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(57) ABSTRACT 

Compositions and methods relating to small interfering 
RNA (siRNA) polynucleotides are provided as pertains to 
modulation of biological signal transduction. ShoWn are 
siRNA polynucleotides that interfere With expression of 
PTPlB, a member of the protein tyrosine phosphatase (PTP) 
class of enZymes that mediate signal transduction. In certain 
preferred embodiments siRNA modulate signal transduction 
pathways comprising human or murine PTP-lB and, in 
certain further embodiments, insulin receptor and/or Jak2. 
Modulation of PTPlB-mediated biological signal transduc 
tion has uses in diseases associated With defects in cell 
proliferation, cell differentiation and/or cell survival, such as 
metabolic disorders (including diabetes and obesity), cancer, 
autoimmune disease, infectious and in?ammatory disorders 
and other conditions. 
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MODULATION OF PTPlB EXPRESSION AND 
SIGNAL TRANSDUCTION BY RNA 

INTERFERENCE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/383,249 ?led May 23, 
2002, and US. Provisional Patent Application No. 60/462, 
942 ?led Apr. 14, 2003, Which are incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates generally to compo 
sitions and methods useful for treating conditions associated 
With defects in cell proliferation, cell differentiation, and cell 
survival. The invention is more particularly related to 
double-stranded RNA polynucleotides that interfere With 
expression of a protein tyrosine phosphatase, PTP1B, and 
polypeptide variants thereof. The present invention is also 
related to the use of such RNA polynucleotides to alter 
activation of signal transduction pathWay components or to 
alter cellular metabolic processes that lead to proliferative 
responses, cell differentiation and development, and cell 
survival. 

[0004] 2. Description of the Related Art 

[0005] Reversible protein tyrosine phosphorylation, coor 
dinated by the action of protein tyrosine kinases (PTKs) that 
phosphorylate certain tyrosine residues in polypeptides, and 
protein tyrosine phosphatases (PTPs) that dephosphorylate 
certain phosphotyrosine residues, is a key mechanism in 
regulating many cellular activities. It is becoming apparent 
that the diversity and complexity of the PTPs and PTKs are 
comparable, and that PTPs are equally important in deliv 
ering both positive and negative signals for proper function 
of cellular machinery. Regulated tyrosine phosphorylation 
contributes to speci?c pathWays for biological signal trans 
duction, including those associated With cell division, cell 
survival, apoptosis, proliferation and differentiation. Defects 
and/or malfunctions in these pathWays may underlie certain 
disease conditions for Which effective means for interven 
tion remain elusive, including for example, malignancy, 
autoimmune disorders, diabetes, obesity, and infection. 

[0006] The protein tyrosine phosphatase (PTP) family of 
enZymes consists of more than 100 structurally diverse 
proteins in vertebrates, including almost 40 human PTPs 
that have in common the conserved 250 amino acid PTP 
catalytic domain, but Which display considerable variation 
in their non-catalytic segments (Charbonneau and Tonks, 
1992 Annu. Rev. Cell Biol. 81463-493; Tonks, 1993 Semin. 
Cell Biol. 41373-453; Andersen et al., Mol Cell Biol. 
2117117-36 (2001)). This structural diversity presumably 
re?ects the diversity of physiological roles of individual PTP 
family members, Which in certain cases have been demon 
strated to have speci?c functions in groWth, development 
and differentiation (Desai et al., 1996 Cell 841599-609; 
Kishihara et al., 1993 Cell 741143-156; Perkins et al., 1992 
Cell 701225-236; Pingel and Thomas, 1989 Cell 5811055 
1065; SchultZ et al., 1993 Cell 7311445-1454). The FTP 
family includes receptor-like and non-transmembrane 
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enZymes that exhibit exquisite substrate speci?city in vivo 
and that are involved in regulating a Wide variety of cellular 
signaling pathWays (Andersen et al., Mol. Cell. Biol. 
2117117 (2001); Tonks and Neel, Curr. Opin. Cell Biol. 
131182 (2001)). PTPs thus participate in a variety of physi 
ologic functions, providing a number of opportunities for 
therapeutic intervention in physiologic processes through 
alteration (i.e., a statistically signi?cant increase or 
decrease) or modulation (e.g., up-regulation or doWn-regu 
lation) of PTP activity. 

[0007] Although recent studies have also generated con 
siderable information regarding the structure, expression 
and regulation of PTPs, the nature of many tyrosine phos 
phorylated substrates through Which the PTPs exert their 
effects remains to be determined. Studies With a limited 
number of synthetic phosphopeptide substrates have dem 
onstrated some differences in the substrate selectivities of 
different PTPs (Cho et al., 1993 Protein Sci. 21 977-984; 
Dechert et al., 1995 Eur. J. Biochem. 2311673-681). Analy 
ses of PTP-mediated dephosphorylation of PTP substrates 
suggest that catalytic activity may be favored by the pres 
ence of certain amino acid residues at speci?c positions in 
the substrate polypeptide relative to the phosphorylated 
tyrosine residue (Salmeen et al., 2000 Molecular Cell 
611401; Myers et al., 2001 J. Biol. Chem. 276147771; Myers 
et al., 1997 Proc. Natl. Acad. Sci. USA 9419052; RuZZene et 
al., 1993 Eur J. Biochem. 2111289-295; Zhang et al., 1994 
Biochemistry 3312285 -2290). Thus, although the physiologi 
cal relevance of the substrates used in these studies is 
unclear, PTPs display a certain level of substrate selectivity 
in vitro. 

[0008] The FTP family of enZymes contains a common 
evolutionarily conserved segment of approximately 250 
amino acids knoWn as the FTP catalytic domain. Within this 
conserved domain is a unique signature sequence motif, 
CXSR (SEQ ID NO: _, that is invariant among all PTPs. In 
a majority of PTPs, an 11 amino acid conserved sequence 
([I/V]HCXAGXXR[S/T)G (SEQ ID NO: 1)) containing the 
signature sequence motif is found. The cysteine residue in 
this motif is invariant in members of the family and is 
essential for catalysis of the phosphotyrosine dephosphory 
lation reaction. It functions as a nucleophile to attack the 
phosphate moiety present on a phosphotyrosine residue of 
the incoming substrate. If the cysteine residue is altered by 
site-directed mutagenesis to serine (e.g., in cysteine-to 
serine or “CS” mutants) or alanine (e.g., cysteine-to-alanine 
or “CA” mutants), the resulting PTP is catalytically de?cient 
but retains the ability to complex With, or bind, its substrate, 
at least in vitro. 

[0009] CS mutants of certain PTP family members, for 
example, MKP-l (Sun et al., 1993 Cell 751487), may 
effectively bind phosphotyrosyl polypeptide substrates in 
vitro to form stable enZyme-substrate complexes, thereby 
functioning as “substrate trapping” mutant PTPs. Such com 
plexes can be isolated from cells in Which both the mutant 
FTP and the phosphotyrosyl polypeptide substrates are 
present. According to non-limiting theory, expression of 
such a CS mutant PTP can thus antagoniZe the normal 
function of the corresponding Wildtype FTP (and potentially 
other PTPs and/or other components of a PTP signaling 
pathWay) via a mechanism Whereby the CS mutant binds to 
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and sequesters the substrate, precluding substrate interaction 
With catalytically active, Wildtype enzyme (e.g., Sun et al., 
1993). 
[0010] CS mutants of certain other PTP family members, 
however, may bind phosphotyrosyl polypeptide substrates 
and form complexes that exist transiently and are not stable 
When the CS mutant is expressed in cells, i.e., in vivo. The 
CS mutant of one PTP, PTP1B (PTP-1B), is an example of 
such a PTP. Catalytically de?cient mutants of such enZymes 
that are capable of forming stable complexes With phospho 
tyrosyl polypeptide substrates may be derived by mutating a 
Wildtype protein tyrosine phosphatase catalytic domain 
invariant aspartate residue and replacing it With an amino 
acid that does not cause signi?cant alteration of the Km of 
the enZyme but that results in a reduction in Kcat, as 
disclosed, for example, in US. Pat. Nos. 5,912,138 and 
5,951,979, in US. application Ser. No. 09/323,426 and in 
PCT/US97/13016 and PCT/US00/14211. For instance, 
mutation of Asp 181 in PTP1B to alanine to create the 
aspartate-to-alanine (D to A or DA) mutant PTP1B-D181A 
results in a PTP1B “substrate trapping” mutant enZyme that 
forms a stable complex With its phosphotyrosyl polypeptide 
substrate (e.g., Flint et al., 1997 Proc. Natl. Acad. Sci. 
94:1680). Substrates of other PTPs can be identi?ed using a 
similar substrate trapping approach, for example substrates 
of the FTP family members PTP-PEST (Garton et al., 1996 
J. Mol. Cell. Biol. 16:6408), TCPTP (Tiganis et al., 1998 
Mol. Cell Biol. 18:1622), PTP-HSCF (Spencer et al., 1997 
J. Cell Biol. 138:845), and PTP-H1 (Zhang et al., 1999 J. 
Biol. Chem. 274117806). 

[0011] One non-transmembrane PTP, PTP1B, recogniZes 
several tyrosine-phosphorylated proteins as substrates, 
many of Which are involved in human disease. For example, 
therapeutic inhibition of PTP1B in the insulin signaling 
pathWay may serve to augment insulin action, thereby 
ameliorating the state of insulin resistance common in Type 
II diabetes patients. PTP1B acts as a negative regulator of 
signaling that is initiated by several groWth factor/hormone 
receptor PTKs, including p210 Bcr-Abl (LaMontagne et al., 
Mol. Cell. Biol. 18:2965-75 (1998); LaMontagne et al., 
Proc. Natl. Acad. Sci. USA 95:14094-99 (1998)), receptor 
tyrosine kinases, such as EGF receptor, PDGF receptor, and 
insulin receptor (IR) (Tonks et al., Curr Opin. Cell Biol. 
13:182-95 (2001)), and JAK family members such as Jak2 
and others (Myers et al., J. Biol. Chem. 276:47771-74 
(2001)), as Well as signaling events induced by cytokines 
(Tonks and Neel, 2001). Activity of PTP1B is regulated by 
modi?cations of several amino acid residues, such as phos 
phorylation of Ser residues (Brautigan and Pinault, 1993; 
Dadke et al., 2001; Flint et al., 1993), and oxidation of the 
active Cys residue in its catalytic motif (Lee et al., 1998; 
Meng et al., 2002) Which is evolutionary conserved among 
protein tyrosine phosphatases and dual phosphatase family 
members (Andersen et al., 2001). In addition, changes in the 
expression levels of PTP1B have been noted in several 
human diseases, particularly those associated With disrup 
tion of the normal patterns of tyrosine phosphorylation. For 
example, therapeutic inhibition of PTPs such as PTP1B in 
the insulin signaling pathWay may serve to augment insulin 
action, thereby ameliorating the state of insulin resistance 
common in patients With type 2 diabetes. 

[0012] Diabetes mellitus is a common, degenerative dis 
ease affecting 5-10% of the human population in developed 
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countries, and in many countries, it may be one of the ?ve 
leading causes of death. Approximately 2% of the World’s 
population has diabetes, the overWhelming majority of cases 
(>97%) being type 2 diabetes and the remainder being type 
1. In type 1 diabetes, Which is frequently diagnosed in 
children or young adults, insulin production by pancreatic 
islet beta cells is destroyed. Type 2 diabetes, or “late onset” 
or “adult onset” diabetes, is a complex metabolic disorder in 
Which cells and tissues cannot effectively use available 
insulin; in some cases insulin production is also inadequate. 
At the cellular level, the degenerative phenotype that may be 
characteristic of late onset diabetes mellitus includes, for 
example, impaired insulin secretion and decreased insulin 
sensitivity, i.e., an impaired response to insulin. 

[0013] Studies have shoWn that diabetes mellitus may be 
preceded by or is associated With certain related disorders. 
For example, an estimated forty million individuals in the 
US. suffer from late onset impaired glucose tolerance (IGT). 
IGT patients fail to respond to glucose With increased insulin 
secretion. Each year a small percentage (5-10%) of IGT 
individuals progress to insulin de?cient non-insulin depen 
dent diabetes (NIDDM). Some of these individuals further 
progress to insulin dependent diabetes mellitus (IDDM). 
NIDDM and IDDM are associated With decreased release of 
insulin by pancreatic beta cells and/or a decreased response 
to insulin by cells and tissues that normally exhibit insulin 
sensitivity. Other symptoms of diabetes mellitus and condi 
tions that precede or are associated With diabetes mellitus 
include obesity, vascular pathologies, and various neuropa 
thies, including blindness and deafness. 

[0014] Type 1 diabetes is treated With lifelong insulin 
therapy, Which is often associated With undesirable side 
effects such as Weight gain and an increased risk of hypogly 
cemia. Current therapies for type 2 diabetes (NIDDM) 
include altered diet, exercise therapy, and pharmacological 
intervention With injected insulin or oral agents that are 
designed to loWer blood glucose levels. Examples of such 
presently available oral agents include sulfonylureas, bigu 
anides, thiaZolidinediones, repaglinide, and acarbose, each 
of Which alters insulin and/or glucose levels. None of the 
current pharmacological therapies, hoWever, controls the 
disease over its full course, nor do any of the current 
therapies correct all of the physiological abnormalities in 
type 2 NIDDM, such as impaired insulin secretion, insulin 
resistance, and excessive hepatic glucose output. In addition, 
treatment failures are common With these agents, such that 
multi-drug therapy is frequently necessary. 

[0015] In certain metabolic diseases or disorders, one or 
more biochemical processes, Which may be either anabolic 
or catabolic (e.g., build-up or breakdown of substances, 
respectively), are altered (e.g., increased or decreased in a 
statistically signi?cant manner) or modulated (e.g., up- or 
doWn-regulated to a statistically signi?cant degree) relative 
to the levels at Which they occur in a disease-free or normal 
subject such as an appropriate control individual. The alter 
ation may result from an increase or decrease in a substrate, 
enZyme, cofactor, or any other component in any biochemi 
cal reaction involved in a particular process. Altered (i.e., 
increased or decreased in a statistically signi?cant manner 
relative to a normal state) PTP activity can underlie certain 
disorders and suggests a PTP role in certain metabolic 
diseases. 
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[0016] For example, disruption of the murine PTP1B gene 
homolog in a knock-out mouse model results in PTP1B_/_ 
mice exhibiting enhanced insulin sensitivity, decreased lev 
els of circulating insulin and glucose, and resistance to 
Weight gain even on a high-fat diet, relative to control 
animals having at least one functional PTP1B gene (Elche 
bly et al., Science 28311544 (1999)). Insulin receptor hyper 
phosphorylation has also been detected in certain tissues of 
PTP1B de?cient mice, consistent With a PTP1B contribution 
to the physiologic regulation of insulin and glucose metabo 
lism (Id.). PTP-lB-de?cient mice exhibit decreased adipos 
ity (reduced fat cell mass but not fat cell number), increased 
basal metabolic rate and energy expenditure, and enhanced 
insulin-stimulated glucose utiliZation (Klaman et al., 2000 
Mol. Cell. Biol. 2015479). Additionally, altered PTP activity 
has been correlated With impaired glucose metabolism in 
other biological systems (e.g., McGuire et al., Diabetes 
401939 (1991); Myerovitch et al., J. Clin. Invest. 841976 
(1989); Sredy et al., Metabolism 4411074 (1995)), including 
PTP involvement in biological signal transduction via the 
insulin receptor (see, e.g., WO 99/46268 and references 
cited therein). 

[0017] An integration of crystallographic, kinetic, and 
PTP1B-peptide binding assays illustrated the interaction of 
PTP1B and insulin receptor (IR) (Salmeen et al., Mol. Cell 
611401-12 (2000)). The insulin receptor (IR) comprises tWo 
extracellular a subunits and tWo transmembrane [3 subunits. 
Activation of the receptor results in autophosphorylation of 
tyrosine residues in both [3 subunits, each of Which contains 
a protein kinase domain. Extensive interactions that form 
betWeen PTP1B and insulin receptor kinase (IRK) encom 
pass tandem pTyr residues at 1162 and 1163 of IRK, such 
that pTyr-1 162 is located in the active site of PTP1B (id.). 
The Asp/Glu-pTyr-pTyr-Arg/Lys motif has been implicated 
for optimal recognition by PTP1B for IRK. This motif is also 
present in other receptor PTKs, including Trk, FGFR, and 
Axl. In addition, this motif is found in the JAK family of 
PTKs, members of Which transmit signals from cytokine 
receptors, including a classic cytokine receptor that is rec 
ogniZed by the satiety hormone leptin (TouW et al., Mol. 
Cell. Endocrinol. 16011-9 (2000)). 

[0018] Changes in the expression levels of PTP1B have 
been observed in several human diseases, particularly in 
diseases associated With disruption of the normal patterns of 
tyrosine phosphorylation. For example, the expression of 
PTP1B is induced speci?cally by the p210 Bcr-Abl onco 
protein, a PTK that is directly responsible for the initial 
manifestations of chronic myelogenous leukemia (CML) 
(LaMontagne et al., Mol. Cell. Biol. 1812965-75 (1998); 
LaMontagne et al., Proc. Natl. Acad. Sci. USA 95114094-99 
(1998)). Expression of PTPB1 in response to this oncopro 
tein is regulated, in part, by transcription factors Sp1, Sp3, 
and Egr-1 (Fukada et al., J. Biol. Chem. 276125512-19 
(2001)). These transcription factors have been shoWn to bind 
to a p210 Bcr-Abl responsive sequence (PRS) in the human 
PTP1B promoter, located betWeen —49 to —37 base pairs 
from the transcription start site, but do not appear to mediate 
certain additional, independent PTP1B transcriptional 
events, for Which neither transcription factor(s) nor tran 
scription factor recognition element(s) have been de?ned 
(id.). 
[0019] RNA interference (RNAi) is a polynucleotide 
sequence-speci?c, post-transcriptional gene silencing 
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mechanism effected by double-stranded RNA that results in 
degradation of a speci?c messenger RNA (mRNA), thereby 
reducing the expression of a desired target polypeptide 
encoded by the mRNA (see, e.g., WO 99/32619; WO 
01/75164; U.S. Pat. No. 6,506,559; Fire et al., Nature 
3911806-11 (1998); Sharp, Genes Dev. 131139-41 (1999); 
Elbashir et al. Nature 4111494-98 (2001); Harborth et al.,J. 
Cell Sci. 11414557-65 (2001)). RNAi is mediated by double 
stranded polynucleotides as also described hereinbeloW, for 
example, double-stranded RNA (dsRNA), having sequences 
that correspond to exonic sequences encoding portions of 
the polypeptides for Which expression is compromised. 
RNAi reportedly is not effected by double-stranded RNA 
polynucleotides that share sequence identity With intronic or 
promoter sequences (Elbashir et al., 2001). RNAi pathWays 
have been best characteriZed in Drosophila and Caenorhab 
ditis elegans, but “small interfering RNA” (siRNA) poly 
nucleotides that interfere With expression of speci?c 
polypeptides in higher eukaryotes such as mammals (includ 
ing humans) have also been considered (e.g., Tuschl, 2001 
Chembiochem. 21239-245; Sharp, 2001 Genes Dev. 151485; 
Bernstein et al., 2001 RNA 711509; Zamore, 2002 Science 
29611265; Plasterk, 2002 Science 29611263; Zamore 2001 
Nat. Struct. Biol. 81746; MatZke et al., 2001 Science 
29311080; Scadden et al., 2001 EMBO Rep. 211107). 
[0020] According to a current non-limiting model, the 
RNAi pathWay is initiated by AT P-dependent, processive 
cleavage of long dsRNA into double-stranded fragments of 
about 18-27 (e.g., 19, 20, 21, 22, 23, 24, 25, 26, etc.) 
nucleotide base pairs in length, called small interfering 
RNAs (siRNAs) (see revieW by Hutvagner et al., Curr Opin. 
Gen. Dev. 121225-32 (2002); Elbashir et al., 2001; Nykanen 
et al., Cell 1071309-21 (2001); Bass, Cell 1011235-38 
(2000)); Zamore et al., Cell 101125-33 (2000)). In Droso 
phila, an enZyme knoWn as “Dicer” cleaves the longer 
double-stranded RNA into siRNAs; Dicer belongs to the 
RNase III family of dsRNA-speci?c endonucleases (WO 
01/68836; Bernstein et al., Nature 4091363-66 (2001)). 
Further according to this non-limiting model, the siRNA 
duplexes are incorporated into a protein complex, folloWed 
by ATP-dependent unWinding of the siRNA, Which then 
generates an active RNA-induced silencing complex (RISC) 
(WO 01/68836). The complex recogniZes and cleaves a 
target RNA that is complementary to the guide strand of the 
siRNA, thus interfering With expression of a speci?c protein 
(Hutvagner et al., supra). 
[0021] In C. elegans and Drosophila, RNAi may be medi 
ated by long double-stranded RNA polynucleotides (WO 
99/32619; WO 01/75164; Fire et al., 1998; Clemens et al., 
Proc. Natl. Acad. Sci. USA 9716499-6503 (2000); KisieloW 
et al., Biochem. J. 36311-5 (2002); see also WO 01/92513 
(RNAi-mediated silencing in yeast)). In mammalian cells, 
hoWever, transfection With long dsRNA polynucleotides 
(i.e., greater than 30 base pairs) leads to activation of a 
non-speci?c sequence response that globally blocks the 
initiation of protein synthesis and causes mRNA degradation 
(Bass, Nature 4111428-29 (2001)). Transfection of human 
and other mammalian cells With double-stranded RNAs of 
about 18-27 nucleotide base pairs in length interferes in a 
sequence-speci?c manner With expression of particular 
polypeptides encoded by messenger RNAs (mRNA) con 
taining corresponding nucleotide sequences (WO 01/75164; 
Elbashir et al., 2001; Elbashir et al., Genes Dev. 151188-200 
(2001)); Harborth et al., J. Cell Sci. 11414557-65 (2001); 
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CartheW et al., Curr: Opin. Cell Biol. 13:244-48 (2001); 
Mailand et al., Nature Cell Biol. Advance Online Publica 
tion (Mar. 18, 2002); Mailand et al. 2002 Nature Cell Biol. 
4:317). 
[0022] siRNA polynucleotides may offer certain advan 
tages over other polynucleotides known to the art for use in 
sequence-speci?c alteration or modulation of gene expres 
sion to yield altered levels of an encoded polypeptide 
product. These advantages include loWer effective siRNA 
polynucleotide concentrations, enhanced siRNA polynucle 
otide stability, and shorter siRNA polynucleotide oligo 
nucleotide lengths relative to such other polynucleotides 
(e.g., antisense, riboZyme or triplex polynucleotides). By 
Way of a brief background, “antisense” polynucleotides bind 
in a sequence-speci?c manner to target nucleic acids, such as 
mRNA or DNA, to prevent transcription of DNA or trans 
lation of the mRNA (see, e.g., US. Pat. No. 5,168,053; US. 
Pat. No. 5,190,931; US. Pat. No. 5,135,917; US. Pat. No. 
5,087,617; see also, e.g., Clusel et al., 1993 Nucl. Acids Res. 
21:3405-11, describing “dumbbell” antisense oligonucle 
otides). “RiboZyme” polynucleotides can be targeted to any 
RNA transcript and are capable of catalytically cleaving 
such transcripts, thus impairing translation of mRNA (see, 
e.g., US. Pat. No. 5,272,262; US. Pat. No. 5,144,019; and 
US. Pat. Nos. 5,168,053, 5,180,818, 5,116,742 and 5,093, 
246; US. 2002/ 193579). “Triplex” DNA molecules refers to 
single DNA strands that bind duplex DNA to form a colinear 
triplex molecule, thereby preventing transcription (see, e.g., 
US. Pat. No. 5,176,996, describing methods for making 
synthetic oligonucleotides that bind to target sites on duplex 
DNA). Such triple-stranded structures are unstable and form 
only transiently under physiological conditions. Because 
single-stranded polynucleotides do not readily diffuse into 
cells and are therefore susceptible to nuclease digestion, 
development of single-stranded DNA for antisense or triplex 
technologies often requires chemically modi?ed nucleotides 
to improve stability and absorption by cells. siRNAs, by 
contrast, are readily taken up by intact cells, are effective at 
interfering With the expression of speci?c polypeptides at 
concentrations that are several orders of magnitude loWer 
than those required for either antisense or riboZyme poly 
nucleotides, and do not require the use of chemically modi 
?ed nucleotides. 

[0023] Importantly, despite a number of attempts to devise 
selection criteria for identifying oligonucleotide sequences 
that Will be effective in siRNA based on features of the 
desired target mRNA sequence (e.g., percent GC content, 
position from the translation start codon, or sequence simi 
larities based on an in silico sequence database search for 
homologues of the proposed siRNA) it is presently not 
possible to predict With any degree of con?dence Which of 
myriad possible candidate siRNA sequences that can be 
generated as nucleotide sequences that correspond to a 
desired target mRNA (e.g., dsRNA of about 18-27 nucle 
otide base pairs) Will in fact exhibit siRNA activity (i.e., 
interference With expression of the polypeptide encoded by 
the mRNA). Instead, individual speci?c candidate siRNA 
polynucleotide or oligonucleotide sequences must be gen 
erated and tested to determine Whether interference With 
expression of a desired polypeptide target can be effected. 
Accordingly, no routine method exists in the art for design 
ing a siRNApolynucleotide that is, With certainty, capable of 
speci?cally altering the expression of a given PTP polypep 
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tide, and thus for the overWhelming majority of PTPs no 
effective siRNA polynucleotide sequences are presently 
knoWn. 

[0024] Currently, therefore, desirable goals for therapeutic 
regulation of biological signal transduction include modu 
lation of PTP1B-mediated cellular events include, inter alia, 
inhibition or potentiation of interactions among PTP1B 
binding molecules, substrates and binding partners, or of 
other agents that regulate PTP1B activities. Accordingly, a 
need exists in the art for an improved ability to intervene in 
the regulation of phosphotyrosine signaling, including regu 
lating PTP1B by altering PTP1B catalytic activity, PTP1B 
binding to PTP1B substrate molecules, and/or PTP1B -en 
coding gene expression. An increased ability to so regulate 
PTP1B may facilitate the development of methods for 
modulating the activity of proteins involved in phosphoty 
rosine signaling pathWays and for treating conditions asso 
ciated With such pathWays. The present invention ful?lls 
these needs and further provides other related advantages. 

SUMMARY OF THE INVENTION 

[0025] The present invention relates to compositions and 
methods, including speci?c siRNA polynucleotides com 
prising nucleotide sequences disclosed herein, for modulat 
ing PTP1B. It is therefore an aspect of the invention to 
provide an isolated small interfering RNA (siRNA) poly 
nucleotide, comprising in certain embodiments at least one 
nucleotide sequence selected from SEQ ID NOS: 83-86, 
88-91, 93-96, 98-101, 104-105, and 108-109, and in certain 
further embodiments at least one nucleotide sequence 
selected from SEQ ID NOS: 83-86, 88-91, 93-96, 98-101 
and the complementary polynucleotide thereto. In another 
embodiment the small interfering RNA polynucleotide of 
either is capable of interfering With expression of a PTP1B 
polypeptide, Wherein the PTP-1B polypeptide comprises an 
amino acid sequence as set forth in GenBank Ace. Nos. 
M31724, NMi002827, or M33689. In another embodiment 
the nucleotide sequence of the siRNA polynucleotide differs 
by one, tWo, three or four nucleotides at any of positions 
1-19 of a sequence selected from SEQ ID NOS: 83-86, 
88-91, 93-96, and 98-101, or at any position of a sequence 
selected from SEQ ID NOS: 104, 105, 108, and 109. In other 
embodiments the nucleotide sequence of the siRNA poly 
nucleotide differs by at least tWo, three or four nucleotides 
at any of positions 1-19 of a sequence selected from SEQ ID 
NOS: 83-86, 88-91, 93-96, and 98-101, or at any position of 
a sequence selected from SEQ ID NOS: 104, 105, 108, and 
109. 

[0026] In certain preferred embodiments the invention 
provides an isolated siRNA polynucleotide comprising a 
nucleotide sequence according to SEQ ID NO: 83, or the 
complement thereof, or an isolated siRNA polynucleotide 
comprising a nucleotide sequence according to SEQ ID NO: 
88, or the complement thereof, or an isolated siRNA poly 
nucleotide comprising a nucleotide sequence according to 
SEQ ID NO: 93, or the complement thereof, or an isolated 
siRNA polynucleotide comprising a nucleotide sequence 
according to SEQ ID NO: 98, or the complement thereof, or 
an isolated siRNA polynucleotide comprising a nucleotide 
sequence according to SEQ ID NO: 104 or 105, or an 
isolated siRNA polynucleotide comprising a nucleotide 
sequence according to SEQ ID NO: 108 or 109. 

[0027] According to certain further embodiments of the 
above described invention, the polynucleotide comprises at 
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least one synthetic nucleotide analogue of a naturally occur 
ring nucleotide. In another embodiment the polynucleotide 
is linked to a detectable label, Which in certain further 
embodiments is a reporter molecule that may in certain still 
further embodiments be selected from a dye, a radionuclide, 
a luminescent group, a ?uorescent group, and biotin, 
Wherein in a still further embodiment the ?uorescent group 
is ?uorescein isothiocyanate. In another embodiment the 
detectable label is a magnetic particle. According to related 
embodiments there is provided a pharmaceutical composi 
tion comprising any of the above described siRNA poly 
nucleotides and a physiologically acceptable carrier, Which 
in certain further embodiments comprises a liposome. 

[0028] The invention also provides a recombinant nucleic 
acid construct comprising a polynucleotide that is capable of 
directing transcription of a small interfering RNA (siRNA), 
the polynucleotide comprising: a ?rst promoter; (ii) a 
second promoter; and (iii) at least one DNA polynucleotide 
segment comprising at least one nucleotide sequence 
selected from SEQ ID NOS: 83-86, 88-91, 93-96, 98-101, or 
a complement thereto, Wherein each DNA polynucleotide 
segment and its complement are operably linked to at least 
one of the ?rst and second promoters, and Wherein the 
promoters are oriented to direct transcription of the DNA 
polynucleotide segment and its reverse complement. In 
another embodiment there is provided a recombinant nucleic 
acid construct comprising a polynucleotide that is capable of 
directing transcription of a small interfering RNA (siRNA), 
the polynucleotide comprising a promoter operably linked to 
at least one DNA polynucleotide segment comprising at 
least one nucleotide sequence that is selected from SEQ ID 
NOs: 102, 103, 106, and 107. In a further embodiment the 
recombinant nucleic acid construct comprises at least one 
enhancer that is selected from a ?rst enhancer operably 
linked to the ?rst promoter and a second enhancer operably 
linked to the second promoter. In certain embodiments the 
recombinant nucleic acid construct comprises at least one 
transcriptional terminator that is selected from a ?rst 
transcriptional terminator that is positioned in the construct 
to terminate transcription directed by the ?rst promoter and 
(ii) a second transcriptional terminator that is positioned in 
the construct to terminate transcription directed by the 
second promoter. In certain other embodiments the siRNA is 
capable of interfering With expression of a PTP1B polypep 
tide, Wherein the PTP1B polypeptide comprises an amino 
acid sequence as set forth in a sequence selected from the 
group consisting of GenBank Acc. Nos. M31724, 
NMi002827, and M33689. In another embodiment the 
invention provides a recombinant nucleic acid construct 
comprising a polynucleotide that is capable of directing 
transcription of a small interfering RNA (siRNA), the poly 
nucleotide comprising at least one promoter and a DNA 
polynucleotide segment, Wherein the DNA polynucleotide 
segment is operably linked to the promoter, and Wherein the 
DNA polynucleotide segment comprises at least one 
DNA polynucleotide that comprises at least one nucleotide 
sequence selected from SEQ ID NOS: 83-86, 88-91, 93-96, 
98-101, or a complement thereto; (ii) a spacer sequence 
comprising at least 4 nucleotides operably linked to the 
DNA polynucleotide of (i); and (iii) the reverse complement 
of the DNA polynucleotide of operably linked to the 
spacer sequence. In certain further embodiments the siRNA 
comprises an overhang of at least one and no more than four 
nucleotides, the overhang being located immediately 3‘ to 
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(iii). In a further embodiment the spacer sequence comprises 
at least 9 nucleotides. In other further embodiments the 
spacer sequence comprises tWo uridine nucleotides that are 
contiguous With (iii). In another embodiment the recombi 
nant nucleic acid construct comprises at least one transcrip 
tional terminator that is operably linked to the DNA poly 
nucleotide segment. According to related embodiments, the 
invention provides a host cell transformed or transfected 
With the above described recombinant nucleic acid con 
structs. 

[0029] Certain embodiments of the invention provide a 
pharmaceutical composition comprising an siRNA poly 
nucleotide and a physiologically acceptable carrier, Wherein 
the siRNA polynucleotide is selected from an RNA 
polynucleotide Which comprises at least one nucleotide 
sequence selected from SEQ ID NOS: 83-86, 88-91, 93-96, 
98-101, 104-105, and 108-109, (ii) an RNA polynucleotide 
that comprises at least one nucleotide sequence selected 
from SEQ ID NOS: 83-86, 88-91, 93-96, 98-101 and the 
complementary polynucleotide thereto, (iii) an RNA poly 
nucleotide according to or (ii) Wherein the nucleotide 
sequence of the siRNA polynucleotide differs by one, tWo or 
three nucleotides at any of positions 1-19 of a sequence 
selected from the sequences set forth in SEQ ID NOS: 
83-86, 88-91, 93-96, and 98-101, or at any position of a 
sequence selected from the sequences set forth in SEQ ID 
NOS: 104, 105, 108, and 109, and (iv) an RNA polynucle 
otide according to or (ii) Wherein the nucleotide sequence 
of the siRNA polynucleotide differs by tWo, three or four 
nucleotides at any of positions 1-19 of a sequence selected 
from the sequences set forth in SEQ ID NOS: 83-86, 88-91, 
93-96, 98-101, or at any position of a sequence selected from 
the sequences set forth in SEQ ID NOS: 104, 105, 108, and 
109. In a further embodiment the carrier comprises a lipo 
some. 

[0030] Turning to another aspect of the invention, there is 
provided a method for interfering With expression of a 
PTP1B polypeptide, or variant thereof, comprising contact 
ing a subject that comprises at least one cell Which is capable 
of expressing a PTP1B polypeptide With a siRNApolynucle 
otide for a time and under conditions suf?cient to interfere 
With PTP1B polypeptide expression, Wherein (a) the PTP1B 
polypeptide comprises an amino acid sequence as set forth 
in a sequence selected from GenBank Ace. Nos. M31724, 
NMi002827, NMi011201, and M33689, (b) the siRNA 
polynucleotide is selected from an RNA polynucleotide 
Which comprises at least one nucleotide sequence selected 
from SEQ ID NOS: 83-86, 88-91, 93-96, 98-101, 104-105, 
and 108-109, (ii) an RNA polynucleotide that comprises at 
least one nucleotide sequence selected from SEQ ID NOS: 
83-86, 88-91, 93-96, 98-101, and the complementary poly 
nucleotide thereto, (iii) an RNA polynucleotide according to 
(i) or (ii) Wherein the nucleotide sequence of the siRNA 
polynucleotide differs by one, tWo or three nucleotides at 
any of positions 1-19 of a sequence selected from the 
sequences set forth in SEQ ID NOS: 83-86, 88-91, 93-96, 
98-101, or at any position of a sequence selected from the 
sequences set forth in SEQ ID NOS: 104, 105, 108, and 109, 
and (iv) an RNA polynucleotide according to or (ii) 
Wherein the nucleotide sequence of the siRNA polynucle 
otide differs by tWo, three or four nucleotides at any of 
positions 1-19 of a sequence selected from the sequences set 
forth in SEQ ID NOS: 83-86, 88-91, 93-96, 98-101, or at any 
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position of a sequence selected from sequences set forth in 
SEQ ID NOS: 104, 105, 108, and 109. 
[0031] The invention also provides a method for interfer 
ing With expression of a PTP1B polypeptide that comprises 
an amino acid sequence as set forth in a sequence selected 

from GenBank Acc. Nos. M31724, NMi002827, and 
M33689, or a variant of said PTP1B polypeptide, said 
method comprising contacting, under conditions and for a 
time sufficient to interfere With PTP1B polypeptide expres 
sion, a subject that comprises at least one cell that is 
capable of expressing the PTP1B polypeptide, and (ii) a 
recombinant nucleic acid construct as described above. In 
another embodiment there is provided a method for identi 
fying a component of a PTP1B signal transduction pathWay 
comprising: A. contacting a siRNA polynucleotide and a 
?rst biological sample comprising at least one cell that is 
capable of expressing a PTP1B polypeptide, or a variant of 
said PTP1B polypeptide, under conditions and for a time 
sufficient for PTP1B expression When the siRNApolynucle 
otide is not present, Wherein (1) the PTP1B polypeptide 
comprises an amino acid sequence as set forth in a sequence 
selected from GenBank Ace. Nos. M31724, NMi002827, 
and M33689, (2) the siRNA polynucleotide is selected from 
(i) an RNA polynucleotide Which comprises at least one 
nucleotide sequence selected from SEQ ID NOS: 83-86, 
88-91, 93-96, 98-101, 104-105, and 108-109, (ii) an RNA 
polynucleotide that comprises at least one nucleotide 
sequence selected from SEQ ID NOS: 83-86, 88-91, 93-96, 
98-101 and the complementary polynucleotide thereto, (iii) 
an RNA polynucleotide according to or (ii) Wherein the 
nucleotide sequence of the siRNA polynucleotide differs by 
one, tWo or three nucleotides at any of positions 1-19 of a 
sequence selected from the sequences set forth in SEQ ID 
NOS: 83-86, 88-91, 93-96, 98-101, or at any position of a 
sequence selected from the sequences set forth in SEQ ID 
NOS: 104, 105, 108, and 109, and (iv) an RNA polynucle 
otide according to or (ii) Wherein the nucleotide sequence 
of the siRNA polynucleotide differs by tWo, three or four 
nucleotides at any of positions 1-19 of a sequence selected 
from the sequences set forth in SEQ ID NOS: 83-86, 88-91, 
93-96, 98-101, or at any position of a sequence selected from 
the sequences set forth in SEQ ID NOS: 104, 105, 108, and 
109; and B. comparing a level of phosphorylation of at least 
one protein that is capable of being phosphorylated in the 
cell With a level of phosphorylation of the protein in a 
control sample that has not been contacted With the siRNA 
polynucleotide, Wherein an altered level of phosphorylation 
of the protein in the presence of the siRNA polynucleotide 
relative to the level of phosphorylation of the protein in an 
absence of the siRNA polynucleotide indicates that the 
protein is a component of the PTP1B signal transduction 
pathWay. In certain further embodiments the signal trans 
duction pathWay comprises a J ak2 kinase. 

[0032] In another aspect the present invention provides a 
method for modulating an insulin receptor protein phospho 
rylation state in a cell, comprising contacting the cell With a 
siRNA polynucleotide under conditions and for a time 
sufficient to interfere With expression of a PTP1B polypep 
tide, Wherein (a) the PTP1B polypeptide comprises an 
amino acid sequence as set forth in a sequence selected from 

f GenBank Acc. Nos. M31724, NMi002827, NMi011201, 
and M33689, (b) the siRNA polynucleotide is selected from 
(i) an RNA polynucleotide Which comprises at least one 
nucleotide sequence selected from SEQ ID NOS: 83-86, 

Jan. 15, 2004 

88-91, 93-96, 98-101 or the complements thereof and SEQ 
ID NOS: 104, 105, 108, and 109, (ii) an RNApolynucleotide 
that comprises at least one nucleotide sequence selected 
from f SEQ ID NOS: 83-86, 88-91, 93-96, 98-101 and the 
complementary polynucleotide thereto, (iii) an RNA poly 
nucleotide according to or (ii) Wherein the nucleotide 
sequence of the siRNA polynucleotide differs by one, tWo or 
three nucleotides at any of positions 1-19 of a sequence 
selected from the sequences set forth in SEQ ID NOS: 
83-86, 88-91, 93-96, and 98-101, or at any position of a 
sequence selected from the sequences set forth in SEQ ID 
NOS: 104, 105, 108, and 109, and (iv) an RNA polynucle 
otide according to or (ii) Wherein the nucleotide sequence 
of the siRNA polynucleotide differs by tWo, three or four 
nucleotides at any of positions 1-19 of a sequence selected 
from the sequences set forth in SEQ ID NOS: 83-86, 88-91, 
93-96, and 98-101, or at any position of a sequence selected 
from the sequences set forth in SEQ ID NOS: 104, 105, 108, 
and 109; and (c) the insulin receptor protein comprises a 
polypeptide Which comprises an amino acid sequence 
selected from the group consisting of SEQ ID NOS: _-_, 
or a variant thereof. 

[0033] In another embodiment there is provided a method 
for altering Jak2 protein phosphorylation state in a cell, 
comprising contacting the cell With a siRNA polynucleotide 
under conditions and for a time sufficient to interfere With 
expression of a PTP1B polypeptide, Wherein (a) the PTP1B 
polypeptide comprises an amino acid sequence as set forth 
in a sequence selected from GenBank Acc. Nos. M31724, 
NMi002827, NMi011201, and M33689, (b) the siRNA 
polynucleotide is selected from an RNA polynucleotide 
Which comprises at least one nucleotide sequence selected 
from SEQ ID NOS: 83-86, 88-91, 93-96, and 98-101 or the 
complements thereof, and SEQ ID NOS: 104, 105, 108, and 
109, (ii) an RNA polynucleotide that comprises at least one 
nucleotide sequence selected from SEQ ID NOS: 83-86, 
88-91, 93-96, and 98-101 and the complementary polynucle 
otide thereto, (iii) an RNA polynucleotide according to or 
(ii) Wherein the nucleotide sequence of the siRNA poly 
nucleotide differs by one, tWo or three nucleotides at any of 
positions 1-19 of a sequence selected from the sequences set 
forth in SEQ ID NOS: 83-86, 88-91, 93-96, and 98-101, or 
at any position of a sequence selected from the sequences set 
forth in SEQ ID NOS: 104, 105, 108, and 109, and (iv) an 
RNA polynucleotide according to or (ii) Wherein the 
nucleotide sequence of the siRNA polynucleotide differs by 
tWo, three or four nucleotides at any of positions 1-19 of a 
sequence selected from the sequences set forth in SEQ ID 
NOS: 83-86, 88-91, 93-96, and 98-101, or at any position of 
a sequence selected from the sequences set forth in SEQ ID 
NOS: 104, 105, 108, and 109; and (c) the Jak2 protein 
comprises a polypeptide Which comprises an amino acid 
sequence selected from the group consisting of SEQ ID 
NOS: _-_, or a variant thereof. Another embodiment of 
the invention provides a method for treating a J ak2-associ 
ated disorder comprising administering to a subject in need 
thereof a pharmaceutical composition as described above, 
Wherein the siRNA polynucleotide inhibits expression of a 
PTP1B polypeptide, or a variant thereof. In certain embodi 
ments the Jak2-associated disorder is diabetes, obesity, 
hyperglycemia-induced apoptosis, in?ammation, or a neu 
rodegenerative disorder. In another aspect the invention 
provides a small interfering RNA (siRNA) polynucleotide, 
comprising in certain embodiments at least one nucleotide 
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sequence selected from SEQ ID NOS: 83-86, 88-91, 93-96, 
98-101, 104-105, and 108-109, and in certain further 
embodiments at least one nucleotide sequence selected from 
SEQ ID NOS: 83-86, 88-91, 93-96, 98-101 and the comple 
mentary polynucleotide thereto. The invention also provides 
a small interfering RNA (siRNA) polynucleotide, compris 
ing an RNA polynucleotide Which comprises at least one 
nucleotide sequence selected from SEQ ID NOS: 18-21, 
33-36, 43-46, 53-56, and 58-61. Certain further embodi 
ments relate to isolated siRNA polynucleotides that com 
prise nucleotide sequences having the above recited SEQ ID 
NOS, including compositions and methods for producing 
and therapeutically using such siRNA. 

[0034] These and other embodiments of the present inven 
tion Will become apparent upon reference to the folloWing 
detailed description and attached draWings. All references 
disclosed herein are hereby incorporated by reference in 
their entireties as if each Was incorporated individually. Also 
incorporated by reference are co-pending applications, Ser. 
No. and Ser. No. (attorney docket numbers 
200125.441D1 and 200125.448, respectively), Which have 
been ?led concurrently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1 depicts an immunoblot of the effect on 
endogenous expression of murine PTP1B by siRNAs spe 
ci?c for the murine PTP1B or the human PTP1B polynucle 
otide sequences. Expression Was detected using a murine 
anti-PTP1B monoclonal antibody. Data are presented for 
tWo different clones of C57B16 #3 murine cells. Both clones 
Were transfected With mPTP1B1.1 siRNA (lanes 3 and 8); 
mPTP1B1.2 (lanes 4 and 9); mPTP1B1.3 (lanes 5 and 10). 
One clone, C57B16 #3 clone 3, Was transfected With 
hPTP1B1.1 (lane 6). Lane 2: untransfected C57B16 #3, 
clone 3 (NT); lane 7: untransfected C57B16 #3, clone 10. 

[0036] FIG. 2 depicts an immunoblot analysis of the 
expression of human PTP-1B co-transfected into 1 BKO+ 
HIR murine ?broblasts With human PTP-1B siRNA hairpin 
vectors. Expression Was detected With an anti-human 

PTP1B antibody (h1B) (loWer portion of immunoblot). As a 
protein expression control, cell lysates Were probed With an 
anti-human insulin receptor (IR) antibody (upper portion of 
immunoblot). 
[0037] FIG. 3 presents the results of an ELISA in Which 
the level of insulin receptor (IR) phosphorylated tyrosine 
Was measured in 293-HEK HIR cells transfected With 0, 0.5, 
3, or 10 nM hPTP1B1.3 (H1.3, SEQ ID NO: _) (FIG. 3A) 
or mPTP1B1.1b (M1.1, SEQ ID NO: _) (FIG. 3B) siR 
NAs. The level of expression of human PTP1B in the cells 
Was compared by immunoblot (see tables to right of each 
?gure). 
[0038] FIG. 4 depicts the results of an ELISA in Which the 
level of insulin receptor (IR) phosphorylated tyrosine Was 
measured in 293-HEK HIR cells transfected With 0, 0.5, 3, 
or 10 nM siRNAs. The siRNA polynucleotides transfected 
into the cells included mPTP1B1.1b (M1.1, SEQ ID NO: _) 
(FIG. 4A); hPTP1B1.2 (H1.2, SEQ ID NO: _) (FIG. 4B); 
hPTP1B1.3 (H1.3, SEQ ID NO: _) (FIG. 4C); and 
rPTP1B1.2 (R1.2, SEQ ID NO: _) (FIG. 4D). Seventy-tWo 
hours after transfection, cells Were exposed to insulin for 7 
minutes at the designated concentrations. Cell lysates Were 
prepared and coated onto 96-Well plates and probed With an 
anti-pY-IR-[3 antibody. 
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[0039] FIG. 5 represents ELISA data from three separate 
experiments (Exp. 1, 2, 3) that represent the level of insulin 
receptor phosphorylation in cells transfected With 
hPTP1B1.3 and stimulated With 50 nM insulin (Ins). Each 
data point represents the average optical density measured in 
duplicate Wells. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The present invention is directed in part to the 
unexpected discovery of short RNA polynucleotide 
sequences that are capable of speci?cally modulating 
expression of a desired PTP1B polypeptide, such as a human 
or murine PTP1B polypeptide (e.g., GenBank Acc. Nos. 
M31724, NMi002827, NMi011201, M33689, 
NMi012637, NMi012637, M33962; SEQ ID NOS: _-_; 
Andersen et al., 2001 Mol. Cell. Biol. 21:7117), or variant 
thereof. Without Wishing to be bound by theory, the RNA 
polynucleotides of the present invention speci?cally reduce 
expression of a desired target polypeptide through recruit 
ment of small interfering RNA (siRNA) mechanisms. In 
particular, and as described in greater detail herein, accord 
ing to the present invention there are provided compositions 
and methods that relate to the surprising identi?cation of 
certain speci?c RNAi oligonucleotide sequences of 19, 20, 
21, 22, 23, 24, 25, 26 or 27 nucleotides that can be derived 
from corresponding polynucleotide sequences encoding the 
desired PTP1B target polypeptide. These sequences cannot 
be predicted through any algorithm, sequence alignment 
routine, or other systematic paradigm, but must instead be 
obtained through generation and functional testing for RNAi 
activity of actual candidate oligonucleotides, such as those 
disclosed for the ?rst time herein. 

[0041] In preferred embodiments of the invention, the 
siRNA polynucleotide interferes With expression of a 
PTP1B target polypeptide or a variant thereof, and com 
prises a RNA oligonucleotide or RNA polynucleotide 
uniquely corresponding in its nucleotide base sequence to 
the sequence of a portion of a target polynucleotide encoding 
the target polypeptide, for instance, a target mRNA sequence 
or an exonic sequence encoding such mRNA. The invention 
relates in preferred embodiments to siRNA polynucleotides 
that interfere With expression of speci?c polypeptides in 
mammals, Which in certain particularly preferred embodi 
ments are humans and in certain other particularly preferred 
embodiments are non-human mammals. Hence, according 
to non-limiting theory, the siRNA polynucleotides of the 
present invention direct sequence-speci?c degradation of 
mRNA encoding a desired PTP1B. 

[0042] SiRNA Polynucleotides 

[0043] As used herein, the term “siRN ” means either: a double stranded RNA oligonucleotide, or polynucleotide, 

that is 18 base pairs, 19 base pairs, 20 base pairs, 21 base 
pairs, 22 base pairs, 23 base pairs, 24 base pairs, 25 base 
pairs, 26 base pairs, 27 base pairs, 28 base pairs, 29 base 
pairs or 30 base pairs in length and that is capable of 
interfering With expression and activity of a PTP-1B 
polypeptide, or a variant of the PTP-1B polypeptide, 
Wherein a single strand of the siRNA comprises a portion of 
a RNA polynucleotide sequence that encodes the PTP-1B 
polypeptide, its variant, or a complementary sequence 
thereto; (ii) a single stranded oligonucleotide, or polynucle 
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otide of 18 nucleotides, 19 nucleotides, 20 nucleotides, 21 
nucleotides, 22 nucleotides, 23 nucleotides, 24 nucleotides, 
25 nucleotides, 26 nucleotides, 27 nucleotides, 28 nucle 
otides, 29 nucleotides or 30 nucleotides in length and that is 
either capable of interfering With expression and/or activity 
of a target PTP-1B polypeptide, or a variant of the PTP-1B 
polypeptide, or that anneals to a complementary sequence to 
result in a dsRNA that is capable of interfering With target 
polypeptide expression, Wherein such single stranded oligo 
nucleotide comprises a portion of a RNA polynucleotide 
sequence that encodes the PTP-1B polypeptide, its variant, 
or a complementary sequence thereto; or (iii) an oligonucle 
otide, or polynucleotide, of either or (ii) above Wherein 
such oligonucleotide, or polynucleotide, has one, tWo, three 
or four nucleic acid alterations or substitutions therein. 
Certain RNAi oligonucleotide sequences described beloW 
are complementary to the 3‘ non-coding region of target 
mRNA that encodes the PTP1B polypeptide. 

[0044] A siRNA polynucleotide is a RNA nucleic acid 
molecule that mediates the effect of RNA interference, a 
post-transcriptional gene silencing mechanism. A siRNA 
polynucleotide preferably comprises a double-stranded 
RNA (dsRNA) but is not intended to be so limited and may 
comprise a single-stranded RNA (see, e.g., MartineZ et al. 
Cell 110:563-74 (2002)). A siRNA polynucleotide may 
comprise other naturally occurring, recombinant, or syn 
thetic single-stranded or double-stranded polymers of nucle 
otides (ribonucleotides or deoxyribonucleotides or a com 
bination of both) and/or nucleotide analogues as provided 
herein (e.g., an oligonucleotide or polynucleotide or the like, 
typically in 5‘ to 3‘ phosphodiester linkage). Accordingly it 
Will be appreciated that certain exemplary sequences dis 
closed herein as DNA sequences capable of directing the 
transcription of the subject invention siRNApolynucleotides 
are also intended to describe the corresponding RNA 
sequences and their complements, given the Well established 
principles of complementary nucleotide base-pairing. A 
siRNA may be transcribed using as a template a DNA 
(genomic, cDNA, or synthetic) that contains a RNA poly 
merase promoter, for example, a U6 promoter or the H1 
RNA polymerase III promoter, or the siRNA may be a 
synthetically derived RNA molecule. In certain embodi 
ments the subject invention siRNA polynucleotide may have 
blunt ends, that is, each nucleotide in one strand of the 
duplex is perfectly complementary (e.g., by Watson-Crick 
base-pairing) With a nucleotide of the opposite strand. In 
certain other embodiments, at least one strand of the subject 
invention siRNA polynucleotide has at least one, and pref 
erably tWo nucleotides that “overhang” (i.e., that do not base 
pair With a complementary base in the opposing strand) at 
the 3‘ end of either strand, or preferably both strands, of the 
siRNA polynucleotide. In a preferred embodiment of the 
invention, each strand of the siRNA polynucleotide duplex 
has a tWo-nucleotide overhang at the 3‘ end. The tWo 
nucleotide overhang is preferably a thymidine dinucleotide 
(TT) but may also comprise other bases, for example, a TC 
dinucleotide or a TG dinucleotide, or any other dinucleotide. 
For a discussion of 3‘ ends of siRNA polynucleotides see, 
e.g., WO 01/75164. 

[0045] Preferred siRNApolynucleotides comprise double 
stranded oligomeric nucleotides of about 18-30 nucleotide 
base pairs, preferably about 18, 19, 20, 21, 22, 23, 24, 25, 26, 
or 27 base pairs, and in other preferred embodiments about 
19, 20, 21, 22 or 23 base pairs, or about 27 base pairs, 
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Whereby the use of “about” indicates, as described above, 
that in certain embodiments and under certain conditions the 
processive cleavage steps that may give rise to functional 
siRNA polynucleotides that are capable of interfering With 
expression of a selected polypeptide may not be absolutely 
ef?cient. Hence, siRNA polynucleotides, for instance, of 
“about” 18, 19, 20, 21, 22, 23, 24, or 25 base pairs may 
include one or more siRNA polynucleotide molecules that 
may differ (e.g., by nucleotide insertion or deletion) in 
length by one, tWo, three or four base pairs, by Way of 
non-limiting theory as a consequence of variability in pro 
cessing, in biosynthesis, or in arti?cial synthesis. The con 
templated siRNA polynucleotides of the present invention 
may also comprise a polynucleotide sequence that exhibits 
variability by differing (e.g., by nucleotide substitution, 
including transition or transversion) at one, tWo, three or 
four nucleotides from a particular sequence, the differences 
occurring at any of positions 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, or 19 of a particular siRNA 
polynucleotide sequence, or at positions 20, 21, 22, 23, 24, 
25, 26, or 27 of siRNA polynucleotides depending on the 
length of the molecule, Whether situated in a sense or in an 
antisense strand of the double-stranded polynucleotide. The 
nucleotide substitution may be found only in one strand, by 
Way of example in the antisense strand, of a double-stranded 
polynucleotide, and the complementary nucleotide With 
Which the substitute nucleotide Would typically form hydro 
gen bond base pairing may not necessarily be correspond 
ingly substituted in the sense strand. In preferred embodi 
ments, the siRNA polynucleotides are homogeneous With 
respect to a speci?c nucleotide sequence. As described 
herein, preferred siRNA polynucleotides interfere With 
expression of a PTP-1B polypeptide. These polynucleotides 
may also ?nd uses as probes or primers. 

[0046] Polynucleotides that are siRNA polynucleotides of 
the present invention may in certain embodiments be 
derived from a single-stranded polynucleotide that com 
prises a single-stranded oligonucleotide fragment (e.g., of 
about 18-30 nucleotides, Which should be understood to 
include any Whole integer of nucleotides including and 
betWeen 18 and 30) and its reverse complement, typically 
separated by a spacer sequence. According to certain such 
embodiments, cleavage of the spacer provides the single 
stranded oligonucleotide fragment and its reverse comple 
ment, such that they may anneal to form (optionally With 
additional processing steps that may result in addition or 
removal of one, tWo, three or more nucleotides from the 3‘ 
end and/or the 5‘ end of either or both strands) the double 
stranded siRNA polynucleotide of the present invention. In 
certain embodiments the spacer is of a length that permits 
the fragment and its reverse complement to anneal and form 
a double-stranded structure (e.g., like a hairpin polynucle 
otide) prior to cleavage of the spacer (and, optionally, 
subsequent processing steps that may result in addition or 
removal of one, tWo, three, four, or more nucleotides from 
the 3‘ end and/or the 5‘ end of either or both strands). A 
spacer sequence may therefore be any polynucleotide 
sequence as provided herein that is situated betWeen tWo 
complementary polynucleotide sequence regions Which, 
When annealed into a double-stranded nucleic acid, com 
prise a siRNA polynucleotide. Preferably a spacer sequence 
comprises at least 4 nucleotides, although in certain embodi 
ments the spacer may comprise 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16,17, 18, 19, 20, 21-25, 26-30, 31-40, 41-50, 51-70, 
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71-90, 91-110, 111-150, 151-200 or more nucleotides. 
Examples of siRNA polynucleotides derived from a single 
nucleotide strand comprising tWo complementary nucleotide 
sequences separated by a spacer have been described (e.g., 
Brummelkamp et al., 2002 Science 296:550; Paddison et al., 
2002 Genes Develop. 16:948; Paul et al. Nat. Biotechnol. 
20:505-508 (2002); Grabarek et al., BioTechniques 34:734 
44 (2003)). 
[0047] Polynucleotide variants may contain one or more 
substitutions, additions, deletions, and/or insertions such 
that the activity of the siRNA polynucleotide is not substan 
tially diminished, as described above. The effect on the 
activity of the siRNA polynucleotide may generally be 
assessed as described herein or using conventional methods. 
Variants preferably exhibit at least about 75%, 78%, 80%, 
85%, 87%, 88% or 89% identity and more preferably at least 
about 90%, 92%, 95%, 96%, 97%, 98%, or 99% identity to 
a portion of a polynucleotide sequence that encodes a native 
PTP1B. The percent identity may be readily determined by 
comparing sequences of the polynucleotides to the corre 
sponding portion of a full-length PTP1B polynucleotide 
such as those knoWn to the art and cited herein, using any 
method including using computer algorithms Well knoWn to 
those having ordinary skill in the art, such as Align or the 
BLAST algorithm (Altschul, J. Mol. Biol. 219:555-565, 
1991; Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA 
89:10915-10919, 1992), Which is available at the NCBI 
Website (see [online] Internet:<URL: http://WWW/ncbi.nlm 
.nih.gov/cgi-bin/BLAST). Default parameters may be used. 

[0048] Certain siRNApolynucleotide variants are substan 
tially homologous to a portion of a native PTP1B gene. 
Single-stranded nucleic acids derived (e.g., by thermal dena 
turation) from such polynucleotide variants are capable of 
hybridiZing under moderately stringent conditions to a natu 
rally occurring DNA or RNA sequence encoding a native 
PTP1B polypeptide (or a complementary sequence). Apoly 
nucleotide that detectably hybridiZes under moderately 
stringent conditions may have a nucleotide sequence that 
includes at least 10 consecutive nucleotides, more preferably 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29 or 30 consecutive nucleotides complementary to 
a particular polynucleotide. In certain preferred embodi 
ments such a sequence (or its complement) Will be unique to 
a PTP1B polypeptide for Which interference With expression 
is desired, and in certain other embodiments the sequence 
(or its complement) may be shared by PTP1B and one or 
more PTPs for Which interference With polypeptide expres 
sion is desired. 

[0049] Suitable moderately stringent conditions include, 
for example, pre-Washing in a solution of 5><SSC, 0.5% 
SDS, 1.0 mM EDTA (pH 8.0); hybridiZing at 50° C.-70° C., 
5 ><SSC for 1-16 hours (e. g., overnight); folloWed by Washing 
once or tWice at 22-65° C. for 20-40 minutes With one or 

more each of 2x, 0.5>< and 0.2><SSC containing 0.05-0.1% 
SDS. For additional stringency, conditions may include a 
Wash in 0.1><SSC and 0.1% SDS at 50-60° C. for 15-40 
minutes. As knoWn to those having ordinary skill in the art, 
variations in stringency of hybridiZation conditions may be 
achieved by altering the time, temperature, and/or concen 
tration of the solutions used for pre-hybridiZation, hybrid 
iZation, and Wash steps. Suitable conditions may also depend 
in part on the particular nucleotide sequences of the probe 
used, and of the blotted, proband nucleic acid sample. 
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Accordingly, it Will be appreciated that suitably stringent 
conditions can be readily selected Without undue experi 
mentation When a desired selectivity of the probe is identi 
?ed, based on its ability to hybridiZe to one or more certain 
proband sequences While not hybridiZing to certain other 
proband sequences. 

[0050] Sequence speci?c siRNA polynucleotides of the 
present invention may be designed using one or more of 
several criteria. For example, to design a siRNA polynucle 
otide that has 19 consecutive nucleotides identical to a 
sequence encoding a polypeptide of interest (e.g., PTP1B 
and other polypeptides described herein), the open reading 
frame of the polynucleotide sequence may be scanned for 
21-base sequences that have one or more of the folloWing 
characteristics: (1) an A+T/G+C ratio of approximately 1:1 
but no greater than 2:1 or 1:2; (2) an AA dinucleotide or a 
CA dinucleotide at the 5‘ end; (3) an internal hairpin loop 
melting temperature less than 55° C.; (4) a homodimer 
melting temperature of less than 37° C. (melting temperature 
calculations as described in (3) and (4) can be determined 
using computer softWare knoWn to those skilled in the art); 
(5) a sequence of at least 16 consecutive nucleotides not 
identi?ed as being present in any other knoWn polynucle 
otide sequence (such an evaluation can be readily deter 
mined using computer programs available to a skilled artisan 
such as BLAST to search publicly available databases). 
Alternatively, an siRNA polynculeotide sequence may be 
designed and chosen using a computer softWare available 
commercially from various vendors (e.g., OligoEngineTM 
(Seattle, Wash.); Dharmacon, Inc. (Lafayette, Colo.); 
Ambion Inc. (Austin, Tex.); and QIAGEN, Inc. (Valencia, 
Calif.)). (See also Elbashir et al., Genes & Development 
15:188-200 (2000); Elbashir et al., Nature 411:494-98 
(2001); and [online] Internet:URL<http://WWW.mpibpc.g 
Wdg.de/abteilungen/100/105/Tuschl_MIV2(3)i2002.p df.) 
The siRNA polynucleotides may then be tested for their 
ability to interfere With the expression of the target polypep 
tide according to methods knoWn in the art and described 
herein. The determination of the effectiveness of an siRNA 
polynucleotide includes not only consideration of its ability 
to interfere With polypeptide expression but also includes 
consideration of Whether the siRNA polynucleotide mani 
fests undesirably toxic effects, for example, apoptosis of a 
cell for Which cell death is not a desired effect of RNA 
interference (e.g., interference of PTP1B expression in a 
cell). 
[0051] It should be appreciated that not all siRNAs 
designed using the above methods Will be effective at 
silencing or interfering With expression of a PTP1B target 
polypeptide. And further, that the siRNAs Will effect silenc 
ing to different degrees. Such siRNAs must be tested for 
their effectiveness, and selections made therefrom based on 
the ability of a given siRNA to interfere With or modulate 
(e.g., decrease in a statistically signi?cant manner) the 
expression of PTP1B. Accordingly, identi?cation of speci?c 
siRNA polynucleotide sequences that are capable of inter 
fering With expression of a PTP1B polypeptide requires 
production and testing of each siRNA, as demonstrated in 
greater detail beloW (see Examples). 

[0052] Furthermore, not all siRNAs that interfere With 
protein expression Will have a physiologically important 
effect. The inventors here have designed, and describe 
herein, physiologically relevant assays for measuring the 
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in?uence of modulated target polypeptide expression, for 
instance, cellular proliferation, induction of apoptosis, and/ 
or altered levels of protein tyrosine phosphorylation (e.g., 
insulin receptor phosphorylation), to determine if the levels 
of interference With target protein expression that Were 
observed using the siRNAs of the invention have clinically 
relevant signi?cance. Additionally, and according to non 
limiting theory, the invention contemplates altered (e.g., 
decreased or increased in a statistically signi?cant manner) 
expression levels of one or more polypeptides of interest, 
and/or altered (i.e., increased or decreased) phosphorylation 
levels of one or more phosphoproteins of interest, Which 
altered levels may result from impairment of PTP1B protein 
expression and/or cellular compensatory mechanisms that 
are induced in response to RNAi-mediated inhibition of a 
speci?c target polypeptide expression. 

[0053] Persons having ordinary skill in the art Will also 
readily appreciate that as a result of the degeneracy of the 
genetic code, many nucleotide sequences may encode a 
polypeptide as described herein. That is, an amino acid may 
be encoded by one of several different codons and a person 
skilled in the art can readily determine that While one 
particular nucleotide sequence may differ from another 
(Which may be determined by alignment methods disclosed 
herein and knoWn in the art), the sequences may encode 
polypeptides With identical amino acid sequences. By Way 
of example, the amino acid leucine in a polypeptide may be 
encoded by one of six different codons (TTA, TTG, CTT, 
CTC, CTA, and CTG) as can serine (TCT, TCC, TCA, TCG, 
AGT, and AGC). Other amino acids, such as proline, ala 
nine, and valine, for example, may be encoded by any one 
of four different codons (CCT, CCC, CCA, CCG for proline; 
GCT, GCC, GCA, GCG for alanine; and GTT, GTC, GTA, 
GTG for valine). Some of these polynucleotides bear mini 
mal homology to the nucleotide sequence of any native 
gene. Nonetheless, polynucleotides that vary due to differ 
ences in codon usage are speci?cally contemplated by the 
present invention. 

[0054] Polynucleotides, including target polynucleotides 
(e.g., polynucleotides capable of encoding a target polypep 
tide of interest), may be prepared using any of a variety of 
techniques, Which Will be useful for the preparation of 
speci?cally desired siRNApolynucleotides and for the iden 
ti?cation and selection of desirable sequences to be used in 
siRNA polynucleotides. For example, a polynucleotide may 
be ampli?ed from cDNA prepared from a suitable cell or 
tissue type. Such polynucleotides may be ampli?ed via 
polymerase chain reaction (PCR). For this approach, 
sequence-speci?c primers may be designed based on the 
sequences provided herein and may be purchased or syn 
thesiZed. An ampli?ed portion may be used to isolate a 
full-length gene, or a desired portion thereof, from a suitable 
library (e.g., human skeletal muscle cDNA) using Well 
knoWn techniques. Within such techniques, a library (cDNA 
or genomic) is screened using one or more polynucleotide 
probes or primers suitable for ampli?cation. Preferably, a 
library is siZe-selected to include larger molecules. Random 
primed libraries may also be preferred for identifying 5‘ and 
upstream regions of genes. Genomic libraries are preferred 
for obtaining introns and extending 5‘ sequences. Suitable 
sequences for a siRNA polynucleotide contemplated by the 
present invention may also be selected from a library of 
siRNA polynucleotide sequences. 
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[0055] For hybridiZation techniques, a partial sequence 
may be labeled (e.g., by nick-translation or end-labeling 
With 32P) using Well knoWn techniques. A bacterial or 
bacteriophage library may then be screened by hybridiZing 
?lters containing denatured bacterial colonies (or laWns 
containing phage plaques) With the labeled probe (see, e.g., 
Sambrook et al., Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratories, Cold Spring Harbor, NY, 
2001). HybridiZing colonies or plaques are selected and 
expanded, and the DNA is isolated for further analysis. 
Clones may be analyZed to determine the amount of addi 
tional sequence by, for example, PCR using a primer from 
the partial sequence and a primer from the vector. Restric 
tion maps and partial sequences may be generated to identify 
one or more overlapping clones. A full-length cDNA mol 
ecule can be generated by ligating suitable fragments, using 
Well knoWn techniques. 

[0056] Alternatively, numerous ampli?cation techniques 
are knoWn in the art for obtaining a full-length coding 
sequence from a partial cDNA sequence. Within such tech 
niques, ampli?cation is generally performed via PCR. One 
such technique is knoWn as “rapid ampli?cation of cDNA 
ends” or RACE. This technique involves the use of an 
internal primer and an external primer, Which hybridiZes to 
a polyA region or vector sequence, to identify sequences that 
are 5‘ and 3‘ of a knoWn sequence. Any of a variety of 
commercially available kits may be used to perform the 
ampli?cation step. Primers may be designed using, for 
example, softWare Well knoWn in the art. Primers (or oligo 
nucleotides for other uses contemplated herein, including, 
for example, probes and antisense oligonucleotides) are 
preferably 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31 or 32 nucleotides in length, have a GC content 
of at least 40% and anneal to the target sequence at tem 
peratures of about 54° C. to 72° C. The ampli?ed region may 
be sequenced as described above, and overlapping 
sequences assembled into a contiguous sequence. Certain 
oligonucleotides contemplated by the present invention may, 
for some preferred embodiments, have lengths of 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33-35, 35-40, 
41-45, 46-50, 56-60, 61-70, 71-80, 81-90 or more nucle 
otides. 

[0057] A number of speci?c siRNA polynucleotide 
sequences useful for interfering With PTP1B polypeptide 
expression are presented in the Examples, the DraWings, and 
the Sequence Listing. SiRNA polynucleotides may generally 
be prepared by any method knoWn in the art, including, for 
example, solid phase chemical synthesis. Modi?cations in a 
polynucleotide sequence may also be introduced using stan 
dard mutagenesis techniques, such as oligonucleotide-di 
rected site-speci?c mutagenesis. Further, siRNAs may be 
chemically modi?ed or conjugated to improve their serum 
stability and/or delivery properties. Included as an aspect of 
the invention are the siRNAs described herein Wherein the 
ribose has been removed therefrom. Alternatively, siRNA 
polynucleotide molecules may be generated by in vitro or in 
vivo transcription of suitable DNA sequences (e.g., poly 
nucleotide sequences encoding a PTP, or a desired portion 
thereof), provided that the DNA is incorporated into a vector 
With a suitable RNA polymerase promoter (such as T7, U6, 
H1, or SP6). In addition, a siRNA polynucleotide may be 
administered to a patient, as may be a DNA sequence (e.g, 
a recombinant nucleic acid construct as provided herein) that 
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supports transcription (and optionally appropriate process 
ing steps) such that a desired siRNA is generated in vivo. 

[0058] Accordingly, a siRNA polynucleotide that is 
complementary to at least a portion of a PTP1B coding 
sequence may be used to modulate gene expression, or as a 
probe or primer. Identi?cation of siRNA polynucleotide 
sequences and DNA encoding genes for their targeted deliv 
ery involves techniques described herein With regard to 
PTP1B. Identi?cation of such siRNA polynucleotide 
sequences and DNA encoding genes for their targeted deliv 
ery involves techniques that are also described herein. As 
discussed above, siRNA polynucleotides exhibit desirable 
stability characteristics and may, but need not, be further 
designed to resist degradation by endogenous nucleolytic 
enZymes by using such linkages as phosphorothioate, meth 
ylphosphonate, sulfone, sulfate, ketyl, phosphorodithioate, 
phosphoramidate, phosphate esters, and other such linkages 
(see, e.g., AgrWal et al., Tetrahedron Lett. 28:3539-3542 
(1987); Miller et al., J. Am. Chem. Soc. 93:6657-6665 
(1971); Stec et al., Tetrahedron Lett. 26:2191-2194 (1985); 
Moody et al., Nucleic Acids Res. 12:4769-4782 (1989); 
UZnanski et al., Nucleic Acids Res. ( 1989); Letsinger et al., 
Tetrahedron 40:137-143 (1984); Eckstein, Annu. Rev. Bio 
chem. 54:367-402 (1985); Eckstein, Trends Biol. Sci. 14:97 
100 (1989); Stein, In: Oligodeoxynucleotides. Antisense 
Inhibitors of Gene Expression, Cohen, ed., Macmillan Press, 
London, pp. 97-117 (1989); Jager et al., Biochemistry 
27:7237-7246 (1988)). 

[0059] Any polynucleotide of the invention may be further 
modi?ed to increase stability in vivo. Possible modi?cations 
include, but are not limited to, the addition of ?anking 
sequences at the 5‘ and/or 3‘ ends; the use of phosphorothio 
ate or 2‘ O-methyl rather than phosphodiester linkages in the 
backbone; and/or the inclusion of nontraditional bases such 
as inosine, queosine, and Wybutosine and the like, as Well as 
acetyl- methyl-, thio- and other modi?ed forms of adenine, 
cytidine, guanine, thymine, and uridine. 

[0060] Nucleotide sequences as described herein may be 
joined to a variety of other nucleotide sequences using 
established recombinant DNA techniques. For example, a 
polynucleotide may be cloned into any of a variety of 
cloning vectors, including plasmids, phagemids, lambda 
phage derivatives, and cosmids. Vectors of particular interest 
include expression vectors, replication vectors, probe gen 
eration vectors, and sequencing vectors. In general, a suit 
able vector contains an origin of replication functional in at 
least one organism, convenient restriction endonuclease 
sites, and one or more selectable markers. (See, e.g., WO 
01/96584; WO 01/29058; US. Pat. No. 6,326,193; US. 
2002/0007051). Other elements Will depend upon the 
desired use, and Will be apparent to those having ordinary 
skill in the art. For example, the invention contemplates the 
use of siRNApolynucleotide sequences in the preparation of 
recombinant nucleic acid constructs including vectors for 
interfering With the expression of a desired target polypep 
tide such as a PTP1B polypeptide in vivo; the invention also 
contemplates the generation of siRNA transgenic or “knock 
out” animals and cells (e.g., cells, cell clones, lines or 
lineages, or organisms in Which expression of one or more 
desired polypeptides (e.g., a target polypeptide) is fully or 
partially compromised). An siRNA polynucleotide that is 
capable of interfering With expression of a desired polypep 
tide (e.g., a target polypeptide) as provided herein thus 
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includes any siRNA polynucleotide that, When contacted 
With a subject or biological source as provided herein under 
conditions and for a time suf?cient for target polypeptide 
expression to take place in the absence of the siRNA 
polynucleotide, results in a statistically signi?cant decrease 
(alternatively referred to as “knockdown” of expression) in 
the level of target polypeptide expression that can be 
detected. Preferably the decrease is greater than 10%, more 
preferably greater than 20%, more preferably greater than 
30%, more preferably greater than 40%, 50%, 60%, 70%, 
75%, 80%, 85%, 90%, 95% or 98% relative to the expres 
sion level of the polypeptide detected in the absence of the 
siRNA, using conventional methods for determining 
polypeptide expression as knoWn to the art and provided 
herein. Preferably, the presence of the siRNA polynucleotide 
in a cell does not result in or cause any undesired toxic 
effects, for example, apoptosis or death of a cell in Which 
apoptosis is not a desired effect of RNA interference. 

[0061] Within certain embodiments, siRNA polynucle 
otides may be formulated so as to permit entry into a cell of 
a mammal, and expression therein. Such formulations are 
particularly useful for therapeutic purposes, as described 
beloW. Those having ordinary skill in the art Will appreciate 
that there are many Ways to achieve expression of a poly 
nucleotide in a target cell, and any suitable method may be 
employed. For example, a polynucleotide may be incorpo 
rated into a viral vector using Well knoWn techniques (see 
also, e.g., US. 2003/0068821). Aviral vector may addition 
ally transfer or incorporate a gene for a selectable marker (to 
aid in the identi?cation or selection of transduced cells) 
and/or a targeting moiety, such as a gene that encodes a 
ligand for a receptor on a speci?c target cell, to render the 
vector target speci?c. Targeting may also be accomplished 
using an antibody, by methods knoWn to those having 
ordinary skill in the art. 

[0062] Other formulations for therapeutic purposes 
include colloidal dispersion systems, such as macromolecule 
complexes, nanocapsules, microspheres, beads, and lipid 
based systems including oil-in-Water emulsions, micelles, 
mixed micelles, and liposomes. Apreferred colloidal system 
for use as a delivery vehicle in vitro and in vivo is a liposome 
(i.e., an arti?cial membrane vesicle). The preparation and 
use of such systems is Well knoWn in the art. 

[0063] Within other embodiments, one or more promoters 
may be identi?ed, isolated and/or incorporated into recom 
binant nucleic acid constructs of the present invention, using 
standard techniques. The present invention provides nucleic 
acid molecules comprising such a promoter sequence or one 
or more cis- or trans-acting regulatory elements thereof. 
Such regulatory elements may enhance or suppress expres 
sion of a siRNA. A 5‘ ?anking region may be generated 
using standard techniques, based on the genomic sequence 
provided herein. If necessary, additional 5‘ sequences may 
be generated using PCR-based or other standard methods. 
The 5‘ region may be subcloned and sequenced using 
standard methods. Primer extension and/or RNase protec 
tion analyses may be used to verify the transcriptional start 
site deduced from the cDNA. 

[0064] To de?ne the boundary of the promoter region, 
putative promoter inserts of varying siZes may be subcloned 
into a heterologous expression system containing a suitable 
reporter gene Without a promoter or enhancer. Suitable 
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reporter genes may include genes encoding luciferase, beta 
galactosidase, chloramphenicol acetyl transferase, secreted 
alkaline phosphatase, or the Green Fluorescent Protein gene 
(see, e.g., Ui-Tei et al., FEBS Lett. 479:79-82 (2000). 
Suitable expression systems are Well knoWn and may be 
prepared using Well knoWn techniques or obtained commer 
cially. Internal deletion constructs may be generated using 
unique internal restriction sites or by partial digestion of 
non-unique restriction sites. Constructs may then be trans 
fected into cells that display high levels of siRNA poly 
nucleotide and/or polypeptide expression. In general, the 
construct With the minimal 5‘ ?anking region shoWing the 
highest level of expression of reporter gene is identi?ed as 
the promoter. Such promoter regions may be linked to a 
reporter gene and used to evaluate agents for the ability to 
modulate promoter-driven transcription. 

[0065] Once a functional promoter is identi?ed, cis- and 
trans-acting elements may be located. Cis-acting sequences 
may generally be identi?ed based on homology to previ 
ously characteriZed transcriptional motifs. Point mutations 
may then be generated Within the identi?ed sequences to 
evaluate the regulatory role of such sequences. Such muta 
tions may be generated using site-speci?c mutagenesis tech 
niques or a PCR-based strategy. The altered promoter is then 
cloned into a reporter gene expression vector, as described 
above, and the effect of the mutation on reporter gene 
expression is evaluated. 

[0066] In general, polypeptides and polynucleotides as 
described herein are isolated. An “isolated” polypeptide or 
polynucleotide is one that is removed from its original 
environment. For example, a naturally occurring protein is 
isolated if it is separated from some or all of the coexisting 
materials in the natural system. Preferably, such polypep 
tides are at least about 90% pure, more preferably at least 
about 95% pure and most preferably at least about 99% pure. 
Apolynucleotide is considered to be isolated if, for example, 
it is cloned into a vector that is not a part of the natural 
environment. A “gene” includes the segment of DNA 
involved in producing a polypeptide chain; it further 
includes regions preceding and folloWing the coding region 
“leader and trailer,” for example promoter and/or enhancer 
and/or other regulatory sequences and the like, as Well as 
intervening sequences (introns) betWeen individual coding 
segments (exons). 

[0067] The effect of siRNA interference With expression 
of a component in the signal transduction pathWay induced 
by insulin, for example, may be evaluated by determining 
the level of tyrosine phosphorylation of insulin receptor beta 
(IR-[3) and/or of the doWnstream signaling molecule PKB/ 
Akt and/or of any other doWnstream polypeptide that may be 
a component of a particular signal transduction pathWay as 
provided herein. 

[0068] As noted above, regulated tyrosine phosphoryla 
tion contributes to speci?c pathWays for biological signal 
transduction, including those associated With cell division, 
cell survival, apoptosis, proliferation and differentiation, and 
“biological signal transduction pathWays,” or “inducible 
signaling pathWays” in the context of the present invention 
include transient or stable associations or interactions among 
molecular components involved in the control of these and 
similar processes in cells. Depending on the particular 
pathWay of interest, an appropriate parameter for determin 
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ing induction of such pathWay may be selected. For 
example, for signaling pathWays associated With cell pro 
liferation, a variety of Well knoWn methodologies are avail 
able for quantifying proliferation, including, for example, 
incorporation of tritiated thymidine into cellular DNA, 
monitoring of detectable (e.g., ?uorimetric or calorimetric) 
indicators of cellular respiratory activity (for example, con 
version of the tetraZolium salts (yelloW) 3-(4,5-dimethylthi 
aZol-2-yl)-2,5-diphenyltetraZolium bromide (MTT) or 3-(4, 
5-dimethylthiaZol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4 
sulphophenyl)-2H-tetraZolium (MTS) to formaZan dyes 
(purple) in metabolically active cells), or cell counting, or 
the like. Similarly, in the cell biology arts, multiple tech 
niques are knoWn for assessing cell survival (e. g., vital dyes, 
metabolic indicators, etc.) and for determining apoptosis (for 
example, annexin V binding, DNA fragmentation assays, 
caspase activation, marker analysis, e.g., poly(ADP-ribose) 
polymerase (PARP), etc.). Other signaling pathWays Will be 
associated With particular cellular phenotypes, for example 
speci?c induction of gene expression (e.g., detectable as 
transcription or translation products, or by bioassays of such 
products, or as nuclear localiZation of cytoplasmic factors), 
altered (e.g., statistically signi?cant increases or decreases) 
levels of intracellular mediators (e.g., activated kinases or 
phosphatases, altered levels of cyclic nucleotides or of 
physiologically active ionic species, etc.), altered cell cycle 
pro?les, or altered cellular morphology, and the like, such 
that cellular responsiveness to a particular stimulus as pro 
vided herein can be readily identi?ed to determine Whether 
a particular cell comprises an inducible signaling pathWay. 

[0069] PTP1B 

[0070] The sequence of PTP-1B as used herein, means any 
sequence, as the context requires, selected from the folloW 
ing group (e.g., GenBank Accession Nos. M31724 (SEQ ID 
NOS: _-_); NMi002827 (SEQ ID NOS: _-_); 
NMi011201 (SEQ ID NOS: _-_; M31724 (SEQ ID 
NOS: _-_); M33689 (SEQ ID NOS: _-_); M33962 
(SEQ ID NOS: _-_) The invention also includes variants 
or mutated forms of PTP1B that contain single nucleotide 
polymorphisms (SNPs), or allelic forms. 

[0071] Speci?c substitutions of individual amino acids 
through introduction of site-directed mutations are Well 
knoWn and may be made according to methodologies With 
Which those having ordinary skill in the art Will be familiar. 
The effects on catalytic activity of the resulting mutant PTP 
may be determined empirically by testing the resulting 
modi?ed protein for the preservation of the Km and reduc 
tion of Kcat to less than 1 per minute as provided herein and 
as previously disclosed (e.g., WO98/04712; Flint et al., 1997 
Proc. Nat. Acad. Sci. USA 94:1680). In addition, the effect 
on the ability of the resulting mutant PTP molecule to 
phosphorylate one or more tyrosine residues can also be 
determined empirically merely by testing such a mutant for 
the presence of phosphotyrosine, as also provided herein, for 
example, folloWing exposure of the mutant to conditions in 
vitro or in vivo Where it may act as a phosphate acceptor for 
a protein tyrosine kinase. 

[0072] In particular, portions of tWo PTP1B polypeptide 
sequences are regarded as “corresponding” amino acid 
sequences, regions, fragments or the like, based on a con 
vention of numbering one PTP1B sequence according to 
amino acid position number, and then aligning the sequence 
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to be compared in a manner that maximizes the number of 
amino acids that match or that are conserved residues, for 
example, that remain polar (e.g., D, E, K, R, H, S, T, N, Q), 
hydrophobic (e.g, A, P, V, L, I, M, F, W, Y) or neutral (e.g, 
C, G) residues at each position. Similarly, a DNA sequence 
encoding a candidate PTP that is to be mutated as provided 
herein, or a portion, region, fragment or the like, may 
correspond to a knoWn Wildtype PTP1B-encoding DNA 
sequence according to a convention for numbering nucleic 
acid sequence positions in the knoWn Wildtype PTP1B DNA 
sequence, Whereby the candidate PTP DNA sequence is 
aligned With the knoWn PTP1B DNA such that at least 70%, 
preferably at least 80% and more preferably at least 90% of 
the nucleotides in a given sequence of at least 20 consecutive 
nucleotides of a sequence are identical. In certain preferred 
embodiments, a candidate PTP DNA sequence is greater 
than 95% identical to a corresponding knoWn PTP1B DNA 
sequence. In certain particularly preferred embodiments, a 
portion, region or fragment of a candidate PTP DNA 
sequence is identical to a corresponding knoWn PTP1B 
DNA sequence. As is Well knoWn in the art, an individual 
Whose DNA contains no irregularities (e.g, a common or 
prevalent form) in a particular gene responsible for a given 
trait may be said to possess a Wildtype genetic complement 
(genotype) for that gene, While the presence of irregularities 
knoWn as mutations in the DNA for the gene, for example, 
substitutions, insertions or deletions of one or more nucle 
otides, indicates a mutated or mutant genotype. 

[0073] Modi?cation of DNA may be performed by a 
variety of methods, including site-speci?c or site-directed 
mutagenesis of DNA encoding the polypeptide of interest 
(e.g., a siRNA target polypeptide) and the use of DNA 
ampli?cation methods using primers to introduce and 
amplify alterations in the DNA template, such as PCR 
splicing by overlap extension (SOE). Site-directed mutagen 
esis is typically effected using a phage vector that has single 
and double-stranded forms, such as M13 phage vectors, 
Which are Well-knoWn and commercially available. Other 
suitable vectors that contain a single-stranded phage origin 
of replication may be used (see, e.g., Veira et al., Meth. 
Enzymol. 15:3, 1987). In general, site-directed mutagenesis 
is performed by preparing a single-stranded vector that 
encodes the protein of interest (e. g., PTP1B). An oligonucle 
otide primer that contains the desired mutation Within a 
region of homology to the DNA in the single-stranded vector 
is annealed to the vector folloWed by addition of a DNA 
polymerase, such as E. coli DNA polymerase I (KlenoW 
fragment), Which uses the double stranded region as a primer 
to produce a heteroduplex in Which one strand encodes the 
altered sequence and the other the original sequence. Addi 
tional disclosure relating to site-directed mutagenesis may 
be found, for example, in Kunkel et al. (Methods in Enzymol. 
154:367, 1987) and in US. Pat. Nos. 4,518,584 and 4,737, 
462. The heteroduplex is introduced into appropriate bacte 
rial cells, and clones that include the desired mutation are 
selected. The resulting altered DNA molecules may be 
expressed recombinantly in appropriate host cells to produce 
the modi?ed protein. 

[0074] SiRNAs of the invention may be fused to other 
nucleotide molecules, or to polypeptides, in order to direct 
their delivery or to accomplish other functions. Thus, for 
example, fusion proteins comprising a siRNA oligonucle 
otide that is capable of speci?cally interfering With expres 
sion of PTP1B may comprise affinity tag polypeptide 
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sequences, Which refers to polypeptides or peptides that 
facilitate detection and isolation of the such polypeptide via 
a speci?c af?nity interaction With a ligand. The ligand may 
be any molecule, receptor, counterreceptor, antibody or the 
like With Which the affinity tag may interact through a 
speci?c binding interaction as provided herein. Such pep 
tides include, for example, poly-His or “FLAG®” or the 
like, e.g., the antigenic identi?cation peptides described in 
US. Pat. No. 5,011,912 and in Hopp et al., (1988 Bio/ 
Technology 6:1204), or the XPRESSTM epitope tag (Invit 
rogen, Carlsbad, Calif.). The affinity sequence may be a 
hexa-histidine tag as supplied, for example, by a pBAD/His 
(Invitrogen) or a pQE-9 vector to provide for puri?cation of 
the mature polypeptide fused to the marker in the case of a 
bacterial host, or, for example, the af?nity sequence may be 
a hemagglutinin (HA) tag When a mammalian host, e.g., 
COS-7 cells, is used. The HA tag corresponds to an antibody 
de?ned epitope derived from the in?uenZa hemagglutinin 
protein (Wilson et al., 1984 Cell 37:767). 
[0075] The present invention also relates to vectors and to 
constructs that include or encode siRNA polynucleotides of 
the present invention, and in particular to “recombinant 
nucleic acid constructs” that include any nucleic acid such as 
a DNA polynculeotide segment that may be transcribed to 
yield PTP1B polynucleotide-speci?c siRNA polynucle 
otides according to the invention as provided above; to host 
cells Which are genetically engineered With vectors and/or 
constructs of the invention and to the production of siRNA 
polynucleotides, polypeptides, and/or fusion proteins of the 
invention, or fragments or variants thereof, by recombinant 
techniques. SiRNA sequences disclosed herein as RNA 
polynucleotides may be engineered to produce correspond 
ing DNA sequences using Well-established methodologies 
such as those described herein. Thus, for example, a DNA 
polynucleotide may be generated from any siRNA sequence 
described herein (including in the Sequence Listing), such 
that the present siRNA sequences Will be recogniZed as also 
providing corresponding DNA polynucleotides (and their 
complements). These DNA polynucleotides are therefore 
encompassed Within the contemplated invention, for 
example, to be incorporated into the subject invention 
recombinant nucleic acid constructs from Which siRNA may 
be transcribed. 

[0076] According to the present invention, a vector may 
comprise a recombinant nucleic acid construct containing 
one or more promoters for transcription of an RNA mol 
ecule, for example, the human U6 snRNA promoter (see, 
e.g., Miyagishi et al, Nat. Biotechnol. 20:497-500 (2002); 
Lee et al., Nat. Biotechnol. 20:500-505 (2002); Paul et al., 
Nat. Biotechnol. 20:505-508 (2002); Grabarek et al., Bio 
Techniques 34173544 (2003); see also Sui et al., Proc. Natl. 
Acad. Sci. USA 99:5515-20 (2002)). Each strand of a siRNA 
polynucleotide may be transcribed separately each under the 
direction of a separate promoter and then may hybridiZe 
Within the cell to form the siRNA polynucleotide duplex. 
Each strand may also be transcribed from separate vectors 
(see Lee et al., supra). Alternatively, the sense and antisense 
sequences speci?c for a PTP1B sequence may be transcribed 
under the control of a single promoter such that the siRNA 
polynucleotide forms a hairpin molecule (Paul et al., supra). 
In such an instance, the complementary strands of the siRNA 
speci?c sequences are separated by a spacer that comprises 
at least four nucleotides, but may comprise at least 5, 6, 7, 
8, 9, 10, 11, 12, 14, 16, 94 18 nucleotides or more nucle 
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otides as described herein. In addition, siRNAs transcribed 
under the control of a U6 promoter that form a hairpin may 
have a stretch of about four uridines at the 3‘ end that act as 
the transcription termination signal (Miyagishi et al., supra; 
Paul et al., supra). By Way of illustration, if the target 
sequence is 19 nucleotides, the siRNA hairpin polynucle 
otide (beginning at the 5‘ end) has a 19-nucleotide sense 
sequence folloWed by a spacer (Which as tWo uridine nucle 
otides adjacent to the 3‘ end of the 19-nucleotide sense 
sequence), and the spacer is linked to a 19 nucleotide 
antisense sequence folloWed by a 4-uridine terminator 
sequence, Which results in an overhang. SiRNA polynucle 
otides With such overhangs effectively interfere With expres 
sion of the target polypeptide (see id.). A recombinant 
construct may also be prepared using another RNA poly 
merase III promoter, the HI RNA promoter, that may be 
operatively linked to siRNA polynucleotide speci?c 
sequences, Which may be used for transcription of hairpin 
structures comprising the siRNA speci?c sequences or sepa 
rate transcription of each strand of a siRNA duplex poly 
nucleotide (see, e.g., Brummelkamp et al., Science 2961550 
53 (2002); Paddison et al., supra). DNA vectors useful for 
insertion of sequences for transcription of an siRNA poly 
nucleotide include pSUPER vector (see, e. g., Brummelkamp 
et al., supra); pAV vectors derived from pCWRSVN (see, 
e.g., Paul et al., supra); and pIND (see, e.g., Lee et al., 
supra), or the like. 

[0077] PTP1B polypeptides can be expressed in mamma 
lian cells, yeast, bacteria, or other cells under the control of 
appropriate promoters, providing ready systems for deter 
mination of siRNA polynucleotides that are capable of 
interfering With polypeptide expression as provided herein. 
Appropriate cloning and expression vectors for use With 
prokaryotic and eukaryotic hosts are described, for example, 
by Sambrook, et al., Molecular Cloning: A Laboratory 
Manual, Third Edition, Cold Spring Harbor, NY, (2001). 

[0078] Generally, recombinant expression vectors for use 
in the preparation of recombinant nucleic acid constructs or 
vectors of the invention Will include origins of replication 
and selectable markers permitting transformation of the host 
cell, e.g., the ampicillin resistance gene of E. coli and S. 
cerevisiae TRP1 gene, and a promoter derived from a 
highly-expressed gene to direct transcription of a doWn 
stream structural sequence (e.g., a siRNA polynucleotide 
sequence). Such promoters can be derived from operons 
encoding glycolytic enZymes such as 3-phosphoglycerate 
kinase (PGK), ot-factor, acid phosphatase, or heat shock 
proteins, among others. For PTP polypeptide expression 
(including PTP fusion proteins and substrate trapping 
mutant PTPs), and for other expression of other polypep 
tides of interest, the heterologous structural sequence is 
assembled in appropriate phase With translation initiation 
and termination sequences. Optionally, the heterologous 
sequence can encode a fusion protein including an N-ter 
minal identi?cation peptide imparting desired characteris 
tics, e. g., stabiliZation or simpli?ed puri?cation of expressed 
recombinant product. 

[0079] Useful expression constructs for bacterial use are 
constructed by inserting into an expression vector a struc 
tural DNA sequence encoding a desired siRNA polynucle 
otide, together With suitable transcription initiation and 
termination signals in operable linkage, for example, With a 
functional promoter. The construct may comprise one or 
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more phenotypic selectable markers and an origin of repli 
cation to ensure maintenance of the vector construct and, if 
desirable, to provide ampli?cation Within the host. Suitable 
prokaryotic hosts for transformation include E. coli, Bacillus 
subtilis, Salmonella typhimurium and various species Within 
the genera Pseudomonas, Streptomyces, and Staphylococ 
cus, although others may also be employed as a matter of 
choice. Any other plasmid or vector may be used as long as 
they are replicable and viable in the host. 

[0080] As a representative but nonlimiting example, use 
ful expression vectors for bacterial use can comprise a 
selectable marker and bacterial origin of replication derived 
from commercially available plasmids comprising genetic 
elements of the Well knoWn cloning vector pBR322 (ATCC 
37017). Such commercial vectors include, for example, 
pKK223-3 (Pharmacia Fine Chemicals, Uppsala, SWeden) 
and GEM1 (Promega Biotec, Madison, Wis., USA). These 
pBR322 “backbone” sections are combined With an appro 
priate promoter and the structural sequence to be expressed. 

[0081] FolloWing transformation of a suitable host strain 
and groWth of the host strain to an appropriate cell density, 
the selected promoter, if it is a regulated promoter as 
provided herein, is induced by appropriate means (e.g., 
temperature shift or chemical induction) and cells are cul 
tured for an additional period. Cells are typically harvested 
by centrifugation, disrupted by physical or chemical means, 
and the resulting crude extract retained for further puri?ca 
tion. Microbial cells employed in expression of proteins can 
be disrupted by any convenient method, including freeZe 
thaW cycling, sonication, mechanical disruption, or use of 
cell lysing agents; such methods are Well knoW to those 
skilled in the art. 

[0082] Thus, for example, the nucleic acids of the inven 
tion as described herein (e.g., DNA sequences from Which 
siRNA may be transcribed) may be included in any one of 
a variety of expression vector constructs as a recombinant 
nucleic acid construct for expressing a PTP1B polynucle 
otide-speci?c siRNA polynucleotide as provided herein. 
Such vectors and constructs include chromosomal, nonchro 
mosomal and synthetic DNA sequences, e.g., derivatives of 
SV40; bacterial plasmids; phage DNA; baculovirus; yeast 
plasmids; vectors derived from combinations of plasmids 
and phage DNA, viral DNA, such as vaccinia, adenovirus, 
foWl pox virus, and pseudorabies. HoWever, any other vector 
may be used for preparation of a recombinant nucleic acid 
construct as long as it is replicable and viable in the host. 

[0083] The appropriate DNA sequence(s) may be inserted 
into the vector by a variety of procedures. In general, the 
DNA sequence is inserted into an appropriate restriction 
endonuclease site(s) by procedures knoWn in the art. Stan 
dard techniques for cloning, DNA isolation, ampli?cation 
and puri?cation, for enZymatic reactions involving DNA 
ligase, DNA polymerase, restriction endonucleases and the 
like, and various separation techniques are those knoWn and 
commonly employed by those skilled in the art. Anumber of 
standard techniques are described, for example, in Ausubel 
et al. (1993 Current Protocols in Molecular Biology, Greene 
Publ. Assoc. Inc. & John Wiley & Sons, Inc., Boston, 
Mass.); Sambrook et al. (2001 Molecular Cloning, Third 
Ed., Cold Spring Harbor Laboratory, Plainview, NY); 
Maniatis et al. (1982 Molecular Cloning, Cold Spring Har 
bor Laboratory, Plainview, NY); and elseWhere. 
































































































































































































































































































