elf'gfde
Wn‘ﬁ E % (ﬂ{ and al yI %%

olrgonu i des, Such phospho oat es erivatives.
Teachi r}“gsthemgne dslunh; sitrhkau&y abdhelgins cd fmqahfitdtouk mayrmdrtﬂvelednﬂhmge phgdielopicdes

be f d t f t ent U.S. Pat 8,105, d
{Tgypoleﬁﬁar%gles {93*@593@? 581%\ @Sieﬁkb‘ﬁ‘&é‘ SbPIBREtafiol ¢ pehe Cmgmes]?eﬁsf whioh is
drawn t,e.0lLEoRYEleQH! d6&h &1%16{1&9 aﬁ@ dirfidiedl Hﬁgm‘aﬂ&%’ arblkRowR @ theN@t and are,

5,521, 302, drawn to processes prepari ng ol 1 gonucl eoti des havi ng chiral
pholsi)homtasaliar, nkatyatsd lrLNSNrd?ﬁOO%uﬂﬁnGBa)l@&Q Mt Ghem,téo 9p292bde nucl eic
acids; U.S. Pat. WO 2010/089221PCT/EP2010/050814 21- No. 5,554,746, drawn
to oligonucleotides vin am backbone 902

dr ann Lo motroea i Tk AP ooy SR h SRR RS Tty n R el e
Pat. Neo aDabiichlaf ksucd nﬁ\o&tatlﬁ iRNEIceQ Sl Msoﬂmwcrr@aah ky b@ﬂ]hght@i AUDS, dsRANeY & N
such groups may be used as linkers to other noieties attached at any of a

vari ety ac‘éﬁtaﬁo@rqcr pergncation pbthg gelldasmgabrane sAltpaativaly the Bgandapniugatpddothe o
0 kR I Esubar B R o AL BLE L LRKed R g g APl

2' -1 alfkgilitaguacibperracaiod o€ hatiedsc olfpanusttstidésn diordexagpls, Getdilateralopay been

conpounds; Pat.. No.. 5,587,469, drawn to. oljgonucleotides haying 2
subst | tcarueaatsg 9 yagous pngiscisgroligpucleptiigy rosp mgdlrlammnoen&r bﬁr?cr%rarlu@iy

havi ng 354 %@ﬁﬁoowﬂlrga?ﬁmuh& nﬁ’ﬁchIghgateé aﬁéi@g_soé@e W%@@?%%4@§6@3r WeRLgd

4' - 10 desnet osi de ana rawn to
backbonkidbdig De\ckla;dmayo A0, 81 10e Oalnfalhpgphﬂwcrﬁnptﬁatds tltd(o h@v@Z@En 2ddjugatedvv t o,

I nter %lhlggﬁuclire%%iggsdﬁlcﬁlﬁeﬁ %Qn%%u%ﬁ?c%m d, l,g L e} ?he?claéi lcgr%E Tenthol. One
25 example of a ligand for receptor-mediated endocytosis is folic acid. Folic acid enters the cell by
folate-receptor-mediated endocytosis. dSRNA compounds bearing folic acid would be efficiently
transported into the cell via the folate-receptor-mediated endocytosis. Attachment of folic acid to

the 3’-terminus of an oligonucleotide results in increased cellular uptake of the oligonucleotide

(Li, S.; Deshmukh, H. M.; Huang, L. Pharm. Res. 1998, 15, 1540). Other ligands that have been

30 conjugated to oligonucleotides include polyethylene glycols, carbohydrate clusters, cross-linking

agents, porphyrin conjugates, and delivery peptides.



In the |igand-conjugated dsRNA and |igand-nol ecul e bearing
sequence-specific linked nucl eosides of the invention, the oligonucl eotides
and ol i goNochwosp2eés may be assenbl ed on a 15 suitabl e PRAVEPQIMI&siser
utilizing standard nucl eoti de or nucl eosi de precursors, or nucl eotide or
nucl eosi de conjugate precursors that aP@eady bear the |inking noiety,

| i gand- nucl eoti de or nucl eosi de-conjugate precursors that already bear the
| i gand nol edullcestainringidtes) uohr@sticteof 4 gaivhie HgdndgollichbtiidightilkooRsen rddhedin

usi ng nucleotideﬁconjuggte precursors that already bear a |inking noiety,
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conpl e : i S d, . t i ki ety
o or PrAAfiohIn Al BRTRBE i Amiohiell  BRRYT itibihe diEohdddg, TRLS
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reporter nol ecul es, ha revjously been descri be see Manohar et al.
b o plobRk b egny QRS SN MapErer f e eyt HopHd e Derclopment

ol i gonugheotd des sy rekdricedHakgh eosi des of the 25 invention are synthesized
by an aut omafed synthesizer using phosphorami dites derived from

| i gand- nucl eosi de conjugates in addition to commercially avail abl e
phosphor ani dibeelgand-conjugatiseé dsR&GY pdrthe ildvenbipn angy bo-syethhsized by -the ashpif 2
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| i gand. Acti've ester derivatives are well known to those skilled inhthe

art 15 Reptiesahyt atfaohed dot & welidstppast inmténiadie ald- pyapredusaonding de wsiee pssferbed
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pent achtbeapmaRopl eadepds offie' Pucationohe sractin o et mbinding ligend ve
ester RYGANGRRINBNMEctyIRbeH &Rt thélS' ihBsibih 6h atfiRIcosiie G ighh @ReidE SIndédraghed
to the 5 -position through a |inking group. The am no group at the 5' -

ter i nisstansas e ArRapAr maring on oyl Kedid miches Npdhd peronoBIUp exglen ISR i

preferr id1en .gan | ecul es nj t

b1+ gondCire® BETS boyeld O SR ECH oY BRARETOUERGT Smyiedinerasierye
phoEphauptortiviaca \Wigrhaih hineolikgamebups Thichikadtidodided ereSborayd rvax ytagdad Xolid-
directly or indirectly via a_linker Such |igand-nucl eosi de phosphoram dites
are tym%m pynthesisgteghnigurs ontheomonrgmerubyifrshlosly oyedite the selidpapary The
provid i . i ol i | | i j . .

B O e e B Bl B B b P o e b L PR Phublsin,

t he pr ephd-phasosyathedis.gand 15 conj ugat ed ol i gonucl eoti des conmences with the
sel ection of appropriate precursor nol ecul es upon which to construct the

| i gand nol ecul e ically, the precursor.is an a opriatel y-protecte

der fvat i ve otecdB D a i e el EY Eh 3R atshiB REERE Ry Eh Al BS tadinh

Pr egur $94de thidlgh R WNNKAGSH fecBhiqhd8f §d1AasHsC QmittdRt Rds Bkb BAGWE ke Bld F@faof
the invention rnclude, but are not limted to,

2' - am rﬁ@@nmgg/_tg'pr@mw-qmm ebgingelsotides, such as the phosphorothioates and alkylated
2'-6-aniﬂgﬁh% | am no-5' - CDMT- nucl eosi des, 20 5'-6-am no al ko xy-2'-deo
xy-nucheo Si'de s, 5'-6-am no al koxy-2-protected-nucleo sides, 3 -6-

am noal koxy-5"' - ODMT- nucl eosi des, and 3' -am noal kyl am no-5' - ODMI- nucl eosi des
that may be Teadiiegt @dardingt the sputhéstoobsetiait modifiedl oligenuvidotided may Metfhmdis
for the s ngggsis of such am no-|inked protected nucl eoside precursors(ﬁre
known t% theo@doyingy Lhdnaptgniskily-B- iFatt Ne- ax418. 108, ramiyn s BRlYaIBiGt eQuivgnie

Or O3PS RiEEnIRRTIEYT UNY PHE RHEPIANI10M, Afralvhierot ATROMRASAEs tHiSing modified

backbones; U.S. Pat. No. 5,521,302, drawn to processes for preparing oligonucleotides having

chiral phosphorus linkages; U.S. Pat. No. 5,539,082, drawn to peptide nucleic acids; U.S. Pat.



25 invention. As used herein, the term"protected" neans that the indicated
noi ety has a protecting group appended thereon. In sone preferred

enbodi merwe 20fo/ash21i nvent i on, conpounds contai n one or ROTAEPRIIONEESHS Ng
groups. A wide variety of protecting groups can be enployed in the nethods
of the invention. In general, protecti-B groups render chenical
functionalities inert to specific reaction conditions, and can be appended

t o and N sy ol erwalebligdhdiéaidat hivies BLlactamaﬁclawI@@LﬂJ@ Wi, NU15,571,902,
substantlally danagln t he remai nder of the nol ecule.

2010/ osigezmmnemoﬂw 0BOgHL fopshe pmthegis, ofﬁ@nnlwlwgde& l&SnEat Reow SYIBK/ 18,
1991, t
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reactive am no. groups selectively avallable for substltutlon 5 Exanples of
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al | yl oxyGarbonyl (Alloc), 9- fluorenyl methyl oxycarbonyl (Fnoc), and
benky| aixyuahblonyalclep@bz) anadngsdeU;ﬁ offect Nog »oHoUR8), sloim ae fbgckty)lne; rmﬁefﬁqd ,
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protecqmag)gﬁgﬂmgkoﬁ&ﬁh as 15 phthalimdo and dithiasuccinoyl. Equival ents

of these am no-protecting groups are al so enconpassed by the conpounds and
nmet hods of the invention. y solid supports are commerci al

avai | abl e ad® thhEgyd- Wg%ﬁdyds&wblanﬂ ngtaﬁ%n&l?cuéf‘aheqf@ﬁoﬁeﬂslﬁ@@sﬁ?ﬁlﬁ%){@@q d
suppor tnuh%OQ&esuéfetﬂe ifle F@n %Ré bﬂ%&ﬁ@f%gtﬁ%%geoﬂﬁﬁn&&g&?d e Jls@ bled 0
lversal Sup

enbodi nents, a uni versa I'S use ort a o
pr efar atitaic DN A @ym]hesgzranunlhzamg steedurd avélagrideron swalode madmrﬁcbre,cbmumleemie dies

| ocated at the 3'-term nus of I|go ucl e. For, furthe tails
about (HFIFRYLS COBIBHE PIECWEys éi%tt plready 4 pear H&gﬁlﬂ% mefan&g%ci gbfi%thk?e%r in

sol i d- pharEsiRY. %rﬂ?dté Rre%ﬁlgoﬂs Nhf raﬁ@&d } th%ﬂ@ﬁﬁ& 'rﬂb@acuﬂeg Bt notEHucl BRARI 1 HE[ 0 n
Mayf | ower Worl d 15-1 ) addition, 1t has beén reported tha

ol i gonbehrary hudklingalplodes. cleaved fron1the uni ver sal support under nllder
reacti on conditions when oligonucleotide is 25 bonded to the solid support

via a syn-1,2:acet.oxy at e . up.whi ch nor.e di ungder. oes.basic
yar ol yai s, Ead” BRIt Rt Gl o TR SR ek, R Sy
238fh TFhehadicbeabd degucacEsieciticeiniy pldsRRies Us +¢ARtiBI bdrgleRt, and the hgand

non- phosphorus cont al ni ng coval ent internucl eosi de |'i nkages. For the
pur poséeolegulg ethen faastsd ivath the dkingonpighatociarm ibe Beaiddws ueatedmdigonucleotide.

char athﬁ egsoﬁﬁ&le@éde' doStadicl RL M0, DMELE QP hATRuRS shiPANGeRUR! SRS tipids and

COI’]
reporter molecules, has previously been described (see Manoharan et al., PCT Application WO

93/07883). In a preferred embodiment, the oligonucleotides or linked nucleosides of the
25 invention are synthesized by an automated synthesizer using phosphoramidites derived from

ligand-nucleoside conjugates in addition to commercially available phosphoramidites.

The incorporation of a 2'-O-methyl, 2'-O-cthyl, 2'-O-propyl, 2'-O-allyl, 2'-O-aminoalkyl
or 2'-deoxy-2'-fluoro group in nucleosides of an oligonucleotide confers enhanced hybridization
propertics to the oligonucleotide. Further, oligonucleotides containing phosphorothioate

30 backbones have enhanced nuclease stability. Thus, functionalized, linked nucleosides of the
invention can be augmented to include either or both a phosphorothioate backbone or a 2'-O-

methyl, 2'-O-ethyl, 2'-O-propyl, 2'-O-aminoalkyl, 2'-O-allyl or 2'-deoxy-2'-fluoro group.



30 The linked nucl eosi des having an aral kyl |igand conjugated to a

nucl eoside within their sequence WD 2010/089221PCT/ EP2010/ 050814 -24- w ||
denonst r ave 2emsped dsRNA activity when conpared to |i RPETEPRNAOSBIPOUNdS
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to be uniformy nodified Cbnverselg nore than one nodifications naé

eor
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thereot, y; ect% %ara?ﬁm@ S&dhﬁgﬁahﬁtn%@b'ﬁ{%eeﬁﬁ(}sﬂﬁ JS{SI% 5 Ofehé}glc*aﬂg !ﬁ?e%“ﬁ%hé Bel ype

for exanple osphoro oat es

phosph thmhltdrhate(ats?ﬁthe@dﬂ paRbdire iteirevide aalmgamdalohj,ulgpﬂed siigohidl@side rigaring ttiey |
and ot her alkﬁ phosphonat es including 3'-al kyl ene phosphonates and chiral
phosphdigatedt the AdsPRiHat es, phosphor ami dates i ncl udi ng 3' - ami no
phosphor am dat e and am noal kyl phosphor am dat es, thi onophosphor am dat es,

t hi onoal kyl BhogpRATELESemboliRRACLKYLRAARRAAII hE B@hfon. quggaﬁﬂ&p Besiphiat es

havi ng nor mal I i nkages, - i nked anal ogs of ese, and t hose
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1 oo- adba" R G @nardh e dRambareleqes. obyPruBe3s eikedod orosomaty F95:
protected derivative of the commonly-used nucleosides. For example, the synthetic precursors
for the synthesis of the ligand-conjugated oligonucleotides of the invention include, but are not
limited to, 2'-aminoalkoxy-5-ODMT-nucleosides, 2'-6-aminoalkylamino-5'-ODMT-nucleosides,

20  5'-6-aminoalkoxy-2'-deoxy-nucleosides, 5'-6-aminoalkoxy-2-protected-nucleosides, 3'-6-
aminoalkoxy-5'-ODMT-nucleosides, and 3'-aminoalkylamino-5'-ODMT-nucleosides that may be
protected in the nucleobase portion of the molecule. Methods for the synthesis of such amino-

linked protected nucleoside precursors are known to those of ordinary skill in the art.

In many cases, protecting groups are used during the preparation of the compounds of the

25 invention. As used herein, the term "protected” means that the indicated moiety has a protecting
group appended thereon. In some preferred embodiments of the invention, compounds contain

one or more protecting groups. A wide variety of protecting groups can be employed in the
methods of the invention. In general, protecting groups render chemical functionalities inert to
specific reaction conditions, and can be appended to and removed from such functionalities in a

30 molecule without substantially damaging the remainder of the molecule.

Representative hydroxyl protecting groups, as well as other representative protecting

groups, are disclosed in Greene and Wuts, Protective Groups in Organic Synthesis, Chapter 2,



5,264, 423; 5, 321,131; 5,399,676; 5,405,939, 5, 453,496; 5, 455,233 and
5,466,677, each of which is herein incorporated by reference.
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i ncl ude those havi.ng. norpholino |inkages (fornmed in part fromthe sugar
por t i orlPEfoaghnkietten, -é%%JRéﬂﬁ@¥ahEYb§%&bones; sul fide, sulfoxide and
sul f one backbones; fornmacetyl and thioformcetyl backbones; nethyl ene

formacetyl aQfinht .r%e%ﬁ%i%ﬁu}ék STIEKRBNGT tRhHRDE ak0 sQOARRI M RACK RO RS

sul f amat e backbones; ne nei mno and net hyl enehydrazino backbones;
sul f ondteetnaamt, snd &ronesril de rkekisactes; amimb deobyzc kdiahesly andalde Her suliséititiog.

m xe 0, .S and CH2 conponen arts. resentative i ted. States
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5, 264, 562; 5,466, 677; 5,470,967; 5,489,677, 5,602,240 and 5, 663,312, each
of whi chbstuthepefomnylotiesd cprbrmpied chympliffadrtaride Nsc group (Samupkereet aby Eete¢/redpn

ol i gon eqty jaeti cs, both the sugar and the internucl eoside |inkage,
i.e., #%é”gg%gggggg?bf the nucl eoside units are replaced with novel groups.
The nucl eobase units are maintained for hybridization with an appropriate
nucl ei ¢ aci d\ddatiggat aRthoemoroting groupe irklicl, bt @o notcliedéd @e cadamate protecting
ol i gonucl eotide m netic, that has been shown to have excel |l ent

hybHl digghson podgerti &8, i s2wtré1¥1%thylé§y1€§wé§caab0@ébt i déTﬁ‘PfSI ei c laBrdylbidy) .
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ol i gonucl eosi des with het er oat om backbones, and in particular --

CH215 Nphthplim@lep and dithi@H@cmNyh}Eguiwjentg}Qf -thespknmm-la@tqutingt grphphere also

(et hyl i m no) or backbone - = 2--ﬁ%~N --CH2 --,
e Rais Rl ORGSR B i o e B 050 -~ [wherein the
nati ve phosphodi ester backbone is represented as --0--P--0--CH2--] of the

above ref er engsdsdlldSuppats aldeontned88ll Y ZVailadichridheheast ddinba,cidio ive sheadrt tdre
above rlreeafd(ialryeQecleec(;ci allJ ' sSo'lid \sll\gp%l(’)tl?o/ Qt)%glzlsze]apicl;r/t%g) ngﬁg{p%ggeméﬁnthesis steps. In certain
embodiments, a universal support is used. A universal support allows for preparation of

20 oligonucleotides having unusual or modified nucleotides located at the 3’-terminus of the
oligonucleotide. For further details about universal supports see Scott et al., Innovations and
Perspectives in solid-phase Synthesis, 3rd International Symposium, 1994, Ed. Roger Epton,
Mayflower Worldwide, 115-124]. In addition, it has been reported that the oligonucleotide can

be cleaved from the universal support under milder reaction conditions when oligonucleotide is

25 bonded to the solid support via a syn-1,2-acetoxyphosphate group which more readily undergoes
basic hydrolysis. See Guzaev, A. 1.; Manoharan, M. J. Am. Chem. Soc. 2003, 125, 2380.

The nucleosides are linked by phosphorus-containing or non-phosphorus-containing
covalent internucleoside linkages. For the purposes of identification, such conjugated
nucleosides can be characterized as ligand-bearing nucleosides or ligand-nucleoside conjugates.

30 The linked nucleosides having an aralkyl ligand conjugated to a nucleoside within their sequence
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15 includes 2'-nethoxyethoxy [2'-0--CH2CH20CH3, al so known as
2'-0-(2-nmethoxyethyl) or 2'- MX], i.e., an al koxyal koxy group. A further
pr ef er r edwordiofiseztti on i ncl udes 2' - di net hyl am nooxyet h®X¥/EPR016/050834
O(CH2) 20N(CH3) 2 group, also known as 2'-DMAOE, as described in U S. Pat.
No. 6,127,533, filed on Jan. 30, 1998,-2%-he contents of which are

i ncorporated by reference. 20O her preferred nodifications include

2' - met 3R64,423% 5021 ,CBIB)5,3W, 6 ATBROPIIOPOX Y53, 206; SCGH2CR2GHABNGS)6 7anchch' of fthielr 0
(2'-F).. Simlar nodifications may al so be nade at other positions on the
ol i gondth&en; Py atediby ieisranget he 3' position of the sugar on the 3
termnal nucleotide or in 2'-5 |inked oligonucl eotides. As used herein,

the term " sygatrs4BSbaiFEE Nt GhQURsIR! linRages UBS tabsgts HhAURIo nBE!iHARS %P
groups attached to the 2" -position of the ribofuranosyl noiety with or

wi t houtphasphorusgeemaharem (Sagatigewiskpiities have badkbenésrtbhtuate formed tar shontothain
limted to, fluprp,. 0-al kyl, .Q-al kyl.amno, 0- alkyl oxy, protected

0- a1y el 05, o6y miRiohd e Eer Ry Pt il B Pyl anGuee
for nul ainkfsed! Ky bhénor Whse &hBrtMBhhm Aeté@a@BAd or Hterbdyefi€hintedu 'ﬁﬂ(a%ék.e%ese
pol yethers are linear and cycli cngol yet hyl ene glycols (PEGS), an

( PEG) - desiedsi thasg baorg snorghelincadinkegswn(fetnist dn anet, fivm ithe esugan ipartionho§ e
whi ch i:3Gl d d t. al Criti [ L '
o b T N L L e R

r ef er engigformatdtgl enatkboRky. nihylbgy RBrgadetyiodhd | thidfbansce e baikbehas edlkbye
Cook (Anti-fibrosis Drug Desi (%n, 1991, 6:585-607). . Fluoro, WO )
201H) 0goptainmier/ skbawnysp 508 famate g bagkbapgsy| mathydengymigi d omethrlenchyidrazingol e,

0-al kyhamyaal: kyir %1 % harfHie PAcIBORSE labdiid BRibGndERET dRSGD nhi Rat ent
6, 166, fggl enti t‘l%%?%? dlaggljlorre?l c %o?rpoundsahﬁav?dr%g %i/er’lftnﬁdjl ne Rluc?%lg%eéie(’s)
w t h 2'0,&8«hd3CH Subsjidnentt pantss, * her eby i ncorporated by reference in its
entirety. Additional sugar substituent groups anenable to the invention
I nclude 2°- i%p?eggntgti\;el\l%nited States patents relating to the preparation of the above
oligonucleosides include, but are not limited to, U.S. Pat. Nos. 5,034,506, 5,214,134; 5,216,141;
15 5,264,562; 5,466,677, 5,470,967, 5,489,677; 5,602,240 and 5,663,312, each of which is herein

incorporated by reference.

In other preferred oligonucleotide mimetics, both the sugar and the internucleoside
linkage, i.e., the backbone, of the nucleoside units are replaced with novel groups. The
nucleobase units are maintained for hybridization with an appropriate nucleic acid target

20  compound. One such oligonucleotide, an oligonucleotide 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 oligonucleotide is replaced with an amide-containing
backbone, in particular an aminoethylglycine backbone. The nucleobases are retained and are
bound directly or indirectly to atoms of the amide portion of the backbone. Teaching of PNA

25 compounds can be found for example in U.S. Pat. No. 5,539,082.

Some preferred embodiments of the invention employ oligonucleotides with
phosphorothioate linkages and oligonucleosides with heteroatom backbones, and in particular --
CH,--NH--O--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 --O--N(CH3)--CH;

30 --CH,-- [wherein the native phosphodiester backbone is represented as --O--P--O--CH,--] of the
above referenced U.S. Pat. No. 5,489,677, and the amide backbones of the above referenced U.S.



5 groups, wherein each Ris, independently, hydrogen, a protecting group or
substituted or unsubstituted al kyl, al kenyl, or alkynyl. 2'-SR Nucl eosi des
are di sclweed10/039221S. Pat. No. 5,670,633, hereby incorp@caterdolopseses er ence
inits entirety. The incorporation of 2'-SR nmonomer synthons is disclosed
by Hoomet al. (J. Org. Chem, 1997, 6203415-3420). 2'-NR nucl eosides are
di scl osed by Goettingen, M, J. Og. Chem, 1996, 61, 6273-6281; and

Pol ushipat.eXo.a,602,240. Redor pbRaicdnrdeligonuclt88des lAVving3adrphd@@Obadkbsid@ructures
representative 2'-substi tuentNgr oups amenabl e to the invention include
those RaMcrRpousrectoengasyWagh Bati Nor2.0$4.5060. wher ei n, Eis Cl -C10
alkyl, N(@) (X)) or N=C (B)(A4); each @B and 4 is, independently, H, Ci-
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unt et hered conjugate group, a linker to a Solid Support; or (B and 4,
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i A R as BES4 GRFAREG oD Ot eat UG, ROy Rttt TupgodbedDgE g ur o
1; g4 ingcRobabePinchide the puriB@®iscladedide FAY ahd %u%ninie ndg paRdant pyimidte Hases
cycl oal kyl, C5-Cl14 aryl or C3-Cl15 hetero%y |yl , wherein the heteroatomin

Cc
sai d hémaniveydD.yeyteriauCl, andeiraeit €d). f Modifiosd yiyeleobasics redede aihdr synthefic; andaD

2010/ 0 PCT, 010 0 - 29 . 4 i SM 2, h ML
o, i naRSE IR PpR SRR g fonegine e QP e lE! SaniR
C( =0) Nl dBanetind QL hDEddhMR; 6 Mieth@ ddWthdrl allsB dati¥ativies 3ddenine andZfuahmeCl- C10

al kyl, C1 -C10 hal oal kyl, C2-C 0 al kenyl, C2-C _0 al kynyl, C6-Cl4 aryl,
N( (@gpyl@@,otlpfmaélgyl g@wgﬁve@'@_f adenine and guanine, 2-thiouracil,” 2-thiothymine and 2-

thiocytosine, 5-halouracil and cytosine, 5-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 and other 8-substituted adenines and guanines, 5-halo particularly 5-bromo, 5-
trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine and 7-
15 methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and 7-deazaadenine 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.

I., ed. John Wiley & Sons, 1990, those disclosed by Englisch et al., Angewandte Chemie,

20 International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y. S., Chapter 15,
Antisense 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 oligonucleotides of the invention. These include 5-substituted pyrimidines, 6-
azapyrimidines and N-2, N-6 and O-6 substituted purines, including 2-aminopropyladenine, 5-

25 propynyluracil and 5-propynylcytosine. 5-Methylcytosine substitutions have been shown to
increase nucleic acid duplex stability by 0.6-1.2 °C. (Id., pages 276-278) and are presently
preferred base substitutions, even more particularly when combined with 2'-methoxyethyl sugar

modifications.

Representative United States patents relating to the preparation of certain of the above-

30 noted modified nuclecobases 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 5,134,066, 5,459,255,
5,552,540, 5,594,121 and 5,596,091 all of which are hereby incorporated by reference.



5Representative 2'-0-sugar substituent groups of formula | are disclosed in
U S Pat. No. 6,172,209, entitled "Capped 2' - Oxyet hoxy A i gonucl eoti des, "
her eby i rworzpwv@dzd by reference in its entirety. Repr ePEMERRINO5@SYL] | C

2' -0-sugar substituent groups of fornula Il are disclosed in U S. Patent
6,271,358, entitled "RNA Targeted 2' - M&i fi ed Aigonucl eotides that are
Conformational ly Preorgani zed," hereby incorporated by reference in its
entirety. 1Qbugatan hanbodgmbntsubisd idlighhencotiades t &igploydosivl thel migaed-eorghgoed
anenable to the i nventl on. Repr esent ative substitutions for ring O include,
but ar @ligerudlqoides@fitge igyentap meyprddgjopatiyor alternatively coptie €8¢ | YeSOray

al S0 hayes R sudlr b ibGS:, P?&@Hecﬁ%h%é&ﬁﬂc%’d&éés Sdtﬁgér?s%'cﬁé of e RORRSInG at hE 2!

pent of ur anosy °s gar. Representative Unite es patents relatfng to the
pr epar gobitinn:0OHs kG 1O- de,I é1i Nehllsphg@r,sSH, oc N+disenyiuor &, - motNalkyhyle dvitecgin theS.

P No 5,359, 0 678 5 519, 134;: 1 722: 5,597, 909;
56%4% Sy ﬂg @lmg my g? Swﬁtleﬁei% %‘éﬁ@ﬂf}“ dﬁ%r%o@lata@ﬂ% ‘3@%%%.
Addi ti gnahymadi fikea] paﬁcmﬂy @k&&&ﬁa@&@ﬁcﬁg)neq , R@IH, ), 0.0 @égb%)nNHz,

ol i gonucl eotl de, particularly't position e sugar on 't

t er m n&)(CiubCEbL O(:féHz)EQNHemd@(@HzW [é@Ht)h@Hﬂézl leflﬁ@ilf irglamiaphfrom  teeabout

1 mict ng Ot DR ABRMUE R GREmEbe hiF of MEGPY B A 2R TR SR s

or conjigigat grynBiskineah RGe alkye aaraatrwlataikylcgumér?r ofl OSarhikDU ISR B @M, ard Nl ar
upt ake of the ol |80nucl eotide. Such noieties include but are not linmted to

| pll Kdi &8 eSN. suEn 86TFa HYHEst 8ol Chbi QNOLL NG nijer N, allletefoﬁfc&a.ﬂ(ﬂlat .
vea. chtsroqBP RSy nly bRl gl dubMBRSASAMF RN oioaith Bty

( Manohar@&poeér @bup, Aninterdhldtor,AC gebup ot impb8g, tha phafifacoBOGtic asyehdrsast @t

al., Bigorg. Med. Chem Let., 1993, 3, 2765), a thiochol esterol . (Oberhauser
et al.0 lmcleONéﬁ,dsorReas groypoor Hprewysy ﬂ%fn pharmacadyaamicaj Hopgtigs | of an

dOdecaQﬁiig %%Otlﬁgdgﬁ(y lotﬁé?sklﬁ)g eﬁt’g‘aﬁasvﬂﬂg @ﬁﬁwaﬁl‘%ﬁeﬁﬁe&ag pre%%@ r}lodlf L
10, 111; “Kabanov ‘et al ., ett.,

15 includes 2'- methoxyethoxy [2'-O--CH,CH,OCH3, also known as 2'-O-(2-methoxyethyl) or 2'-
MOE], ie., an alkoxyalkoxy group. A further preferred modification includes 2'-
dimethylaminooxyethoxy, i.e., a O(CH,),ON(CHs), group, also known as 2-DMAOE, as
described in U.S. Pat. No. 6,127,533, filed on Jan. 30, 1998, the contents of which are

incorporated by reference.

20 Other preferred modifications include 2'-methoxy (2'-O--CH3), 2'-aminopropoxy (2'-
OCH,CH,CH;NH;) and 2'-fluoro (2'-F). Similar modifications may also be made at other
positions on the oligonucleotide, particularly the 3' position of the sugar on the 3' terminal

nucleotide or in 2'-5' linked oligonucleotides.

As used herein, the term "sugar substituent group" or "2'-substituent group" includes

25 groups attached to the 2'-position of the ribofuranosyl moiety with or without an oxygen atom.
Sugar substituent groups include, but are not limited to, fluoro, O-alkyl, O-alkylamino, O-
alkylalkoxy, protected O-alkylamino, O-alkylaminoalkyl, O-alkyl imidazole and polyethers of

the formula (O-alkyl)m, wherein m is 1 to about 10. Preferred among these polyethers are linear

and cyclic polyethylene glycols (PEGs), and (PEG)-containing groups, such as crown ethers and,

30 inter alia, those which are disclosed by Delgardo et. al. (Critical Reviews in Therapeutic Drug
Carrier Systems 1992, 9:249), which is hereby incorporated by reference in its entirety. Further
sugar modifications are disclosed by Cook (Anti-fibrosis Drug Design, 1991, 6:585-607). Fluoro,



1990, 259, 327; Svinarchuk et al., Biochime, 1993, 75, 49), a
phosphol i pid, e.g., di-hexadecyl- rac-glycerol or triethylamonium

1, 2- di - O-Wexanesyi2ir ac- gl ycer o- 3- H phosphonat e ( Manohar 0T30P2¢0/080814
Tetrahedron Lett., 1995, 36, 3651; Shea et al., Nucl. Acids Res., 1990, 18,
3777), a WD 2010/ 089221PCT/ EP2010/ 056834 - 30- pol yani ne or a pol yet hyl ene
gl ycol chain (Manoharan et al., Nucl eosides & Nucl eotides, 1995, 14, 969),
or adarmamgna)au@ﬂmma,commwammb&n (Bﬁlk@llamlno'ﬁﬁtyﬂ ah&ﬁal@pl hdtno. subdtAdbon I6,
3651), a palmtyl noiety (Mshra et al Bi ochim Bi ophys. Acta, 1995,

1264, 212@9“b66rmaﬁJ dcCaEBE VY, Kot o%ntlﬁléQyi%l&ﬁOrW@aﬁBa}wpn%&%wag eBYTé‘?l%S*Ime

moi ety I\ﬁtgﬁe%ﬁﬁ afévltﬂb ands' sﬁ@&ﬁ&%@'" he@f)g I%C-B rated %99$F£reﬁcezzl]1ts

The i nvention & S0 incl udes conposition oyi ng- ol I gonu e% that
are substantially chirally pure with regard to particul ar posi t| ons within
t he ol i gonudidslatiandé sugaExampluest glfoupubmt:mivﬂa &l thy iteintiem hrwllpiaﬂé—SR and 2'-NR;

ol i gonucl eoti des .i ncl u but imted to, those

PhoShner oI e (kb geds: Hereaenl hieeoss PissBRE RO rsBioubetiyied o, g
Pat . quns@t@uﬁue%%n(%ﬁlam@m bas&nhRVI ISR NiRELIAE] ald Miseliséflih YUBUTFt. (8B, or
Rp) al gfm%hosphonate phosphor am date or phosphotriester |inkages (Cook,

NGd: hachy IicogeraedibBrasena@o)its cpfireterlhai ipcorpeyeidoncelss- Rq@lonorner
Ol I gomﬂg&tﬁ&% (gedl eg%grﬁaq% e?%l b(y 59%,[ ecflmlt g?&ﬁ @b %HP? 3@{(5”5%{{ nucle 51dest o

non-1|igan een conj u ol'f gonucT eoti'dés I n or

enhancerd l’clﬁcb@éd %ytaoetﬁ@gelny INRE JdI@gr ldhui‘nl or996r 6¢eb218-a28 1y pihd kRoledhid ke al.,
ol i gonucl eoti de, and procedures perform.ng such conjugations are

avall atflegafgdroméeieil 89 BY1 3227 rizépaﬁffl@r TepVRSRNtAHYE B TSy a¥ HUGHS iZEqUPs emgagkde to
i ncl d L ., P | .
Acad. S %.“'V%%% TRHGA e BB AR R b L o ef al. 8 borg.  nbd.

Chem Lett 1994, 4:1053), a
/O\Z ~~
1

(= 2)
ZS q4

KZZT

—fo— (CH2>q1)—<o>q3—E )

II

wherein,
E is C; -Cyp alkyl, N(Q3)(Q4) or N=C (Q3)(Q4); each Q3 and Q4 is, independently, H, C;-
15 Cyo alkyl, dialkylaminoalkyl, a nitrogen protecting group, a tethered or untethered conjugate
group, a linker to a solid support; or Qs and Qa, together, form a nitrogen protecting group or a

ring structure optionally including at least one additional heteroatom selected from N and O;
Qi 1s an integer from 1 to 10;
2 1s an integer from 1 to 10;
20 qzisOor 1;
qais 0, 1 or2;

each Z;, Z, and Z; is, independently, C4-C; cycloalkyl, Cs-Ci4 aryl or Cs-Cis
heterocyclyl, wherein the heteroatom in said heterocyclyl group is selected from oxygen,

nitrogen and sulfur;



t hi oether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N. Y. Acad.
Sci., 1992, 660: 306; Manoharan et al., Bioorg. Med. Chem Let., 1993,
3:2765), wothiogshziest er ol (Oober hauser et al., 20 Nucl. PATIEP201ROS0814 1992,
20: 533), an aliphatic chain, e.g., dodecandi ol or undecyl residues

(Sai son-Behnoaras et al., EMBO J., 19929- 10: 111; Kabanov et al., FEBS
Lett., 1990, 259:327; Svinarchuk et al., Biochime, 1993, 75:49), a
phosphol i pi &, i€0M,, SHl; beXENERY tachavr @l yeRp&ldeatly, tH,i €Oy hikgyaniChaloalkyl,

1, 2-di - O hexadecyl -rac-gl ycer o- 3- H phosphonat e ( Manoharan et al .,

Tet r ah&droR) NG IV, (90BN BT ameIC CGRBATEY::Y: is e -Caglkal apds. | 1090,
18:3777), a polyam ne or a 25 polyethylene glycol chain (Manoharan et al.,

Nucl eosi des uel_eot i , 19 ' )6e nicar qﬁg?d g
( Manohar an g? §|¢!€$i?r Heg%ogﬁig%§?$§gé% ?%3g$§%§1¥?Q§°pa|nﬁﬁy?gﬁg1§?9

(M shr &(E:)(&k), OB badbi $Q: Bi@8hys. Acta, 1995, 1264:229), or an
oct adecyl am ne or hexyl am no- carbonyl -oxychol esterol noiety (Crooke et

al .,. J. Phargmacol .. Exp., Jher. , 6,  277:923).. Typical ,.conj uga

o otbcol s R oe e 2 onut Ry alinnar burmEL Bt 3R R e Newer
30 at %DEZZQZO9UEﬂitQ1@IdO$jabF%%‘-@iydtﬁtﬁcy?@Hgtﬁﬂl@l%otia'é%? R BY0Ing6 PofutédSby ReBrence
reacted wth the nol ecul e being conjugated using appropriate coupling or
act i vati g Cpidgle fegresaieoncligat Pometeabstityent raguitseo f fermpue Mere dlisclosed Wi t h

Lhe ol iiganugl&ot isde SLI L ROUNd i eAt Hargitld & MRRRLS SlighAll BRI niarc

2010/ 0
Conformationally Preorganized," hereby incorporated by reference in its entirety.

10 Sugars having O-substitutions on the ribosyl ring are also amenable to the invention.

Representative substitutions for ring O include, but are not limited to, S, CH,, CHF, and CF,.

Oligonucleotides may also have sugar mimetics, such as cyclobutyl moieties, in place of
the pentofuranosyl sugar. Representative United States patents relating to the preparation of such
modified sugars include, but are not limited to, U.S. Pat. Nos. 5,359,044; 5,466,786, 5,519,134;

15 5,591,722; 5,597,909; 5,646,265 and 5,700,920, all of which are hereby incorporated by

reference.

Additional modifications may also be made at other positions on the oligonucleotide,
particularly the 3' position of the sugar on the 3' terminal nucleotide. For example, one additional
modification of the ligand-conjugated oligonucleotides of the invention involves chemically

20 linking to the oligonucleotide one or more additional non-ligand moicties or conjugates which
enhance the activity, cellular distribution or cellular uptake of the oligonucleotide. Such moieties
include but are not limited to lipid moieties, such as a cholesterol moiety (Letsinger et al., Proc.
Natl. Acad. Sci. USA, 1989, 86, 6553), cholic acid (Manoharan et al., Bioorg. Med. Chem. Lett.,
1994, 4, 1053), a thioether, e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992,

25 660, 306; 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 et al., EMBO J., 1991, 10, 111; Kabanov et al., FEBS Lett.,
1990, 259, 327; Svinarchuk et al., Biochimie, 1993, 75, 49), a phospholipid, ¢.g., di-hexadecyl-
rac-glycerol or triethylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan

30 et al, Tetrahedron Lett., 1995, 36, 3651; Shea et al., Nucl. Acids Res., 1990, 18, 3777), a



-31- cleavage of the oligonucleotide in solution phase. Purification of the
ol i gonucl eoti de conjugate by HPLC typically affords the pure conjugate. The
use of a wbab®aser2el conjugate is particularly preferre®CIiERe@EIOHNSM a

noi ety can increase targeting to tissues in the liver, a site of PTP1B
protein production. 5Alternatively, thé0nolecule being conjugated may be
converted into a building block, such as a phosphoram dite, via an al cohol

group podaatiic oNa pbBethiglede wiyrodthdiy (Mbh@halﬂa[fﬁﬂt alof]\fualeb'szﬂkse& Mﬁ&édtmgs a1r995
al cohol group that may be phosphoryl ate tantly, each of these

appr oadfegWapr Blaming wtlﬁwelds%ﬁrmé@ra@ graly Tgérﬁéec@%,lﬁaatl@aS 36, 3651), a
ol i gonug| & 1'19&&?, (ML ot b kﬁzgci&%ln' dz)%% eRkt, 4955 ”Pzﬁé4b?7r%ob&péx?61ct9defcgﬁhlu¥e

with Iifgand via the use 10 "of coupli reagénts or folTow ng activation of
t he | i garhdxdsman-ddiSnyt- opﬁuhbidswmlaphetyod(ab@keeataér J. Phgawudopdppliberaniodot es
,2% % sized via the attachnent of an am nohexanol |inker to one of
the arbox groups followed by phosphitylation of the term nal al cohol
functionality. Qher linkers, such as cysteam ne, nay also be utilized for

conj ugati on e aniAtion 0aket ﬂclddeﬁ‘k%mﬁdis@@&ﬂt Bl ity Nbh@HugRBtides that are
ol i gonucl eoti de. 15Unl ess ot herw se defined, all technical and scientific

terns @ghﬂcuam@klm chitelly epurhewthrriseardatel mgrtigulat resisiony withie r e oolizopycleetédess
ordi na Exialﬁlg ofl SI]..llb t I?tla{i‘llryt ChlI‘?lll ugé1 ?(J)nutcko’y 8&t ngﬁ'ldcb elL gn%g nofa‘ hﬁﬂ%h’ qg trﬂgg hOdS

and mater s simTar o eqw Se descr b erei n can

i n the haviagtphosptiothRatd Mgkagts tHae atweRLItOTsY% B sraRb qCabk hods, asl Paat Nb! al S
are descri bed below All publicatiaons, patent applications, qut ents, and

ot h} reﬁ‘ggr@&e@dnémﬁeoﬁéﬂn&eﬁlglsﬁnﬁﬁléy 20vtHE oPWET é$léd01b>RFr)e1a heshionatenei r
|
entire | O%{Jsh,ﬁragmﬁﬁ?te%f Rtﬁ@sﬁ&‘r%&er E\gﬁe‘% o , BRI UP RG] NoS 4 4 2@295' eﬂl 5“92611%2).

defi ni the mat er i al’s,
exanples are illustrative only and not intended to be Ilmtlng. The
above pr ovi decbeﬁmhoimsmmss tlendligdneneotde e pr emenfcd by entorehgadegmow A

illustrat he fol i ng, n-limtin X 5Descr | io of
1 gur et Shpenligadrnleau Byl Senconentid S S eRuRTR Tar Getiorp pTbRe
(" PTP1B,dgEaNA IXZI'CQHME HTEABILLIYE Or FENAal BMELS of ThedERnhi¥BoERY Sndfpk&dediireY for
i njection of P1B dsRNA at 6 ng/kg in a LNPO1 gl 14) i posone fornmnul ation.

Lucl¥ emasferrmggwmmuga(ﬂbnmre)avaﬁ@ @Bsth(e"ssanilﬁ@ yeratpes. Soelt heyl-gardesaicties ar e
T N e e T A
dsRNA qus®T8Y:B543 venolm&qdl(mbﬁamﬂ oot e BbdRr Medv Chel. a%td, omoaf 4RDB3R a
dsRNA (liggthlerD e4 g7 /hg%?lzs ?r&tylthlgP M%nlol?ara?n et al., Ann. N.Y. Acad. Sci., 1992, 660:300;
Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3:2765), a thiocholesterol (Oberhauser et al.,

20 Nucl. Acids Res., 1992, 20:533), an aliphatic chain, ¢.g., dodecandiol or undecyl residues
(Saison-Behmoaras et 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-di-O-hexadecyl-rac-glycero-3-H-phosphonate  (Manoharan et al,
Tetrahedron Lett., 1995, 36:3651; Shea et al., Nucl. Acids Res., 1990, 18:3777), a polyamine or a

25 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 et al., J. Pharmacol. Exp. Ther., 1996, 277:923).
Typical conjugation protocols involve the synthesis of oligonucleotides bearing an aminolinker

30 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

may be performed either with the oligonucleotide still bound to the solid support or following



LNPO1 (1:124) liposone fornmulation. PTP1B liver nRNA | evels after 1, 2, 3,
4, 6 and 9 days post-injection. Luciferase dsRNA /LNPO1 ("Luc") and

unt r eat edwearnomaiss22are controls. Results 5 are group avePagaEr2010080844

i ndi vi dual ani mal s. Figure 3- Effect of PTP1B dsRNA conprising SEQ
ID pair 5/6 on silencing off-target sedliences. Expression of renilla

| uci ferase protein after transfection of CO67 cells expressing

dual - | uidal sfcasethe @higbhiustdoside i€ polatemnphdseVRurifigation bliélic di%omatlcbtdcg&dnjgiate of
PTP1B nRNA ("on") or jin silico predicted off-target sequences ("off 1" to
"of f 13y HREG fypigally affords thg ppregrongigpicy Ths ushof a8 chelesteiol sorjugsts Is RAEHGEYY and
"of f 1Q; H " ' - tar it h, .5
N R S AL T L L L
Ef f ect podteRTRPABIctisRNA conpri sing SEQ I D pair 13/14 on silencing off-target
sequences. Expression of renilla luciferase protein after transfection of
COb7. cel | s expressi dual -l uci ferase .constructs, representatjve.for ejther
1 mer tar g NG BCRT TSNS SHRijEas GHY; B SITRECH giad) YR Dlodk

of f - t arsget a2 PHESPREFantided, fvial an bRohHf %roﬁ-@n restMttif theofblebule-or 3f dtta3hmb@i dTh
antisense strand off- targets and "off 18" to "off 13" being sense strand
of f - t aliglgrshearipg am alsohel greprthy maRpephosphdrgletedmat chi ng of f -t ar get dsRNAs
are control s. Figure 5- Effect of PTP1B dsRNA conprising SEQ ID pair
11/ 12 on sil ' t i ' i:f e
pr ot oi n af ¢ S PP ARG? Sich 1AEE AERYSE Ry (EIREE TR A0 s R iend VL BEEF
const r wigsnudiepides emiab ilvked oligaiutletidel nayebe ¢ap@dtdisitle wath 1ighRd BiantkNAse
("on") or in silico predicted off-target sequences ("off 1" to "off 17";
with " @?fcomphng reggenty 8¢ Tpligvige Astivaionsef beliaad gp ran NHSg Rensgprophenolpier o
"Of T 1stePel B P gﬁéﬁhéﬁa"nﬁﬁ'ﬁesofnfay U Gliokizel Vid) (RO aRMKRERE Br dsRNRno REah6 £
mat chi ng of f-target "dsRNAs are ctontrols. Figure 6 - Activity of dsRNAs In

i nsul i Nigksi ¢gmaine nef. thele pe@Eloxge | dreumse fadlotwednby ephib gehitfybatiord Sof2 thehterminah afcohi
dsRNA, starved for, 24.hr, and treated with insulin for 30.m nutes .prior to
Pat o JHMEOTER o Ll ikt GHIEh (45 P BIE: G op it e BBt Bk
"A' PTRbR#S FRsk dith SEDebRePalifondBledfide.” B': PTPLB dSRNA conpri sing
SEQ ID pair 11/12, "C': PTP1B dsRNA conprising SEQ ID pair 17/18, "D':
PTP1B dsRNA comprising SEQ ID pair 5/6, "E': PTP1B dsRNA conprising SEQ ID
pai 15 7/ 8, " mEnlesmmhawitsrAingdnglt toshmigalsmd sepngific geines @yed  herad :hapa HKBsa@RNA

Tanre IORREAR.CRABAY huerfing MonBa AP ol T b R LA o enten

RNA nutkRags. delshoukhwesthBad Ineitétils sinlar of @quivaléxt tamiibse Wesdridpd @seit cad be
O- et hyl - podi fi ed nucl eoti des, "s" represents phaosphorothi oate and "dT"
deoxyt RFA & His, practice or testingsplths inveniong syityble, Bcthods gnd daatruds pxer deseribgl

human %E@%VBOAIP@%BHGH.{IM%SE ?ﬁ&hﬁ%pﬁl@ﬁti&@s atéﬁ&,%ﬁ%ﬁé’r ﬂef@:réﬁ%ps(%leﬁ{i'&e@q{e?éé are
cells. TC 50: % I nhr bitory concentration.

20 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.

The above provided embodiments and items of the present invention are now illustrated

with the following, non-limiting examples.
25 Description of figures and appended Tables:

Figure 1- Effect of dsSRNA targeting PTP1B (“PTP1B dsRNA”) on PTP1B liver mRNA
levels in mice two days after i.v. injection of PTP1B dsRNA at 6 mg/kg in a LNPO1 (1:14)
liposome formulation. Luciferase dsSRNA/LNPO1 (“Luc”) and PBS (“Saline”) are controls.

Results are group averages from 3 individual animals.



Tabl e 3 - Characterization of dsRNAs targeting human PTP1B: Stability and
Cytokine Induction. t 1/2 : half-life of a strand as defined in exanples,
PBMC. Hurssio 2psvaspizer al bl ood nononucl ear cells. Tabl e 4PCTEPRNADSG8A4 get | ng
nouse and rat PTP1B genes. Letters in capitals represent 10 RNA

nucl eoti des, |ower case letters "c", "g2- "a" and "u" represent 2'

O-net hyl -nodi fi ed nucl eotides, "s" represents phosphorothioate and "dT"
deoxyt hym diRigure"X - Du@wfoﬁ%élff&t%tudgzlfblmhe cffodiof iPTal BaRRDIA $HPTPIBtiee ng

nucl eoti de. 5.-. Characterization of dsRNA targeting nouse and

rat PTEUBNYdmels mse%.aﬁrs&lyv Apgctop P Thd B dsBdtt (356,10 479/480) K Qmpe/ke e of a

strand fii IBE}?% PRRNP 15 2blo ucl ear
cel | s. L%P(ﬂe(l 1’12%6% gwulgﬁoed Btﬂa;l%get S lgflé‘ﬁtsgeRdr “i%g gi?%ﬁ?a%n PTP1B
conpr i osginpegore ioeifedsqdiRNA/IENPO1 (“Lucﬂ)ainﬂelnﬂfeatetsmlﬁmtselﬂe odlftrdlsalR@mls of

ds targeti ng hunan PTP B ccir%ri i ng sequence ID pair 13/14. 20Table 8 -
Sel ett G GPPP pET s Iont 4 alg F@%f. ng human PTP1B conpri sing sequence |D
pair 11/12. Tabl e 9 - Sequences of bDNA probes for determ nation of

human PTP1B; Fishre 5-2bebct@ftpamd 8rdsREECcSARISHES EQUENHET 5/6 Bh sildcapkd Mehr tObe
Table 10 - Seic%uences of DDNA probes for detggr anatl on of hunman GAPDI—?é

| abel %qt@sa@@nﬂépresseatofcramla lectigxase pedein aBEr:trMS&@mpmgf 6965@6115 gADressing

20101 080221 PETLEPRALNIOO0H - Al o ciper TAPLE (s OAUBRERS 1R RPN pr obes

for determ natiron o - captu

ext endei jn Blico pleaietddngt- ’ﬁblirgtb@equences ( o'ﬁaﬂﬂ’ & I3 @&E&JHAolffa]”’QEi‘dfﬂg” B@iﬁ@n PTP1B
gene. Letters iIn epﬁpltals re nucl eotides. 5Table 14 -
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Figure 4— Effect of PTP1B dsRNA comprising SEQ ID pair 13/14 on silencing off-target

sequences. Expression of renilla luciferase protein after transfection of COS7 cells expressing
dual-luciferase constructs, representative for either 19 mer target site of PTP1B mRNA (“on

15 orin silico predicted off-target sequences (“off 17 to “off 13”; with “off 17 — “off 9” being
antisense strand off- targets and “off 10” to “off 13” being sense strand off -targets), with 50 nM
PTPI1B dsRNA. Perfect matching off-target dSRNAs are controls.

Figure 5— Effect of PTP1B dsRNA comprising SEQ ID pair 11/12 on silencing off-target
sequences. Expression of renilla luciferase protein after transfection of COS7 cells expressing
20 dual-luciferase constructs, representative for either 19 mer target site of PTP1B mRNA (“on
or in silico predicted off-target sequences (“off 17 to “off 17”; with “off 17 — “off 13” being
antisense strand off- targets and “off 14” to “off 17” being sense strand off -targets), with 50 nM
PTPI1B dsRNA. Perfect matching off-target dSRNAs are controls.

Figure 6 — Activity of dsSRNAs in insuling signaling. HepG2 cells were transfected for 48
25  hr with 5 nM dsRNA, starved for 24 hr, and treated with insulin for 30 minutes prior to PathScan
ELISA assay. * Significant (p < 0.05) increase compared to mock. “A”: PTP1B dsRNA
comprising SEQ ID pair 25/26, “B”: PTP1B dsRNA comprising SEQ ID pair 11/12, “C”:
PTPI1B dsRNA comprising SEQ ID pair 17/18, “D”: PTP1B dsRNA comprising SEQ ID pair
5/6, “E”: PTP1B dsRNA comprising SEQ ID pair 7/8, “F”: PTP1B dsRNA comprising SEQ ID
30 pair 3/4, “G”: PTP1B dsRNA comprising SEQ ID pair 13/14.



10 EXAMPLES Il dentification of dsRNAs for therapeutic use dsRNA
design was carried out to identify dsRNAs specifically targeting human
PTP1B f orwohercsearti c use. First, the known nRNA sequen®€eTaP20m0/80814 Hono
sapi ens) PTP1B 15 (NM 002827.2 listed as SEQ ID NO 620) was downl oaded
from NCBlI Genbank. mMRNAs of rhesd% nonkey (Macaca nul atta) PTP1B (XM
001096053.1, XM 001096168.1, XM 001096290.1, and XM 001096412.1) were

further usedable gerdeRBItAetaﬁgehﬁg)he@emPaPnteﬁ@ms:ee@u@cxﬁﬁm Begs@nRNA SEQ | D
NO. 621) Thi s sequence was exan ned together with the human PTP1B
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homol 0GQus REEHE BEEBNGHoiTutlHEd P 8% h0AlaiNd o1 d RNA Interference (RNAI)

agents cro S-reactive to sequence In identifying RNAI agents,
the selection was limted to 19ner sequences having at |east 2 m smatches
to any ot herTm&erﬁeracmruh@omM @@ptldglhamas TPl Bt daget2B)tingvor chsae

acin APEOPI e o AOR 801 AE ER80L BT DB sbren  “lshrag

cross-reactive to human as wel | as cynonol gous nonkey PTP1B were defined as

nost pref er afabge Barcﬁé‘ﬂwt@rmubn ©f USRN ARl thrgSREBNGESS PTPNB A fbNgy 4n® Cyrokige:
consecutive G s ijLiG sequences) were excl uded fromthe synthesis.

The seduduséies. t qushql fo off # sandopndefincHenisaamplosoPBM(e Hymehagiighessl blopd

RNAI a pended Table 1. Identification of dsRNAs for in vivo
proof o dhz:ogﬁé:lgart%eg?udi es dsRNA design was carried out to identify
dsRNAs targeting nouse (Mus nmuscu/us) and rat (Rattus norvegicus) for in
Vi vo pr oof - dfabdodcefiRNeXpargarmgtmouski andtrat PHB1B rganec dicptis iﬁmapinajms@r&EmB

01 .3, . SEQ 1D NO. 623) and, ,,at‘ PTP1B (NM . 012637. 2
- S0 #889%?8‘8%8%%?6%% ¥si s€t0 d@}ﬁ.vyr%ﬁsa%&oﬁf% L)
19 nuchgelbhGEs, t‘m%pﬁés&lltsdpﬁslﬁﬁora&wéaﬁ W*Je%@%&ﬁﬁdﬁ@“%%rés@%% fluoro
sequences. dentifying RNAI agents, the Selection was limted to

19mer smqillﬁcrwesotﬁdwmgcedtngllma@t@em smatches in the antisense strand to any
ot her sequence in the nouse and rat Ref Seq database (rel ease 25), which we

assumed 10 r’lezﬁ)iegr g’,tharatc I‘l%ac,)trgl)l oeéﬁ'de ﬂi]IA targmt)mg %10%@9 anrd’i rat E’ﬁ"ﬁf'ﬁ G rerll st gtngﬂlt Xndl >

using the fa
Cytokine Induction. t ' : half-life of a strand as defined in examples, PBMC: Human peripheral

15 blood mononuclear cells.

Table 6 - Sclected off-targets of dSRNAs targeting human PTP1B comprising sequence
ID pair 5/6.

Table 7 - Sclected off-targets of dsSRNAs targeting human PTP1B comprising sequence
ID pair 13/14.

20 Table 8 - Sclected off-targets of dsSRNAs targeting human PTP1B comprising sequence
ID pair 11/12.

Table 9 - Sequences of bDNA probes for determination of human PTP1B; LE= label
extender, CE= capture extender, BL= blocking probe.

Table 10 - Sequences of bDNA probes for determination of human GAPDH; LE= label
25 extender, CE= capture extender, BL= blocking probe.

Table 11 - Sequences of bDNA probes for determination of mouse/rat PTP1B; LE= label
extender, CE= capture extender, BL= blocking probe.



Al'l sequences containing 4 or nore consecutive G s (poly-G sequences) were
excluded fromthe synthesis. The sequences thus identified forned the basis
for the syothowisg22ef t he RNAI agents in appended Tabl e 2CTGPRNA0SOSME hesi s
20Where the source of a reagent is not specifically given herein, such
reagent may be obtained fromany suppl-Bér of reagents for nol ecul ar bi ol ogy
at a quality/purity standard for application in nolecular biol ogy.

Si ngl e- st r ardhdte RNASSsREgceRrodthDNeA frybesobot derhamatisy of etk ra G APBERI &=0f

| i unmol e usi ng an Expedite 8909 synthesizer (Applied Biosystens, Applera
Deut schibshextesdst Cos captyissiicader. Bhrhieskneriabeont rol | ed pore gl ass (CPG
500A, Proligo Biochem e GrbH, Hanburg, Germany) as solid support. RNA and
RNA cont ai niyg)e 13- O4aRKRY {argwﬁg%&emm E‘geﬁ@.nﬁét_%@% Qé/pi‘é;@s' fe%re%@ﬁsﬁNA
synt hesi s enpl oyi ng the correspondi ng phosphoram dites and 2'-0- nethyl
phosphongledddses, respectively (Proligo Biochenie GibH, Hanburg, Germany).
These buil di ng bl ocks were incorporated at selected sites wthin the

sequence of 1 089221PCT/ / 050814 - 36-.0li.gorihonucl eotide
chaih usi ng AT AR R R TR dou BRPUR B el B deccr | bed
i n Cur mesHifidy Qude@pditsl NethtS InapitAS képr&BAIMRNAICcIBEAE R cellett@S “@l, <o,
(Edrs.), John Wley & Sons, Inc., New York, NY, USA. Phosphorothioate

| i nkaged” oid & irapresat e ed-Bsthy bppdifedanelceidesne” raupssatspppaihoeathiggicnd on
with a. ?J,#ngid he Beaucage reagent (Chruachem5 Ltd, dasgow, UK) in
acetonitrile . Further ancillary reagents were obtained from

Mal | i nckrodt Baker (Giesheim GCermany). Deprotection and
purification of the crude oligoribonucl eotides by ani on exchange HPLC were
carLd' ed out according to established procedures. Yields and concentrations
wer e determ ned by UV absorption of a solution of the respective RNA at a
wavel ength of 260 nm using a

EXAMPLES

Identification of dsSRNAs for therapeutic use

dsRNA design was carried out to identify dsRNAs specifically targeting human PTP1B
for therapeutic use. First, the known mRNA sequence of human (Homo sapiens) PTP1B
15 (NM_002827.2 listed as SEQ ID NO. 620) was downloaded from NCBI Genbank.

mRNAs of rhesus monkey (Macaca mulatta) PTP1IB (XM _001096053.1,
XM 001096168.1, XM 001096290.1, and XM _001096412.1) were further used to generate a
representative consensus mRNA sequence (SEQ ID NO. 621).

This sequence was examined together with the human PTP1B mRNA sequence (SEQ ID
20 NO. 620) by computer analysis to identify homologous sequences of 19 nucleotides that yield

RNA interference (RNA1) agents cross-reactive to both sequences.

In identifying RNAi agents, the selection was limited to 19mer sequences having at least
2 mismatches to any other sequence in the human RefSeq database (release 25), which we

assumed to represent the comprehensive human transcriptome, by using the fastA algorithm.

25 The cynomolgous monkey (Macaca fascicularis) PTP1B gene was sequenced (see SEQ
ID NO.622) and examined for target regions of RNAi agents.



10 spectral photonmeter (DU 640B, Beckman Coul ter GrbH, Unterschl ei Bheim
Germany). Doubl e stranded RNA was generated by m xi ng an equi nol ar sol ution
of conpl eNnerdEvogIRtr ands i n anneal i ng buffer (20 nM sodiPaFiEFR@spbsI€, pH
6.8; 100 nmM sodium chloride), heated in a water bath at 85 - 90C for 3

m nut es and cool ed to room tenperature3dver a period of 3 - 4 hours. The
anneal ed RNA solution was stored at -20 C until use. 15Activity testing

The acti vi t YisRNAlsh@o B8TBAdBve siRiNAGIah @k widlersagy@uinb (zous endiiksE PITPEB vadre \definas
tested in Hep&_ and HelLa cells. Cells in culture were used for quantitation

3

of PTPEB MRNATH Bl i HBErapRYAIC; wsct StlhPequrigss Fonfajing t BiMoss |c8NSeRiisatiet
wth P - LEd SRNAS -were obtained from Anerican Type
Cul tur-efgééglcfg%ﬂe%dneg)(%ockw]luf%?#ﬁ/@?ge g}gittﬁe%i\slo HB- 8065) and cultured in MEM
(G bco Invitrogen, Invitrogen GrbH, Karlsruhe, Germany, cat. No. 21090-022)
suppl ement edhecequmees thud ddenfibtdiforomidfths bruisf@ROSsyiitBeoc bf te BNEA1 Bgerlts m
Gernéany, %:{%tﬁ gj\lgl. 50115), 2 MM L-dutam n (Bi ochrom AG Berlin, Germany,
cat .” N6PPRY53dy0eBeni ciliin 100 UM, Streptonycin 100 ng/m (Bi ochrom AG
Berlin, Germany, cat. No. A2213), 25 1.tinmes non-essential am no acids
(NEA) ( Bi ochaenaiféatioBeTdsRNAGES FBNYivo prdof oll@endepeSallieand 1 mM sodi um
pyruvate (Biochrom erlin, rmany, cat. } ) at 37.degree. C in

an atnosphere with 5% CO sub.2 in a hunidified incubator (Heraeus HERAcel |,

Kgnd_r o LabordaRDydpimdtitt @IriehAddRIeIBEYy dSRESs feigghng Q?F@L@@Q TBENCH s Inide
o1 2535 (EB AFRLLIER) SR il i pick RGO it he ralleriprs Gl moll

FG 081PTPd Bp@Ndnehit26d.3t SECoHD ND. AXF)oahdtral PTRIB (Ndf Wi ¢FCE) SKE@iIDCNO0 HRAG,
Ber|in, Germany, cat. No. 2010/.089221PCT/ EP2010/ 050814 -37- S0115),
penl &1 116, RO B comrss By o 160 i o B GE FRBRGREO! B2 elror e Sy
cat. NG el ARRID)aophits rifss rdhcAt BUWRSPIMEIEcHde9% CO2 in a hum dified

i ncubat'or (Heraeus HERAcel |, Kendro Laboratory Products, Langensel bol d,

Cermany). 5Cell|l seeding and transfection of dsRNA were performed at the
sane tinme. Roddonfifineg ROV IGgeni.ithe dgRmian wisparitedbiol Kmessequsaessdyvarg a least

density of 2 0.tines.10.sup.4 lls/well in 96-well plate d L cells
2t detBhegedt B sl el AN orilnee Rl RE R ERRRRES
carri edrefdibe D6 ), vhlidhpoé egtiaril ie repPéent(the omprEemivambhisckad st ttdiseriftemBEty ,
cat.No. 11668-019) as described by the manufacturer. In a first single dose
expeY | el thisRniAsalgpiithnm 0 t ransfected at a concentration of 30 nMin HepQ&2
cells. Each datapoint was determ ned in quadruplicate. Two i ndependent

exper i ment s MRL&uRetk QbABHind A o? éﬁd?rg%gse% (g G’sﬂ@%@-@&%ﬁﬁé tw&@%&clﬁ&éd ve
dsRNAs showi ng a PTP1BmRNA khockdown of 50% or re were reanal yzed at 30nM
i n Heldi%3n tel dysthedvh sEheekefwaices/thus slehAS ed foomicd theabayiNdr #ie cghttiosas oHihe ROY A1

t han 60% from t he fi”faﬁedéfi ngl e dose screen at 30nMin Hep& cells were

furt her89Hs DrapPsRqdedy ‘by dose response curves. For dose response curves,
transfections were performed in HeLaS3 cells as described for the single
dose screen RRAVEsviitHbsisM th the foll owi ng concentrations of dsRNA (nM: 24,
6, 1.5, 0.375, 0. , 0.0234, 0.0059, 0.0015, 0.0004 and 0.0001 nM. After

transfection cells were incubated for 24 h at 37Cand 5 % CQ2 in a
hudWi fi ed iMeeBdhesoyneeodeuscagpHs Nearaecificdynging hewdr syehdearashemayde

PTP1B rfsihed from any supplier of reagents for molecular biology at a quality/purity standard for

application in molecular biology.

Single-stranded RNAs were produced by solid phase synthesis on a scale of 1 umole

using an Expedite 8909 synthesizer (Applied Biosystems, Applera Deutschland GmbH,

25 Darmstadt, Germany) and controlled pore glass (CPG, 500A, Proligo Biochemie GmbH,
Hamburg, Germany) as solid support. RNA and RNA containing 2"-O-methyl nucleotides were
generated by solid phase synthesis employing the corresponding phosphoramidites and 2"-O-
methyl phosphoramidites, respectively (Proligo Biochemie GmbH, Hamburg, Germany). These

building blocks were incorporated at selected sites within the sequence of the



20 cells were harvested and | ysed at 53C foll ow ng procedures reconmended
by the manufacturer of the Quantigene Explore Kit (Genospectra, Frenont,
Calif, USKO208%0892%0. QG 000-02) for bDNA quantitation ofPCKRM2010A5G8e4 war ds,
50 ul of the lysates were incubated with probesets specific to hunman PTP1B
and human GAPDH (sequence of probesets36ee appended Tables 9 and 10) and
processed according to the manufacturer's protocol for Quanti Gene. 25

Chenol wihigogsarorRetideschaiasiyingd standad Vingélessidd-iphbtphoRaniildite ElomEstry Wues basden
Germany) as RLUs (relative |ight unlts(a and val ues obtained with the human
&
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Act i vi ty tdrgeting nouse and rat P wer e rreasur ed accor
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30 s for d m nation of r P and.. nouse/rat PTP1B. are shown in
appeﬁdiadw %S@ewiféﬁidnl%etq%ﬁ%i % %Qlaf?gr APEIghy ETFEPRS aPEn QB PPADITEY! 2
and 4. WhdQd Y/ DARAIRGTLEP2RLAAQH0814 -38- Stability of dsRNAs

Stability of dsRNAs was detérmned’in in vitro assays with either human
serum or plasma from cynonol gous nonkey for dsRNAs targgtl ng human PTP1B
and wi t h noddwreiestiomand pubiRNas afdhgeningligasiboapeleatidey By Bnipy crehesee HREG he
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5591 MYt ?rpwz% 28t o1 Otw@#% JREUSH ok fCPP dtR gogrgdpmperature over g-geriady ?Jg% ati on
of si nqlbsrsﬁrﬁ@aql%a@aw%lﬁﬁb&w@istsﬁe@%nz@gcwﬂlﬂuskength product (FLP),

sanpl es were run through an ion exchange D onex Sunmt HPLC under

denat uring conditions 15 using as el uent A 20nM Na3PO4 in 10% ACN pH=11 and

forl%el uent RctivityNe®ingi n el uent A. The fol |l owi ng gradi ent was appli ed:
Ti me %A

The activity of the PTP1B-dsRNAs for therapeutic use described above was tested in
HepG2 and HeLa cells. Cells in culture were used for quantitation of PTP1B mRNA by
branched DNA in total mRNA derived from cells incubated with PTP1B-specific dSRNAs.

20 HepG2 cells were obtained from American Type Culture Collection (Rockville, Md., cat.
No. HB-8065) and cultured in MEM (Gibco Invitrogen, Invitrogen GmbH, Karlsruhe, Germany,
cat. No. 21090-022) supplemented to contain 10% fetal calf serum (FCS) (Biochrom AG, Berlin,
Germany, cat. No. S0115), 2 mM L-Glutamin (Biochrom AG, Berlin, Germany, cat. No. K0238),
Penicillin 100 U/ml, Streptomycin 100 mg/ml (Biochrom AG, Berlin, Germany, cat. No. A2213),

25 1.times non-essential amino acids (NEA) (Biochrom AG, Berlin, Germany, cat. No. K0293) and
1 mM sodium pyruvate (Biochrom AG, Berlin, Germany, cat. No. L0473) at 37.degree. C. in an
atmosphere with 5% CO.sub.2 in a humidified incubator (Heracus HER Acell, Kendro
Laboratory Products, Langenselbold, Germany).

30 HeLaS3 cells were obtained from American Type Culture Collection (Rockville, Md., cat.
No. CCL-2.2) and cultured in Ham’s F12 (Biochrom AG, Berlin, Germany, cat. No. FG 0815)
supplemented to contain 10% fetal calf serum (FCS) (Biochrom AG, Berlin, Germany, cat. No.
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S0115), Penicillin 100 U/ml, Streptomycin 100 mg/ml (Biochrom AG, Berlin, Germany, cat. No.
A2213) at 37°C in an atmosphere with 5% CO; in a humidified incubator (Heracus HER Acell,
Kendro Laboratory Products, Langenselbold, Germany).

5 Cell seeding and transfection of dsRNA were performed at the same time. For
transfection with dsSRNA, HepG2 cells were seeded at a density of 2.0.times.10.sup.4 cells/well
in 96-well plates and HeLaS3 cells at a density of 1.5.times.10.sup.4 cells/well. Transfection of
dsRNA was carried out with lipofectamine 2000 (Invitrogen GmbH, Karlsruhe, Germany, cat.No.
11668-019) as described by the manufacturer. In a first single dose experiment dsRNAs were

10 transfected at a concentration of 30 nM in HepG2 cells. Each datapoint was determined in
quadruplicate. Two independent experiments were performed. In a second single dose
experiment most active dSRNAs showing a PTP1IBmRNA knockdown of 50% or more were
reanalyzed at 30nM in HeLaS3 cells. Most effective dsSRNAs showing a mRNA knockdown of
more than 60% from the first single dose screen at 30nM in HepG2 cells were further

15 characterized by dose response curves. For dose response curves, transfections were performed
in HeLaS3 cells as described for the single dose screen above, but with the following
concentrations of dsSRNA (nM): 24, 6, 1.5, 0.375, 0.0938, 0.0234, 0.0059, 0.0015, 0.0004 and
0.0001 nM . After transfection cells were incubated for 24 h at 37°C and 5 % CO; in a
humidified incubator (Heracus GmbH, Hanau, Germany). For measurement of PTP1B mRNA

20 cells were harvested and lysed at 53°C following procedures recommended by the manufacturer
of the Quantigene Explore Kit (Genospectra, Fremont, Calif., USA, cat. No. QG-000-02) for
bDNA quantitation of mRNA. Afterwards, 50 ul of the lysates were incubated with probesets
specific to human PTP1B and human GAPDH (sequence of probesets see appended Tables 9 and
10) and processed according to the manufacturer’s protocol for QuantiGene.

25 Chemoluminescence was measured in a Victor2-Light (Perkin Elmer, Wiesbaden, Germany) as
RLUs (relative light units) and values obtained with the human PTP1B probeset were normalized
to the respective human GAPDH values for each well. Unrelated control dSRNAs were used as a
negative control. Activity of dsRNAs targeting mouse and rat PTP1B were measured
accordingly in MH7777A cells using a concentration of 20nM for dsRNAs, bDNA probesets

30 specific for determination of rat GAPDH and mouse/rat PTP1B are shown in appended Tables
11 and 12.

Inhibition data are given in appended Tables 2 and 4.



75 25 24.0 mn 75 25 For every injection, the chromatograns were
integrated automatically by the Di onex Chronel eon 6.60 HPLC software, and
wer e adj Wsoediomsmeal |y if necessary. Al peak areas wer @CTHEPR@0/08314 0 t he
internal standard (1S) peak and normalized to the incubation at t=0 mn.
The area 25 under the peak and resul ti-B8 remai ning FLP was cal cul ated for
each single strand and triplicate separately. Half-life (t1/2) of a strand
was defi ned Suybilibcofods®Noge tinme point [h] for triplicates at which half of
the FLP was degraded. Results are given in appended Tables 3 and 5. WO
2010/ 089221PCT/. EP2010Q/ 814 - 39- t okine induction . Potential
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filtered again.

For separation of single strands and analysis of remaining full length product (FLP),
samples were run through an ion exchange Dionex Summit HPLC under denaturing conditions

15 wusing as eluent A 20mM NazPO4 in 10% ACN pH=11 and for eluent B 1 M NaBr in cluent A.

The following gradient was applied:

Time | %A %B
-1.0 min 75 25
1.00 min 75 25
19.0 min 38 62
19.5 min 0 100
20 21.5 min 0 100
22.0 min 75 25
24.0 min 75 25

For every injection, the chromatograms were integrated automatically by the Dionex
Chromeleon 6.60 HPLC software, and were adjusted manually if necessary. All peak arcas were
corrected to the internal standard (IS) peak and normalized to the incubation at t=0 min. The area

25 under the peak and resulting remaining FLP was calculated for each single strand and triplicate
separately. Half-life (t1/2) of a strand was defined by the average time point [h] for triplicates at
which half of the FLP was degraded. Results are given in appended Tables 3 and 5.



15 given in appended Tables 3 and 5. In vitro off-target analysis of dsRNA
targeting human PTP1B The psi CHECKTM vector (Pronega) contains two
reporter yonew/Mo2inoni toring RNAI activity: a syntheti ®CTaP2010/05@f4 t he
Renilla luciferase (hRiuc) gene and a synthetic firefly 20 luciferase gene
(hluc+). The firefly luciferase gene péPnits nornalization of changes in
Renilla luciferase expression to firefly luciferase expression. Renilla and
firefly | ucidwokine indidtiont i es were neasured using the Dual -d o0 Luciferase
Assay System (Pronega). To use the psi CHECKTM vectors for anal yzing

off-target effects of the inventiyv RNAs, the predicted off-target
sequence wa oL PG IPHHE RIS %@Sfﬁ i r?@tef@&egﬂjﬂ B BEahe 8 Cptfeof
synt hetiNg_Reii TR 2R ah WL S Masgcaghs and its transl ational stop codon.
After cloning, the vector is transfécted into a manmalian cell l|ine, and

subsequently cotransfected with dsRNAs targeting PTP1B. If the dsRNA
ef f ecti vel y Human peripbeahblopiiisongnedess sebn(RBM O arcgretso RN fodm by geetdileaded

of f -t arget he fus nilla targe ene sgquenc i1l be degraded,
Cesi 1 iRgeea B SR ey P & 488 O VRS RAG Coll! hore Bl FUGS
2010/ 08Q2&tPicbtdsRPH QSRNA8LM cidfdired for Quhiaeg7el fat b amgrtoRe/eitioin &Mi30nM in The
human 8enpme was searched b ut er anal¥si s for sequences honol ogous to

t he i ndamtMFEM desmgaeitheHiene ég%gr o QAT AR ASRINA pecargaess |t svarp ppven to

m smat ¢ | \fvent ive NAS e ' SSi -

of f-t aﬁ‘g@@% %ﬁg)‘kbf %bngggf s Hls%];{ Se%:sg %dB orevl\fleéinS %%@o&g@g&f %eggtu ge;ag%t lggasﬁgleycs? Pgog'r e
gi ven iCheajge rdejdgdialh |dSRNG, or7 CAGMDIBontdasidas itiein dof npishdsECKamwéation Seagent
containing predicted off-target sequences . The strategy for. anal yzing
of f1¢ a&@re?yt%lflfl%é‘tdélc?l‘b‘b_%e mﬁﬂea éhd CaFATaHeR of ALINMER cHRECAPeHiRg AT he
predi ctgd offfcubAloACthe h&(ﬁﬁgﬁ&?@c&lﬁ% %@%Qa@%e%%o@d. system (Dual

d 00-system Pronega, Brauhschwel g, rmany cat. No C8021) via Xhol and
Notl restriction sites. Therefore, 10 the off target site is extended with
10 nucl eot i db§-aipst THEM wadthdowessuredim dksa powlabRIdarmatantsely standard sandwich

Addi ti Ly,..a Nhel restrictiaon.site is in rated to prove inserti.on of
the 1 r ddrsmo) b PRI anSh 78 6eribel SRR EbseR Bl PGB RE SR s
wer e apasithe€doResIOuSinEG dcBrdfrsimanens dwith ot RARKtiAE nhxirPiAtifGiRkioRYR deittaion)
in a Mastercycl erééjEppendorf% and then cloned into psi CHECK ( Pronega)
preld owsvop idppresded Topleh3 }ub?. and Not|. Successful insertion was verified
15 by restriction analysis with Nhel and subsequent sequencing of the
positive clones. The selected prinmer (Seq ID No. 625) for sequencing binds
at position 1401 of vector psi CHECK. After clonal production the plasm ds
wer e anal yzed by sequencing and than used in cell culture experinents.
20Anal ysi s dh vilsRbiff-tatfettanalysts of fidsRDiAStaCeétingChairhan #TP1B

The psiCHECK™- vector (Promega) contains two reporter genes for monitoring RNAi

activity: a synthetic version of the Renilla luciferase (hRluc) gene and a synthetic firefly

20 luciferase gene (hluct). The firefly luciferase gene permits normalization of changes in Renilla
luciferase expression to firefly luciferase expression. Renilla and firefly luciferase activities were
measured using the Dual-Glo® Luciferase Assay System (Promega). To use the psiCHECK™
vectors for analyzing off-target effects of the inventive dsRNAs, the predicted off-target
sequence was cloned into the multiple cloning region located 3° to the synthetic Renilla

25 luciferase gene and its translational stop codon. After cloning, the vector is transfected into a
mammalian cell line, and subsequently cotransfected with dsRNAs targeting PTPIB. If the
dsRNA effectively initiates the RNAi process on the target RNA of the predicted off-target, the
fused Renilla target gene mRNA sequence will be degraded, resulting in reduced Renilla

luciferase activity.



Cos7 cells were obtained from Deutsche Samm ung ftir M kroorgani snmen und
Zel | kul turen (DSMZ, Braunschwei g, Germany, cat. No. ACC-60) and cultured in
DVEM ( Bi owbrorves®21Ber | i n, Germany, cat. No. F0435) suppCemPaeiedsase4 cont ai n
10% fetal calf serum 25 (FCS) (Biochrom AG Berlin, Germany, cat. No.
50115), Penicillin 100 UM, and Strep#dnycin 100i Li g/ nl ( Bi ochrom AG,
Berlin, Germany, cat. No. A2213) and 2 nM L-d utam ne (Bi ochrom AG Berlin,
Ger many, catin shieo of0223t pediveioh as 12 i ug/ mLNatri um bi carbonate at 37C in
an atnosphere with 5% CO2 in a humdified i ncubator (Heraeus HERAcell,

Kendro Laboratqry Products, Langensel bold, Germany). WO
2010/ 089221 PEF NP0 £SPQB0 B'es SCHahed By -A0Smular Y Hh 401 5 aMSF mologous to the

quant i fijh CatVONSRNAS, Hd%gcn%%@nl ﬁ&{ckg lrahaw' &51?19}@81@59%%09%%@@&@ W @he

seeded at a density of 4 cells/well 1n 96-well plates and

t r ansf ecteativelidsRS Al ywerT dahiséeat i posoblepifatmids OESargats rsckedted Uor v vivo off-
| i pof ect ami ne, 2000 (.l nvi troge , Karl sguhe, Germany, cat. No.

| 1568- (8 BEVERABL LN AR s 1 2CPTPer at & Consentration of 50

ng/well. 4 hours after transfection, the nmediumwas di scarded and fresh

medi um was  Gldrdatidiosf PICHETRWSctoRy @nitdiaiff petRded ﬂf&aﬁg@ﬂg@%mﬁsi on at 50
S

nM usi ng | i pofectam ne 2000 as descri bed above. 24h after
transfection the cells were |ysed using Luciferase reagent described by the

manuf act ur erl (CD{Fafegy Jrveralegipe PHs'Ergss SHGC!S it @hflSoN Origeh candidithgichdes the
Ger man)éiongr?gt of the Bréa%c?gc{%ff %get@iﬂ’efidty tlgeg[?’s?@qEBKQ'\lfé Jsggﬂﬁﬁe(@ﬁfg}‘é@g stem,

quantifiedaccording to the~manufactur S protocol er ase
pr ot ei Préeve, Bravasehwrag, drivaeyd citoONBIGIORI )vik 0tiol endSet]lrestiedt®on skos. Thaciords RNA

twe] ve j ndi.vi dual data poi nt, re collected in ree i ndepend

expét i _ﬁ%w rar&etcfgme%ﬁﬁsﬂ af@dlvzflalcflaﬂopd?sawg@a@iap@Qowa%trqagb@fetﬁg ¥ aer <o
det er mgpe tARIifiGaaY1 ¥ SNIRe b thédauGted %rﬁﬁe%r&écﬂc??fbvk%ﬁe!rﬁoﬂ Br R hefaded
cells. 15Results afe given in figures 3, 4 and 5. In vivo effects of dSRNA
t anmet i nstETRDIRNglisse Thh singlatsfrardidldigoRNAcotisks wesgramtcaled acoardmgl toestartdegk ue:

or anardtBRoy ok oREE B RS P Ul R ShA R
Q0004 )psiCMER PRS2 Lprédiohisly Rligckicd Stith NBS snd vt [REeRsfuNinkdreibh dal vEi@aen.

Frozen tissue was FO' erized with nortar and pistil on dry ice. 15-25 of
t i sbue bwdsstrigtipisgnapysts wish Ahehand sgscnusntasquinchgadithopositivseclonay The @1@9%9 s
M xt ur Ll ut in | L1 Y 3,3 . Pr i kg 1 S
added SHFHSe BN PRL T SedBhE R Cac i PG BE R G RCHEGE AP
30- 50%cjuaak prdddodey Ghe Barhélsi WercBamdlyAd 3e seqiatding Landathes wsed én sk edtuad

-80C until  anal ysis. For
experiments.

20 Analysis of dsRNA off-target effects

Cell culture:

Cos7 cells were obtained from Deutsche Sammlung fir Mikroorganismen und
Zellkulturen (DSMZ, Braunschweig, Germany, cat. No. ACC-60) and cultured in DMEM
(Biochrom AG, Berlin, Germany, cat. No. F0435) supplemented to contain 10% fetal calf serum

25 (FCS) (Biochrom AG, Berlin, Germany, cat. No. S0115), Penicillin 100 U/ml, and Streptomycin
100 pg/ml (Biochrom AG, Berlin, Germany, cat. No. A2213) and 2 mM L-Glutamine (Biochrom
AG, Berlin, Germany, cat. No. K0283) as well as 12 pg/ml Natrium-bicarbonate at 37°C in an
atmosphere with 5% CO2 in a humidified incubator (Heracus HERAcell, Kendro Laboratory
Products, Langenselbold, Germany).

30



MRNA anal ysis | ysate was thawed and Protei nase K digested for 15m n at 1000
rpm and 65C (Thernom xer confort, Eppendorf, Hanburg, Gernmany). PTP1B and
GAPDH nmRNWOI2010818322830 wer e determ ned usi ng Quanti Gene 1POTHPRANOASESAY Kit
reagents and according to the manufacturer's reconmendati ons. PTP1B
expression was anal ysed using 20gl | ysdate and WO

2010/ 089221PCT/ EP2010/ 050814 -42- nouse/rat PTP1B probeset and GAPDH

eXpreSQI'rQﬁsjU@ﬁ)n&i}ﬂiM&Qﬂmﬁlqﬂgnﬁﬁ@ﬂwhysate and rattus norwegi cus probeset s
shown to crossreact with mce (sequences of probesets see above

Cheni | uni ned®BAEBSISPtIRW I Plasidss Cosdasrifa¥cirersdidat Aricasiy @f &252 X1 Qht

| um ne t d t t
oo SR SR QRS et SR RAPOY byl Lfd i
val ues vddpilipd fedtaasndTRIG (émpirregm ombitr Katlsrobd Gorr@AyDidat. No. 1166R0AY wer e
for ted.in LNPO1l as.describ T{)Cr evi ousl y

A et al., ture
Bi ot c csphsd byghe ynagglacgirsr ﬁeasm' gntaart@nsqfownng/weﬁl gy ﬁf?eaﬁ@ngh ction, the

10Act i \hddvurR fw A sRNARdddMrdNSalhi MEdigmORa hdid. Now thEeRRRI Aelvb® WelsRcted in a
transfected for 48 hr with 5 nMdsRNA, starved for 24 hr, and treated with

i nsul i wofigentrd@onianuile sMprusog ﬂIQOf@attah&earROEQlaSAd@sggh@d abver. viBwaber dsRNA

d P8 NVENVE, 10% ATCC FBS,
Pever sd P aHIPCEE SHIRITER B O R PRTLRRro0 oh Be amp T SR 15
Day 3: GlerMsLuEFgassasfied sWtéh, PBRRgh XVRRGhGHhaGéemamdicat. Was F29860arfdoFirély
overni ght incubation (ATCC MEME, | xI gln, 2% stripped serunm) Day 4:1lnsulin

St i HUl &ngl oRenibil Tusaarasg secre | qrsafifipd facgmdusgnﬁp dhe gemufactwred iveieeelatRaila
I nvi t R r
Concentrarare peving el Yot st b S ry BGitAS: 08, POk NG B
individual data pomts were collected in three independent experiments. A dsSRNA unrelated to

all target sites was used as a control to determine the relative Renilla Luciferase protein levels in

dsRNA treated cells.

15 Results are given in figures 3, 4 and 5.

In vivo effects of dsSRNA targeting PTP1B (mice and rat)

PTP1B mRNA measurement in mouse liver tissue:

20 PTP1B mRNA measurements were done from liver tissue using QuantiGene 1.0 branched DNA
(bDNA) Assay Kit (Panomics, Fremont, Calif., USA,Cat-No: QG0004).

At necropsy 1-2g liver tissue was snap frozen in liquid nitrogen. Frozen tissue was
powderized with mortar and pistil on dry ice. 15-25 mg of tissue was transfered to a chilled 1,5

25 ml reaction tube, 1ml 1:3 Lysis Mixture prediluted in MilliQ water and 3,3 ul Proteinase
K(50ug/ul) was added and tissue was lysed by several seconds ultrasound sonication at 30-50%
power (HD2070, Bandelin, Berlin, Germany). Lysates were stored at -80°C until analysis. For
mRNA analysis lysate was thawed and Proteinase K digested for 15min at 1000 rpm and 65°C
(Thermomixer comfort, Eppendorf, Hamburg, Germany). PTP1B and GAPDH mRNA levels

30 were determined using QuantiGene 1.0 bDNA Assay Kit reagents and according to the

manufacturer’s recommendations. PTPI1B expression was analysed using 20ul lysate and



20 -Wash cells I x with MEME before adding MEME containing insulin -Incubate
cells with insulin for 30 mnutes at 37C -Wash cells 1X with ice-cold dPBS
- Renove dwB30awvd92dd 100 ul ice-cold lysis buffer (1X CBTT#®P2QS/0381Hh 1 niv
PMSF) to each well and incubate on ice for 5 mn WO

2010/ 089221PCT/ EP2010/ 050814 -43- Cel I-4%i gnal i ng Technol ogi es Pat hScan
Phospho- Aktl ELISA: -Initially perfornmed dilution curve wwth Hep& |ysate

t o det efidlis&/eat AR IBX propeset @hd G[Q’IDH&d;pféésﬁn|Vu®)ana1:9isé¢lt1§idg 10gL lylsytsaind raek
added to plate ELISA plate. Foll owed CST pr.otocol Ran a m cr oBCA assay
with 3GOrWrEeusi probeschoshINe A8 EPysERCE dath tr%w? dse;ﬂ%@féﬁ P BERbESI Se EhOVRY | |

The T OCHMAMEARLIE! SeEp g Sat fit Wa® RRENTRY vict ol LA Fhesckhce

control ar macon ( D 001 uni ver sa
synt hesbmgtdr Berlbhdilmec oW 1e$6adewb6krméhya ns frdetiveohght amge R LDt P'HIb] BIsighidl was

ResU %4308 By Qe |ytatt IRPBH signal Tnd Vaies opicied a0 PP CRpresvion normafized to
GAPDH.

dsRNAs were formulated in LNPO1 as described previously (Akinc, A. et al.,, Nature
Biotech 2008, 26(5):561-9.)

Results are shown in figures 1 and 2.
10 Activity of dsSRNAs in insuling signaling

HepG2 cells were transfected for 48 hr with 5 nM dsRNA, starved for 24 hr, and treated

with insulin for 30 minutes prior to PathScan ELISA assay. Overview of procedure:

Day 1: HepG2 Cells P8 (ATCC MEME, 10% ATCC FBS, 1x l-gln) reverse transfected with
5nM dsRNA and DharmaFECT1 transfection reagent

15 Day 3: Cells were washed with dPBS 1X and starve media was added for an overnight
incubation (ATCC MEME, 1x l-gln, 2% stripped serum)

Day 4: Insulin Stimulation and then lyse. Insulin from Lynn at 689 uM concentration
(Invitrogen 12585-014). Mix insulin into MEME (nothing added) at proper concentration
(Example: 10 ml at 5uM use 72.6 ul insulin and 9.9 ml MEME)

20 —~Wash cells 1X with MEME before adding MEME containing insulin
~Incubate cells with insulin for 30 minutes at 37°C
~Wash cells 1X with ice-cold dPBS

—~Remove dPBS and add 100 ul ice-cold lysis buffer (1X CST #9803 with 1 mM PMSF) to each

well and incubate on ice for 5 min

25 —Shake cell plates in freezer for 10 minutes to ensure lysis before storing at -80°C



Cl ai n8 A doubl e-stranded ri bonucl ei ¢ acid nol ecul e capabl e of inhibiting

t he expression of PTP1B gene in vitro by at |east 60 % preferably by at

| east 709%earrdiomss21ipr ef erably by at | east 80% The doubl @CTtRP2AMAOE0814

ri bonucleic acid nol ecule of claim1, wherein said doubl e-stranded

ri bonucl eic acid nol ecul e conprises a-4&nse strand and an anti sense strand,
the antisense strand being at |east partially conplenentary to the sense

st r and,Colrsigedtiic tTrehmansies Bithisoad Phosftiob g ELISaguence, whi ch has an
identity of at least 90 %to at |east a portion of an nmRNA encodi ng PTP1B,
wherein said sequence is (i) located in the region of conplenentarity of
sai d sengidlally perermed dlatign ghrvievesHep©? dysdte tarfgtorinine agherxe proteiaitel lasdddence
is |less Shan 30 nucleotides in I ength. The doubl e-stranded ri bonucleic acid
nol ecul®of clains 1 to 2, wherein said sense strand conpri ses nucl eotide
aci d sequences depicted in SEQ I D Nos: 630, 632, 634, 638, 640, 644 and 652
and sai-higidd %a&tarn@%ldé‘d)ﬂgﬁﬂét@ &3 1SN PHRd CEAwIIERIUBRERSL depi cted in SEQ
I D Nos: 631, 633,” 635, 639, 641, 645 and 653 wherein said doubl e-stranded
ri bonucl eic acid nol ecul e conprises the sequence pairs selected fromthe
group c®upismiagBOA BEQ Widh NG pré38i0/t6 3wrmad2/lHISA G3uli6@S)roeB8B4i&I88,in cach
640/ 641, 644/ 645 and 652/ 653. The doubl e-stranded ri bonucl eic acid nol ecul e
of cIaPW*%, wherein the antisense strand further conprises a 3' overhang of
1-5 nucleotides in length, preferably of 1-2 nucleotides in length. The
doubl e- st r angdgdo NdWiAP 6B 1S wAEd thel @G elinchl: 2l M 4, wherein the overhang
of the antisense strand conprises uracil or nucl eotides which are

conpl ementary to the nRNA encodi ng PTP1B. The doubl e-stranded ri bonucl eic
aci d nolCadulle Rofe-feaeycoofrotframdhaBmaa@ni D-02Rei0d ) t he sense strand further
conprises a 3' overhang of 1-5 nucleotides in length, preferably of 1-2
nucl eotides in |length. WD 2010/089221PCT/ EP2010/ 050814 -45- The
double:§¥ﬂdﬁdE@VﬂﬁgdﬁGEPBWBﬂﬁﬁﬁﬁiWbPQEQW@OBf any of claim6 wherein the
over hang of the sense strand conprises uracil or nucleotides which are
idepical to-the MRNA enc [ P . The doubl e-stranded ri bonucleic acid
nDIg%urﬁﬂ%%Lgﬁvmgﬁéo%gm%?ggﬁggﬁd%gig, wherei n sai d doubl e-stranded

ri bonucl ei c acid nol ecul e conprises at |east one nodified nucleotide. The
doubl e- st r amdgalty drbeisied &i figuaebd ol ecul e of claim 8, wherein said nodified
nucl eotide is selected fromthe group consisting of a 2'-0-nethyl nodified
nucl eotide, a nucleotide conprising a 5'-phosphorothioate group, and a
term nal nucleotide linked to a chol esteryl derivative or dodecanoic acid
bi sdecyl am de group, a 2'-deoxy-2'-fluoro nodified nucleotide, a

2' -deoxy-nodi fied nucleotide, a | ocked nucl eotide, an abasic nucl eotide, a
2' -am no-nodi fied nucleotide, a 2'-al kyl-nodified nucl eotide, a norpholino
nucl eoti de, a phosphoram date, and a non-natural base conpri sing

nucl eoti de. The doubl e-stranded ri bonucl eic acid nol ecul e of any one of
claims 8 and 9, wherein said nodified nucleotide is a 2'-0-nethyl nodified
nucl eotide, a nucleotide conprising a 5'-phosphorothioate group, and a
deoxyt hym di ne. The doubl e-stranded ri bonucl eic acid nol ecule of clains 3
to 10, wherein said sense strand and / or said antisense strand conprise an
over hang of 1-2 deoxythym di nes. The doubl e-stranded ri bonucl eic acid

nol ecul e of any one of clains 1 to 11, wherein said sense strand is
selected fromthe group consisting of the nucleic acid sequences depicted
in SEQID Nos: 3, 5, 7, 11, 13, 17, and 25 and said antisense strand is
selected fromthe group consisting of the nucleic acid sequences depicted
in SEQ ID Nos: 4, 6, 8, 12, 14, 18 and 26 wherein said doubl e-stranded

ri bonucl ei c acid nol ecul e conprises the sequence pairs selected fromthe
group consisting of SEQ ID NOs: 3/4, 5/6, 7/8, 11/12, 13/14, 17/18, and

25/ 26.



WO 2010/ 089221PCT/ EP2010/ 050814 -46- 14. A vector conprising a regulatory
sequence operably linked to a nucl eotide sequence that encodes at |east one
of a senswoxbroAIsgR20r an anti sense strand conprised in tkReTdFemlods6s14 anded
ri bonucl eic acid nolecule as defined in any one of clains 1 to 12 or
conprising 5the nucleic acid sequence -é4- claim 13. 15. A cell, tissue or
non- human or gani sm conpri si ng the doubl e-stranded ri bonucl ei c acid nol ecul e
as defined in any one of clainms 1 to 12, the nucleic acid nolecule of claim
13 or the vector of claim14. 10 16. A pharnaceutical conposition
conprising the doubl e-stranded ribongfleic acid nol ecul e as defined in any
one of claims 1 to 12, the nucleic adi3iMbl ecul e of claim 13, the vector of
cIa|n114 or the cell or tissue of clainml5. 15 17. TheEgharnaceutlcal

conposilt i on ‘brdoEblarstragd FibpRusdc @eHpRP W§ pRsrfa ﬁ’tltﬂ%Fheye’&‘E%“ékﬂnaﬁf e
carrier, stghlpgl Fée%@ 11‘?091[00%1 gi IE%F Bd %, efef%bgﬁg}hgtdleés? Fob N Hdhb %@fyﬁﬁl
B gene i r

expressi on of PT a cell, tissu an organi smco r'st R

f ol |5owi ng staefeast 80§ a) i nt r oduci ng into the cell, tissue or organlsn1the
doubl e-stranded ribonucl ei ¢ acid nol ecul e as defined in any one of clains 1
to 12, the nucleic acid nolecule of claim13" the vector of claim14; and

(b) mai nt ai nimg dollBleGBlahdedt fiSshdBleR! ack! HRMAM T PARCEAVvidcif s8R doRblel@fanded | ME
sufficient to obtain degradati on of the mRNA transcript of

a PTP1B geneibonhdeielyidimblicpile cogpiSeemeassitand ehd an pT@REBscérad the ahigscosd | .
strand being at least partially complementary to the sense strand, whereby the sense

10 strand comprises a sequence, which has an identity of at least 90 % to at least a portion of

an mRNA encoding PTP1B, wherein said sequence is (i) located in the region of
complementarity of said sense strand to said antisense strand; and (ii) wherein said

sequence is less than 30 nucleotides in length.

15 3. The double-stranded ribonucleic acid molecule of claims 1 to 2, wherein said sense
strand comprises nucleotide acid sequences depicted in SEQ ID Nos: 630, 632, 634, 638,
640, 644 and 652 and said antisense strand comprises nucleic acid sequences depicted
in SEQ ID Nos: 631, 633, 635, 639, 641, 645 and 653 wherein said double-stranded
ribonucleic acid molecule comprises the sequence pairs selected from the group

20 consisting of SEQ ID NOs: 630/631, 632/633, 634/635, 638/639, 640/641, 644/645 and
652/653.

4, The double-stranded ribonucleic acid molecule of claim 3, wherein the antisense strand
further comprises a 3 overhang of 1-5 nucleotides in length, preferably of 1-2

25 nucleotides in length.

5. The double-stranded ribonucleic acid molecule of claim 4, wherein the overhang of the
antisense strand comprises uracil or nucleotides which are complementary to the mRNA
encoding PTP1B.

30

6. The double-stranded ribonucleic acid molecule of any of claims 3 to 5, wherein the sense

strand further comprises a 3’ overhang of 1-5 nucleotides in length, preferably of 1-2

nucleotides in length.



19. A method of treating, preventing or managi ng pathol ogi cal conditions
and di seases caused by the expression of the PTP1B gene di sease conpri sing
adm ni st ewpregives91subj ectin need of such treatnent, pr@CEFPR@N/060814
managenent a therapeutically or 30 prophylactically effective anbunt of a
t he doubl e-stranded ribonucleic acid rmdbecul e as defined in any one of
claims 1 to 12, a nucleic acid nolecule of claim13, a vector of claim14
and/ or a pharmaceutical conposition as defined in clains 16 or 18. WO
2010/089221PCT/EP2010/050814 -47- 20. The nethod of claim 19, wherein sald
subj ect’-i s dMgeREple-spranded r&mml@l%mdalﬁal@epl? Phamuei drig %E"hﬂmﬁb‘lh@@ﬁF@al&%o
defined in I 2 C d f Hﬁkﬂ113
a vector och g?%?fﬁﬁgﬁdﬁﬁﬂﬁgé%ﬁ%%#aggE?P%g+&§cgﬁ%gS?EPg§ﬁ§%? g#Pﬁe n
clains 16 ornd®lif@PTRHR in treating type 2 diabetes, liver failure,
obe;ity, di slipidem a, diabetic artherosclerosis or hypertension. 22. Use
t he doubl e-stranded ribonucl eic acid nolecule as defined in any one of
clai ms gl The doublefs@raﬂ&d RodMdelR a%uﬁﬁbf&cﬂlé'cﬁ% enObf laithdn 137, ®hMemild of
claim14 and/or a cell or tissue of 10claim 15 for the preparation of a
phar maceut i cﬂaublwttpm@dtrlh@nuﬂ@nc acdemolcedt remprissh at iepst oRe dicalbletdemicldotider
failure, obesity, dislipidema, diabetic artherosclerosis or hypertension.

9. The double-stranded ribonucleic acid molecule of claim 8, wherein said modified
10 nucleotide is selected from the group consisting of a 2'-O-methyl modified nucleotide, a
nucleotide comprising a 5'-phosphorothioate group, and a terminal nucleotide linked to a
cholesteryl derivative or dodecanoic acid bisdecylamide group, a 2'-deoxy-2'-fluoro
modified nucleotide, a 2'-deoxy-modified nucleotide, a locked nucleotide, an abasic
nucleotide, a 2’-amino-modified nucleotide, a 2’-alkyl-modified nucleotide, a morpholino

15 nucleotide, a phosphoramidate, and a non-natural base comprising nucleotide.

10.  The double-stranded ribonucleic acid molecule of any one of claims 8 and 9, wherein
said modified nucleotide is a 2'-O-methyl modified nucleotide, a nucleotide comprising a

5'-phosphorothioate group, and a deoxythymidine.

20
11. The double-stranded ribonucleic acid molecule of claims 3 to 10, wherein said sense
strand and / or said antisense strand comprise an overhang of 1-2 deoxythymidines.
12.  The double-stranded ribonucleic acid molecule of any one of claims 1 to 11, wherein said
25 sense strand is selected from the group consisting of the nucleic acid sequences depicted

in SEQ ID Nos: 3, 5, 7, 11, 13, 17, and 25 and said antisense strand is selected from the

group consisting of the nucleic acid sequences depicted in SEQ ID Nos: 4, 6, &, 12, 14,

18 and 26 wherein said double-stranded ribonucleic acid molecule comprises the

sequence pairs selected from the group consisting of SEQ ID NOs: 3/4, 5/6, 7/8, 11/12,
30 13/14, 17/18, and 25/26.

13. A nucleic acid sequence encoding a sense strand and/or an antisense strand comprised in

the double-stranded ribonucleic acid molecule as defined in any one of claims 1 to 12.
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14.

15.

16.

17.

18.

19.

WO 2010/089221 PCT/EP2010/050814

-46-

A vector comprising a regulatory sequence operably linked to a nucleotide sequence that
encodes at least one of a sense strand or an antisense strand comprised in the double-
stranded ribonucleic acid molecule as defined in any one of claims 1 to 12 or comprising

the nucleic acid sequence of claim 13.

A cell, tissue or non-human organism comprising the double-stranded ribonucleic acid
molecule as defined in any one of claims 1 to 12, the nucleic acid molecule of claim 13 or

the vector of claim 14.

A pharmaceutical composition comprising the double-stranded ribonucleic acid molecule
as defined in any one of claims 1 to 12, the nucleic acid molecule of claim 13, the vector

of claim 14 or the cell or tissue of claim15.

The pharmaceutical composition of claim 16, further comprising a pharmaceutically

acceptable carrier, stablilizer and/or diluent.

A method for inhibiting the expression of PTP1B gene in a cell, a tissue or an organism

comprising the following steps:

(a)  introducing into the cell, tissue or organism the double-stranded ribonucleic acid
molecule as defined in any one of claims 1 to 12, the nucleic acid molecule of
claim 13,, the vector of claim 14; and

(b)  maintaining the cell, tissue or organism produced in step (a) for a time sufficient
to obtain degradation of the mRNA transcript of a PTP1B gene, thereby inhibiting

expression of a PTP1B gene in the cell.

A method of treating, preventing or managing pathological conditions and diseases

caused by the expression of the PTP1B gene disease comprising administering to a

subject in need of such treatment, prevention or management a therapeutically or

prophylactically effective amount of a the double-stranded ribonucleic acid molecule as
defined in any one of claims 1 to 12, a nucleic acid molecule of claim 13, a vector of

claim 14 and/or a pharmaceutical composition as defined in claims 16 or 18.
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20.  The method of claim 19, wherein said subject is a human.
21. A double-stranded ribonucleic acid molecule as defined in any one of claims 1 to 12, a

nucleic acid molecule of claim 13, a vector of claim 14 and/or a pharmaceutical
5 composition as defined in claims 16 or 18 for use in treating type 2 diabetes, liver failure,

obesity, dislipidemia, diabetic artherosclerosis or hypertension.

22.  Use of a the double-stranded ribonucleic acid molecule as defined in any one of claims 1
to 12, a nucleic acid molecule of claim 13, a vector of claim 14 and/or a cell or tissue of
10 claim 15 for the preparation of a pharmaceutical composition for the treatment of type 2

diabetes, liver failure, obesity, dislipidemia, diabetic artherosclerosis or hypertension.



