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where applicable, ALIFO. Eurasian, ’European or OAF! patent) for the purposes of which the named person is inventor; 
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Box No. VT PRIORITY CLAIM 
[ I Further priority claims are indicated in the Supplemental Box. 
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for the Protection aif Industrial Property for which that earlier application warfiled (Rule 4. IO(b)(ij)). See Supplemental Box. 
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Choice of International Searching Authority (ISA) (((two Request to use results of earlier-search; reference to that search ((tan earlier 
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out i/itt international search. indicate the Authority chosen: the two- Authority): 
jesuit code may be used): Date (day/month/year) Tumber. Country (or regional Office) 
ISAIEP  
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of sheets: - � . 

I. 1XI fee calculation sheet (duplicate) 
request : 5 sheets 2.( ] separate signed power of attorney 
description (excluding 3.( I copy of general power of attorney; reference number, if any: 

sequence listing part) -: 46 sheets 4. 1 statement explaining lack of signature 
claims : I sheets 5.[  priority document(s) identified in Box No. VI as item(s): 
abstract : I sheet 6.( 
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translation of international application into (language): 
drawings : 15 sheets 7.( ] separate indications concerning deposited microorganism or other 
sequence listing part biological material 

of description �: sheets S. C  nucleotide and/or amino acid sequence listing in computer readable form 
� 9. 1XI other (specify): Transmittal 

Total number of sheets : 63 sheets . 

Figure of the drawings which Language of filing of the. 
should accompany the abstract 3 international application: ENGLISH 
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ANTHONY I. ZELANO,)EG. NO. 27,969 
Agent for the AppIicnntf)  

For receiving Office use only 

I. Date of actual receipt of the purported 2. Drawings: 
international application: 

C I received: 
3. Corrected date of actual receipt due to later but 

timely received papers or drawings completing 
( 

]not received: 
the purported international application: 

4 Date of timely receipt of the required S 

corrections under PCT Article 11(2’): 

5. International Searching Authority (if two or 6. (1 Transmittal of search copy delayed 

moreare

 competent’): IS A./ until search fee is paid 
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TOYEL INTERFERON FOR,TEEF, TREATMENT OF MULTIPLE SCLEROSIS 

BACKGROtND OF THE Th1VENTION 

Ic.terferons are intercellular signaling proteins that play an imortant role in variety 

ofbiologiçal  processes involving, e.g., cell proliferation and the immune response. 

BRIEF DESCRIPTION OF THE DR4’WiNGS 

Fig. 1 shows the nucleotide sequence of human interferom.beta-2, including 5’ and 

3’ sequences. ... .. . 

,Fig. 2 shows the amino acidseqiience ofhumn in.trferon-beta-2. The translation 

� . of the open reading frame for TN-P2 is shown. The signal sequence is.shown italicized : 

� 
and the two potential N-glycosylation sites as well as the cysteines capable of foruting a 

disulfide bond are shown underlined and in bold font. 

Fig. 3 shows the three-dimensional structures of type I interferons. All three IFNs 

share a common 5-helical bundle motif characteristic of humai,. type I lENs. In addition, 

IFN-plb and N-2 are similar to each other in the location of their potential N-

glycosylation sites and proposed disulfide bonds. A unique C-terminal 2rnin& acid � 

sequence is present only inIFN-2. . � . .. . 
0 

Fig 4 is a protein alignment comparing human interferon-beta-2 to other 

interferon types. �0 . . . 

Fig. 5 is a phylogenetic corna–onfIFN-I32 to human type I and type I 

interfrons. Based upoà the pattern of cysteine conservation, potential N-glycosylation 

sites and a pbylogen.etic analyis, IN-2 is more closely related tolFN-j3 than, to any of 

the other interferons. . 

Fig. 6 shows a type I 1PM dependent ISRE-luciferase reporter assay for a human 

interferon-beta422. . . 

Fig. 7 shows the results of in.!iibition ofbinding of IFN-02 to human typel 

interferon receptor with an anti-1PN-[32 polyclonal antibody. 

Pig. 8.(A and B) shows the effect pfinterferonz on cell proliferation. 

Fig. 9 illustrates the antipi-oliferative activities of IEN-f32 on human cells. 

1 
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Fig. 10 shows the antiviral activity of interferons on human cells. 

Pig. 11 shows competition betweenTN-a�? and ’N-32 for binding to the type I 

interferon receptor. S S 

Pig. 12 is a 51 genomic nucleotide sequence of human IFN-f32. 

Fig. 1315 a nucl’eotide sequence coding for a 51 region of human 1Pl.T-2. 

Fig. 14 is a 5’ polypeptid.e sequence of human IFN-2. 

Fig. 15 shows the antiproliferation of human fetal astrocytes in response to MN-

J32. (A) is fetal brain culture 1 with no stimulation and (B) is fetal brain culture 1 with 

BGF stimulation; (C) is fetal brain culture 2 withno stimulation and (I)) is fetal brain 

culture 2 with.EGF stimulation. 

DESCRIPTION OF TBJINVNTION 

Novel nucleic acids, polyp eptide sequences; and nucleic acid regulators thereof, 

have been identified which code for an interferon-beta-2 ("N-2"), a class of 

intercellular signaling polypeptides which exert a myriad of biological effects, including, 

e.g., antitumor action, antiviral action, and irnmunoregulatory action. See, e.g., CireLli. and. 

’Tyzing, Clin. Immunother 3, 27-7, 1995. An interferon polypeptide of the present 

invention, fragments thereof; and derivatives thereof; have one or more of the following 

biological activities, including, but not limited to, IFN-p2 bioactivity,nd an WN-2-

specific immunogenic activity. 

An "JFN-p2 bioactivity’ rneas, e.g: functional effects, suàh as, ältrations in cell 

membranes, anti-oncogene regulation, antitumor activity, antiviral activity, cell growth 

inhibition or antigrowth activity, anti-proliferation, enhancement of cytotoxicity of 

lymphocytes, immunoregulatory activity, inducement or inhibition of differentiation of 

target cells, macrophage ativadon, down-regulation of oco genes,etc.; ixmrnuaological 

effects, such as, reducing antibody formation, increasing cell membrane components 

(major histocom.patability complex, Pc receptor, 02-rnicroglobulin), modulating cell-

mediated immunity, increasing cytolthie (e.g., interleukiu) production, increasing 

cytotoxic T cell effects, increasingmacrophage effects, and increasing naturalkilling; 

interferon receptor binding activity, such as binding to interferon type I receptor, 

2 
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� particularly an tFNAR2c chain thereof, and cellular effects stimulated by such receptor 

binding; activation and/or association with intracellular signaling molecules, such as .Takl, 

Tyk2, Statl, Stat2, .S-1, 23-2, CrkL, CrkU, Vav, etc., and other downstream effectors 

(e.g., IvLA.PK.). See, e.g., Platanias and Fish, Exp. Hematology, 27:15834592, 1999. 

By the phrase "anti-proliferation activity",, it is meant that an UN-P2 in accordance 

with the present invention inhibits ceU.owth, or induces apoptosis. This is illustrated in. 

the Examples belâw. See, also, Figs. 8, 9, and 15. For instance, IFN-32 inhibits the 

proliferation* of astrocytes in the brain. This activity is useful, e.g., in treating multiple 

sclerosis since astrocyte proliferation can lead to the neuronal inflammation which is 

characteristic of the disease. By inhibiting the growth of astrocytes, IFN-132 reduces 

inflammation and ameliorates ’the disease. Thus, the present invention relates to methods 

� of treating mtltiple sclerosis comprising administering amounts of IFN-32 which are 

effective to inhibit astrocyte proliferation and/or reduce inflammation. 

An "IFN-132-specific immunogenic activity" means, e.g., that an. IFN-132 

polypeptide elicits an immunological response which is selective or preferential for IFN-

P2, e.g., an immunological response which is selective for mammalian N-!32. Thus, the 

stimulation of antibodies, T-cellz, macrophages, B-cells, dendiitic cells, etc., by an amino 

acid sequence selected from a mammalian IFN-132, e.g., an WN-132 in. Fig. 2, is a specific 

� immunogenic activity. Thee responses can be measured routinely. 

IFN-f2 is a full-length mammalian polypeptide having an amino acid sequence 

which is obtainable from a natural source add which- has one or more of the 

aforementioned bio activities. It can have a sequence as shown in. Fig 2, havfiig an 

� open-reading frame that begins withan initiation codon and ends with a stop codon. It 

� includes naturally occurring normal, naturally occurring mutant, and naturally occutiing 

polymorphic, including single nucleotide polymorphisms (SNP), etc., sequences. Natural 

sources include, e.g., living cells, e.g., obtained. from tissues or whole organisms, cultured 

cell lines, including primary and immortalized cell lines, biopsied tissues, etc. 

The present invention also relates to fragments of a mammalian IFN-p2. The 

fragments are preferably "biologically active". By "biologically active", it is meant that 

the polypeptide fragment possesses an activity in a living system or .with components of a 
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living system. Biological activities include those mentioned, e.g., IN-f32-bioactivity and 

� 
IFN-2-specific immunogenic activity. Fragments can be prepared according to any 

desired method, including, chemical synthesis, genetic engineering, cleavagŁproducts, 

etc. A biológicafly active fragment of an IFN-f32 includes polypeptides which have had 

amino acid sequences removed or modified at either the carboxy- or amino-terminus of 

the protein. . 

Preferably, the nucleic acids, and fragments thereof, in Figs:. 12 and 13 are 

excluded Preferably, the polypeptides, and fragments thereof, in Fig 14 are excluded 

However, polyppddes which contain or comprise these sequences are not excluded, e.g., 

full-length IFN-f32; a polypeptide having two or more of these mentioned fragments, or a 

polypeptide having one of the mentioned fragments and additional amino acid sequences, 

� either from IN-2 or from, another source. .. 

The present invention also relates to an. IEN-f32 having a deduced sequence of 

� amino acids 1 to 208 as sh6wn in Fig. 2. Its calculated molecular weight is kbout 23,000 

� daltons and the predicted isoelectric point is 8.1. It is an acid stable protein having a 

molecular weight of about 26,000 daltons as measured by SDS-PAGE. The 

unglycosylated form produced in E. coli has a molecular weight of abut 20,500 daltons. 

� See, Examples below. S 

� As shown in Pig. 2, it has a predicted signal sequnce from amino acid -1 to -21, 

two potential N-glycosylation sites. at amino acids 74-77 and 83-86, and cysteine residues 

at 32,142, and 154. Adisulfide bond is predicted to form between cysteine residues 32 
� . . and 142. It comprises a helix A at amino acid positins 7-24, helix B at 55-69, helix C at 

� 83-95, helix   at 118-134, and helix   at 143-158. 

Mature IFN-P2 refers to an IFN-(32 which lacks amino acids from -1 to -21 as 

shown in Fig. 2 and is 187 2TiflQ acids in length. It also has a unique 18 amino acid 

extension at the C-terminus whn compared to other known interferon types. Such 

� extension can be used as marker. for IFN-{32, at both aucleotide and amino acid level, and 

can be fused to heterologous polypeptides. . 

� An tFN-f32 polypeptide of the invention, e.g., having an amino acid sequence as 

shown in Fig. 2, can be analyzed by any suitable methods to identify other sthi.cturai 
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end/or functional domains in the polipeptide, including membrane spanning regions, 

hydrophobic regions. For example, an IFN-f32 polypeptide can be analyzed by methods 

disclosed in, e.g., ICyte and Doolittle, J. MoCB1oL, 157:105, 1982; ETV L Protein Predict; 

Rost and Sander, Proteins, 19:55-72, 1994. . S 

Other homologs of 1!F.T-{32s of the present invention can be obtained from 

mammalian and non-mammalian sources according to various methods. For example, 

hybridization with oligonucleotides (e.g., primers to  amplify the coding region - S’-ATG 

AU ATC AAG CAC UC UT GGA-3’ and.5’-CTA COT CGG GCT TCT AAA CTC 

TGT-3’) Primers used for expression in E. colt �5 ’-GGA AU COT ACT ACC TCG 

GGC TTC TAA-3’ and 5’-GCG CGC GCA TAT GCT AGA Tfl GAA ACT GAT TAT-

3’. Primers for the full length known sequence including 5’ and 3’ untranslated genomic 

� sequence - 5’-UT AGG TGA CAC TAT AGA AT-3’ and 5’-TAA AAT GGA TAG 

AA.T ATA TAA-3’ - can be employed to select homologs, e.g., as described  in Sanibrook 

�et al., Molecular Cloning, Chapter 11, 1989. Such homnologs can have varying amounts of 

nucleotide and amino acid sequence iden.tityand similarity to IPN-f32. Mammalian 

organisms include, e.g., rodent, mouse, rat, hamster, monkey, ape, pig, cow, horse, dog, 

cat, etc. Non-mammalian organisms in.clu.de; e.g., vertebrates, invertebrates, zebra fish, 

chicken, Drosophila, C. elegans, Xenopus, yeast such as S. pombe, S. cerevisiae, . . 

roundworms; prokaryotes, plant, Ara1idopsis, Cru.stacea, artemnia, viruses, etc. To select 

oligdnucleotides for hybridization, an effective method can be used. For example, IE’N-
� 

. p2-specific regions can be identified by corriparing an. ]N-p2 of the.present invention 

with other FN-P2 types and selecting those Amino acid sequences which only appear in. 

the former (i.e., non-conserved, or, "specific-for" IFN-2). See, e.g., Fig. 4 showing 

conserved an.d lion-conserved regions between the different interferon types. Non-

conserved amino acid sequences caii be chosen (e.g., KSLSP) and degenerate probes can 

be designed based on such sequences. See, also, Venkataramnan et al., Proc. Nati. Acad. 

� Sd., 96:3658-3663, 1999. Other specific (i.e., non-conserved) and/or conserved amino 

acid sequences can be found routinely, e.g., by searching a gene/protein database using the 

BLAST set of computer programs. 
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The invention also relates to IFN-j32-speci.flc amino acid sequences, e.g., a defined 

amino acid sequence which is found in the particular sequence of Figs. 2 and 4, but not in 

other interferon types. Preferred polypeptides are at least about eight contiguous amino 

acids, e.g., about 9, 10, 12, 15, 20, 21, 22, 2:5, 30, 40, 50;etc. Suchpolypeptides can 

� comprise, e.g., ICEFFGTV, UFQQRQV, KSLSP, FRANI, AEKLSGT, CLPFVFS, and  

QRPLNDMKQBLTTEFRSPR, and fragments thereof. An. IFN-32-specific amino acid 

sequence or motif can be useful to produce peptides as antigens to generate an inunune 

� response specific for it AnObodies obted by such immunization can be used as a 

� 

specific probe for a mammalian TN-g2 protein for diagnostic or research purposes, 

� including as expression markers. 

As mentioned, polypeptides of the present invention can comprise various arrii’rio 

acid sequences for an IPN-132 (e.g., a full-length sequence, i.e., having a start and stop 

codon as shown in Fig 1, a maure amino acid sequence (i.e., where the IFN-t32 

� polypeptide is produced as a precursor which is processed into a mature polypeptide, or 

fragments thereof). Useful fragments include, e.g., fragments comprising, or consisting 

� essentially of; any of the afore–aentioned domains and specific or conserved amino acid 

� sequences such as those shown in Figs. 2 and 4. 

A fragment of an IFN-p2 polypeptide of the resent invention can be selected to 

have a specific biological activity, e.g., antiviral, imrniin.omodulatory, antigrowth, etc. 

The measurement of these’ activities can be performed as known. See, below. These 

� peptides can also be identified and preparedas described in EP 496 162. 

.A polypeptide of the present invention can also have 100610 or less amino acid 

sequence identity to the amino acid sequence set forth in Fig. 2. For the purposes of the 

following discussion, sequence identity means that the same nudleotide or amino acid 

which is found in the sequence set forth in Figs. 1 and 2 is found at the corresponding 

position of the compared sequence(s). A polypeptide having less than 1000/9 sequence 

identity to the amnh’io acid sequences set forth in Figs. 1 and   can contain various 

substitutions from the naturally occurring sequence, including homologous and 

non-homologous amino acid substitutions. See below for examples of homologous amino 

acid substitution. The sum of the identical and homologous residues divided by the total 
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number of residues in the sequence over which the IFN-132 polypeptide is compared is 

equal to the percent sequence similarity. For purposes of calculating sequence identity 

and similarity, the compared sequences can be aligned and calculated according to any 

desired method, algorithm, computer program, etc., including, e.g., PASTA, BLASTA. 

A polypetide having less than 100% arrrfrio acid sequence identity to the arri+no. 

acid sequence of Fig. 2 can have about 99%, 93%, 97%, 96%, 95%, 94%, 93%, 92%, 

91%,90%,88%,85%,80%,75% 70%, or as low as about 53% sequence identity. 

The present invention also relates topolypeptide m.uteins of an IEN-2, i.e., any 

polpeptide which has an amino acid sequence which differs in amino acid sequence from 

an amino acid sequence obtainable from a natural source (a fragment of a mammalian 

]FN-2 does not differ in amino acid sequence from a naturally ocóurring IFN-p2 

although it differs in amino acid number). Thus, IFN-B2 polyp eptide muteins comprise 

amino acid substitutions, insertions, and deletions, including non-naturally occuzxing 

amino acids. 

Muteins to an IFN-f32 amino acid sequence of the invention can also be prepared 

based on homology searching from gene data banks, e.g., Genbank, EMBL. Sequence 

homology searching can be accomplished using various methods, including algonthms 

described in the BLAST family of computer prpams, the Smith-Waterman algorithm, 

etc. A niutein(s) can be introduced into a sequence by identifying and aligning rnirto 

acids within a domain which are identical and/or homologous between polypØptides and 

then modifying an amino acid based on such. alignment. For instance, IFN-02 of the 

present invention shares sequence identity with various known interferons as hown in 

Fig. 4. Alignments between these polypeptides at conserved amino acid residues can 

identify residues whose modification would be expected to reduce, decrease, or, eliminate 

a biological activity of an UN-P2, suph as a receptor binding activity, etc. For instance, 

where alignment reveals idehtical amino acids conserved between two or more domains, 

elimination or substitution of the amino acid(s) would be expected to adversely affect its 

biological activity. 

Amino acid substitution can also be made by replacing pne homologous amino 

acid for another. Homologous amino acids can be defined based on the size of the side 
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chain and degree of polarization, including, small nonpolac cysteine, proline, alan–ae, 

� threonine; small polar: sexine, glycine, asp artat; asp aragine; large polac glutamate, 

glutiithi; lysine, arginin.e; intermediate polarity: tyrosine, histidine, tryptophsn  large 

� nonpolar: phenylalanine, methionine, leucine, isoleucine, vaiinØ. Homologous acids can 

also be grouped as follows: uncharged pbthr R groups, glyàin; serine, threonine, cystein.; 

tyrosine, asparagin.e, glutaixthie; acidic amino acids (negatively charged), aspartic add and 
00 

glutamic acid; basicnino acids (positively charged), lysin; arginine, Listidine. 
� 

Homologous amino acids also include those described by Dayhoff in Atlas of Protein 

Sequence and Structure 5, 1978, nd by Axgos in Elv20 .1., 8,779-785, 1989. 
00 

0 

Muteins can be prepared which have no effect on activity, or which reduce or 0 

increase the activity of WN-32 as compared to the wild-type. Mutations can be made in 

analogy to other IN-f32s, such, as fibroblast interferon (beta 1) and alpha-interferons. For 

example, IFN-t32 folds in the characteristic five helical bundles typical for interferon: 
0 

helix A at amino acid positions 7-24, helix B at 55-69, helix C at 83-95, helix D at 118-

0 
134, and helix B at 143-158. These helixes are tethered together by random coil or loop 

regions. See, Fig. 3. Mutations to the helical structures can be made in analogy to IFN-131 

(fibroblas), e.g., as described in Runkel et al., Biochemistiy, 39.2538-2551, 2000. 

� 

instance’, parts of the A helix, the AB loop, and the B helix are involved in. receptor 

0 

binding. See, also, Piehier and’ Schreiber, J. Mo!. Biol., 294:223-237, 1999. 
0 � The ]FN-P2 of the present invention, like fibroblast interferon, has .three cysteine 

’residues at amino acid positions 32, 142, and. 154. The cysteine residues at positions 32 
0 and 142 are similar in location to the cysteine residues known to form a disulfide bond in 

fibroblast interferon. In analogy to fibroblast interferon, the amino acid at position 154 

can be deleted or substituted with a neutral amino acid, such as glcthe, valine, 2hiiine, 

0 

leucine, isoleucine, tyrosine, phenylalaniiie, bistidine, tiyptophan, serine, threonine, or 

methionine. Serine and threonine are prefeiied because of their chemical similarity to 

cysteine. Removal of the unpaired cysteine can prevent the formation of incorrect 

0 intramolecular and inteimoledular disulfide bonds. See, e.g., U.S. Pat. No. 4,588,585. 

Mutations can also be made in accordance with U.S. Pat. Nos. 4,914,033, 5,545,723, and 

5,580,723. See, also, e.g., Fish et al., J. Interferon Res., 12:257-66, 1992; Fish et at, J. 
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Inteiftron Res., 9:97-114, 1989; DiMarco et al., J. Interferon Re.s. 13:139, 1993; Mitsui et 

al., Pharmacol. Therap., 58:93-132, 1993; Wang et al., .1. ImmunoL, 152:705-71521994. 

The invention relates to mutein nucleic acids coding for such mutein polypeptides. 

Thus, the present invention relates to nucleotide sequences of Fig. 1, wherein said nucleic 

acids code for, a polypeptide and one or more amino acid positions are substituted or 

deleted, or both, and the pàlypeptide coded for by the’ nucleic acid has a biological 

activity, such as enhanced recovery from bacteria cells when expressed recombinantly, or 

enhanced bioactivity. A polypeptide mutein, and its corresponding nucleotide coding 

sequence, can have an amino. acid sequence as set forth in Fig. 2 except where one or 

more positions are substituted by homologous ariiiTio acids, e.g., where there are 1, 5, 10, 

15, or 20 substitutions. How a modification affects the mentioned activities can be 

measured accordingto the methods described above, below, and as the skilled worker in 

the field wÆuld know. 

Various methods of assaying for N-P2 activity are known. For example, useful 

assays include: antiviral assays, such as CPE (e.g., U.S. Pat. No. 5,545,723 and 4,914,033;’ 

� Examples below); receptor binding (e.g., U.S. Pat. No. 52545,723 and Examples below;.. 

� STAT activation (e.g., Examples below); activation of IFN-B2 responsive genes (e.g., an 

interferon-stimulated response element (ISRE) is operably linked to a reporter gene, suci 

� -as, luciferase,.as shown in. the Examples below); phosphorylation of a type I receptor 

(Examples below); antiproiferative (U.S. Pat. No. 4,914,033, assessing ability Of IFNr32 

to inhibit replication of cell lines; Exainple&beldw); inimunomodulatory (U.S. Pat No. 

.4,91-4,033, antibody-dependent cellular cytotoxicity; Nórortha et aL, J. Ne.uroimmunol., 

46:145-154,19933, inhibition of T4ymphocytes and their production of]FN-garnma 

("IFN-y"); experimental allergic encephalomyelitis ("EA.F’) (e.g., Louboutin et al., Acta 

Neurol. Scand., 88:97-99, 1993; Rott et al., Eur. J. IrnlrnLnol., 23:1745-1751, 1993;’ 

Examples below). . 

A mammalian UN-P2 of the present invention, fragments, or substituted 

polypepd.des thereof, can also comprise various modifications, where such modifications 

include lipid modification, methylation, phosphorylation, glycosylation, covalent 

modifications (e.g., of an R group of an amino acid), amino acid substitution, amino acid 
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deletion, or amino acid addition. Modifications to the polypeptide can be accomplished 

according to various methods, including recombinant, synthetic, chemical, etc. 

Polypeptides of the present invention (e.g., full-length, fragments thereof, 

mutations thereof) can be used in various ways, e.g., in assays, as linmunogens for 

antibodies as described below, as bio1ogicfly-active agents (e.g., having one or more of 

the activities associated with. an IF -f32 of the present invention).. 

Apolypeptide coding for an UN-P2 of the present invention, a deriyative thereof, 

or a fragment thereof, can be contbined with one. or more structural domains, functional 

domains, detectable domains, antigenic domains, and/or a desired polypeptide of interest, 
0 

in an arrangement which does not occur in nature, i.e., not naturally occurring. A 

polypeptide comprising such features is a chimeric or fusion polypeptide. Such a 

chimeric polypeptide can be prepared according to various methods, including, chemical, 

synthetic, quasi-synthetic, and/or recombinant methods. A chimeric nucleic acid coding 

for a chimeric polypeptide can, contain the various domains or desired polypeptides in a 

continuous (e.g., with multiple N-terminal domains to stabilize or enhance activity) or 

interrupted open reading frame, e.g., containing introns, splice sites, enhancers, etc. The 

chimeric nucleic acid can bepr.oduced.according’to various methods. See, e.g., U.S. Pat. 

No. 5,439,819. A domain or d.esiredpolypeptide can possess any desired property, 

including, a biological function such as signaling, growth promoting, cellular targeting 

(e.g., signal sequence, targeting sequence, such as targeting to the endoplasmic reticulum 

or nucleus), etc., a structural function such as hydrophobic, hydrophilic, 0 

membrane-spanning, etc., receptor-Iigan.d functions, and/or detectable functions, e.g., 

combined with enzyme, fluorescent polypeptide, green fluorescent protein, (Chalfie et al., 

Science, 263:802, 1994; Cheng et al., Nature Biotechnology, 14:606, 1996; Levy et al., 

Nature Biotechnology, 14:610, 1996), etc. A domain can also be an irnmunoglobuiin, e.g., 

to enhance stability, etc., such as an immunoglobu.lin heavy, light chain, and/or Fc region, 

or an epitope tag sequence. 

In addition, a polypeptide, or a part of it, can be used as a selectable marker when 

introduced into a host cell. For example, a nucleic acid coding for an amino acid 
0 

sequence according to the present inrvention can be fused in-frame to  desired coding 
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sequence and act as a tag for purification, selection, or maridug purposes. The region of 

fusion can encode a cleavage site to facilitate expression, isolation, purification, etc. 

An tFN-f32 polypeptide of the present invention, or a fragment thereof; can also be 

combined with other cytokines, such as interferons, to male chimeric or hybrid IFN-f32s.’ 

.Such hybrid tN-j32s can be between any class of interferon, including alpha, omega, 

gamma, epsilon, trophoblast, fetal, etc. Hybrids (and inuteins as discussed above) can be 

made which have reduced or restricted activities as compared to the hybrids from which 

they are produced, e.g.,  restricted to cell growth regulatory activity, antiviral activity, or 

immunàmodulatory activity. See, e.g., U.S. Pat. No. 4,758,428 for hybrids between 

fibroblast interferon and alpha interferon, e.g., using about amino aids 47-187, 74-187,1-

73, etc., of fibroblast interferon. S . 

Apolypeptide according to the present invention can be produced inn expression 

system, e.g., in vivo, in vitro, cell-free, recombinant, cell fusion, etc., according to the 

present invention. Modifications to the polypeptide imparted by such systems include 

glycosylation, amino, acid substitution (e.g., by differing codon usage), polypeptide 

processing such as digestion, cleavage, endopptidase or exopeptidase activity, attachment 

of chemical moieties, including lipids and phosphates, etc. 

A polypeptide according to the present invention can be recovered from natural 

sources, transformed host cells (culture medium or cells) according to the usual methods, 

e.g., methods applied to other interferons and other recombinant proteins, including, 

detØgent extraction (e.g., non-ionic detergeiit, Triton X-100, CHAPS, octylglucosid, 

Igepal CA-630), phase extraction, n-butanol extraction, arrinioniurn sulfate or ethanol 

precipitation, acid extraction, anion or cation exchange chromatography, phosphocellulose 

chromatography, Sephadex, hydrophobic interaction chromatography, hydroxyapatite 

chromatography, lectin chromatography, gel electrophoresis, tfFfriity chromatography, 

SDS PAGE, controlled pore glass chromatography (CPG), antibody affinity 

chromatography, gel filtration, blue sepharose, phenyl-agarose chromatography, CPG and 

zinc-chelate chromatography (e.g., Heine and Bilhiau, Methods in En2ymology, 78 (Part 

A): 445-456, 1981), Cibacron Blue F3GA-Agarose and EPLC (Kenny et al., Methods in 

Enzynzology, 78 (Part A):435-447, 1981). See, also, Innis and McCormick, Methods in 
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Enzymology, 119:397-403,.1986; Dembinsld and Suflowski, Preparative Biochemishy, 

16:175-186, 1986; Fiiesen et al.,Methods in Enzymoloy, 78(Part A):4330-435, 1981); 

Pestka et al., Annu. Rev. Biochei’n., 56:727-77,1987. Protein refolding steps can be used, 

as necessary, in completing the configuration of the mature protein. 

The present invention also r1ates to nucleic acids, such as DNAs add RNA 

coding for IFN’-$32 polypeptides, and fragments thereof, of the present invention. An 1PM-

02 nucleic acid, or frauent thereof; is a nucleic acid having a nucleotide sequence 

obtainable from aatural source. It therefore includes naturally occurzing, normal, 

naturally occu–xin.g mutant, and naturally occurring polymorphic alleles (e.g., SNPs), etc. 

Natural sources include, e.g., living cells obtained from tissues and whole organisms, 

tumors, cultured cell lines, including primary and immortalized cell lines: 

A nucleic acid sequence of the invention can contain the complete coding 

sequence as shown in Fig. 1, degenerate sequences thereof, and fragments thereof. A 

nucleic acid according to the present invention can also comprise a nucleotide sequence 

Which is 100% complementary, e.g., an anti-sense, to any nucleotide sequence mentioned 

above and below. 

A nucleic acid, i.e., a polymer of nucleotides or a polynucleotide, according to the 

present invention can be obtained from a variety of different sources. it can be obtained 

from DtA or RNA, such as polyadenylated mP.NA, e.g., isolated from tissues, cells, or 

whole organism. The nucleic acid can be obtained directly from DNA or RNA, or from a 

cDNA library. The nucleic acid can be obtained from a cell or tissue (e.g., from an 

embryonic or adult cardiac cells or tissues) at a particular stage of development, having a 

desired genotype, phe.otype etc. . 

As described for the IEN-2 polypeptide described above, a nucleic acid 

comprising a nucleotide sequence coding for a polypeptide according to the present 

invention can include only coding sequenbe; a coding sequence and additional coding 

sequence (e.g., sequences coding for leader, secretory, targeting, enzymatic, fluorescent or 

other diagnostic peptides), coding sequences and non-coding sequences, e.g., imanslated 

sequences at either a 5’ or 3’ end, or dispersed in the coding sequence, e.g., introns. A 

nucleic acid comprising a nucleotide sequence coding without interruption for a 
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polypeptide means that the nucleotide sequence contains an amino acid coding sequence 

for an MN-P2, with no non-coding nucleotides interrupting or intervening in the coding 

sequence, e.g., absent intron(s). Such a nucleotide seqJ.ence can, also be described 

contiguous. A genoinic DNA coding for a human, mouse, or other mammalian 

intezferons, etc., can be obtained routinely. ’ 

A nucleic acid according’ to thepresent invention also can comprise an e4xpressioi 

control sequence operably linked to a nucleic acid as described above.: The phrase 

"expression control sequence" means ’a nucleic acid sequence which regulates expression 

,,ofapolypeptide coded for by a nucleic acid to which it is operably linked. Expression can 

be regulated at the levI othe niRNA or pdlypeptide. Thus, the expression control 

sequence includes mPNA-related elements and protein-related elements. Such elements 

include promoters, enhancers (viral or cellular), ribosome binding sequences, 

transcriptional terminators, etc. .An expression control sequence is operably linked to a 

nucleotide coding sequence when the expression control sequence is positioned in such a 

manner to effect or achieve expression of the coding sequence. For example, when a 

promoter is operably linked 5’ to a coding sequence, expression of the coding sequence is 

driven by the promoter. Expression control sequences can be heterologous or endogenous 

� to the normal gene. 

A nucleic acid in accordance with the present invention can be selected on the 

basis of nucleic acid hybridization. The ability of.two. single-stranded nucleic acid 

� .preparations to-hybridize together is a measUre of their nucleotide sequence 

complemeutarity, e.g., base-pairing between nucleotides, such as A-T, G-C, etc. The 

invention thus also relates to nucleic acids, and their complements, which hybridize to a, 

nucleic acid comprising a nucleotide sequence as set forth in Fig. 1. A nucleotide 

sequence hybridfrig to the latter sequence will have a complementary nucleic acid 

strand, or act as a template for one in the presence of a p6lymerase (i.e., an appropriate 

nucleic acid synthesizing enzyme). The present invention includes both strands of.nucleic 

acid, e.g., a sense strand and an anti-sense strand. 

Hybridization conditions can be chosen-to select nucleic acids which have ’a 

desired amount of nucleotide complementarity with the nucleotide sequence set forth in 
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� Fig. 1. A nucleic acid capable of hybridizing to such sequence, preferably, possesses, e.g., 

about 85%, more preferably, 90%, 92oh, and even more preferably, 95%, 91%, or 100% 

� complementaxity, between the sequences. The present invention particularly relates to 

nucleic acid sequences which iybridize to the nucleotide sequence set forth in Fig. 1 
� under low or high stringency conditions. 

Nucleic acids which hybridize to N-2 sequences can be selected in various 

ways. For instance, blots (i.e., matrices containing nucleic acid), chit arrays, and other 

matrices comprising nucleic acids of interest, can be incubated in a prehybndization 

solution (6X SSC, 0.5% SDS, 100 i.g/m1 denatured salmon sperm DNA, 5X Dexthardt’s 

Isolution, and 50% formarnide), at 30C, overnight, and then hybridized with a detectable 

oligonucleotides probe, (see below) in a hybridization solution (e.g., 6X SSC, 0.5% SDS, 

� 100 p.g/rnl denatured salmon sperm DNA and 50% fonnamide), at 42’C, overnight in 

accordance with known procedures. Blots can be washed at high stringency conditions 

that allow, e.g., for less than 5% bp mismatch (e.g., wash twice in 0.1X SSC and 0.1% 

SDS for 30 min at 65C), i.e., selecting sequences having 95% or greater sequence 

identity. Other non-limiting examples of high stringency conditions includes a final wash 

at 65C in aqueous buffer containing 30 m NaCI and 0.5% SDS. Another example of 

� . high stringent conditions is hybridization in 7% SDS, 0.5 M NaPO4, pH 7, 1 mM EDTA at 

50C, e.g., overnight, followed by one or more washes with a 1%SDS solution at 42*C. 

Whereas high stringency washes can allow for less than 5% mismatch, relaxed or 

� 
. low stringency wash conditions (e.g., wash twice in 0.2X SSC and 0.5% SDS for 30  

at 37C) can permit up to 20% mismatch. Another non-limiting example of low 

� stringency conditions includes a final wash at 42 in a buffer containing 30 mM NaCl 

and 0.5% ’SDS. Washing and hybridization can also be performed as described in 

Sambrook et al., Molecular Cloning, 1989, Chapter 9. 

� Hybridization can also be based on a calculation of melting temperature (Tm) of 

the hybrid formed between the probe and its target, as described in Sambrook et al. 

Generally, the temperature Tm. at which a short oligonucleotide (containing IS nucleótides  

or fewer) will melt from its target sequence is given by the following equation: Tm = 

� (number of A’s and T’s) X 2C + (number of C’s and G’s) X 4’C. For longer molecules, 
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Tm 81.5 + 16.61og10[Na’’] + 0.41(%GC) - 600/N where [NaJ is the molar concentration 

of sodium ions, %GCIs the percentage of GC base pairs in the probe, and N is the length. 

Hybridization can be carried out at several degrees below this temperature to ensure that: 
� 

the probe and target can hybridize. Mismatches can, be allowed for by lowering the 

temperature even further. 

� Stringent conditions can be selected to isolate sequences, and their complements; 

which have, e.g., at least about 95%, 97%, 98%, 99%, nucleotide complementarity 

between the probe (e g, an oligonucleotide of an UN-P2) and target nucleic acid 

According to the present invention, a nucleic acid or polypeptide can comprise one 

or more differences in the nucleotide or amino acid sequence set forth in Figs I and 2. 

Changes or modifications to the nucleotide and/or amino acid sequience can be 

0 accomplished by any method available, including’ directed or random mutagenesis. 

A nucleic acid coding for amatnrnalian tEN-f32, such as human N-2 ’according 

to the invention can comprise nucleotides which occur in a naturally occurring gene, e.g., 

naturally occurring polyniorphisms,normal or mutant alleles (nucleotide or amino acid), 

mutations- which are discovered in a natural population of mammals, such as humans, 

� monkeys, pigs, mice, rats, or rabbits. By the term "naturally occurring", it is meant that 

the nucleic acid is obtainable from, a natural source, e.g., animal tissue and cells, body 
� 

fluids, tissue culture cells, forensic samples. Naturally occurring mutations can include 

deletions (e.g., a truncated athio- or carboxy-terminus), substitutions, inversions, or 

additiOns of nucleotide sequence. These genes can be detected and isolated by nucleic 

� acid hybridization according to methods which one skilled in the art would know. A � 

nucleotide sequence coding for a mammalian IFN-[32 of the-invention can, contain codons 

found in a naturally occurring gene, transcript, or cDNA, for example, e.g., as set forth in 

Fig. 1, or it can contain degenerate codons coding for the same amino acid sequences. For 

� instance, it maybe desirable to change the codons in the sequence to optimize the - 

sequence for expression in a desired host 

A nucleic acid according to the present invention can cniprise, e.g., DNA, RNA, 

synthetic nucleic acid, peptide nucleic acid,  modified nucleotides, or mixtures. A DNA 

can be double- or single-stranded. Nucleotides comprising a nucleic acid can be joined. 
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� via various known linkages, e.g., ester, sulfamate, snlfarnide, phosphorothioate, 

phosphoramidate, methyiphosphonate, carbam.ate, etc., depending on the desired purpose, 

e.g., resistance to nucleases, such as RNAase H, improved in vivo stability, etc. See, e.g., 

U.S. Pat. No. 5,378,825. 

Various modifications can be made to the nucleic acids, such as attaching-
detectable markers (avidin, biotin, radioactive elements), moieties which improve 

hybridization, detection, or stability. The nucleic acids can, also be attached to solid 

� supports, e.g.,nitrocellulose, magnetic ,orparamagnetic Iiicrospheres (e.g., as described in 

’U.S. Pat. No. 5,411,863; U.S. Pat. No. 5,543,289; for instance, omprisin.gferromagnetic, 

� supezmaguetic, pa aetic,’ sUper aramagnetic, iron. oxide and polysaccharide), nylon, 

�agarose, diazotized cellulose,. latex solid microspheres, polyacrylatnides, etc., according to 

a desired method. See, e.g., U.S. Pat. Nos. 5,470,967; 5,476,925; 5,478,893. 

� . ’Another aspect of the preseàt invention relates to oligonucleotides or nucleic acid. 

� probes. Such oligonu.cleotides or nucleic acid probes can be used, e.g., to detect, 

�quantitate, or isolate a mammalian IFN-132 nucleic acid in a test sample, or to identify 

� IFN-f32 homologs. In a preferred embodiment, the nucleic acids can be utilized as 

oligonucleotide probes, e.g., in PCR, differential display, gene chips (e.g., AffymetrixL 

Genehips; U.S. Pat. No. 5,143,854, U.S. Pat. No, 5,424,186; U.S. Pat. No. 5,274,219; 

PCT WO 92/10092; PCT WO 90/15070), and other.available methods.’ Detection can be 

desirable for a variety of different purposes, including research, diagnostic, and forensic. 

For diagnostic purposes; it may be desirable’ to identify the prsencŁ or quantity of a 

nucleic acid sequence in a sample, where the sample is obtained from tissue, cells, body 

fluids, etc. In a preferred method, the present invention relates to a method of detecting a 

nucleic acid comprising, contacting a target nucleic acid in a test sample with an 

oligonucleotid.e under conditions effective to achieve hybridization between the target and 

oligonucleotide; and detecting hybridization.’ An oligonucleotide in accordance with the 

invention can also be used, in synthetic nucleic acid amplification such as PCR (e.g., Saiki 

et al, Science, 241:53, 1988; U.S. Pat. No. 4,683,202; PCR Protocols: A Guide to 

Methods and Applications, Innis et al., eds., Academic. Press, New York, 1990);, 
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differential display (See, e.g., Liang et al., Mccl. Acids Res-,.21:33269-32-75,1993; U.S. Pat.’ 

No, 5,599,672; W097/18454); linear PCR; or other. amplification methods. 

Detection’can.be accomplished in combination with oligonucleotides for other 

genes, e.g., genes involved in signal fransduction, growth, cancer, apoptosis, or any of the 

genes mentioned above or below, etc. Oligoi.uc1eotides can also be used to test for 

mutations, e.g., using mismatch DNA repair technology as described in U.S,-Pat. No. . 

5,683,877; U.S. ’Pat. No. 5,656,430; Wu et al., Proc. Mad. Acadd, Sd., 89:8779-8783, 1992. 

Oligon.ucleotid.es of the present invention can comprise any continuous nucleotide 

sequence of Fig.�1 or a complement thereto, or any ofthe sequences, or complements 

thereto as mentioned above. These oligonucleotides; (nucleic acid) according to the 

present invention can be of any desired size, e.g., about 10-200 nü.cleotides, 12-100, 

� 12-50, 1225, 14-16, at least about 15, at-least about 20, at least about’25, at least about 

� 

303 etc. The oligonucleotides can have non-naturally occurring nucleotides, e.g,, inosine, , 

AZT, 3TC, etc. The oligonucleotides can have 1.00% identity or complementarity to a 

sequence of Fig. 1, or it can have mismatches or nucleotide substitutions, e.g., 1, 2, 3, 4, or 

5 substitutions. In accordance with the present invention, the oligonucleotide can 

comprise a kit, where the kit includes a desired buffer (e.g., phosphate, Tris, etc.), 

detection compositions, etc. The oligonucleotide can, be labeled or unlabeled, with 

�radioactive or non-radioactive labels as known in the art. ’ 

Another aspect of the present invention, is a nucleotide sequence which is unique to 

tFN-32. By to UN it is defined a mammalian a unique sequence an -P2, meant a order of 

. nucleotides which occurs in )FN-[32, e.g., in the nucleotide sequences of Fig 1, but rarely 

or infrequently in other nucleic acids, especially not in an animal nucleic acid, preferably 

mammal, such as human, rat, mouse, etc. Unique nucleotide sequences include the 

sequences, or complements thereto, coding for amino acids KHFFGTV, ]IFQQRQY, 

KSLSP, FRANI, AEKLSGT, CLFFVFS, and QGRPLNDMKQELTTEFRSPR, and 

� 

fragments thereof as shown in. Pig. 1. Such sequences can be used as probes in any of the 

methods described herein or incorporated by reference. Both sense and antisense 

nucleotide sequences are included. 
. A unique nucleic acid according to the present 

invention can be determined routinely. A nucleic acid comprising such a unique sequence 
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can be used as a hybridization probe to identify the presence of; e.g., human, or mouse 

IFN-{32, ma sample comprising a mixture of nucleic acids, e.g., on a Northern blot. 

Hybridization can be performed under high stringent conditions (see, above) to select 

nucleic acids (and their complements which can contain, the coding sequence) having at 

least 95% identity (i.e., complementarity) to the piobe, but less stringent cohditions can 

� also be used. A unique ]FN-J32 üucleotide sequence can also be fused in-frame, at either 

its 5’ or 3’ end, to various nucleotide sequences as mentioned throughout the patent, 

including coding sequences for other parts of IFN-132, enzymes, GFP, etc, expression 

W 

control. sequences, etc. 0 . 

As already discussed, hybridization can be prformed under differeit conditions, 

depending. on the desired selectivity, e.g., as described in Sambrook et al., Molecular 

Cloning, 1989. For example, to specifically detect ’N-2 of the present invention, an 

� "0 oligonu.cleotide ’can be hybridized to a target nucleic acid under conditions in which the 

oligonucleotid.e only hybridizes to it, e.g., where the oligonucleotide is 100% 

complementary to the target. Different conditions can be used if it is desired to select 

target nucleic acids which have less’than 100% nucleotide complemen.tarity, at least 

about, e.g., 99%, 97% 95%, 90%2,86.4%, 35%, 70%, 67%. 

Antisense nucleic acid can, also be prepared from a nucleic acid according to the 

present invention, preferably an anti-sense to a sequence of Fig. 1. Antisense nucleic acid 

4. 

can be used in various ways, such as to regulate or modulate expression oftFN-t32, e.g., 

inhibit it, to detect its expression, or for in situ. hybridization.. These oligonucleotides can 

be used analogously to U.S. Pat. No. 5,576,208. For the purposes of regulating or 

modulating exp’ession of IFN-[32, an anti-sense oligonu.cleotide can be operably linked to 

an expression control sequence. ’ 

For the inhibition of 1FN-32, an oligonncleotide can be designed to the 

corresponding sense position along CDNA. See, e.g., I. Mi]Jigan et al., Current Concepts 

in Antisense Drug Design., J. Med. (Them. 36(14): 1223-1937, 1993; Helene and Touime, 

� Bichim. Biophys. Acta, 1049: 99-125, 1990; Cohen, 1. S., Ed., jodeoxrnucIeoti4as 

Antisense Inhibitors of Gene Expression. CRC Press: Boca Raton, Fla., 1987; Crooke, S., 

Basic Principles of A.ntisense Therapeutis. Springer-Verlag Berlin., Heidelberg, New 
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York. Jul. 1998. Such oigon.ucleotides can be nuclease-resistant, e.g., using the various 

chemical linkages disclosed in. U.S. Pat. No. 6,040,296 or in the aforementioned 

references. A total length of about 35 bp can be used in cell culture with cationic 

liposomes to facilitate cellular uptake, but for in vivo use, preferably shorter 

oligonucleotidea are administered, e.g., 25 nucleotides. S 

� The nucleic acid according to the present invention can be labeled according to 

any desired method. The nucleic acid can be labeled using radioactive tracers such as 

’s, 

1211, 3H. or "C, to mention some commonly used tracers. The radioactive labeling can 

be carried out according to ainy method such as, for example, terminal labeling at the Tor 

5’ end using a radiolabeled nucleotide, polynucleOtide kinase (with or without 

dephosphorylation.With a phosphatase) or a ligase (depending on the end to be labeled). A 

non-radioactive labeling can also be used, combining a nucleic acid of the present 

invention with residues having immunological properties (antigens, haptens), a specific 

affinity for certain reagents (ligands), properties enabling detectable enzyme reactions to 

be completed (enzymes or coenzymes, enzyme substrates, or other substances involved in 

an enzymatic reaction), or characteristic physical properties, such as fluorescence or the 

: emission or absorption of light at a desired wavelength, etc. 

A nucleic acid according to the present invention, including oigonucleotides, 

S anti-sense nucleic acid, etc., can be used to detect expression of IFN-f2 in whole organs, 

tissues, cells, etc., by varioustechniques, including Northern blot, PCP, in situ 

.4. hybridization, differential display, nucleic aid azays (e.g, "gene chips"),. dot blots, etc. 

Stwh nucleic acids can b6 particularly useful to detect disturbed expression, e.g., 

cell-specific and/or subcellular alterations, of]PN-f32. The levels of IFN-[32 can, be 

determined alone or in combination with other gene products, especially other gene 

products involved in cytoidne production. 

� . A nucleic acid according to the present invention can be expressed in a variety of 

different systems, in vitro and in vivo, according to the desired purpose. For example, a 

nucleic acid can be inserted into an expression vector, introduced into a desired host, and 

cultured under conditions effective to achieve expression of a polypeptide coded for by 

the nucleic acid. Effective conditions include any culture conditions which are suitable 
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� for achieving production of the polypeptide by the host cell, including effective 

� temperatures, pH, medium, additives to the media in which the host cell is cultured (e.g., 

additives which amplify or induce expression such as butyrate, or’metlj.otrexate if the 

coding nucleic acid is adjacent to ’a dJxfr gene), cycloheximide, cell densities, culture 

dishes, etc. A nucleic acid can be introduced into the cell by 
any effective method 

including, e.g., naked DNA, calcium phosphate precipitation, electrooration, injection, 

DEAE-Dextran mediated transfection, fusion with liposonies, associatiàn  with agents 

which enhance its uptake into cells, viral transfection. A cell into which a nucleic acid of 

the present inveation, has been introduced is a transformed host cell. The nucleic acid can 

� be extrachroni.osomal oi  integrated into a chromosome(s) of the host cell. It can be stable 

or transient. An expression vector is slected for its compatibility with the host cell. Host 

cells include, mammalian cells, e.g., COS; CV1, BHX, CR0, HeLa, LTK NIE 3T3,293,  

PAE, human, human fibroblast, human primary tumor cells, testes, glia, neurons, 

qligodendrocytes, astrocytes, neuroblastoma, glioma, etc. insect cells, such as Sf9 (S. 

� � frugipeda) and Drosophila, bacteria, such as E. coil, Streptococcus, bacillus, yeast, such as 

Sacharomyces, S. cerevisiae, ’æthgal cells;’ plant cells, embryonic stem cells (e.g., 

� rnmmalian, such as mouse or human), neuronal stem cells, fibroblasts, muscle cells, 

� cardiac cells, and T-cells. . 

Expression control sequences are similarly selected for host compatibility and a, 

desired purpose, e.g., high copy number, high amounts, induction, amplification, 

� controlled expression. 0:ther sequences which can be employed include enhancers such as 

from SV40, CM’!, RSV, inducible promoters, ceUtype specific elements, or sequences 

which allow selective or specific cell expression. Promoters that can be used to drive its 

expression, include, e.g., the endogenous promoter, promoters of other genes in the cell 

signal transduction pathway, Mv1TV, SV40, trp, làc, tac, or T7 promoters for bacterial 

hosts; or alpha factor, alcohol oxidase, or PGH promoters for yest. RNA promoters can 

be used to produce RNA transcripts, such as T7 or SP6. See, e.g., Melton et al., Nucleic 

Acids Res., 12(18):7035-7056, 1984; Dunn and Studier, .J Mol. Biol.; 166:477-4357 1984; 

U.S. Pat. No. 5,891,636; Studier et al., Gene Expression Technology; Methods in 

Enzymology, 85:60-89, 1987. 
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� A nucleic acid orpolypeptide of the present invention can be used as a size marker 

in nucleic acid or protein electrophoresis, chromatography, etc. Defined restriction 

� fragments can be determined by scanning the sequence for restriction sites, calculating the 

size, and performing the corresponding restriction digest. 

� An. IFN-f32 polypeptide and nucleic acid of the present invention can be "isolated". 

By the term "isolated", it is meant that it is in a. form in which it is not found in its original 

environment or in nature, e.g. more concentrated, more purified, separated from 

components, present in a lysate of a cell in which a heterologous IFN-j32 gene is 

expressed. When IFN-2 is expressed as a heterologous nucleic acid in a transfeced cell 

line, a nucleic acid inaccordance with the present invention is introduced into ’a cell as 

described above, under conditions in which the nucleic acid is expressed. The term 

"heterologous" means that the nuclei6 acid has been introduced into the cell line by the 

"hand-of-man". Introduction of a nucleic acid into a cell line is discussed above. The 

transfected (or transformed) cell expressing the lFT-2 nucleic acid can, be lysed as 

described in the examples and used in the method as a lysate (i.e., "isolated") or the cell 

line can be used intact. 

Generally, the term "effective conditions" means, e.g., a milieu in which the 

desired effect is achieved. Such a milieu, includes, e.g., buffers, oxidizing agents, 

reducing agents, pH, co-factors, temperature, ion concentrations, suitable age and/or stage 

of cell (such as, in particular part of the cell cycle, or at a particuhir stage where particular 

genes are being expressed) where cells are being used, culture conditions (including 

substrate, oxygen, carbon dioxide, etc.). 

The present invention also relates to a method of niodulating, preferably inhibiting, 

expression of a nucleic acid coding for an WN-32 of the present invention, comprising: 

contacting a cell expressing an IFN-.f32 of the present invention with an amount of agent, 

such as an antisense oligonucleotide or antisense RNA of a N-32, which is effective to 

� squencespeciflcaIly inhibit expression of said nucleic acid. 

Sequence-specific inhibition of a nucleic acid can be accomplished conventionally 

using antisense nucleic acid, such as antisense oligonucleotides or RNA. For example, 

antisense oligonucleotides, such as phosphodiester or phosphorothioate 
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� deoxyoligonucleotides can be desied. to specific regions of a IPN-.J32 RNA, such as to 

� the translation initiation site, and can, then be administered to cells expresing such genes 
V in quantities effective to inhibit their expression. Generally, an antisense nucleic acid is a 

� nucleic acid which is complementary to the sense or coding strand of a given nucleic acid, 
V 

and as a result are also complementary and thus able to specifically hybridie with mRNA 

V 

V

 

transcripts of the nucleic acid. Preferred antisense oligonucleotides comprise’the 5’ region 
V 

V of a target gene, especially the region containing the initiation codon. V 

V To enhance stability, the administered-nucleic acid, can be modified, e.g., to make 

it resistant to cellular enzymes, oxidation, reduction, nucleases, etc, or to enhance its 
V 

�jI,paie into cells. Any suitable modification can be used, including, e.g., 

phoshorothipates, rnethylphosphnates, phosphodiester oligonucleotide linked to an 

� acridine intercalating agent and/or a hydrophobic tail, psoralen. derivatives, 2’-ribose 

V modifications, pentose sugar derivatives, nitrogen base derivatives, etc. See, e.g., U.S. 

Pat. No. 5,576,208, 5,744,362, 6,040,296, and 6,046319 for antisense oligonucleotides, 
V 

modifications, etc. which can be useful in the invention.’ In general, an antisense nucleic 

acid of the present invention can comprise monomers ofnaturally occurring nucleotides, 

non-naturally occurring nucleotides, and combinations thereof to enhance cellular uptake 

and/or stability. 
V 

. V � 

Antisense can be adrrthctered as naked nucleic acid, coniplexed or encapsulated 

with and by other agents which facilitate its uptake into a cell, injected into cells, or any 

V 

suitable delivery means.’ V 

The present invention also relates to methods of using an 1FN432 of the present 

invention, such as human. UN-P2, for treating any conditions, disorders, diseases, etc. for 

which an, UN-P2 bioactivity is desired. Such methods involve administering an effective 

amount of an,’N-j32 of the present invention to a host in need of treatment for one or 
V 

more the following purposes: anti-oricogene regulation, antitumor activity, antiviral 

activity, cell growth inhibition or antigrowth activity, anti-proliferation (e.g. amounts of 

IFN-f32 which are effective to inhibit the proliferation of astrocytes), enhancement of 

cytotoxicity of lymphocytes, irnmunoregulatory activity, inducement or inhibition of 

differentiation of target cells, macrophage activation, down-regulation of oncogenes, etc.; 
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immunological effects, such, as, reducing antibody formation, increasing cell membrane 

components major histocompatabil–ty complex. Pc receptor, 2-microglobuiin, 

modulating cell-mediated immunity, increasing cytokine (e.g., interleuldn) production, 

increasing cytotoxic T cell effects, increasing macrophage effects, and increasing natural 

killing. IFN-j32 can be administered to treat, e.g., cancer, autoimniune disoMers, and viral 

infectious. See, e.g., Cirelii and Tyiing, Clin Immunbother. 3:27-87, 1995, for various 

: disorders which can be treated With IFN-(32 of the present invention; in particular, see uses 

for alpha- and beta-interferons 

� IFN-f32 can be administered as a polypeptide, or it can be administered as a nucleic 

� acid, e.g., as in gene therapy4 When adrrifriistered as a nucleic acid, it can be provided in 

any form which is effective to achieve expression, e.g., as naked DNA, as a vector (such 

� is viral, vector, e.g., adenovirus), complexed in liposomes or other carrier agents, 

microbubbles, etc. See, above for inoreInformation on administration of nucleic acids, 

their expression in a host, etc. 

Any cancer can be treated in accordance with the present invention, e.g., cervical 

intraepithelial neoplasia and cervical cancer (e.g., see, DePalo et al., 
mt. J. Tissue React., 

6:523-527,1984, for.dosages, administration routes, regimes, etc.), melanoma and 

metastatic melanoma (e.g., see, Beiteke ef al., Hautarzt, 44:365-371,1994, for dosages, 

adm+nistration. routes, regimes, etc.), hairy cell leukemia, Kaposi’s sarcoma, basal cell 

carcinoma, squamous cell carcinoma, renal cell carcinoma, carcinoid tumors, cutaneous F 

cell lymphoma, non-Hodgldzfs lymphoma (for other cancers, see, also) Darr, Drugs, 

45(2):177-211, 1993). 

� Au,toimmune diseases can also be treated in accordance with the present invention, 

e.g., multiple sclerosis (see, e.g., Yong et al.,Neurology, fl:682-689, 1998, for dosages, 

administration routes, regimes, etc.), rheumatoid arthritis, etc. Multiple sclerosis  

is an autoimmun.e disease pathologically characterized by perivascular and perivenicular 

inflammation leading to demyeliiiation axonal destruction and subsequent cy gliosis. The 

hallmark of chronic MS lesions is demyelinated gliotic plaques formed as a result of loÆal 

astrocytic hypertrophy and hyperplasia. These astrocytic plaques interfere with normal 

axonal conduction and present a physical bather to remyelination. Therefore, the factors 
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that inhibit astrocytosis have beneficial therapeutic implications, especially in the latter 

stages of a disease. Thus, the ability of WN-j32 to inhibit astrocytes is especially useful to 

treat MS. 

Viral disease and infections can also be treated in accordance with the present invention, 

e.g., human papilloma virus (e.g., Piiiigheddu et al., Eur.J. Gynczecol. Onci., 9:161-162, 

1988; Costa et al., C’eri’L; 6:203-212, 1988, for dosages, administration routes, remes, 

etc.), condy1oata aci.milnata Sonfeld et al., Lancet, 1:1038-1042, 1984, for dosages, 

administration routes, regimes, etc.), hepatitis B, C, and D, HIV, etc 

By the term "administering", it is xneant that IFN-132, or other active agent, is 
i_I! __J - - __.I.__  - F - - --- _L 

� �aeuvereu. o w.e 

Target, e.g., ute tumor, 
ute uIuiiu1e syeut, e cram iesion i.,e.g., a Ate or 

brain inflammation, such as sites observed in multiple sclerosis or other brain 

irifiimmatory conditions), etc.. IFN-132 can be administered to any target (e.g., in vivo, in 

vitro, or in situ.), including cells in culture and hosts having an injury, condition, or disease 

to be treated, by an effective route suitable to achieve an effect as described above, e.g., an 

IFN-2 formulation can be administered by injection directly into, or close by, a target 
� site. It can also be administered topically, enteraily, parenterally, intravenously, 

intramuscularly, subcutaneously, orally, nasafly, intracerebrafly, intraventiicularly, etc., 

e.g., depending upon the location, of the target site to be treated. An IPN-2 can also be 

administered as a nucleic acid for uptake by cells. Methods to administer nucleic acid 

include those described above, and other conventional state-of-the-art techniques. 

An effective amount of an IFN-f32 is’ administered to the target. Effective amounts 

are such amounts which are useful to achieve the desired effect, preferably a beneficial or 

therapeutic effect, e.g., an amount effective to inhibit astrocyte proliferation. Such 

amount can be determined routinely, e.g., by performing a dose-response experiment in 

which varying doses are administered to target cells to determine an effective amount in 

achieving the desired purpose, e.g., producing aritiviral effect, producing an 

� im.munomdu1atory effect. Amounts can be selected based on ’various factors, including 

the milieu to which the IFN-2 is administered (e.g., a patient with a multiple sclerosis, 

animal model, tissue culture cells, etc.), the site of the cells to be treated, the age, health, 

gender, and weight of a patient or animal to be treated, etc. Useful amounts include, e.g., 
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1.6 MtLT (million International Units according to the international reference standard) 

and 8 l4ItJ administered subcutaneously on alternate days. :By the term "treating, it is 

meant any effect that results in the improvement of the condition, disease, disorder, etc. 
� 

An effective amount of EN-P2 can be administered with other effective agents, 

e.g., effective agents for treating cancer, virtises, MS, hepatitis, and any othr conditions 

which can be treated with ’N-2. Such, agents can be cytotoxic, an antiviral agent, a 

chemotherapeutic agent, etc. 

The present invention also relates to antibodies which specifically recognize an. 

N-2 of the present invention. An antibody specific for ]FN-2 means that the antibody 

recognizes a defined sequence of amine acids within or including an IFN-2, e.g., the 

sequence of Fig 2 Thus, a specific antibody will generally bind with higher affinity to an 

amino acid sequence, i.e., an epitope, found in Fig. 2 than to a different epitope(s), e.g., as 

detected and/or measured by an immun.obiot assay or other conventional immunoassay. 

Thus, an antibody which is specific for an epitope of human )FN-132 is useful to detect the 

presence of the epitope in a sample, e.g., a sample of tissue containing human IFN-2 

� gene product, distinguishing it from samples in which the epitope is absent. A useful 

antibody is to the unique C-terminus of IFN-32, e:g., QGRPLNDMXQELTrEFRSR, or 

a fraæent thereof. Such antibodiesare useful as described in Santa Cruz Biotechnology, 

Inc., Research Product Catalog, and can be formi4ated. accordingly. 

Antibodies, e.g., polyclonal, monoclonal, recombinant, chimeric, humanized, can 

be prepared according to any desired method. See, also, screening recombinant 

imrnuiaoglobulin libraries (e.g., Orlandi et al., Proc. Nail. AcacL Sc., 86:3833-3837,1989; 

Huse et al., Science, 256:1275-1281, 1989); in vitro stimulation of lymphocyte 
� 

populations; Winter and Milstein, Nature, 349: 293-299, 1991. For example, for the 

production ofmonoclonal antibodies, a polypeptide according to Fig. 2 can, be 

administered to mice, goats, or rabbits subcutaneously an.d/oiintrapezitqneafly, with or 

� without adjuvant, in an amount effective to elicit an immune response. The antibodies can 

also be single chain or Fab fragments. The a.tibodies can be 1gM, IgG, subtypes, IgG2a, 

IgGI, etc. Antibodies, and immune responses, can also be generated by administering 

naked DNA. See, e.g., U.S. Pat. Nos. 5,703,055; 5,589,466; 5,580,859 
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Interferon, or fragments thereof; for use in the induction of antibodies do not need 

to have bioactivity.however, they must have ixnmun.ogenic activity, either alone or in 

combination with a carrier. Peptides for use* in the induction of IFN-132-specific 

antibodies may have an amino sequence consisting of at least five amino acids, preferably 

at least 10 amino acids. Short stretches of amino acids, e.g., five amino acids, can be 

fused with those of another protein-such as keyhole limpet heraocyariin, or another useful 

carrier, and the chimeric molecule used for antibody production. Regions of IPN-(32 

useful in making antibodiescanbe selected empirically, or, e.g., an amino acid sequence 

of ]FN-132, as deduced from the cDNA, can-be analyzed to determine regions of high 

initnunogenicity. M.alysisto select appropriate epitopes is described., e.g.,lyAusubel, 

F.M. et al. (1989, Current Protocols in Moleàular :Biology, Vol. 2. John Wiley & Sons). 

Particular N-02 antibodies are useful for the diagnosis of prepathologic 

� conditions, and chronic or acute diseases which are characterized by differences in the 

amount or distribution of IFN-132. Diagnostic tests for IEN-2 include methods utilizing 

the antibody and a label to detect IFN-32 in human (or mouse, etc, if using mouse, etc.) 

body fluids, tissues or extracts of such, tissues. Antibodies can be neutralizing and utilized 

in assays for IFN-[32 activity, e.g., as controls to neutralize the interferon activity. 

The polypeptides and antibodies of the present invention may-be. used with or 

without modification. Frequently, the polypeptides and antibodies will be labeled by 

joining  them, either covaleutly or noncovalently, .with a substance which provides for a 

detectable signal. A wide variety of labels and conjugation techniques are known and 

have been reported extensively in both the scieatific and patent literature. Suitable labels 

include radionuclides, enzymes, substrates, cofactors, inhibitors, fluorescent agents, 

chemilumiziescent agents, magnetic particles and the like. P.tents teaching the use of such 

labels include U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 

� 4,275,149; and. 4,366,241. : 

Antibodies and other ligands which bind iFN.-2 can be used in various ways, 

including as therapeutic, diagnostic, and commercial research tools, e.g., to quantitate the 

levels of an interferon polypeptide in animals, tissues; cells, etc., to identify the cellular 

localization and/or distribution of it, to purify it, or a polypeptide comprising a part of it, 
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to modulate the function of it, in Western, blots, ELISA, immunoprecipjtation, RIA, etc. 

.The present invention relates to such assays, compositions and kits for perfoirning them, 

etc. Uffling these and other methods, an antibody according to the present invention 

can be used to detect.IFN-f32 polypeptide or fragments thereof in various samples, 

including tissue, cells, body fluid, blood, urine, cerebrospinal fluid. 

In addition, liga.nds which bind to an IFN-f32 polypeptide according to the present 

invention, or a derivative thereof, can also be prepared, e.g., using synthetic peptid.e 

libraries oraptamers (e.g., Pitrung et al., U.S. Pat No. 5,143,854; Geysen et al., J. 

I,nnrunol Methods, 102:259-274, 1987; Scott et al ,Sczence, 249:386, 1990; Blackwell et 

al., Science, 250:1104, 1990; Tuerk et al., 1990, Science, 249:505). 

The present invention also relates to an IFN-’f32 polypeptide, prepared according to 

� a desired method, e.g., as disclosed in. U.S. Pat. No. 5,434,050. A labeled polypeptide can 

be ithed, e.g., in binding assays, such as to identiFj substances that bind or attach to IF1-

32, to track the movement of IFN-P2 in a cell, in an in vitro, in vivo, or in situ system, etc. 

A nucleic acid, polypeptide, antibody, LFN-p2, etc., can be isolated. By"isolated" 

means that the material is in a form in, which it is not found in its original environment or 

in nature, e.g., more concentrated, more purified, separated from component, etc.. An 

isolated nucleic acid includes, e.g., a nucleic acid having the sequence of IFN-132 

separated from the chromosomal DNA found in a living animal, e.g., as the complete 

gene, a transcript, or a cDNA. ThIà nucleic acid cu be part of a vector or inserted into a 

chromosome (by specific gene targeting or by randotn integration at a position other than 

its normal position) and still be isolated in that- it is not in a form which it is found in its 

natural environment. A nucleic acid or polypeptide of the present invention can also be 

substantially purified. By substantially purified, it is meant that nucleic acid or 

polypeptide is separated and is essentially free from other nucleic acids or polypeptides, 

i.e., the nucleic acid or polypeptide is the primaiy and active constituent. 

The present invention also relates to a transgethc animal, e.g., a 

non-human-mammal, such as a mouse, comprising an IFN-f32. Transgenic animals can be 

prepared according to known. methods, including, e.g., by pronuclea.r injection  of 

recombinant genes into pronuclei of 1 -cell embryos, incorpdrating an artificial yeast 
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chromosome into embryonic stem cells, gene targeting methods, embryonic stem cell 

methodology. See, e.g., U.S. Patent Nos. 47736,366; 4,873,191; 4,873,316; 5,082,779; 

5,304,489, 5,174,986, 5,175,384, 5,17,385, 5,221,778, Gordon et al., Proc. Nail. Acad. 

Sd., 77:7380-7384, 1980; Palmiter et L, Cell, 41:343-345, 1985; Paimiter et aL,Annu. 

Rev. Genet., 20:465-499, 1986; Askew et at, Mol. Cell. Biol., 13:4115-4124, 1993; . 

Games et aL, Nature, 373:523-527, 1995; Yalancius and Smithies, i’Iol. Cell. Biol., 

11:1402-14Q8, 1991; Stacey et aL,Mol. CO. BIàL, 14:1009-1016, 1994; Hasty et al.,
V 

Nature, 350:243-246, 1995; Rubinstein et aLNuci. Acids Res., 21:2613-2617, 1993. A 
V 

nucleic acid according to the preent invention can, be introduced into any non-human 

mammal, including a mouse (Hogan et al., Manipulating the Mouse Embryo: A 
V 

Laboratory Manual, Cold Spring Harbor Laboratory, Cdld Spring Harbor, New York, 

1986), pig (Hammer et al., Nature, 315:343-345, 1985), sheep (Hammer et al., Nature, 

315:343-345, 1985), cattle, rat, or primate. See also, e.g., Church, Trends in Biotech., 
V 

5:13-19, 1987; Clark et al., Trends in Biotech., 5:20-24, 1987); and DePamphilis et al., 

BioTechniques, 6:662-680, 1988). In addition, e.g., custom transgenic rat and mouse 

production is commercially available. These transgenic animals can useful animals 

models to test for IFN-f32 function, as food for a snake, as a genetic marker to detect stain’

origin (i.e., where an IFN-(32, or fragment thereof has, beet. inserted), etc. Such transgenic’ V 

animals can further comprise other transgenes. Transgenic animals can be prepared and 

used according to any suitable method. 
V 

The present invention also relates to’a mammalian cell in which expression of a 

gene coding for an IFN-2 has been "knocked out" or disrupted. Such gene disruption can 

be accomplished by an eflective means, including, e.g., antisense, or by the insertion of a 

nucleotide sequence into it which is effeŁtive to suppress the gene’s expression. The term 

"gene" is used in this sense to mean. the JPN-2 coding sequence as it exists on the 

chromosome, and is to include its promoter sequence and other regulatory regions. 

The invention especially relates to a mammal containing one or more cells in 

which expression of the gene is functionally inactivated or disrupted. Functional 

inactivation or disruption refers, e.g. to a partial or complete reduction of the expression 

of at least a portion of a polypeptide encoded by an. endogenous IFN-(32 gene of a single 
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cell, selected cells, or all of the cells of a mammal. The term iockout" is a synonym, for 

� functional inactivation of the. gene. 

-. . In, one embodiment, a gene targeting strategy is utilized that facilitates the 

introduction of a desired nucleotide sequence into a ’N-j32 gene. The gene targeting 

strategy preferably utilizes double reciprocal recombination and a positive electable 

marker to assist in the insertion of the nucleotide sequence into a target nucleic acid. The 

target nucleic acid is preferably a gene, more preferably a gene at its particular 

chromosonial locus. The desired nucleotide sequence is inserted into the gene in such a’ 

way that the gene is functionally disrupted, i.e., its expression is partially or c&apietely 

� reduced. . . . 

� In one aspect of the invention, a targeting vector is employed to iusert a selectable 

marker into a predefined position of an lPN-32 gene. The position is selected to achieve 

functional disruption of the gene upon insertion of the selectable marker. For such. 

purposes, a preferred embodiment is a recombinant nucleic acid molecule comprising: (1) 

a 5’ nucleotide sequence which is effective to achieve homologous recombination at a first 

predefined position of a mammalian JPN-32 gene, operably linked to (2) the 5’ tezminus of, 

a first selectable nucleotide sequence which confers .a first selection characteristic on a. cell 

in which it is present, and (3)a 3’ n,ucleotide sequence which is effective to achieve 

� homologous recombination at a second predefined position of the mamiaalian tFN-2 

gene, e.g., IFN-p2 gene, operably linked to the 3’ teininus of the first sele’ctable 

nucleotide sequence. The recombin.nt nucreic acid, molecule is effective to achieve 

homologous recombination in a thammalian chromosome at predefined location. 

Fragments of the targeting vector are also within the scope of the invention, e.g., 

recombinant nucleic acid molecules comprising elements (1) and (2), or comprising 

elements (2) and (3), etc. 

The term recombinant refers, e.g., to a flucleic acid molecule which has been 

modified by the hand-of-man, e.g., comprising fragments of nucleic acid from different 

sources or a nucleic acid molecule from one source which has been engineered. Thus, the 

nucleic acid molecule is recombinant, e.g., because it comprises nucleotide sequences 

from a marmnaLlian WN-f32 gene and selectable marker gene. A molecule is also 
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recombinant when it contains sequences from the same gene but azran.ged in a manner that 

does not occur in nature, i.e., a non-naturally ocÆuthng arrangement. 

Homologous recombination refers to the process in which nucleic acid molecules 

with similar genetic information line up side-by-side and exchange nucleotide strands. A 

nucleotide sequence of the recombinant nucleic acid which iseffective to abieve 

homologous recombination at a predefined position, of a target nucleic acid therefore 

indicates a nucleotide sequence which facilitates the exchange of nucleotide strands 

between the recombinant nucleic acid molecule at a defined position of a target gene, e.g, 

� a.mouse IFN-2 gene. The effective nucleotide sequence generally comprises a 

0
 

nucleotide sequence which is complementary to a desired target nucleic acid molecule 

(e.g., the gene locus to be modified), promoting nuleotide base pairing. Any nucleotide 

sequence can be employed as long as it facilitates homologous recombination at a specific 

and 8elected position along the target nucleic acid molecule. Generally, there is an 

exponential dependence of targeting efficieæcy on the extent or length of homology 

between the targeting vector and the target locus. Selection and use of sequences effective 

for homologous recombination. is described, e.g., in Deng and Capecchi, Mol. Cell. BIoL, 

� 12:3365-3371,1992; Bollag et al., Ann U*. Rev. Genet., 23:199-225,1989; Waldman and 

Liskay, Mol. Cell. Biol., 2:5350-5357, 1988. . . . .. 
0 

An aspect of the present invention is to suppress or functionally disrupt expression 

of a RN-P2 gene. The phrases "disruption oftliegene", "gene disruption," "suppressing 

expression, " "gerth suppression," "functional inactivation of the gene," or "functional gene 

� inactivation" refer to modification of the gene in manner which decreases or prevents 

expression of that gene and/or its product in a cell. The expression of the gene’s product 

� can be completely or only partially suppressed, eg., reduced by 70%, 80%, 85%, 90%, 

95%, 99%, or more. A functionally disrupted gene, e.g., a functionally disrupted LFN-j32 

gene, includes a modified gene which expresses a truncated polypeptide having less than 

the entire coding sequence of the wild-type gene. Such a gene is illustrated Fig. 1. A 

gene can also be functionally disrupted by affecting its mP.NA structure in such a way to 

create an untranslatable message, e.g., frame-shift, decreased, stability, etc. 
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In accordance with the present invention, a WN-[32 gene is modified in such a 

rnaoner i6ich is effective to disrupt expression of the corresponding 
gene product Thus, 

e.g., a functionally disrupted recombinant IFN-f32 gene does not express a functional ’N-

132 polypeptide or expresses a functional IFN-132 polypeptide at levels which are less than 

wild-type levels of WN-132, e.g., reduced by 70%, 80%, 85%, 90%,95%,99%, or more. 

By "not functional" or "functionally inactive" N-[32 polypep tide, it is meant, e.g., that 

the IFN-132 lacks one or more its bio activities. The gene can be thodifled iii any effective 

position, e.g., enhancers, promoters, regulatory regions, n.oncoding sequences, coding 

� sequences, infrons, exons, etc., so as to decrease or prevent expression of that gene in the 

cell. 

Insertion into a region’of a TN-132 gene, e.g., a miixine IFN-132 gene, can be 

accomplished by homologous recombination. A recombinant nucleic acid molecule 

comprising regions of gene homology and a nucleotide sequence coding for a selectable 

marker gene is inserted into the promoter and/or coding region and/or nancoding regions 

of a IFN-32, whereby expression of the gene is fuuctiànally disrupted. When this. 

1ockout construct is then inserted into a cell, the construct can integrate 
into the genomic 

DNA. Thus, progeny of the cell will only express only one functional copy of the gene; 

� the other copy will no longer express the gene product, or 
will express it at a deàreazed 

level, as the endogenous nucleotide sequence of the gene is now disrupted by the inserted 

nucleotide sequence. If desired, the functional gene can be inactivated in a second 

analogous step.. . 

The nucleotide sequence effective for homologous recombination can be operably 

linked to a nucleotide sequence, preferably a selectable marker nucleotide sequence or 

gene, which is to be inserted into the desired target nucleic acid.. 

� The recombinant nucleic acid is preferably inserted into a cell with chromosomal 

DNA that contains the endogenous gene to be knocked out. In the cell, the recombinant 

nucleic acid molecule can integrate by homologous recombination with the DNA of the 

cell in such a position so as to prevent or interrupt transcription of the gene to be knocked 

out. Such insertion usually occurs by homologous recombination (i.e., regions of the 

targeting vector that are homologous or complimentary to endogenous DNA sequences 

hybridize to each other when the targeting vector is inserted into the cell; these regions 
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can then recombine so that part of the targeting vector is incorporated into the 

be inserted into a gene to suppress its 

expression. It is .desirable to determine the presence of the inserted nucieotiae sequence in 

the gene.: This can be accomplished in various ways, including by nucleic acid 

hybridization, antibody binding to an epitope encoded by the inserted nucleic acid, or b 

selection for a phenotype of the inserted sequence. Accordingly, such an inserted 

� uucleot4e sequence can be refeired to as a first selectable nucleotide sequence. ’A first 

� selectable nucleotide sequence preferably confers a first selection characteristic on a cell 

� in which it is present. By the phrase "selection, characteristic," it is meant, e.g., a � 

� characteristic which is expressed in a cell and which can be chosen in preference to 

another or other characteristics. The selectable nucleotide sequence, alsio known as 

selectable marker gene, can, be any nucleic acid molecule that is detectable and/or 

assayable after it has been incorporated into the gnoinic DNA of the mammal. The 

selection characteristic can be a positive characteristic, i.e., a characteristic which is 

expressed or acquired by cells and whose presence enables seleªtion of such cells. A 

positive selection characteristic can enable survival of the cell or organism, e.g., antibiotic 

resistance, ouabain-resistance (a gene fok’ a ouabain-resistant sodium/potassium ATPase 

protein). Examples of positive selection characteristics and a correspondig klection, 

agent include, e.g., Neo and 0418 oi kanomycin; Hyg and hygromycin, liisDan.d 

histid.inol; Opt and xa.ntbine; Ble an.dbleoinycin; Eprt and hypoxautbine. See, e.g., U.S. 

� Pat. No: 5,464,764 and Capecchi, Science, 244:1288-1292, 1989. The presence of the 

seledtable gene in the targeted sequence can also be identified by using binding ligands 

which recognize a product of the selectable gene, e.g., an antibody can be used to identify 

a polypeptide product coded for by the, selectable gene, an appropriate ligand can be used 

to identify expression of a receptor polypeptide coded for by the selectable gene, or by 

assaying for expression of an enzyme coded for by the selectable gene. Preferably, the 

selectable marker gene encodes a polypeptide that does not naturally occur in the 

mmaL 

The selectable marker gene can be operably linked to its own promoter or to 

another promoter from any source that will be active or can easily be activated in the cell 
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into which it is inserted. However, the selectable marker gene need not have its own 

promoter attached, as it maybe transcribed using the promoter of the gene into which it is 

inserted. The selectable marker’ gene can comprise one or more sequences to drive and/or 

assist in its expression, including, e.g., ribosom.e-recognition sequences, enhancer 

sequences, sequences that confer stability to the polypeptide or RNA, and/dr a polyA 

sequence attached to its 3’ end to terminate transcription of the gene. 

A. positive selectable marker facilitates selection for recombinants in which the 

positive*  selectable marker has integrated into the target nucleic acid by homologous’ 

recombination. A gene targeting’ vector in accordance with the present invention can also  

further comprise a second selection characteristic coded for by a second selectable gene to 

further assist in the selection of correctly targeted recombinants. A negative selection 

marker permits selection against cells in which, only non-homologous recombination has 

occurred. In one preferred, embodiment, the second selectable marker gene confers a 

negative selection characteristic upon a cell in which it has been introduced. Such 

negative selection characteristics can be’arranged in the targeting vector in such a way that 

it can be utilized to discriminate between random integration events and homologous 

recombination. By the term negative selection, it is meant a selection characteristic 

� which, when acquired by the cell, results in its’ loss of viability (i.e., it is lethal to the cell). 

A nucleôside analog, gancyclvir, which is preferentially toxic to cells expressing HSV .tk 

(herpes siinpix virus thjmidiiie kinase), can be used as a negative selection agent, salt 

selects for cells which do not have an integriited HSV tk selectable marker. PIAU (1,2-

� deoxy-2-fluoro-.alpha.-d-arabinofuransyl-5-iodouracil) can, also be used as a selection 

agents to select for cells lacking HSV tk. Other negative selectable markers can be used 

analogously. Examples of negative selection characteristics and a corresponding 

thymidine kinase (HSV tk) and acyclovir, gancyclovir, or FIAU; Hprt arid 6-tbioguanine 

or 6-thioxanthine; diphtheria toxin; zicin toxin; cytôsine deaminase and 5-flutorocytosine. 

The negative selectable marker is typically airanged on the gene targeting vector 5’ 

or 3’ to the recombinogethc homology regions so that double-crossover replacement 

recombination of the homology regions transfers the positive selectable marker to a 

predefined location on the target nucleic acid but does not transfer the negative selectable 
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marker. Foi example, a 
tic cassette can, be located at the 3’ end of a mu–ie gene, about 

150 base pairs from the 3’ stop codon. More than one negative selectable marker can also 

be utilized in a targeting vector. The positioning of; for example, two negative selection 

vectors at the 5’ and 3’ ends of a targeting vector further enhances selection against target 

cells which have randomly integrated the vetor. Random integration som&imes results 

ir the rearrangement of the vector, resulting in excision of all or part of the negative 

selectable marker prior to random integration. When this occurs, negative selection 

cannot be used to eliminate those cells which have incorporated the targeting vector but 

by random integration rather than homologoui recombination. The use of more than one 

negative selectable marker substantially enhances the likelihood that random integration 

will result in the insertion of at least one of the negative selctabIe markers. For such 

purposes, the negative selectable markers can be the same or different. 

The use of a positive-negative selection scheme reduces the background of cells 

having incorrectly integrated targeted construct sequences. Positive-negative selection 

typically involves the use of two active selectable markers: (1) a positive selectable 

marker (e.g., neo) that can be stably expressed following random integration or 

homologous targeting, and (2) a negative selectable marker (e.g., 
tic) that can, only be 

stably expressed following random integration. By combining both positive and negative 

selection, host cells having the correctly targeted homologous recombination event can be 

efficiently obtained. Pdsitive-negative selection schemes are described, e.g.; in U.S. Pat. 

No. 5,464,764; WO 94/06908. It is recognized, however, that one or more ue.gative 

selectable markers are not required to carry out the present invention, e.g., produce a 

traasgenic animal in which an IFN-32. gene is functionally inactivated or disrupted. 

A recombinant nucleic acid molecule according to the present invention can also 

comprise all or pai’t of a vector. A vector is, e.g., a nucleic acid molecule which can 

replicate autonomously in a hosL cell, e.g., containing an origin of replication. Vectors can 

be useful to perfoxmn manipulations, to propagate, and/or obtain large quantities of the 

recombinant molecule in a desired host. A skilled worker can select a vector depending 

on the purpose desired, e.g., to propagate the recombinant molecule in bacteria, yeast, 

insect, or mammalian cells. The following vectors are provided by way of example. 
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Bacterial: pQE70, pQE60,pQE-9 (Qiagen), pBS, pDlO, Phagescript,X174, pBK. 

Phagemid, pNH8A, pNH16a, pNHISZ, pNH46A (Stratagene); Bluescript KS41[ 
� 

. (Stratagene); ptrc99a, pKX223-3, pKK233-3, pDR540, pRtI’5 (Pharmacia). Eukaryotic: 

PWLNEO, pSV2CAT, pOG44, pXT1, pSG (Stratagene), pSYK3, PBPV, ?MSG, pSVL 

(Pharinacia). However, -any other vector, e.g., plasniids, viruses, or parts thereof may be 

used as long as they are replicÆble’and viable in the desired host. The vector can also 

comprise sequences which enable it to replicate in the host whose genome is to be 

modified. The use of such vector can expand the interaction period during which 

recombination can occur, increasing the targeting efficiency. An example of a gene 

targeting vector that can be used in accordance with the present invention is described in 

Molecular Biology, ed. byAusubel,F.M., et al., Unit 9.1, FIG. 9.16.1 (pNTK). 

In accordance with an aspect of the present invention, the function of an IFN-[2 

gene can be disrupted or knocked out by the insertion of an exogenous or heterologous 

sequence into it, interrupting its function. For example, the exogenous or heterologbus 
� : sequence can be inserted into a region of the UN-P2 gene before its first start codon. The 

nucleotide sequence coding for a selectable characteristic can be inserted into the IFN-2 

� gene in such a manner by homologous recombination so that it is operably linked to the 

endogenous promoter of the N-2 gene. Upon integration of the selectable marker gene 

into the desired predefn.ed position of the UN-P2 gene, expression, of the selectable 

P.characteristic is driven by the endogenous IFN-f32gene promoter, permitting its detection 

into those cells into which it has integrated. 

The selectable marker gene can also be integrated at positions downstream of 3’ to 

the first start codori of the IFN-2 gene. The tFN-(32 gene can be integrated out-of-

reading frame or in-reading frame with the IFN-2 polypeptide so that a fusion 

� polypeptide is inade, where the fusion polypeptide is less active than the normal product. 

� By detecting only. those cells which express the characteristic, cells can be selected which 

contain the integrated sequence at the desired location. A convenient way of carrying  out 

such selection is using antibiotic resistance. In the examples below, neomycin resistance 

� is utilized as the selectable characteristic. Cells grown in the presence of a toxic 

concentration of neomycin will normally die. Acquisition of the neomycin resistance 
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gene by homologous recombination rescues cells from the lethal effect, thereby 

facilitating their selection.. 

The IFN-f32 gene is ls.ocked out or functionally interrupted by the integration. 

event. The insertion of the selectable gene ahead of the MN-P2 coding sequence 

effectively isolates it from a promoter sequence, disabling its expression.. If the selectable 

gene contains a transcription terminator, then transcription of the gene using theN-2 

promoter will terminate immediately after it and will rarely result in the transcription of 

the 1:FN-p2 coding sequence. The IFN-2 gene can also be 1ocked out by a deletion 

without a replacement, such as a site-directed deletion: of a part of the gene. Deleted 

regions can, be coding regions of regulating regions of the gene. 

A IFN-132 gene can, be modified at any desired position It can be modified so that 

a truncated IFN-2 polypeptide is produced having one dr more activities of the complete 

2dion(s) can, be removed from the recombinant gene. In the example, a 

neomycin cassette replaced e,-cons of the mouse IFN-J32 gene to functionally inactivate it. 

The neoinycin cassette can, be subsequently removed from the N-2 gene, e.g., using a 

recombin.ase system.. The Cre-lox site-specific recombination system is especially useful 

for removing sequences from a recombinant gene. To utilize the Cre-lox system, 

reconibinase recognition sites are integrated into the chromosome along with the 

�selectable gene to facilitate its removal at a subsequent time.’For guidance on 

recombinase ex.cis.on. systems, see, e.g., U.S. Pat. Nos. 5,626,159, 5,527,695, and 

5,434,066. See also, Orban, P.C., et al., "Tisue-and Sits-Specific DNA Recom.bination in 

.Transgenic Mice", Proc. Nati. Acad. Sci. USA, 89:6861-6865, 1992  O’Gorman, S., et al., 

"Recombinase-Mediated Gene Activation and. Site-Specific Integration in Mammalian 

Cells", Science, 251:1351-1.355, 1991; Sauer, B., et al., "Cre-stimulated recombination at 

ioxP-Con.thiriirig DNA sequences placed into the mammalian gen.ome", NucL Acids Res., 

17(�1):147-161, 1989. 

For other aspects of the nucleic acids, reference is made to standard textbooks of 

rnoleciiLir biology. See, e.g.,’ Davis et aL, Basic Methods in Molecular Biology, Elsevir 

Sciences Publishing, Inc., New York, 1986; Hames et al., Nucleic Acid Hybridization, IL 
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Press, 1985; Sambrook et al., Molecular Cloning, CSH Press, 1989; Howe, Gene Cloning 

and Manipulation; Cambridge University Press, 1995. 

XAMPLES 

Expression and Purification of IPN-f32. Purified WN-32 was co npared to EFN-!31b by 

� SDS-PAGE. JFN-ç32 has an apparent molecular weight of 26 kDa as determined by SDS-

PA.GE,.while ’N-13lb has an apparent molecular weight of approximately 20.5 kDa. 

Method: PCR primers (5’-GGAATT CCT ACT ACC TCG GGC TTC TAA-31 and 5’-

GCG CGC GCA TAT GT AGA TIT GAA ACT GAT TAT-3’) were designed to 

amplif’ the coding region o’WN-, minus the signal sequence, from a human genomic 

DNA preparation for subsequent ligation into an. )PTG inducible pet5a expression vector 

(Promega Corp). After induction, LFN-f32 was isolated from E. coil inclusion bodies and 

solubilized using Zwittergent 3-14 (Russell-Harde et al., J. Interferon Cytokine Red., 15 

31-37,1995). Purificition of IFN-132 from solubilized inclusion bodies was achieved by 

using ion exchange chromatography followed by size exclusion chromatography. The 26’ 

kDa band corresponding to IFN-f32, was eluted from the SDS-PAGE gel and analyzed by 

.N-teiiinal protein squenciug The first 10 amino acids corresp.onded. to those expected 

for IPN-p2.’ Furthermore, cyanogen bromide digestion was performed yielding several 

fragxnents which were sequenced and found to have the predicted protein sequences, 

demonstrating that the full protein has been successfully expressed and purified. 

Activation of an Interferon Dependent LSRE-.Luciferase Reporter by XFN-32. T98G 

cells were transfected with a plasxnid containing an. ISRE-Luciferase construct and a 

stable clone expressing the construct was isolated. 3X104 cells were plated overnight and 

purified IFN-t32 was added at the indicated concentrations.. Alter four hours, the cells 

were assayed for luciferase activity using a luOlferase assay kit as described in the kit 

protocol (Proniega Cat. #E1501.). IFN-f32 specifically, activated the interferon dependent 

ISRE reporter. See Fig. 6. Utilizing this assay, IFN-2 demonstrated functional 

properties similar to those of IFN-0 lb. 
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Inhibition of Binding of IM-P2 to the Human Type I Interferon Receptor with an 

antiITSt02 Mouse Polyclonal Antibody. A peptide corresponding to the unique C-
� ’terminal region of UN-P2 (KLSKQGRPLNDMKQEL’ITEFR) was synthesized; coupled 

to ICE and used to immunize Swiss-Webster mice for a total of four immunizations over 

to months. Afterirom’unization, sera was collected and shown to contain antibodies , 

� which specifically bind WN-132. Furthermore, the anti-N-32 sera blocked the induction 

of an IFN dependent ISRE-Luciferase reporter by IFN-2. Utili7frtg this assay, WN-132 

demonstrated functional properties similar to those ofIlN-f3lb. 
� ’ Method: 3X104 cells were plated overnight and 20 n of IFN-132 was added either in the 

presence of anti-NN-P2 sera or normal thouse sera for four hours and then assayed for the 

� presence of induced luciferase using a luciferase assay kit and the stan:dard protocol from 

Promega Corp. See :Fig. 7. � . 

� The EfTect of EFN-1b and IFt-.2 on Human HT1OSO Cell Proliferation. N-lb 

and LFN-f32 have an antiprolifrative effect in both the HT1080 cells and 

� HT1OSOIFNAR2c cells. This was evident in both the A1arnarBlue assay panels (Figs. SA 

and B) as well as by visual inspection.. The autiproliferative effect correlated with an 

increase in receptor number as evidenced by an increased effect in the HT1OSOtFNAR2c 

cells, which have five times the number of lEN binding sites, when compared to the 

HT1080 cells. Utilizing this assay, IFN-132 demonstrated functional properties similar to 

those oflFN-[31b.  
� Method: HTIOSOLFNA.R2c cells are HT1080 cells which over express LFN.AR2c. These 

cells exhibit a five fold greater number of binding sites for lEN than the parental HT1080 

� cells. 2-5X104 cells/nil were plated ovmight and either unstimulated, or stimulated with 

� I .i.g/rn1, 500 ng/ml, 200 ng/m1 or 50 ng/ml of TN-P2. However; H 1080 cells were 

stimulated with 1 p.g/ml, 500 .ng/ml or 200 ng/m1 of)PN-, while HT108O1FNAR2c cells 

were stimulated with 500 ng/ml, 200 zig/nil or 50 zig/mi of IFN-(3. Alarnar Blue (U.S. 

Patent No. 5,501,959) was used to measure cell proliferation using the standard protocol, 

and photos were taken at each time point of a representative field. Media containing 

� interferon.was replaced daily. All treatments were done in triplicate. See Fig. 8. 
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Autiprol.iferative Activities of It-2 on Hunmn HT1080 Cells as Measured by Short 

Terni 3[H1 Thyniidine Incorporation. Incorporation of 3[H] thymidine was measured 48 

hours after addition of TN-P2 (stried column) or buffer control (filled colun). 3M 

thymidine incorporation is presented as CPM incorporatedll0’cells. Data (Fig. 9.) 

represent mean values of n. = 3 and variations between replicates wi ere less than 15% 

]FN-132 decreased thymidine incorporation significantly, e.g., by about 86%. Utilizing 

this assay, IFN-f32 demonstrated functional properties similar to those of DN-P lb. 

Methods Cells were seeded (2X104 cells/well) in a 24-well cell culture plate, incubated 

overnight and then stimulated with N-2 (1 ig/thl) for 24 hours. Cells were then 

4 incubated in complete mdia containing ’M thymidine ([rnethyl-3H] thymidine, specific 

Oactivity =40-60 Ci/mmol, Amershaan Life Science) and harvested after 24 hours: Cells 

were washed with phosphate-buffered.sa1ine (PBS), followed.by 10% trichioroacetic 

(TCA) acid and 100% ethanol. Prior to detennhifr’g incorporation of radioactivity, cells 

were solubilized in 1M potassium hydroxide and mixed with Ecoluine scintillation fluid. 

� Type I ON Receptor Activation by Th’N-2. IFN-32 induced tyrosine phosphorylation 

of the IFNAR2c receptor chain of the human type I ]PN receptor.. Cells were either 

�unstimulated (unstim.) or stimulated wit human IFN-2, IFN-f3lb or IFN-2 (1-000 - 

2000 relative units./ 106 cells for 15 minutes). Pbpsphorylation was obsrved in thern 

presence but not absnÆe of interferon. Utilizing this assay, IFN-(32 demonstrated 

functional properties similar to those ofIFi1-(3lb 

Methods: Daudi cells expressing IENA.2c (5X107 cells) were solubi]ized in lysis buffer 

� (20 mM Tris-HCl, pH 7.5, containing 1% Nonidet-40 (v/v) (NP-40), 150 mM sodium 

chloride, 1 mM PDTA, 2.5% glycerol (vbi), 1.0 mM sodium fluoride, 1.0 mM sodium 

orthovanadate, 1.0 mM phenyhnethysulfbnyl fluoride (PMSF), 0.5 p.glinl leupeptin and 

5.0 }.Lgfrnl trypsin inhibitor) for 30 minutes at 4°C and insoluble material was removed by 

centrifugation. For irninurioprecipitation IFNAR2c antisera (+) or negative control 

antisera (-) was added to each sample, incubated overnight, mixed with Protein-G agaroSe 

(Boebiinger-Manniaeim), and resolved. by SDS-PAGE (10% Novex gels). Proteins were 

� transferred to polyvinylidene difluoride filters (Pro-Blot) and incubated in blocking buffer 
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(20 mM Tiis-HC1, pH 7.5 containing 0.1% Tween 20 (vlv), 150 mMsodium chloride, 1. 

mM EDTA, 1.0 mM sodium fluoride, 1.0 mM sodium orthovanadate, 1.0 mM PMSF, 0.5 

� . p.g/rni leupeptin and. 5.0 g/m1 trypsin inhibitor) overnight at 41C, incubated with an anti-

phosphoyTosine antibody (ab PY99, Santa Cruz Biotechnology, Inc. Santa. Cruz, CA) 

antibody and washed in blocking buffer. Following washing, the membrane was 

incubated, with a specific second antibody (1:1000 dilution) coupled to horseradish 

peroxidase (ER.P) for 1 hour, washed 3 times in blocking buffer and developed using a 

cherulirnihiescent detection method (Pierce).  

STATI and STAT2 Activation in Daudi Cells by Stimulation with flN-J32. Daudi. 

cells were stimulated. with IFN-plb or LFN-f32 (1000.- 2000 relative unis/106 cells) for 15 

minutes, solubilized in lysis buffer and STAT 1 and STAT2 were immunoprecipitated. 

Following irnmunoprecipitation, tyrosine phosphoryltion of STAT1 and STAT2 was 

detected using a phosph.otyrosine specific antibody, for both IFN types. Utilizing this 

assay, IFN2 demonstrated functional properties similar to th6se of IFN-43 lb. 

Methods: Daudi cells (1X1(Y cells)’weresolubilized in lysis buffer (20 mM Tris-HC1, pH 

7.5, containing 1% Nonidet-40 (v/v) (NP-40), 150 mM sodium chloride, 1 mM EDTA, 

2.5% glycerol (v/v)3 1.0 mM sodium fluoride, 1.0 mM sodium orthovanadate, 1.0 mM 

.phenyhnethysulfonyl fluoride (PMSF), 0.5 p.g/ml leupeptin and 5.0 p.g/ml trypan 

inhibitor) for 30 minutes at 4°C and insoluble material was removed by centrifugation. 

For immunoprecipitation, STAT 1 and. 2 antibodies (Statl p91 and Stat2 (C-20) 

respectively, Santa Cruz Biotechnology, Inc. Santa Cruz, CA) were added to each sample, 

incubated overnight, mixed with Protein-G agarose (Boehringer-Mannheim), and resolved 

by SDS-PAGE (10% Novex gels). Proteins were transferred to polyvinylidene difluoride 

filters (Pro-Blot) and incubated in blocking buffer (20 mM Tris-HO, pH 7.5 containing. 

0.1% Tween 20 (v/v), 150 ruM sodium chloride, 1 mM EDTA, 1.0 mM sodium fluoride, 

1.0 mM sodium orthovanadate, 1.0 ruM PMSF, 0.5 .tg/ml leu.peptin and. 5.0 p.g/ml trypsin 

inhibitor) overnight at 4°C, incubated with an anti-phosphotyrosine antibody (PY99, Santa 

Cruz Biotechnology, Inc. Santa Cruz, CA) and washed in blocking buffer. Following 

washing, the membrane was incubated with a specific second antibody (1:1000 dilution) 
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coupled to horseradish peroxidase (HRP) for 1 hour, washed 3 times in blocldng buffer 

and developed using a cherniluinin.escent detection method (Pierce). 

Antivfral Activity of LFN-02 and XFN-131b. Human WISH cells were stimulated with 

either IFN-1b or WN-p2 followed by infection with vesicular stomatitis vfrus (YSV). 

Viral cytopathic effect (CPE) was measured using the redox dye Alamar Blue. Units of 

antiviral activity corresponding to IFN- lb are plotted along the X-axis. Specific antiviral 

activity of IFN-p2 was determined to be 40-8 OXlO6 International Units ("IU") per mg 

See Fig. 10. Utilizing this assay, IFN-j32 demonstrated functionalroperties similar to 

� those ofI’N-f3lb. � 

� Methods: WISH cells (30,000 cells/well) were plated in 96-well Falcon microtiter plates 

and allowed to attach overnight. Cells were stimulated with ITN-f3lb (1000 Iii in first 

well; specific activity= 2.5Xl07 Ii/ml) or IFN-2 (1 p.g in first well), diluted 1:1 across 

the plate, for 6 hours followed by addition of VSV (7X103 plaque forming units/well, 

� (PPUs)) for 18 hours. Following incubation, media was removed, and 100 p.1 of Alarnar 

Blue (Biosource International) (1:10 dilution of the manufactures supplied stock solution 

in media) was added to each well After incubation for 30-60 minutes at 37 C, CPB was 

detennined by measuring the absàrbance at 600 nm. 

JFN-2 Competes with UN-a2 for Binding to the Type I IFN Receptor on HT1OSO 

� cells. IX100 HI1080 cells* were incubated for 90 minutes with 15 nWmiP.4a1e1edWN-

2 (Pestka Biomedical #51100) in full cell culture media (10% PBS, DMEM). After 

� incubation, the cells were washed twice with cell culture media, solubilized in. 1% SDS, 

� inbŁed with scintillation fluid and counted. 15 p.g/rnl IFN-(32 competed more than 90% of 

the labeled IFN-f32 bound to HT1080 cells.. Assays were performed in triplicate and 

� standard: deviations were less than. 10 percent. See Fig. 11. 

Competitive Binding of IFN-{32 to the Type IXFN Receptor on Dauth cells. 

Competitive ligand binding assays are performed with a phosphorylated form of IFN-c2. 

The ligand is phosphorylated. (specific activities of 60-62 p.Ci4ig) as described in Croze, 
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E., et al., J. Blot. CJiem., 271:33165-33168, 1996. Binding data are analyzed described in 

� Scatchard, G., Ann. N. 1. Acad. ScL, 51, 660-672, 1965. Nonspecific binding is 

determined in the presence of 100-fold excess of unlabeled UN. Competitive binding of 

different tFNs is determined by incubating increasing amounts of unlabelled IFN-c2,WN-

J31b or tFN-f2 with a constant amount of phosphorylated IPN-c2. Utilizing this assay, 

IN-2 demonstrates fimctional.properties similar to those of IFI>T-13 lb. 

IFN-P Specific Assembly of the Type .1 IFN Receptor. TN-1b interacts with the type I 

WN receptor in arnanner distinguishable from IFN-c2. Utilizing this assay, tFN-32 

demonstrates functional properties similar to thoseofIFN-1b. 

Methods: Cells (1X10) are stimulated with I’Ns at a concentration of 200 1(3/106 cells at 

37-C for 15 minutes in a CO2 incubator. After treatment, cells are quickly harvested at 

4C by centrifu.gation (3000 x g, 3 minutes) and immediately solubilized in ice cold lysis 

� buffer (100 mM Tris, pH 8.0, containing 150 mM NaCl, 10% glycerol (v/v), 1% NP-40 

� �. (vlv), 1 mM orthovanadate, 1 mM sodium pyrophosphate, 1 mM sodium fluoride, 1 mM 

EDTA, 1 mM phenylmethylsulfonyl floiaride, 5 p.g/ml leupeptin and 5 p.g/ml trypsin � 

inhibitor). The lysate is cen.trifaged (16,000 x g, 30 minutes) at 4C and the supernatant is 

collected. � Cell lysates are immunoprecipitated using anti-IFNAR1 antibodies, as 

described in Croze, B., et al., J. BioL Cliein., 271, 33165-33168, 1996, 0rIFNAP2.2 rabbit 

� pàlyclonal antiseia(i0 p.1 of antisera/108 dells), followed by SDS-PAGE analysis using 

Nove 8% Tris-glycine gels. After electrophoresis, proteins are transferred to 

� � polyvinylidene fluoride (PVDF) filters (Pro-Blot) and blocked with 20 mM Tris, pH 8.0, 

containing 150 mM NaC1, 1 mM orthovanadate, 1 mM sodium pyrophosphate, 1 mM 

sodium fluoride, 1 mM PMSF, and 0.1% Tween 20 overnight at ambient temperature. 

The filters are subsequently incubated with antibodies directed against IFNAR1 (40H2, 

� 0.1 p.g/ml, as described in Croze, B., et al., J. Biol. Chein., 271, 33165-33168,1996) or 

� ]FNAR2 (10 p.1 antisera/lU ml blocking buffer) for 2 to 3 hours at ambient temperature 

� 
� followed by four 10 minute washes with blocking buffer. The washed filter is then 

� incubated with the corresponding horseradish peroxidase (ERP) conjugated second 

antibody for 2 to 3 hours at ambient temperature, washed and developed using 
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� Preferential Induction of Genes by Different Classes of In–erferons. Interferons 

induce overlapping, distinct sets of genes in cultured cells. Dandi or IT1030 cells are 

stimulated with either human IFN-a2 (1000 IU/106 cells), IFt’t-!31b (1000 IQ/10’ cells), 

UN-y (1000 RI/106 cells), orIFN-2 (1000 ItJ/106 cells) for 17 hours, and, whole cell 

pellets collected and processe4 for TaqManfi analysis as described in the TaqManfi Gold 

RT-PCR Protocol Manual, Applied Biosystem.s, Perkin-Elmer Corporation P/N 402876 

Rev. A 1997. For RNase protection assays of gene expression, cells ’are stimulated and 

harvested as described in Sandhya, R. et al., J. Blot. Chem., 271,22878-22884, 1996. 

� Genes preferentially induced by i’N-f3 lb are normalized to the expi’ession. of JSG 6-16, a 

� gene induced equally by EN-a àndtE-. Utilizing this assay, LFN-(32 demonstrates 

� functional properties similar to those of 1fl4-f3 lb. 
’ 

- AntiproUferation of human fetal astrocytes in response to IFN-p2. Astrocytes 

contribute to the development of MS legions, and here we show that IFN-(32 inhibits the 

proliferation of human fetal astrocytes in. vitro. This observation suggests that lEN. 132 can 

act as a growth regulator of astrocyte proliferation and therefore prevent the formation of-

reactive gliotic lesions in MS. Utilizing this assay, UN-P2 demonstrated functional 

properties similar’to those of tFN-1.b. 

Methods: , 

(A) Preparation of astroglial cultures: Astrocyte enriched cultures from fetal human 

brains were prepared from 2 different fetal brains of 17-22 weeks gestation. Tissue was 

obtained from Advanced Bioscience Resource Inc. following legal therapeutic abortion. 

After the meninges were removed, the brains were dissected and dissociated into single 

cell sispension by gentle pipeting followed by passing them through sieves. Cells were 

resuspended in Iscove’s media containing 10% FCS in the presence of an antibiotic 

cocktail containing penicillin streptomycin and fungizone, and microglia were removed’ 

every day for a week by a differential adhiou technique. Astrocytes were then grown 

for at least 8-10 weeks and fed twice awek. çntmnating  microglia, nei oris and 
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oigodendrocyte progenitors cannot survive these long-term culture conditions. At the end 

� of this period cultures were stained with GFAP, 04 and n.estin antibodies and coTiflmied 

to be more than. 95% pure atrocytes. Cultures were frozen in liquid N., before they were 

used for proliferation assay. 

(B) Proliferation assay: Astrocytes were started from the frozen stock and grown in th 

above-described media for at least two passages -before they were used for the 

proliferation assay. Cells were plated in 96-well plates at 2X104 cells/mi with or without 

10 ng/m1 EGF (R&D Systems). The assaywas performed in low serum niedia (2% FCS) 

� Cultures were treated with IEN-J32 (1 mg/ml stock) or a buffer control at the indicated 

� dilutions. After 4 days of incubation cultures were incubated overnight with 3H-

Thymidine,an.d the plates were frozen before harvesting. 

� Activity of tFN-132 in. Rodent Models of Multiple Sclerosis. Experimental allergic 

encephalomyelitis (EAB) is widely used as an animal model for multiple sclerosis 

(Swanborg, G., Clin. Jjnrnunol. ImmunopathoL, 77,4-13, 1995; Martin, R. and McFarland, 

H., Sprihger Seinin. ImmunopathoL, 18, 1-24, 1996). IN-lb shows in vivo efficacy in 

these relevant MS models. Utilizing these models, IN-f32 dmonstratesfun.ctional 

properties similar to tlths of JFN-(3lb. . 

Methods: 

(A) Passive transfer experimental allergic encephalomyelitis in SJL mice: 

Animals and materials: S week oldfemale 9JL mice (Jackson Laboratories); RPMI 1640, 

. 
with L-glutamine and 25 mM IEPES, 1X, 0.1 micizon filtered (Life Technologies, Cat # 

� 22400L089); PBS, .defined (Hyclone, heat inactivated, Cat # SH30070.01); IvIEM Non-

essential amino acids solution, 10 mM, 100X (Life Technologies, Cat# 11140-050); 2-

mercaptoethanol, 1000X, 5.5Xl021v1 in D-PBS (Life Technologies, Cat # 21985-023); 

� Penicillin/Streptomycin, 10,000 U4ig per ml (Bio-Whittaker,* Cat # 17-602 E); Hanics 

Balanced Salt Solution, 1X, 0.1 micron filtered (Life Technologies; Cat #24020-117); 

Experiment 8-week-old female SJL mice are immunized with 0.1 ml subcutaneous 

� (divided between base of tail and upper back) injection containing 150 p.g proteolipid 

� protein (1’PLP") in complete Freund.’s adjuvant ("CPA") with 200 p.g M. tuberculosis 
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H37Ra(groutd). 11 days later, axial, brachial and iiiguinal lymph node ells are excised 

from the mice and cultured at 6X10’ cells/mi in the following media (to 450 ml RPMt 

1640 (’with L-glutamine plus E:EPES) add 50 ml PBS, 0.455 ml 2-mercaptoethanol, 5.0 nil 

Pen/Strep and 5.0 ml non-essential amino acids. Add PLP to the cellsto obtain a final 

concentration of5op.gJrni. Cells are incubated for 72 hours at 37°C, 7% CO.,. Cells are 

harvested and. washed twice in HBSS. Viability of the lymph node cells is assessed by 

Trypan. Blue exclusion.. The concentration of lymph node cells is adjusted to 4x107 cells 

per nil. 2X107 lymph node cells are injected intraperitoneaily (dose volume = 0.5 nil) per 

mouse into naive S. week old female 5Th mice, The mice are weighed and scored daily. 

Treatment with IFN-2 and IFN-f3lb is administered as needed. Clinical evaluation (RAE 

score/symptoms): 0/normal; 1/limp tail; 2/difficulty righting; 3/incomplete paralysis of 

one or both hind limbs; 4/complete paralysis of one or both hind limbs; 5/immobile, 

moribund or dead. . S 

(B) Acute experimental allergic encephalomyelitis inLewis rats: 

Animals and materials: female Lewis rats (Charles River), immunized at S weeks of age; 

spinal cord homogenate preparation (from male Hartley guinea pigs, Simonsen Labs, 

Gilroy): 0 

500-700 gram guinea pigs are euthaxiized. with CO2. The spinal cords are removed using 

sharp bone scissors to cut the vertebrae, rinsed in saline, blotted once, and stored at -80°C. 

� until the day of use Spinal cords are then weighed and homogenized with saline at I g/ml 

� of saline; atigen emulsion: guinea pig spinal cord homogenate is mixed 1:1 with CPA 

(Difco. Detroit, Michigan) with I rug/mi Mycobacterium tuberculosis (ground with a 

mortar and pestle). 0.05 ml is injected into each bind limb footpad for a total of 0.1 ml per� 

rat. Experiment: rats are inimunized with a single bolus injection on day 1. Rats are 

weighed and scored daily. Treatthent with. UN-P2 and IFN-lb is administered as 

needed.. Clinical Evaluation (RAE score/symptoms): 0/normal; I/limp tail; 2/incomplete 

paralysis of one or both hind limbs; 3/ complete paralysis of one bind limb or both hind 

limbs can move but do not help in movement of the body; 4/complete paralysis of both 

hind limbs; 5/complete paralysis of hind limbs and weakness of one or both forelimbs or 

moribund, or death. 
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The preceding description, utilize the present invention to its fullest extent The 

preceding preferred specific embodiments are, therefore, La be construed as merely 

illustrative, and not limiting the remainder of the disclosure in any way whatsoever. The 

entire disclosure of all applications, patents and publications, cited above 
and in the 

ægures are hereby incorporated by reference in their enrety. 

� 

0 
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� What is claimed: 

1. A pharmaceutical composition, useful in treating multiple sclerosis in mrnmais, 

which composition, comprises a pharmaceutically acceptable excipient and a 

therapeutically effective amount of a human ]FN-2 polypeptid.e of Fig. 2, a biologically-

active fragment thereof; or a biologically-active derivative thereof. 

2 The pharmaceutical composition of Claim 1 wherein the mammal in need 

thereof is a human. 

3. A method of administering to a mammal in need thereof a pharmaceutical 

� composition useful in multiple sclerosis in mammals, which compositidn comprises a 

� pharmaceutically acceptable excipient and a therapeutically effective amount of a hnniii � 

NN-P2 polypeptide of Fig. 2, a biologically-active fragment thereof, or a biologically-

active derivative thereof. S 

4 The method of Claim 3 wherein the marunial in need thereof is a human 

� S. A pharmaceutical composition useful in treating multiple sclerosis in 

mammals, which composition, comprises a pharmaceutically acceptable excipient and a 
- � 

therapeutically effective amount of a hutan IN-42 polypeptide, a biologically-active 

fragment thereof; or a biologically-active derivative thereof. 

6. A method of administeriug to a mammal in need thereof a pharmaceutical 

composition useful in multiple sclerosis in mammals, which composition comprises a 

� pharmaceutically acceptable excipient and a therapeutically effective amount of a human 

]FNf32 polypeptide, a biologically-acfive fragment thereof; or a biologically-active 

derivative thereof. 
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NOVEL INTERFERON FOR THE TREATMENT OF MULTIPLE SCLEROSIS 

ABSTRACT 

WNI2 WNtI IFNce 

This invention relates to novel nucleic acids and polypeptide seqoences, which code for an interferon-beta-2 
A pharmaceutical composition, which comprises a pharmaceutically acceptable excipient and a therapeutically 

effectimount of a human U4.2 polypeptide, biologically-active fragment thereof,or bioIoically-ucLivu derivative thereat, 

is 

user*treating multiple sclerosis in humans. 
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mediante pruebas de rutina. 

El IFN-02 es un polipØptido de longitud completa de mamifero que 

comprende una secuencia de aminoªcidos quo se puede obtener do una fuente 

natural 
y 

quo presenta una a varias de las bloactividades mencionadas 

previamente. Puede tener la secuencia que so muestra en la Figura 2, con un 

marco de lectura abierto que comienza con un codOn de iniclo 
y 

final iza con un 

codOn de terminación. lncluye secuencias normales naturales, mutantes 

naturales 
y polimOrficas naturales, incluyendo polimorfismos do un solo 

Vr 

nucleOtido (SNP), etc. Las fuentes naturales incluyen, por ejemplo, cØlulas 

vivas, tales como las quo se obtienon do tejidos u organismos complotos, 

Ilneas celulares cultivadas, incluyendo Ilnoas celulares primarias e 

inmortalizadas, tejidos de biopsias, etc. 

La presente invenciOn tambiØn se relaciona con fragmentos de un IFN-

2 de mamifero. So prefiere quo los fragmentos sean "biolOgicamente activos". 

El tØrmino "biolOgicamente activos" significa que el fragmento de polipØptido 

presonta actividad en un sistema viviente o en componentos de un sistema 

viviente. Las actividades biolOgicas incluyen las que ya so mencionaron, por 

ejemplo, bioactividad lFN-2 
y 

actividad inmunogenica especIfica de IFN-p2. 

Los fragmentos se pueden preparar de acuerdo con cualquier mØtodo deseado, 

incluyendo, sIntesis quimica, manipulaciOn mediante ingeniorla genØtica, 

productos de clivaje, etc. Un fragmento biolOgicamente activo de un lFN-2 

incluyo polipØptidos en los cuales hubo supresiOn o modificaciOn de secuencias 

de aminoÆcidos ya sea par el extremo carboxilo a amino terminal do la 

proteIna. 

Preferentemente, se oxcluyen los Æcidos nucleicos, 
y 

fragmentos de los 



mismos, de las Figuras 12 y 13. Se prefiere asimismo excluir los polipØptidos, y 

fragmentos de los mismos, de la Figura 14. No obstante, no se excluyen los 

polipØptidos que contienen o comprenden estas secuencias, por ejemplo, el 

IFN-2 de longitud completa; un polipØptido que posee dos o varios de los 

fragmentos mencionados o un polipØptido que contiene uno de los fragmentos 

mencionados y secuencias de aminoÆcidos adicionales, ya sean del lFN-2 o 

de otra fuente. 

La presente invenciOn tambiØn se relaciona con un lFN-2 que posee la 

secuencia deducida de los aminoÆcidos I a 208 que se muestra en la Figura 2. 

El peso molecular calculado es do aproximadamente 23.000 daltons y el punto 

isoelØctrico predicho es do 8,1. Es una protelna estable en medio Æcido con un 

peso molecular de 26.000 daltons aproximadamente medido por SDS-PAGE. 

La forma no glicosilada producida en E. coil tiene un peso molecular de 20.500 

daltons aproximadamente. VØase, mÆs adelante en los ejemplos. 

Tal como se muestra en la Figura 2, tiene una secuencia seæal predicha 

que comprende los aminoÆcidos -1 a -21, dos sitios potenciales de N-

glicosilaciOn que comprenden los aminoÆcidos 74-77 y 83-86, y residuos de 

cistelna en los aminoÆcidos 32, 142 y 154. Se predijo la formaciOn de un enlace 

disulfuro entre los residuos do cisteIna 32 y 142. Comprende una hØlice A en 

� las posiciones do aminoÆcidos 7-24, una hØlice B en 55-69, una hØlice C en 83-

95, una hØlice D en 118-134 y una hØlice E en 143-158. 

El lFN-2 maduro se refiere a un IFN-p2 quo no contiene los 

aminoÆcidos -1 a -21 coma se muestra on la Figura 2 y quo es de 187 

aminoÆcidos do longitud. TambiØn posee una extension ünica de 18 

aminoâcidos en el extremo C terminal cuando se compara con otros tipos do 
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interferon conocidos. Dicha extensiOn se puede usar como marcador para IFN-

t32, tanto a nivel de nucleOtidos como de aminoÆcidos, y se puede fusionar a 

polipØptidos heterOlogos. 

El polipØptido IFN-2 de la invenciOn que posee, por ejemplo, la 

secuencia de aminoÆcidos que se muestra en la Figura 2, se puede analizar 

mediante cualquier mØtodo adecuado para identificar otros dominios 

estructurales y/o funcionales en dicho polipØptido, incluyendo regiones que 

abarcan la membrana o regiones hidrofObicas. Ademâs, el potipØptido lFN-32 

pse puede analizar mediante los mØtodos que se describen, por ejemplo, en 

. Kyte y Doolittle, J. Mol. Biol., 157: 105, 1982; EMBL Protein Predict; Rost y S 

Sander, Proteins, 19: 55-72,1994. 

Se pueden obtener otros homOlogos de los lFN-32 de la presente 

invenciOn provenientes de fuentes de mamIferos y que no son de mamiferos 

utilizando diversos mØtodos. Por ejemplo, por hibridaciOn con oligonucleOtidos 

(por ejemplo, con cebadores para ampUficar la region de terminaciOn -5’-ATG 

AU ATC MG CAC TTC UT GGA-3’ y 5’-CTA CCT CGG GCT TCT AAA CTC 

TGT-3’). Los cebadores utilizados para la expresiOn en E. coil fueron -5’-GGA 

AU CCT ACT ACC TCG GGC UC TAA-3’ y 5’-GCG CGC GCA TAT OCT 

P AGA TTT GM ACT OAT TAT-3’. Para seleccionar homOlogos, los cebadores 

40 para la secuencia de longitud completa conocida, incluyendo Ia secuencia 

genOmica no traducida 5’ y 3’, que se pueden emplear son -5’-TTT AGO TGA 

CAC TAT AGA AT-Ty 5’-TAA MT GGA TAG MT ATA TAA-3’-, por ejemplo, 

como se describe en Sambrook et at., Molecular Cloning, CapItulo 11, 1989. 

Dichos homOtogos pueden tener valores de identidad y similitud variables de la 

secuencia de nucleótidos y de aminoÆcidos con el IFN-f32. Los mamIferos 



incluyen, por ejemplo, roedores, ratones, ratas, hamster, monos, cerdos, vacas, 

caballos, perros, gatos, etc. Los organismos que no son mamiferos incluyen, 

por ejemplo, vertebrados, invertebrados, cebrita, pollos, Drosophila, C. elegans, 

Xenopus, levadura, tat como S. pombe, S. cerevisiae, ascÆridos; procariontes, 

plantas, Arabidopsis; CrustÆceos, artemia, virus, etc. Para seleccionar los 

oligonucleOtidos para la hibridaciOn, se debe emplear un mØtodo efectivo. Por 

ejemplo, se pueden identificar regiones especIficas del lFN-32 por comparacion 

del lFN-2 de la presente invención con otros tipos de lFN-2 y sefecciOn de 

paquellas secuencias de aminoÆcidos que solamente aparecen en el primero (es 

. decir, no conservadas o "especificas del" lFN-32). VØase, por ejemplo, en la 

Figura A donde se muestran regiones conservadas y no conservadas entre los 

diferentes tipos de interferones. Se pueden seleccionar las secuencias de 

aminoÆcidos no conservadas (por ejemplo, KSLSP) y luego se pueden diseæar 

sondas degeneradas basadas en dichas secuencias. VØase, ademÆs, 

Venkataraman et al., Proc. Nat!. Acad. Sc., 96: 3658-3663, 1999. Se pueden 

hallar otras secuencias de aminoÆcidos especIficas (es decir, no conservadas) 

y/o conservadas utilizando mØtodos de rutina, por ejemplo, mediante bUsqueda 

en una base de datos de genes/protelnas con los conjuntos de programas para 

computadora BLAST. 

La invenciOn tambiØn so relaciona con secuencias de aminoÆcidos 

especIficas de lFN-2, por ejemplo, una secuencia de aminoÆcidos definida 

presente en la secuencia particular que se muestra en las Figuras 2 y 4, pero 

no en otros tipos de interferon. Los polipØptidos preferidos son do at menos 

ocho aminoÆcidos contiguos aproximadamente, por ejemplo, de 

aproximadamente 9, 10, 12, 15, 20, 21, 22, 25, 30, 40, 50, etc. Dichos 



polipØptidos pueden comprender, por ejemplo, KHFFGTV, IIFQQRQV, KSLSP, 

FRAM, AEKLSGT, CLFFVFS, y QGRPLNDMKQELTTEFRSPR, y fragmentos 

de los mismos. La secuencia o motivo de aminoÆcidos especIfico de IFN-02 

puede ser do utilidad para producir pØptidos que actuarªn como antIgenos en 

la generaciOn de una respuesta inmune especifica de los mismos. Los 

anticuerpos obtenidos con dicha inmunizaciOn se pueden usar como una sonda 

especifica para una proteina IFN-p2 do mamIfero con fines de diagnóstico o de 

investigaciOn, inclusive como marcadores de expresiOn. 

Como ya se mencionó, los polipØptidos de la presente invención pueden 

. comprender diversas secuencias do aminoÆcidos para un lFN-2 (por ejemplo, 

una secuencia de longitud completa, es decir, que posee un codón de inicio y 

de terminaciOn como se muestra en la Figura 1, una secuencia de aminoÆcidos 

madura (es decir, donde el polipØptido IFN-j32 es producido como un precursor 

que serÆ procosado en un polipØptido maduro, o fragmentos del mismo). Los 

fragmentos que son de utilidad incluyen, por ejemplo, fragmentos que 

comprenden, o que consisten esencialmente do, cualquiera do los dominios 

mencionados proviamente y secuencias de aminoÆcidos especificas o 

consorvadas, tal como las que so muestran en las Figuras 2 y 4. 

0 El fragmento de un polipØptido de lFN-2 de la presente invenciOn so 

puede seleccionar para quo tenga una actividad biolOgica especifica, por 

ejemplo, actividad antiviral, inmunomoduladora, anticrecimiento, etc. La 

mediciOn de estas actividades so puede Ilevar a cabo como es de conocimionto 

para el ospecialista. VØase, mØs adelante. Estos pØptidos tambiØn se pueden 

identificar y preparar como se describe en la publicaciOn EP 496 162. 

El polipØptido de la presente invención tambiØn puede tenor un 100% 0 
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menos de identidad de secuencia de aminoÆcidos con la secuencia de 

aminoÆcidos que so muestra en la Figura 2. A los fines de la siguiente 

descripcion, la identidad de la secuencia se refiere al mismo nucleOtido o 

aminoÆcido que se halla en la secuencia de las Figuras I y 2 en la posiciOn 

correspondiente de la o las secuencias comparadas. Un polipØptido que 

presenta menos que un 100% de identidad de secuencia con las secuencias de 

aminoÆcidos que se muestran en las Figuras 1 y 2 pueden contener numerosas 

sustituciones con respecto a la secuencia natural, incluyendo sustituciones do 

aminoÆcidos homologas y no homOlogas. VØase mÆs adelante por ejemplos de 

. sustituciones de aminoÆcidos homólogos. La suma de los residuos idØnticos y 

homOlogos dividida por la cantidad total de residuos de la secuencia con la cual 

so compara 01 polipØptido IFN-2 es igual al porcentaje de similitud do 

secuencia. A los efectos de calcular la identidad y similitud de secuencia, las 

secuencias comparadas se pueden alinear y calcular utilizando cualquier 

mØtodo, algoritmo, programa para computadora, etc. que se deseara, 

incluyendo, por ejemplo, FASTA, BLASTA. 

Lin polipØptido que tenga menos que un 100% de identidad de secuencia 

de aminoªcidos con la secuencia de aminoÆcidos de la Figura 2 puode toner 

0 aproximadamente un 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 

� 88%, 85%, 80%, 75%, 70% o tan poco como un 53% do identidad de 

secuencia. 

La presente invención tambiØn se relaciona con mutolnas do 

polipØptidos de un IFN-2, es decir, cualquier polipØptido cuya secuencia difiera 

en cuanto a secuencia de aminoÆcidos de una secuencia de aminoÆcidos quo 

se puode obtener de una fuente natural (un fragmento do un IFN-p2 de 
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mamIfero no difiere en cuanto a secuencia de aminoÆcidos de un IFN-132 

natural aunque difiera en cantidad de aminoÆcidos). Por consiguiente, las 

muteinas de polipØptidos del IFN-f32 comprenden sustituciones, inserciones y 

supresiones de aminoÆcidos, incluyendo aminoÆcidos no naturales. 

Las muteinas de una secuencia de aminoÆcidos del IFN-p2 de la 

invenciOn tambiØn se pueden preparar mediante una bUsqueda por homologla 

en bancos de datos de genes, por ejemplo, Genbank, EMBL. La bUsqueda por 

homologla de secuencias se puede llevar a cabo usando diversos mØtodos, 

incluyendo los algoritmos descriptos para la familia de programas BLAST, el 

� algoritmo de Smith -Waterman, etc. Es posible introducir una o vanas muteinas 

en una secuencia por identificaciOn y alineaciOn de los aminoÆcidos de un 

dominio que son idØnticos y/u homOlogos en los polipØptidos y luego modificar 

un aminoÆcido sobre la base de dicha alineación. Por ejemplo, el IFN-132 de la 

presente invenciOn comparte identidad de secuencia con diversos interferones 

conocidos como se muestra en la Figura 4. Las alineaciones entre estos 

polipØptidos en los residuos de aminoÆcidos conservados permiten identificar 

los residuos cuya modificaciOn podrIa reducir, disminuir o suprimir la actividad 

biolOgica de un lFN-2, tal como la actividad de uniOn al receptor, etc. Por 

Pejemplo, cuando la alineación revela aminoÆcidos conservados idØnticos entre 

dos o mâs dominios, la eliminación o sustituciOn de los aminoÆcidos podrIa 

afectar adversamente su actividad biolOgica. 

La sustituciOn de aminoÆcidos tambiØn se puede efectuar reemplazando 

un aminoÆcido homOlogo por otro. Los aminoÆcidos homOlogos so pueden 

definir segUn el tamaæo de la cadena lateral y el grado de polarizaciOn, que 

incluyen, los aminoÆcidos pequenos no polares: cisteina, prolina, alanina, 
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treonina; pequeæos polares: serina, glicina, aspartato, asparagina; grandes 

polares: glutamato, glutamina, Jisina, arginina; de polaridad intermedia: tirosina, 

histidina, triptofano; grandes no polares: fenhlalanina, metionina, leucina, 

isoleucina, valina. Los aminoÆcidos homOlogos tambiØn so pueden agrupar de 

la siguiente manera: grupos R polares no cargados, glicina, serina, treonina, 

cisteina, tirosina, asparagina, glutamina; aminoÆcidos acIdicos (de carga 

negativa), Æcido aspârtico y Æcido glutÆmico; aminoÆcidos bÆsicos (de carga 

positiva), lisina, arghnina, histidina. Los aminoÆcidos homOlogos tamblØn 

incluyen los descriptos por Dayhoff en Atlas of Protein Sequence and Structure 

5, 1978, y por Argos en EMBO J., 8, 779-785, 1989. 

Se pueden preparar muteinas que no tengan efecto sobre la actividad, o 

que permitan reducir o incrementar la actividad del lFN-2 en comparaciOn con 

el tipo salvaje. Se pueden efectuar mutaciones analogas de otros 1FN432, tat 

como interferOn de fibroblastos (beta-1) y alfa-interferones. Por ejemplo, los 

plegamientos de IFN-02 en los caracterIsticos manojos de cinco hØlices que 

son tipicos para el interferOn: la hØlice A en las posiciones de aminoÆcidos 7-

24, la hØlice B en 55-69; la hØlice C en 83-95, la hØlice D en 118134 y la hØlice 

E en 143-158. Estas hØlices estÆn unidas entre Si por regiones aleatorias 

0 enrolladas o con forma de bucle. VØase, la Figura 3. Las mutaciones en las 

estructuras helicoidales se pueden efectuar de forma anÆloga con el IFN-P1 (de 

fibroblastos), por ejemplo, como se describe en Runkel et al., Biochemistry, 39: 

2538-2551, 2000. Por ejemplo, las partes de la hØlice A, el bucle AB y la hØlice 

E estÆn comprometidas en la uniOn at receptor. VØase, ademÆs, Piehler y 

Schreiber, J. Mo!. Biol., 294: 223-237,1999. 

El IFN-132 de la presente invención, al igual que el interferOn de 
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fibroblastos, contiene tres residuos de cistelna, en las posiciones de 

aminoÆcido 32, 142 y 154. Los residuos de cistelna de las posiciones 32 y 142 

son similares en cuanto a ubicaciOn con respecto a los residuos de cistelna 

conocidos por formar un enlace disulfuro en el interferOn de fibroblastos. Por 

analogia con el interferOn do fibroblastos, se puede suprimir o sustituir el 

aminoÆcido de la posicion 154 por un aminoÆcido neutro, tal como glicina, 

valina, alanina, leucina, isoleucina, tirosina, fenilalanina, histidina, triptofano, 

serina, treonina o metionina. Se prefiere serina y treonina debido a su similitud 

qulmica con la cistelna. La eliminaciOn do la cistemna impar puede impedir la 

forrnaciOn do enlaces disulfuro intramoleculares o intermoleculares incorrectos. 

VØase, por ejemplo, la Patente do EE.UU. N°: 4.588.585. Las mutaciones 

tambiØn se pueden efectuar de acuerdo con las Patentes de EE.UU. N°: 

4.914.033, 5.545.723 y 5.580.723. VØase, tamblØn, por ejemplo, Fish et al., J. 

InterferOn Res., 12: 257-66, 1992; Fish et al., J. InterferOn Res.; 9: 97-114, 

1989; DiMarco et al., J. InterferOn. Res., 13: 139, 1993; Mitsui et al., Pharmacol. 

Therap., 58: 93-132, 1993; Wang et al., J. Immunol., 152: 705-715, 1994. 

La invenciOn se relaciona con Æcidos nucleicos do muteInas que 

codifican dichos polipØptidos de mutelnas. Por consiguiente, la presente 

0 invenciOn so relaciona con las secuencias de nucleOtidos de la Figura 1, donde 

dichos Æcidos nucleicos codifican un polipØptido y una o varias de las 

posiciones de aminoÆcidos estÆn sustituidas o suprimidas, o ambos, y el 

polipØptido codificado por el Æcido nucleico presenta actividad biolOgica, tal 

como una mayor recuperaciOn a partir de cØlulas bacterianas cuando so 

expresan de forma recombinante, o una mayor bioactividad. La mutelna 

polipeptIdica, y su correspondiente secuencia codificadora de nucleótidos, 
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puede tener la secuencia de aminoÆcidos que se muestra en la Figura 2 

excepto cuando una o varias posiciones estÆn sustituidas por aminoÆcidos 

homOlogos, por ejemplo, cuando hay 1, 5, 10, 15 620 sustituciones. La manera 

en que una modificaciOn afecta las actividades mencionadas se puede medir 

con los mOtodos descriptos y quo se describirÆn mÆs adelante y que son 

conocidos por los especialistas en la tØcnica. 

Se conocen numerosos mØtodos de ensayo para evaluar la actividad del 

IFN-2. Por ejemplo, los ensayos que son de utilidad incluyen: ensayos 

antivirales, tal como CPE (por ejemplo, Patente de EE.UU. N°: 5.545.723 y 

4.914.033; 
mÆs adelante en los ejemplos); de uniOn al receptor (por ejemplo, 

en la Patente de EE.UU. N°: 5.545.723 y mÆs adelante en los ejemplos); 

activaciOn por STAT (entre otros, mÆs adelante en los ejemplos); activación de 

genes quo responden al IFN-p2 (por ejemplo, un elemento do respuesta 

estimulado por interferOn (ISRE) estÆ ligado operativamonte a un gen 

informante, tal como luciferasa, tal como se muestra mÆs adelante en los 

ejemplos); fosforilaciOn do un receptor do tipo I (mÆs adelante en los ejemplos); 

antiproliferativos (Patente do EE.UU. N°: 4.914.033, evaluaciOn do la capacidad 

del IFN-132 para inhibir la replicaciOn do Ilneas celulares; mÆs adelante en los 

ejemplos); inmunomoduladora (Patente de EE.UU. N°: 4.914.033, citotoxicidad 

celular dependiente do anticuerpos; Noronha et al., J. Neuroimmunol., 46: 145-

154, 1993, inhibiciOn de linfocitos I y do su producción do IFN-gamma ("IFN-

j’); encefalomielitis alergica experimental ("EAE") (por ejemplo, Louboutin et al., 

Acta Neurol. Scand., 88: 97-99, 1993; Rott et al., Eur. J. Immunol., 23: 1745-

1751, 1993; mÆs adelante en los ejemplos). 

El IFN-2 do mamIfero de la presente invenciOn, fragmentos 0 
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polipØptidos sustituidos del mismo, tamblØn puede comprender numerosas 

modificaciones, donde dichas modificaciones incluyen modificaciOn de Ilpidos, 

metilaciOn, fosforilaciOn, glicosilacion, modificaciones covalentes (por ejemplo, 

do un grupo R de un aminoÆcido), sustitución de aminoÆcidos, supresiOn de 

aminoÆcidos o adiciOn de aminoªcidos. Las modificaciones del polipØptido se 

pueden Ilevar a cabo utilizando diversos mØtodos, incluyendo mØtodos 

recombinantes, sintØticos, qulmicos, etc. 

Los polipØptidos de la presente invenciOn (por ejemplo, de longitud 

completa, fragmentos de los mismos, mutaciones de los mismos) se pueden 

.utilizar de diversas maneras, por ejemplo, en ensayos, como inmunOgenos 

para anticuerpos como se describirÆ mÆs adelante, como agentes 

biologicamente activos (por ejemplo, cuando presentan una o varias de las 

actividades asociadas con el IFN-f32 de la presente invenciOn). 

El polipØptido codificador del lFN-2 de la presente invenciOn, un 

derivado del mismo 0 Ufl fragmento del mismo, se puede combinar con uno 0 

varios dominios estructurales, dominios funcionales, dominios detectables, 

dominios antigØnicos y/o un polipØptido de interØs, en un ordenamiento que no 

aparece en la naturaleza, es decir, que no es natural. El polipØptido quo 

Ok comprenda dichas caracterIsticas es un polipØptido quimerico o de fusiOn. 

Dicho polipØptido quimØrico se puede preparar utilizando numerosos mØtodos, 

incluyendo, mØtodos qulmicos, sintØticos, cuasi-sintØticos y/o recombinantes. 

El Æcido nucleico quimerico que codifica un polipØptido quimerico puede 

contener los distintos dominios o polipØptidos deseados en un marco do lectura 

abierto continuo (par ejemplo, con multiples dominios N-terminales para 

estabilizar o aumentar la actividad) o interrumpido quo contiene, por ejemplo, 
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intrones, sitios de procesamiento, potenciadores, etc. El Æcido nucleico 

quimerico se puede producir utilizando diversos mØtodos. VØase, por ejemplo, 

la Patente de EE.UU. N°: 5.439.819. El dominio o polipØptido deseado puede 

presentar cualquiera de las propiedades deseadas, incluyendo una funciOn 

biolOgica, tal como de seæalamiento, promotora del crecimiento, de 

direccionamiento a cØlulas (por ejemplo, secuencia seæal, secuencia 

direccionadora, tal como de direccionamiento al retIculo endoplasmÆtico o al 

nücleo), etc., una función estructural, tal como hidrofObica, hidrofulica, que 

abarca la membrana, etc., funciones de receptor-ligando y/o funciones 

. detectables, por ejemplo, combinadas con enzimas; polipØptidos fluorescentes, 

como la protelna fluorescente verde (Chalfie et al., Science, 263: 802, 1994; 

Cheng et al., Nature Biotechnology, 14: 606, 1996; Levy et al., Nature 

Biotechnology, 14: 610, 1996), etc. El dominlo tambiØn puede ser una 

inmunoglobulina, por ejemplo, para aumentar la estabilidad, etc., tal como una 

cadena pesada o liviana y/o una region Fc de una inmunoglobulina, o una 

secuencia marcadora del epitope. 

AdemÆs, el polipØptido, o una parte del mismo, se puede usar como 

marcador de selecciOn cuando se Ia introduce en una cØlula huØsped. Por 

ejemplo, el Æcido nucleico que codifica la secuencia de aminoÆcidos acorde con 

� 

la presente invenciOn se puede fusionar en el marco con una secuencia 

codificadora deseada y actuar como una marca con fines de purificación, 

selecciOn o marcaciOn. La region de fusiOn puede codificar un sitio de clivaje 

para facilitar la expresión, el aislamiento, la purificaciOn, etc. 

El polipØptido IFN-2 de la presente invención, 0 Ufl fragmento del 

mismo, tambiØn se puede combinar con otras citoquinas, tat coma interferones, 
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para obtener IFN-132 quimericos o hIbridos. Dichos lFN-2 hIbridos pueden ser 

hIbridos entre cualquier clase do interferones, incluyendo alfa, omega, gamma, 

epsilon, de trofoblastos, fetales, etc. Se pueden obtener hIbridos (y las 

mutelnas descriptas previamente) que tengan actividades reducidas o 

restringidas en comparaciOn con los hibridos de los cuales provienen, por 

ejemplo, restringidas a una actividad reguladora del crecimiento de las cØlulas, 

a una actividad antiviral o actividad inmunomoduladora. VOase, por ejemplo, la 

Patente de EE.UU. N°: 4.758.428 sobre hIbridos entre interferOn de fibroblasto 

y alfa-interferOn, por ejemplo, utilizando los aminoÆcidos 47-187, 74-187, 1-73, 

so 

etc. aproximadamente, del interferOn de fibroblastos. 

El polipØptido acorde con la presente invenciOn se puede producir en un 

sistema de expresiOn, por ejemplo, in vivo, in vitro, libre de cØlulas, 

recombinante, do fusiOn celular, etc., de acuerdo con la presente invenciOn. las 

modificaciones del polipØptido impartidas por dichos sistemas incluyen 

glicosilaciOn, sustituciOn do aminoÆcidos (por ejemplo, por utilizaciOn diferencial 

de codones), procesamiento de polipØptidos tal como digestiOn, clivaje, 

actividad endopeptidasa o exopeptidasa, uniOn a grupos quimicos, incluyendo 

Ilpidos y fosfatos, etc. 

ON El polipØptido acorde con la presente invenciOn se puede recuperar de 

fuentes naturales, cØlulas huØsped transformadas (medio do cultivo o cØlulas) 

utilizando mØtodos conocidos, por ejemplo, mØtodos aplicados a otros 

interferones y a otras protelnas recombinantes, incluyendo extracciOn con 

detergentes (por ejemplo, un detergente no iónico, Triton X-100, CHAPS, 

octilglucOsido, Igepal CA-630), extracción de fases, extracciOn con n-butanol, 

precipitaciOn por sulfato de amonjo o etanol, extracciOn en Æcido, cromatografia 
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de intercambio aniOnico o catiOnico, cromatografia en fosfocelulosa, Sephadex, 

cromatografia de interacciOn hid rofObica, cromatografia en hid roxiapatita, 

cromatografia en lectina, electroforesis sabre gel, cromatografla par afinidad, 

SDS PAGE, cromatografIa sobre vidrio de poro controlado (CPG); 

cromatografia por afinidad de anticuerpos, filtraciOn por gel, Blue Sepharose, 

cromatografla sobre fenil-agarosa, CPG y cromatografla sobre quelatos de zinc 

(por ejemplo, Heine y Billiau, Methods in Enzymology, 78 (Parte A): 448-456, 

1981), agarosa Cibacron Blue F3GA y HPLC (Kenny et al., Methods in 

Enzymology, 78 (Parte A): 435-447,1981): VØase, tambiØn, Innis y McCormick, 

IP 
Methods in Enzymology, 119: 397-403, 1986; Dembinski y Sulkowski, 

Preparative Biochemistry, 16: 175-186, 1936; Friesen et al., Methods in 

Enzymology, 78 (Parte A): 4330-435, 1981); Pestka et at, Annu. Rev. 

Biochem., 56: 727-77, 1987. Si fuera necesarlo, se pueden emplear pasos de 

replegamiento de protelnas para completar la configuraciOn de la protelna 

madu ra. 

La presente invenciOn tambiØn se relaciona con Æcidos nucleicos, tal 

como ADN y ARN que codifican las polipØptidos IFN-p2, y fragmentos de los 

mismos, de la presente invenciOn. EL Æcido nucleico del IFN-2, o un 

fragmento del mismo, es un Æcido nucleico que posee una secuencia do 

nucleOtidos que se puede obtener de una fuente natural. Por ello incluye alelos 

naturales, normales, mutantes naturales y polimórficos naturales (por ejemplo, 

SNP), etc. Las fuentes naturales incluyen, por ejemplo, cØlulas vivas obtenidas 

de tejidos y de organismos completos, tumares, lineas celulares cultivadas, 

incluyendo lIneas celulares primarias e inmortalizadas. 

La secuencia de Æcido nucleico de la invenciOn puede contener la 
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secuencia codificadora completa que se muestra en la Figura 1, secuencias 

degeneradas de la misma y fragmentos de la misma. El Æcido nucleico acorde 

con Pa presente invenciOn tambiØn puede comprender una secuencia de 

nucleOtidos que es Ufl 100% complementaria, par ejemplo, antisentido, de 

cualquiera de las secuencias do nucleOtidos ya mencionadas y que se 

describirÆn mÆs adelante. 

El Æcido nucleico, es decir, un polImero do nucleOtidos 0 Ufl 

polinucleOtido, acorde con la presonte invenciOn so puede obtener do diversas 

fuentos. So puede obtener a partir do ADN o ARN, tal como ARNm 

poliadenilado, par ejemplo, aislado de tejidos, cØlulas o do organismos 

completos. El Æcido nucleico so puede obtener directamente a partir del ADN o 

ARN o do una biblioteca do ADNc. El Æcido nucleico, so puede obtener de una 

cØlula 0 tojido (por ejemplo, do cØlulas 0 tejidos cardlacos embrionanos 0 

adultos) en una etapa particular del desarrollo, quo tonga el gonotipo, fonotipo 

deseados, etc. 

Coma ya se mencionO para el polipØptido del IFN-f32 descripto 

previamente, el Æcido nucleico quo comprende una secuencia do nucleOtidos 

codificadora de un polipØptido acorde con la presonto invenciOn puede incluir 

01 solamente la secuencia codificadora; la secuencia codificadora y secuencias do 

codificaciOn adicionales (por ejemplo, secuencias codificadoras de pØptidos 

d iroctrices, socrotores, de d ireccionamiento, onzimÆticos, fluorescontes U otros 

pØptidos do diagnOstico), secuencias codificadoras y secuencias no 

codificadoras, por ejemplo, secuencias no traducidas en cualquiera do los 

extremos 5’ a To dispersas on la secuencia do codificación, coma por ejemplo 

intronos. Un Æcido nucleico quo compronde una secuencia do nucleOtidos que 



20 

codifica un polipØptido sin interrupciones significa que la secuencia de 

nucleOtidos contiene una secuencia codificadora de aminoÆcidos de un lFN-32, 

sin nucleOtidos no codificadores que interrumpan o intervengan en dicha 

secuencia do codificaciOn, por ejemplo, en ausencia de uno o varios intrones. 

Dicha secuencia de nucleOtidos tambiØn se puede describir como contigua. El 

ADN genOmico que codifica un interferOn humano, de ratOn o de otro mamIfero, 

etc., se puede obtener con los mØtodos utilizados habitualmente para tal fin. 

El Æcido nucleico acorde con la presente invenciOn tambiØn puede 

comprender una secuencia do control de la expresiOn ligada operativamente al 

Æcido nucleico descripto previamonte. La frase "secuencia de control de la 

expresiOn" se refiere a una secuencia de Æcido nucleico que regula la expresiOn 

del polipØptido codificado por el Æcido nucleico al cual estÆ ligado 

operativamente. La expresiOn so puede regular a nivel de ARNm o de 

polipØptido. Por consiguiente, la secuencia de control de la expresión incluye 

elementos relacionados con el ARNm y elementos relacionados con protelnas. 

Dichos elementos incluyen promotoros, potenciadores (virales a celulares), 

secuencias do uniOn a ribosomas, terminadores de la trascripciOn, etc. La 

secuencia do control do la expresion estÆ ligada operativamente a una 

secuencia do nucleOtidos codificadora cuando la secuencia do control de la 

expresiOn estÆ ubicada do manera tal que ejerco o logra la expresiOn de la 

secuencia codificadora. Por ejemplo, cuando un promotor estÆ ligado 

operativamente en posiciOn 5’ con respecto a la secuencia de codificaciOn, la 

expresiOn de dicha secuencia do codificaciOn ostÆ dirigida por dicho promotor. 

Las secuencias de control de la expresiOn pueden sor hoterOlogas o 

ondOgenas para el gen normal. 
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NUEVO INTERFERON PARA EL TRATAMIENTO DE LA ESCLEROSIS 

MULTIPLE 

ANTECEDENTES DE LA INVENCION 

Los interferones son protelnas de seæalamiento intercelular que cumplen 

una funciOn importante en diversos procesos biológicos que comprenden, por 

ejemplo, proliferaciOn celular y la respuesta inmune. 

DESCRIPCION BREVE DE LAS FIGURAS 

En la Figura I se muestra la secuencia de nucleOtidos del interfer6n-

beta-2 humano, incluyendo las secuencias 5’y 3’. 

. En la Figura 2 se muestra la secuencia de aminoÆcidos del interfer6n-

beta-2 humano. Se muestra tambiØn la traducciOn del marco de lectura abierto 

para IFN-132. La secuencia seæal se muestra con letras cursivas y los dos sitios 

potenciales de N-glicosilaciOn, asI como las cisteInas que pueden formar 

enlaces disulfuro, se muestran resaltados y subrayados. 

En la Figura 3 se muestran las estructuras tridimensionales de los 

interferones de tipo I. Los tres IFN comparten el motivo de manojos 5-

helicoidales comunes que es caracteristico de los IFN de tipo I humanos. 

AdemÆs, el IFN-plb y el IFN-p2 son similares entre si en cuanto a la ubicación 

I de los sitios potenciales de N-glicosilaciOn y los enlaces disulfuro propuestos. 

La secuencia de aminoÆcidos ünica C-terminal solamente estÆ presente en el 

IFN-p2. 

La Figura 4 es una alineaciOn de protelnas que permite comparar el 

interfer6n-beta-2 humano con otros tipos de interferOn. 

La Figura 5 es una comparaciOn filogenØtica del IFN-p2 con los 

interferones de tipo I y de tipo 11 humanos. Sobre la base del patrOn de 
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conservaciOn de cistemnas, los sitios potenciales de N-glicosilacion y un anÆlisis 

filogenetico, se observa que el lFN-32 estÆ mÆs relacionado con el IFN-P que 

con cualquiera de los demÆs interferones. 

En la Figura 6 se muestra un ensayo con el informante ISRE-tuciferasa 

dependiente do IFN tipo I para el interfer6n-beta-2 humano. 

En la Figura 7 so muestran los resultados do la inhibiciOn de la uniOn del 

IFN-f32 al receptor del interferon de tipo I humano con un anticuerpo policlonal 

anti-I FN-p2. 

En la Figura 8 (A y B) se muestra 01 efecto do los interferones sobre la 

. proliferaciOn celular. 

La Figura 9 ilustra las actividades antiproliferativas del IFN-2 sobre 

cØlulas humanas. 

En la Figura 10 se muestra la actividad antiviral de los interferones sobre 

cØlulas humanas. 

En la Figura 11 so muestra la competencia entre el IFN-a2 y el IFN-p2 

por la union at receptor interferOn de tipo I. 

La Figura 12 es la secuencia de nucleOtidos genOmica 5’ del IFN-132 

humano. 

PLa Figura 13 es la secuencia de nucleOtidos quo codifica la region 5’ del 

� IFN-f2 

La Figura 14 es la secuencia de polipØptidos 5’ del IFN-f32 humano. 

En la Figura 15 se muestra la anti prof iferaciOn de astrocitos de fetos 

humanos como respuesta al lFN-2. (A) es el cultivo de cerebro de feto I sin 

estimulaciOn y (B) es el cultivo cerebro de feto I estimulado con EGF; (C) es el 

cultivo de cerebro do feto 2 sin estimulación y (D) es el cultivo de cerebro de 
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feto 2 estimulado con EGF. 

DESCRIPCIÔN DE LA INVENCIÔN 

Se han identificado nuevas secuencias de Æcidos nucleicos, polipØptidos 

y reguladores de Æcido nucleico de las mismas, que codifican el interfer6n-beta-

2 ("lFN-2"), una clase de polipØptidos de seæalamiento intercelular que ejerce 

mUltiples efectos biolOgicos, incluyendo, por ejemplo, acciOn antitumoral, acciOn 

antiviral y acciOn inmunoreguladora. VØase, por ejemplo, Cirelli y Trying, C/in. 

Immunother. 3, 27-87, 1995. El polipØptido del interferon de la presente 

invenciOn, 

fragmentos del mismo y derivados del mismo, presentan una o 

41 varias de las siguientes actividades biolOgicas, incluyendo, por ejemplo, 

bioactividad de IFN-p2 y una actividad inmunogØnica especIfica de IFN-p2. 

Una "bioactividad de lFN-32" se refiere, por ejemplo, a los efectos 

funcionales, tales como, alteraciones en las membranas celulares, regulaciOn 

anti-oncogØnica, actividad antitumoral, actividad antiviral, inhibiciOn del 

crecimiento de cØlulas o actividad anticrecimiento, anti-proliferaciOn, aumento 

de la citotoxicidad de linfocitos, actividad inmunoreguladora, inducciOn o 

inhibiciOn de la diferenciación de las cØlulas de interØs, activaciOn de 

macrOfagos, subsensibilizaciOn de oncogenes, etc.; efectos inmunolOgicos, 

tales como, reducciOn de la formación de anticuerpos, aumento de los 

Scomponentes de la membrana celular (complejo mayor de histocompatibilidad, 

receptor Fc, microglobulina-32), modulaciOn de la inmunidad mediada por 

cØlulas, incremento en la producciOn de citoquinas (por ejemplo, 

interleuquinas), aumento de los efectos citotOxicos de cØlulas T, aumento de 

los efectos de macrOfagos y aumento de muerte natural; actividad de uniOn al 

receptor de interferOn, tal como uniOn al receptor de interferOn de tipo I, en 
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particular la cadena IFNAR2c del mismo, 
y 

efectos celulares estimulados por 

dicha uniOn al receptor; activaciOn y/o asociación con las molØculas de 

seæalamiento intracelular, tal como Jaki, Tyk2, Statl, Stat2, IRS-I, IRS-2, Crkl, 

CrklI, Vav, etc., 
y 

otros efectos posteriores (por ejemplo, MAPK). VØase, por 

ejemplo, Platanias y Fish, Exp. Hematology, 27:1583-1592,1999. 

La frase "actividad anti-proliferativa", se refiere a que el IFN-p2 acorde 

con la presente invención inhibe el crecimiento de las cØlulas o induce la 

apoptosis. Esto se ilustra mÆs adelante en los ejemplos. VØase, ademÆs, las 

Figuras. 8, 9 
y 

15. Por ejemplo, el IFN-2 inhibe la proliferaciOn de astrocitos en 

el cerebro. Esta actividad es de utilidad, por ejemplo, en el tratamiento de la 

escierosis mUltiple, dado que la proliferaciOn de astrocitos puede conducir a la 

inflamación  neuronal caracterIstica de la enfermedad. Al inhibir el crecimiento 

de los astrocitos, el IFN-2 reduce la inflamaciOn y alivia los smntomas de la 

enfermedad. Por consiguiente, la presente invenciOn se relaciona con mØtodos 

de tratamiento de la esclerosis multiple que comprenden la administraciOn de 

cantidades de IFN-f32 que son efectivas para inhibir la proliferaciOn de 

astrocitos y/o para reducir la inflamaciOn. 

Una "actividad inmunogØnica especIfica de IFN-132" significa, por 

ejemplo, que un polipØptido IFN-f2 genera una respuesta inmunolOgica que es 

selectiva o preferencial para IFN-2, por ejemplo, una respuesta inmunolOgica 

que sea selectiva para el IFN-2 de mamiferos. Por consiguiente, la 

estimulaciOn de ahticuerpos, cØlulas T, macrofagos, cØlulas B, cØlulas 

dendrIticas, etc., con una secuencia de aminoÆcidos seleccionada entre un 

IFN-f32 de mamIfero, por ejemplo, el IFN-132 de la Figura 2, constituye una 

actividad inmunogØnica especifica. Estas respuestas se pueden medir 



mediante pruebas de rutina. 

El IFN-p2 es un polipØptido de longitud completa de mamifero que 

comprende una secuencia de aminoÆcidos que se puede obtener de una fuente 

natural 
y 

que presenta una o varias de las bioactividades mencionadas 

previamente. Puede tener la secuencia que se muestra en la Figura 2, con un 

marco de lectura abierto que comienza con un codOn de iniclo 
y 

finaliza con un 

codOn de terminaciOn. Incluye secuencias normales naturales, mutantes 

naturales 
y 

polimOrficas naturales, incluyendo polimorfismos de un solo 

pnucleOtido (SNP), etc. Las fuentes naturales incluyen, por ejemplo, cØlulas 

vivas, tales como las que se obtienen de tejidos u organismos completos, 

Ilneas celulares cultivadas, incluyendo Ilneas celulares primarias e 

inmortalizadas, tejidos de biopsias, etc. 

La presente invención tambiØn se relaciona con fragmentos de un IFN-

2 de mamifero. Se prefiere que los fragmentos sean "biolOgicamente activos". 

El tØrmino "biologicamente activos" significa que el fragmento de polipØptido 

presenta actividad en un sistema viviente o en componentes de un sistema 

viviente. Las actividades biolOgicas incluyen las que ya se mencionaron, por 

ejemplo, bioactividad lFN-2 y actividad inmunogØnica especIfica de lFN-32. 

PLos fragmentos se pueden preparar de acuerdo con cualquier mØtodo deseado, 

incluyendo, sIntesis qulmica, manipulaciOn mediante ingenierla genetica, 

productos de clivaje, etc. Un fragmento biologicamente activo de un IFN-2 

incluye polipØptidos en los cuales hubo supresiOn o modificaciOn de secuencias 

de aminoÆcidos ya sea por el extremo carboxilo o amino terminal de la 

proteina. 

Preferentemente, se excluyen los Æcidos nucleicos, y fragmentos de los 



mismos, de las Figuras 12 y 13. Se prefiere asimismo excluir los polipØptidos, y 

fragmentos de los mismos, de la Figura 14. No obstante, no se excluyen los 

polipØptidos que contienen o comprenden estas secuencias, por ejemplo, el 

lFN-32 do longitud completa; un polipØptido que posee dos o varios de los 

fragmentos mencionados o un polipØptido que contiene uno do los fragmentos 

mencionados y secuencias de aminoÆcidos adicionales, ya sean del IFN-132 o 

de otra fuente. 

La presente invenclOn tamblØn so relaciona con un IFN-f32 quo posee la 

or 

socuencia doducida de los aminoÆcidos I a 208 que so muestra on la Figura 2. 

El peso molecular calculado es do aproximadamente 23.000 daltons y el punto 

isoelØctrico prodicho es do 8,1. Es una protolna estable en medio Æcido con un 

peso molecular do 26.000 daltons aproximadamonte medido por SDS-PAGE. 

La forma no glicosilada producida en E. coil tieno un peso molecular do 20.500 

daltons aproximadamento. VØase, mÆs adelante en los ojomplos. 

Tal como se muestra en la Figura 2, tiene una socuencia seæal predicha 

que compronde los aminoÆcidos -1 a -21, dos sitios potencialos de N-

glicosilaciOn que comprenden los aminoÆcidos 74-77 y 83-86, y rosiduos de 

cistelna en los aminoÆcidos 32, 142 y 154. Se predijo la formación de un enlace 

disulfuro entre los residuos de cisteIna 32 y 142. Comprende una hØlice A en 

� las posiciones do aminoÆcidos 7-24, una hØlice B en 55-69, una hØlice C on 83-

95, una hØlice D on 118-134 y una hØlice E en 143-158. 

El lFN-2 maduro se refiere a un lFN-32 que no contiene los 

aminoÆcidos -1 a -21 como so muestra en la Figura 2 y quo es de 187 

aminoÆcidos de longitud. TambiØn posee una extension (mica do 18 

aminoÆcidos en el extremo C terminal cuando se compara con otros tipos de 
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interferOn conocidos. Dicha extensiOn se puede usar como marcador para IFN-

2, tanto a nivel de nucleOtidos como de aminoÆcidos, y se puede fusionar a 

polipØptidos heterOlogos. 

El polipØptido lFN-2 de la invenciOn que posee, por ejemplo, la 

secuencia de aminoÆcidos que se muestra en la Figura 2, se puede analizar 

mediante cualquier mØtodo adecuado para identificar otros dominios 

estructurales y/o funcionales en dicho polipØptido, incluyendo regiones que 

abarcan la membrana o regiones hidrofObicas. AdemÆs, el polipØptido IFN-p2 

pse puede analizar mediante los mØtodos que se describen, por ejemplo, en 

. Kyte y Doolittle, J. Mol. Biol., 157: 105, 1982; EMBL Protein Predict; Rost y S 

Sander, Proteins, 19: 55-72,1994. 

Se pueden obtener otros homOlogos de los IFN-2 de la presente 

invenciOn provenientes de fuentes de mamIferos y que no son de mamiferos 

utilizando diversos mØtodos. Por ejemplo, por hibridaciOn con oligonucleOtidos 

(por ejemplo, con cebadores para amplificar la region de terminaciOn -5’-ATG 

AU ATC AAG CAC UC TTT GGA-3’ y 5’-CTA CCT CGG GCT TCT AAA CTC 

TGT-3’). Los cebadores utilizados para la expresiOn en E. co/i fueron -5’-GGA 

AU CCT ACT ACC TCG GGC TTC TAA-3’ y 5’-GCG CGC GCA TAT GCT 

P AGA TTT GM ACT GAT TAT-3’. Para seleccionar homOlogos, los cebadores 

para la secuencia de longitud completa conocida, incluyendo la secuencia 

genOmica no traducida 5’ y 3’, que se pueden emplear son -5’-TTT AGG TGA 

CAC TAT AGA AT-3’y 5’-TM MT GGA TAG MT AlA TAA-3’-, por ejemplo, 

como se describe en Sambrook et al., Molecular Cloning, CapItulo 11, 1989. 

Dichos homOlogos pueden tener valores de identidad y similitud variables de la 

secuencia de nucleOtidos y de aminoÆcidos con el IFN-32. Los mamIferos 



incluyen, por ejemplo, roedores, ratones, ratas, hamster, monos, cerdos, vacas, 

caballos, perros, gatos, etc. Los organismos que no son mamIferos incluyen, 

por ejemplo, vertebrados, invertebrados, cebrita, pollos, Drosophila, C. elegans, 

Xenopus, levadura, tal como S. pombe, S. cerevisiae, ascÆridos; procariontes, 

plantas, Arabidopsis; CrustÆceos, artemia, virus, etc. Para seleccionar los 

oligonucleOtidos para Ia hibridación, se debe emplear un mØtodo efectivo. Por 

ejemplo, se pueden identificar regiones especIficas del IFN-p2 por comparaciOn 

del IFN-p2 de la presente invenciOn con otros tipos de lFN-2 y selecciOn de 

p aquellas secuencias de aminoÆcidos que solamente aparecen en el primero (es 

. decir, no conservadas o "especificas del" IFN-p2). VØase, por ejemplo, en la 

Figura A donde se muestran regiones conservadas y no conservadas entre los 

diferentes tipos de interferones. Se pueden seleccionar las secuencias de 

aminoÆcidos no conservadas (por ejemplo, KSLSP) y luego se pueden diseæar 

sondas degeneradas basadas en dichas secuencias. VØase, ademÆs, 

Venkataraman et al., Proc. Nat!. Acad. Sc., 96: 3658-3663, 1999. Se pueden 

hallar otras secuencias de aminoÆcidos especIficas (es decir, no conservadas) 

y/o conservadas utilizando mØtodos de rutina, por ejemplo, mediante büsqueda 

en una base de datos de genes/proteinas con los conjuntos de programas para 

P computadora BLAST. 

� La invenciOn tambiØn se relaciona con secuencias de 

especIficas de IFN-132, por ejemplo, una secuencia de aminoÆcidos definida 

presente en la secuencia particular que se muestra en las Figuras 2 y 4, pero 

no en otros tipos de interferOn. Los polipØptidos preferidos son de al menos 

ocho aminoÆcidos contiguos aproximadamente, por ejemplo, de 

aproximadamente 9, 10, 12, 15, 20, 21, 22, 25, 30, 40, 50, etc. Dichos 


