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Hybrid with lllt8rflraa.cr and an lmamnaglabuf• Fe 
linked throuth a lan·lnnanagenic Peptide 

5 Background af the invaatian 

PCf/US96/2086l 

lnterfaran·a ("lfNa") was among the first of the cytokines to be produced by recombinant 

DNA technotogy and has been shown ta have therapeutic value in conditians such as inflammatory, 

viral, and mafignant diseases. Several IFNa preparations, including those purified fram the natmal 

10 sources and those generated by recombinant DNA technology, have been used or are being testid in 

a variety of malignant and viral diseases. IFNa can cause ngression of soma established tumors and 

induce positive respanses in same viral infections. So far, IFNa has baen approved or tasted in many 

countries for indications •h as: Kaposi's sarcoma: hairy cell leukemia; mafignant melanoma; basal ceU 

carcinoma; multiple myaloma; renal cell carcinoma, hepatitis 8; hepatitis C; venereal warts, Herpes 1111. 

15 variceDalherpes zoster; and mycosis fungoides. 

Most cytokines, including IFNa, have relatively short circulation half-lives since they are 

produced in vivo to act locally and transiently. The serum half-life of IFNa is only about two ta eight 

hours (Roche Labs. Referon A, Schering lntron A. Physicians' Desk Reference, 47th edition. 1993, pp. 

2006-2008, 2194-2201). To use IFNa as an effective systemic therapeutic, one needs relatively large 

20 doses and frequent administrations. For example, one of the ncommended therapautic strategies for 

the AIDS-related Kaposi's sarcoma starts with an induction dose of 36 million IU daily for 10 to 12 

weeks. administered as an intramuscular or subcutaneous injection, followed by a maintenance dose 

of 36 million IU, three times a . week. (Roche labs. Referon A, Physicians' Desk Reference, 47th 

edition, 1993, pp. 2006-20081. Such frequent parenteral administrations are inconvenient and painful. 

25 Further. toxic effects, which are probably caused by the high dosage, are a problem far certain 
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patients. Skin. nwrolagic. andacrine, and immune toxicity have been reported. To overcome these 

disadvantages, one can modify the malecule to increase its circulation half.ife or change the drug's 

formulation to extend its retaase time. The dosage and administration fraqacy can then be reduced 

wta1a increasing the efficacy. It was reported that doses of less than nine nillion units had been weft 

5 tolerated, wfile doses more than 38 ni1on units can induce severe toxicity and significantly alter 

patient status. (Quesada, J.R. et IL J. Cln. DncoL, 4:234-43. 1986). It is possible to decrease 

substantially the toxic affects by producing a new form IFNa which is more stable in the circulation 

and requires Slllller doses. Efforts have bean made to create a recombinant IFNa-gelatin conjugate 

with an extended retention tine {Tabata, Y. et al •• Clllrllf Ra. 51:5532·8, 1991). A Upid-based 

1 D encapsulated IFNa formulation has also baan tasted in animals and achieved· an extended release of 

tha protein in the peritanaum (Bonatti, A. and Kim. S. Cancsr Chemother Pbarmacol. 33:258-261, 

1993}. 

lmmunaglobulins of lgG and lgM class are among the most abundant proteins in the human 

blood. Thay circulate with half-lives ranging from several days to 21 days. lgG has been found to 

15 increase the half ·lives of saveral ligand binding· proteins (receptors) when used to farm recombinant 

hybrids, including the solubla C04 molacula, LHR, and IFN-y receptor (Mordanti J. et al., Nature, 

337:525·31. 1989; Capon, D.J. and Lasky, LA., U.S. Patent number 5, 116,964; Kurschner, C. et al, 

J. lmmunol. 149:4096-4100, 1992). However, such hybrids can presant probtams in that the peptide 

at the C·terminal of the active moeity and the peptide at the N·terminal of the Fe portion at the fusion 

20 point creates a new peptide sequence, which is a neoantigen, and which can be immunogenic. The 

_invention reJates to a IFNa-Fc hybrid which is designed to overcome this problem and extend the half· 

life of the IFNa. 

. . . 
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Summary of the invention 

The prem1t invention relates to a hybrid racambinant protein wlich consists of two subunits. 

Each subunit includes a lunan intarf•on, preferably IFNa, joined by a peptide 6nker which is prinarily 

composed of a T cell inert saquance. &nked to a hmlan inimunoglobulin Fe fragment, preferably the 

5 y4 chain. The y4 chain is preferred over the yl chain because the foma has little or no complement 

activating abity. 

The C·teminat end of the IFNa is linked to thtt N·tenninal end of the Fe ·fragment. An 

additianal IFNa (or other cytokinet can attach to the N·terminal end of any other unbound Fe chains 

in the Fe fragment, resulting in a hamodimar for the y4 chail. lf the Fe fragment selected is another 

10 chain, such as the µ chain. then, because the Fe fragments form pentamers with tan passible binding 

sites. this results in a molecule with interferon or other cytakina Hnked at each of ten binding sites. 

The two moiatias of the hybrid are linked through a T ceU .irmwnologically inert peptide (e.g., 

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser (SEQ ID NO:l)). This peptide itself 

is immunologicaUy inactive. The insertion of this peptide at the fusion point eliminates the 

15 neaantigenicity created by the joining of the two peptide moeities. The rmker peptide atso increases 

the flexibility of these moieties and allows retention of the biological activity. This relatively long 

linker peptide helps overcome the possible steric lindrance from the Fe portion af the hybrid, which 

could interfere with the activity of the hybrid. 

The hybrid has a much longer half·life than the native lfNa. Due to the Unker, it is also 

20 designed to reduce the posaibiRty of generating a new immunogenic epitope (a neoantigent at what 

. would otherwise be the fusion point of the IFNa and the immunoglobulin Fe segment. 

Cytokines are generally smaJJ proteins with relatively short half-lives which dissipate rapidly 
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among various tissues. including at undesired sites. It is believed that small quantities of mne 

cytolrines can cross the blood-brain baniar •d enter the central nervous system, thereby causing 

snare neurological toxicity. The IFNa rinked to Fey of tha present invention would ba especially 

suitable for treating hepatitis B or C, because these products wiU hive a long retention time in the 

5 v•ulatura (upon intravenous adminstratian) •d wil not penetrate 1111lesirad sites. 

The specific hybrid described c• also serve as a model for the design and construction of 

other cytakine-Fc hybrids. The same or a sinilar linker could be used in order to reduce the pass1bility 

of generating a new immunog .. ic apitope wtila aUowing retention of the biological activity. Cytoldne­

fc hybrids in which intarlaukin-2 is the cytakine, or hybrids including other cytokines, could be made 

10 using the same techniques. 

Detailed D•cription of Making ind Using the lnvantian 

The hybrid molecule of the invention includes an interferon moiety linked through a unique 

finkar to an immunoglobulin Fe moiety. Preferably, the C·tarminal ends of two interferon maieti.S are 

separately attached to each of the two N-tarminal ends of a heavy chain y4 Fe fragment, resulting 

15 in a homodimer structure. A unique linker peptide, Gly Gly Ser Gly Gly Ser Gly Gly Gly ~ly Ser Gly 

Gly Gly Gly Ser {SEQ ID NO:l), was created to fink the two moieties. The complete nucleotide 

sequence of the preferred y4 hybrid (including the 6nker and the Fe moiaty) appears in SE[l 10 NO: 

7. The linker is located at amino acid residue numbers 189 to 204. 

The advantage of the hybrid over the native cytokine is that the half -life in vivo is much 

20 longer. The hybrid. including interferon and the y4 chain Fe homodimer is larger than the native 

interferon. Because the pores in the blood vessels of the liver are large, this larger molecule is more 

suitable far use in treating hepatitis, where the virus responsible primarily affects the liver. 
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The linker peptide is designed to incre• tha flexibity af 1lle two moieties and thus maintain 

their biological activity. Although tha interferon and the imnuaaglobuffn. are bath of human origin, 

there is always a possillity of generating a new immunaganic apitape at tha fusion paint of the two 

molecules. Therefore, the other advantage of the inkm' of the invantian, which cansista nminly af a 

5 T cell inert sequence, is to reduce immunaganicity at the fusion Paint. Retarmg to SEQ ID N0:7, it 

can be seen that if the linker (residue numbers -189-204} was not present, a new sequence consisting 

of . the residues immediately before number 189 and imnediately after 204 waufd be created. Tfis 

new sequence would be a naoantigan far the hunml body. 

Human IFNa is derived from a family of senrat different genes. More than 24 species hne 

1 O been identified so tar, from g• and protein saquanca data. They differ from each other by anywhere 

tram a few to a maxinun af 35 amino acids. Most af the spacies have a signal pe)ltide sequence 

of 23 amino acid residues and a mature amino acid sequence of 166 amino acid residues (Gaeddel, 

D.V. et al., Nature, 290:20·26, 1981; Weissmann, C. and Weber, H •• P!tJI. Nuc. Acid Res. Mal BiDI. 

33:251-300, 1986; Zoon, K.C., Interferon, 9: 1-12. 1987). 

15 IFNaZ (also called IFNaA) is one of the most intensively studied interferon species. The 

recombinant version of IFNa2 has been used as a therapeutic far several years. Two IFNa2 

recombinant products, IFNa2a and IFNa2b, are now commercially availablL They differ only in one 

amino acid at position 23, and there is no significant difference in biological activity between thlm 

(von Gabain, A., et al, Eur. J. Biot:hem. 190:257·61, 1990). 

20 IFNa2a was selected as the fusion partner for the interferon hybrid of the invention, although 

the IFNa2b or any other interferon species (including IFNp) can be used as well. It is also possible 

to make similar constructs with other cytokines, such as interleukin· 1 or interleukin-2. The same linker 
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could be used, or another • wlich is not immunagenic: and which maintains the biological activity 

of the contruc:t could be substituted. . 

The advantages of the Y4 chain as the Fe moiety in the hybrid is that it is stable in the 

II.Iman circulatian. The y4 chain (unlike the y1 chain) •• avoids the wide spectrum of •andary 

5 trialagicaf properties, such as camplemant fixation and antmaciy.depandant call-mediated cytotoxicity 

(ADCC), which may be undesirable proparties. 

The cDNA of the IFNa2a can be obtained by ravarse transcription and PCR, using RNA 

extracted from laukocytes which express IFNa. One such cell ine, KG· 1, can be obtained from the 

American Type Culture Collection (ATCC) in Rodcville, Maryland, where it is held under number CCL 

1 O 246. In the procedure used in making the hybrid of the invention, before the RNA extraction, tha cells 

were challenged by Sendai virus ta increase their trncriptian of interferons (Cantell, K. et al, 

M1thatls in _Enzymology, 78A:29·38, Adacemic Pnss, 1981). 

As mantionad above, IFNa is a coUac:tion of IFN spac;ias and each cell expresses savn 

different IFNa subspecies at the same time. Tha DNA sequence hnmology amang thasa species is so 

15 high that RT·PCR would probably amplify a group of them instead a specific one. To obtain 

specifically the IFNa2a cDNA, the PCR priners were designed so that the last nucleotides of the two 

primers ended at positions when the amino acids cadad are unique for IFNa2a. These are position 

S22 and 161, respectively (See Zoon, K.C. lntllflfOn, 9:1-12. 1987). 

By using an overtapping PCR technique (Daugherty, B.L. et al, Nudeic Acids Res. 19:2471·6, 

20 1991), one can easily ligate two gene segments at any site as desired. However, one drawback of 

PCR amplification is the relatively high mutation rate (Saiki, R.K. et al, Science, 239:487, 1988). 

Thus, ONA sequencing was also done to check every ONA segment obtained through PCR for lack of 
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mutation. Sequencing can be tedious and tine CllllSlllling whma the size of the segment is over 1kh, 

as ·is the fuU length IFNa·Fc cDNA. However, a restriction endonuclaasa site, BamH I, can be 

incorporated into the linker nucleotide sequence without changing its amina acid sequence. This site 

is located between the nudeatide mnbers 15 and 16 in SEQ lD N0:1. 

The two gene segmentS fram PCR can be separatety cloned into claning vectors. This makes 

the DNA sequencing easier and quicker since bath sagments are only a few hundred base pairs in 

length. Once the clones with the correct ONA sequences are identified, the two g• segments can 

be linked together through the BamH I site. No •and raund overlapping PCR and subsequent DNA 

sequencing of the full length segment are required. 

There ara several ways to express the recambinant protein in ritio, including in E. coli, 

baculavirus, yeast, mammaian calls or other expression systems. The prabryotic system, E. coli. is 

not able to do post·translatianal modifation, such as glycosylation. But this is probably not a serious 

problem for the IFNa·Fc hybrid sinca the native IFNa and immunaglobuiin y4 molecule are not heavily 

glycosylated. further, it has been reported that recombinant IFNa without any glycosylation retained 

15 its biological activity (Baron, E. and Narula, S., Bio/technology, 10:179·190, 1990). t1MBK, 

the purifacation of recombinant protein from the £ coli lysate can be difficult. The foreign proteins 

expressed by E. coli often aggregate and form insoluble inclusion bodies. Thus, soluhtlization and 

subsequent refolding of tha inclusion bodies is usually required (Schein, C.H. and Notehorn, H.M., 

Bio/technology, 6:291 ·294. 1988; Wilkinson, D.L and Harrison, R.G., Bio/technology, 9:443-448, 1991 }. 

20 The yeast expression system Picllia Pastoris (lnvitrogen. San Diego, CA) overcomes some of 

the problems encountered when using the bacterial system. It usually gives a high yield and has the 

. ability to do various post-translational modifications. The expressed foreign protein can be secreted 
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into the culture supernatant where not mmy Dthar proteins reside. making protein purification and 

pracass scale-up much easier. This systam was triad first to upress aithar the 1FNa-Fc hybrid or the 

wHd type IFNa2a. Unfartunataly tha IFNa-Fc Brlt8d WIS faund ta be partially degraded on SDS· 

PAGE. whereas tha IFNa2a alone was not. Tha degradation was balieved to be causad by the protease 

5 activities present in the yeast uprassion system, as reported by Scorer, C.A. et al, Ssne, 138:111-9, 

1993. The relatively weak spat in the linge ragian is the possible target far the protaa_m. 

A mammalian cell expression system far the IFNa-Fc hybrid was also tried. The manmalian 

expression vector, pCDNA3 Onvitrogan, San Diego, CA) wlich contains a CMV promoter and a NED 

resistance gene, was employed. The hast calls, NSO ells, were trm1sfected by the pCDNA3RFNa·Fc 

10 expression vector using the elactroparatian method. The eels were selected by 6418 ·at a 

concentration of 0.8 mg/ml The IFNa-Fc upressing clanas were identified by ELISA. The hybrid' was 

succassfully expressed in this system and there was no degradation. 

There are saveral advantages ta this manunalian expression system. Rrst, the recombinant 

protein is secreted into the culture supernatant and there is no aggregation, thereby simplifying 

15 purification. One chromatography step using a protein A ·column yields a purified IFNa·Fc protein. 

Also, the protein produced in this system has a glycosylation pattern very similar to the natural 

molecules since it is exprassad by mammalian calls. Further, a native IFNa2a signat peptide sequence 

is included in the expression vector. Therefore the protein secreted from the ceUs has an authentic 

N-tenninal, whereas in the E. can or yeast expression systems there either is no signal peptide or a 

20 non·IFNa signal peptide is used. Either way, it will bring in additional artificial amino acid residue(s) 

at the N·terminal end of the recombinant IFNa·Fc. 

As mentioned above, the purification of the IFNa-Fc recombinant protein from the culture 
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supernatant is relatively straightforward. The prot• with a purity of more than 90%, as judged by 

SOS-PAGE. can be easily obtained by one step of affinity chromatography with a protein A cabnn. 

There are several assay methods available far the measuring of the IFNa biaactivity. Using 

n antiviral assay, it was damonstrated that the hybrid of SEQ ID N0:7 had a specifsc activity about 

5 5 to 10 fold higher than a related IFNa·Fc hybrid, in which the linker malecula had the sequence Gly 

Gly Ser Gly Gly Ser (SEQ ID N0:2)~ and the Fe partian of the hybrid was derived from hllnan lgGl 

rather than lg64. Nevertheless. although the biofagicial activity at the hybrid shown in SEQ ID N0:7 

was improved substantially over the similar hybrid, it was stiU lower than that of ;the native IFNa. 

However, it is eq11ct.-I that this hybrid wall have a langer half-rate in 'lillO, than the native IFNa. This 

1 O expectation is based on results demonstrating that the relited IFNa hybrid with the 6nker sequence 

shown in SEQ ID N0:2 and an lgGl Fe portion showed a much longer half.fie. in a pharmacakinetic 

study in a mouse model, then did the native lFNa. 

Because the hybrid of SEQ ID N0:7 is expected to have a longer half-life in vivo than native 

IFNa, even though its specific activity is lower, this navel hybrid is expected ta be preferred to the 

15 native IFNa tar clinical use. This is because. as a result of the longer half·fife. the Cxt (the area 

under the concentration vs. tine curve) would be up to several hundred times greater than for the 

native IFNa. This means that at the equivalent molar dosage of the native IFNa and the hybrid, the 

latter would provide a several hundred fold increased exposure to IFNa, resulting in vastly increased 

efficacy at the same dosage, and less frequent administratian. 

20 In measuring specific activity, molar dosage is preferred instead of expressing activity as units 

per mass of protein. This is because interferons function through the binding ta their specific 

receptors. which is directly related to the number of molecules present. Also, the molecular weight 
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of the IFNa-Fcy4, 110 Kd. is mare than fave-fold larger than that of tha wid type IFNa2a. which is 

20kd. Taking this into cansidntion, llmlllling activity in unitslpmal instead af the units/mg provides 

a batter comparison of activity spacifity. 

Example I: Claaing human IFNa cDNA ind constructing the IFNa·Fc axpreaiia vactar 

5 6x101 KG·l cells (ATCC 246) ware incubated with 200 units of Sendai virus at 37°C 

overnight. The cells ware harvested and washed with PBS throughly. The total RNA was extracted 

by using the RNA·ZOL RNA isolation kit (BIOTEX, Houstn, TXJ foHowing the procedure provided by 

the manufacturer. The first-strand cDNA was synthesized by reverse transcription using AMV reverie 

transcript&• with oigo(dT) as 3' priner in 50mM Tris-HCI (pH 8.3), 60mMKCI, and &mM MgClz, 

10 incubated at 42°C for 1 hour. The reaction mixture was used directly as the template for PCR ta 

amplify IFNa cDNA. The 5' primer for PCR contained a Hind Ill site and tha cncling sequence for the 

first 21 amino acids from the 1FNa2a leader peptide (SEQ ID N0:31. The 3' primer contained the 

sequence coding far part of the 6nker (SEQ ID NO:l) and the last five amino acids of the lFNa2a; and 

a 81111H I site integrated in the inker sequence (SEQ ID N0:4}. The PCR buffer contained 5DmM KCI, 

15 lOmMTris·Hcl (pHB.3), 1.SmM MgCl2, 0.01% gelatin, 0.1 mmol each of dNTP, 0.5 µmot of each 

primers, 5 µI RT reaction mixture, and 1 unit of Taq DNA polymerase in a total of 50 µI volume. 

The PCR condition was 94°C (1 min), 55°C (2 nin), and 72°C (2 min) for 40 cycles on a GenaAmp 

PCR System 9600 {Perkin· Elmer, Norwalk, CTI. 

The cDNA of the human inmunoglobulin y4 Fe was obtained by reverse transcription and PCR 

20 performed the same way as described above. The RNA was extracted from the human tonsil B calls. 

The 5' primer had the sequence shown in SEQ ID N0:5. The 3' primer had the sequence shown in 

SEQ ID NO:S. 
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The two PCR amplified ONA segments were dDned into pUC18 vectors at sites trmd llllBamH 

I or sites e.H llEcaR I respectively. After their DNA sequences were confirmed by ONA sequencing 

using the kit from USB (Clevelmld. Ohiot, the two segnmts were lgated together through the BamH 

I site by a second round cloning. The ful length IFNa·Fc cDNA was then inserted into a mammalian 

5 axprassion vector pCONA3 Onvitroga, .San Diego, CAt through the Hind Ill and EcoR f sites. 

Example 2: Expressing lfla·fc. in ..... nan cells 

107 NSO cells were mixed with 1 Dpg rmearizad pCDNA3/IFNa-Fc plasmid in 0.8 ml PBS and 

kept an ice for 5 nin. Electroparatian was parfanned at ZOOv, 960µF using Gen• Pulser (BioRad, 

Hirculas, CA). The cells were then put back an ice far 20 minutes and transferred to a 100mm tissue 

10 culture plate in 1Dml DMEM suppled with 2% FCS. After incubation at 37°C for two days, the cells 

were washed and resuspended in the same medium. 0.6 mg/ml 6418 was added to start the 

salactian. The cells were plated out in eight 96-well micro plates and incubated at 37°C. Colonies 

· appeared in one week and they were ready for screening in two weeks. The supernatants from each 

well with a single colony growing were collected. The IFNa-Fc in the aupernatant waa quantitatively 

15 determined by an ELISA assay employing goat anti-human lgG and anti-human Fe conjugated with 

horseradish peroxidase. The clones with higher ELISA readings and smaller colony size ware selected 

for subdoning. These colonies were transferred to a 24-well plate and suppl"ied with a medium 

containing 6418. The clone with the highest secretion level was expanded and adapted to grow in 

a spinner. For large scale preparation, the culture supernatant was collected and passed through a 

20 protein A agarose column equilibrized by PBS. The protein bound to the protein A was eluted by 50 

mM citric acid (pH 3.0) and com:entrated by lyophilization. 

Example 3: Characterization of the IFNa-Fc hybrid. 
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The purity of the recamllinant protein isolated from NSO culture medium was examined by 

SDS·PAGE and Western blot. Only ana protein band was visible an the blotted nantnna stained by 

panceau s far total prot• showing a hamaganaity of the protein praparation. The apparent 

molecular weight of this pratein is about 55kd under reducing conditions and 110kd under non-reducing 

5 canditians, which is exactly tlm predicted size for the IFNa-Fc hybrid. The doubling at its apparent 

molecular weight under nan·reducing conditions suggests that the hybrid is in a dimeric farm. The 

recombinant pratein can ba recognized by both anti-Fe and anti-IFNa antibodies, confirming that it 

consists of two moieties, the IFNa and the Fe fragment. 

The biaactivity assay far the IFNa·Fc was an antiviral assay. Specifically, the assay method 

10 used was a modification of the pratacol described by Robert M. Friecbnan et al (Measurmnent of 

antiviral activity in•cad by interferons a, (J, and y, Cl/fftJllt PratoctJ/s in lllllllllllO/ogy, 1994, pp. 8.9.1· 

6.9.8). Briefly, human lung carcinoma calls (A549, ATCCICCL 185) ware seeded in 96-well plates 

at a density of 40,000 cells/wen and incubated at 37°C for 24 hours. 1:2 serially diluted IFNa-Fc 

hybrid or native fFNa (NIH# Gxa01-901·535) were added and incubated at 37°C for 24 hours. Every 

15 sample was dona in triplicate. The culture rnadi1111 was replaced with a fresh one containing 

encaphalomyocarditis virus (ATCC #VR 1298) at a concentration of about 0.1 MOllcel and incubated 

at 37°C for a further 48 hours. The dead cells were washed away by pipetting up and down 

vigorously with PBS. The attached cells were fixed by 2% formaldehyde and stained by giemsa stain. 

The plates were rinsed with tap water and allowed to dry. The stained cells were dissolved by 

20 methanaf and the samples ware read spactrophotometricaly at 595nm. The antiviral activity of IFNa· 

Fe hybrid was calculated by comparing it with the IFNa standard, and was found to be abnut 30 to 

60% of the activity of the lFNa standard. 

,. .'. . 
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It should be undntoad that the terms and uprassians used harain are eiemplary only and 

not limiting, and that the scape of tha invantion is •fined anfy in the claims which foUaw, and 

includes all equivalents of the sulliect matts of those dlins. 
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SEOUENCE USTING 
(1) General Information: 
{i) Applicant: YU, Liming; Chang, Tse Wen 

PCTIUSH/20861 • 

(ii) Title of Invention: Hybrid with Interferon-a and an 
Immunoglobul.in Pc Linked through a Non- Immunogenic Pepeide 
(iii) Number of Sequences: 7 
(iv) Correspondence Address: 
(A) Addressee: Tanox Biosystems, Inc. 
CB) Street: 10301 Stella Link Rd. 
CC) City: Houston 
(D} State: Texas 
(E) country: tJSA 
(F) Zip: 77025 
(v) Computer Readable Form: 
(A) Medi.U1ll Type: Diskette, 3.5 inch 
(B} Computer: Addonica Cl42 SVGA 
(C) Operating System: OOS 3.30 
CD) Software: wordperfect 5.1 
(vi) Current application data: 
(A) Application Number: 
(B) Filing Date: 
(C) Classification: 
(vii) Prior Application Data: 
(A) Application Number: 08/579,211 
(B) Filing Date: 12/28/95 
(viii} Attorney /Agent Information: 
(Al Name: Ml.rabel, Eric P. 
(B) Registration Number: 31,211 
CC) Reference/Docket Nwnber: 95-2-PCT 
(ix) Telecommunication Information: 
(A) Telephone: (713) 664-2288 
CB> Telefax: (713) 664-8914 
(2} Information for SEQ ID NO:l: 
(i} Sequence Characteristics: 
(A) Length: 48 nucleic acids 
(B) Type: nucleotide 
(C) Strandedness: double stranded 
(D) Topology: linear 
(xi) Sequence Description: SEQ ID N0:1: 

GGT GGC TCA GGT GGA TCC GGT GGA GGC GGA AGC GGC 36 
Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly 

1. 5 l.O 

GGT GGA GGA TCA 48 
Gly Gly Gly Ser 

15 

(2) Information for SEQ ID N0:2: 
(i) Sequence Characteristics: 
(A) Length: 6 amino acids 
(B) Type: amino acid 
(D) Topology: unknown 
(xi} Sequence Description: SEQ ID N0:2: 

Gly Gly Ser Gly Gly Ser 
1. s 

(2) Information for SEQ ID N0:3: 
(i} Sequence Characteristics: 

. . . 
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(A) Length: 81 nuc1eic acids 
(B) Type: nucleic acid 
(C) Strandedness: single stranded 
(D) Topology: linear 
(xi) Sequence Description: SEQ ID HO:l: 

PCT/US96/20861 

CATAAGC'l'TC ATCTACAATG GCCT'rGACCT 'l'TGC'1'TTACT 40 
GGTGGCCCTC CTGGTGCTCA GCTGCAAGTC AAGCTGCTCT G 81 

(2) Information for SEQ m N0:4: 
(i) Sequence Characteristics: 
(A) Length: 40 nuclei'c acids 
(B) Type: nuc1eic acid 
(C) Strandedness: single stranded 
(D) Tc>pology: linear 
(xi) Sequence Description: SEQ m N0:4: 

CTCTGCGGAT CCACCTGAGC CACCTTCCTT AC'l"l'CTTAAA 40 

(2) Inforiaation for SEQ ID N0:5: 
(i) Sequence Characteristics: 
(A) Length: 58 nucleic acids 
(B) Type: nucleic acid 
(Cl Strandedness: single stranded 
CDl Topo1ogy: linear 
(xi) Sequence Desc:ripticm: SEQ ID NO:S: 

AATGGATCCG GTGGAGGCGG AAGCGGCGGT GGAGGATCAG.40 
AGTCC!AAATA TGGTCCCC 58 

(2) Information for SEQ ID N0:6: 
Ci) Seqaence Characteristics: 
{A) Length: 42 nucleic acids 
(B) Type: nucleic acid 
(C) Strandedness: double stranded 
(D) Topology: linear 
(xi) Sequence Description: SEQ ID NO:&: 

ATCGAA'rl"CT ATTTACCCAG AGACAGGGAG AGGCTCTTCT GT 42 

(2) Information for SEQ ID N0:7: 
(i) Sequence Characteristics: 
(Al Length: 1302 nucleic acids 
(B) Type: nucleic acid 
(C) Strandedness: double stranded 
(D) Topology: linear 
(xi) Sequence Description: SEQ ID N0:7: 

ATG GCC Tl'G ACC TTT GCT TTA CTG GTG GCC CTC CTG GTG 39 
Met Ala Leu Thr Phe Ala Leu Leu Val Ala Leu Leu Val 

l s 10 

CTC AGC TGC AAG TCA AGC TGC TCT CTG GGC TGT GAT CTG 78 
Leu Ser Cys Lys Ser Ser Cys Ser Leu Gly Cys Asp Leu 

15 20 25 

CCT CAA ACC CAC AGC CTG GGT AGC AGG AGG ACC Tl'G ATG 117 
Pro Gln Thr His Ser Leu Gly Ser Arg Arg Thr Leu Met 

30 35 



W097/24137 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

PCTJUSM/20861 • 

16 

CTC CTG GCA CAG ATG AGG AAA ATC TCT CTT TTC TCC TGC 156 
Leu Leu Ala Gln Met Arg Lys Ile Ser Leu Phe Ser Cys 

40 45 so 

TTG AAG GAC AGA CAT GAC TTT GGA TTT CCC CAG GAG GAG 195 
Leu Lys Asp Arg His Asp Phe Gly Phe Pro Gln Glu Glu 

SS 60 65 

TTT GGC AAC CAG TTC CAA AAG GCT GAA ACC ATC CCT GTC 234 
Phe Gly A.an Gln Phe Gln Lys Ala Glu Thr Ile Phe Val 

70 75 

CTC CAT GAG ATG ATC CAG CAG ATC TTC AAT CTC TTC AGC 273 
Leu Bis Glu Met Ile Glu Glu Ile Phe Asn Leu Phe Ser 

80 85 90 

ACA AAG GAC TCA TCT GCT GCT TGG GAT GAG ACC CTC CTA 312 
Thr Lys Asp Ser Ser Ala Ala Trp Asp Glu Thr Leu Leu 

95 100 

GAC AAA rrc TAC ACT GAA CTC TAC CAG CAG C:TG AAT GAC 351 
Asp Lys Phe Tyr Thr Glu Leu Tyr Gln Gln Leu Asn Asp 
105 110 115 

CTG GAA GCC TGT GTG ATA CAG GGG GTG GGG GTG ACA GAG 390 
Leu Glu Ala Cys Val Ile Gln Gly Val Gly Val Thr Glu 

120 125 130 

ACT CCC CTG ATG AAG GAG GAC TCC ATT CTG GCT GTG AGG 429 
Thr Pro Leu Met Lys Glu Asp Ser Ile Leu Ala Val Arg us uo . 
AAA TAC TTC CAA AGA ATC ACT CTC TAT CTG AAA GAG AAG 468 
Lys Tyr Phe Gln Arg Ile Thr Leu Tyr Leu Lys Glu Lys 

145 150 155 

AAA TAC AGC CCT TGT GCC TGG GAG GTT GTC AGA GCA GAA 507 
Lys Tyr Ser Phe Cys Ala Trp Glu Val Val Arg Ala Glu 

160 165 -

ATC ATG AGA TCT TTT TCT TTG TCA ACA AAC TTG CAA GAA 546 
Ile Met Arg Ser Phe Ser Leu Ser Thr Asn Leu Gln Glu 
170 1.75 180 

A.GT TTA AGA A.GT AAG GAA GGT GGC TCA GGT GGA TCC GGT 585 
Ser Leu Arg Ser Lys Glu Gly Gly Ser Gly Gly Ser Gly 

185 190 1.95 

GGA GGC GGA AGC GGC GGT GGA GGA TCA GAG TCC AAA TAT 624 
Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Ser Lys Tyr 

200 205 

GGT CCC CCG TGC CCA TCA TGC CCA GCA C:CT GAG TTC: CTG 663 
Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro Glu Phe Leu 

210 215 220 

GGG GGA CCA TCA GTC TTC CTG TTC CCC: CCA AAA CCC AAG 702 
Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 

225 230 

• ~ &• 
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GAC ACT C'l'C ATG ATC TCC CGG ACC CCT GAG GTC ACG TGC 741 
Asp Thr Leu Mee Ile Ser Arg Thr Pro Glu Val Thr Cys 

235 240 245 

GTG GTG GTG GAC GTG AGC CAG GAA GAC CCC: GAG GTC CAG 780 
Val Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln 

250 255 260 

TTC AAC TGG TAC GTG GAT GGC GTG GAG GTG CAT AAT GCC 81.9 
Phe Asn T%'p Tyr Val Asp Gly Val Glu Val His Asn Ala 

265 270 

AAG ACA AAG CCG CGG GAG GAG CAG TTC AAC AGC ACG TAC 858 
Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr 

275 280 285 

CGT GTG GTC AGC GTC C'l'C ACC GTC CTG CAC CAG GAC '1'GG .97 
Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp 

290 295 

CTG AAC GGC AAG GAG TAC AAG TGC AAG GTC TCC AAC AAA 936 
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys 
300 305 310 

GGC CTC CCG TCC: TCC ATC GAG AAA ACC ATC TC:C AAA GCC 975 
Gly Leu Pro· Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala-

315 320 325 

AAA GGG CAG CCC C:GA GAG C::CA CAG GTG TAC ACC CTG CCC 1014 
Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro 

330 335 

C::CA TCC CAG GAG GAG ATG ACC AAG AAC CAG GTC AGC CTG 1053 
Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu 

340 345 350 

ACC TGC CTG GTC AAA GGC TTC TAC CCC AGC GAC ATC: GCC 1092 
Thr cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala 

355 360 

GTG GAG TGG GAG.AGC AAT GGG CAG CCG GAG AAC AAC TAC 1131 
Val Giu T%'p Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr 
365 370 375 

AAG ACC ACG CCT C::CC GTG CTG GAC TCC GAC GGC TCC TTC 1170 
Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe 

380 385 390 

Tl'C CTC TAC AGC AGG CTA ACC GTG GAC AAG AGC AGG TGG l.209 
Phe Lys Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp 

395 400 

CAG GAG GGG AAT GTC TrC TCA TGC TCC GTG ATG CAT GAG 1248 
Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu 

405 410 415 

GCT CTG CAC AAC CAC TAC ACA CAG AAG AGC CTC TCCCTG 1287 
Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu 

420 425 
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' 1111111111111 11111 11111111111 
* C L M S * What Is Claimed Is: 

1. A 'hybrid molecule comprising an interferon molecule joined at its C-terminal 

end through a peptide linker to:the N-terminal end of the immunoglobulin Fe fragment, 

the peptide linker comprising the sequence Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly 

5 Ser Gly Gly Gly Gly Ser (SEQ ID NO:l). 

2. The hybrid molecule of claim 1 in which another interferon molecule is joined 

at its C·tenninal end through the peptide linker to the N-tenninal end of a chain of the 

immunoglobulin Fe fragment, thereby forming a homodimer. 

3. The hybrid molecule of claim 2 in which the interferon molecule is IFNcUI 

10 or IFNalb. 

4. The hybrid molecule of claim 2 in which the Fe fragment is a "Y4 chain Fe 

fngment. 

S. A method of treating hepatitis, hairy cell leukemia, multiple myeloma, or 

other cancers or viral diseases, comprising administering the hybrid molecule of any of 

15 claims 1 to 4. 
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