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DOCKET 709 

EXPRESS MAI L  NO. 8 5 9 9375 8 5  

MAI LED 1 4  JUNE 1991 

<!);;; IMMUNOGLO B.ULIN VARIANTS 

Field of the Invention 

This invention relates to methods for the preparation and use of 

variant antibodies and finds application particularly in the fields of 

immunology and cancer diagnosis and therapy. 

Background of the Invention 

Natural ly occurring antibodies (immunoglobulins) comprise two 

heavy chains linked together by disulfide bonds and two light chains, one 

light chain being linked to each of the heavy chains by disulfide bonds. Each 

heavy chain has at one end a variable domain (VH) followed by a number of 

constant domains. Each light chain has a variable domain <Vt) at one end 

and a constant domain at its other end; the constant domain of the light 

chain is a ligned with the first constant domain of the heavy chain, and the 

light chain variable domain is aligned with the variable domain of the heavy 

chain. Particular amino acid residues are believed to form an interface 

between the light and heavy chain variable domains, see e .g .  Chothia et al., 

J. Mo/. Biol. 186:6 51-663 (198 5); Novotny and Haber, Proc. Natl. A cad. Sci. 

1 
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USA 82:4 592-4 596 (198 5). 

The constant domains are not involved directly in binding the 

antibody to an antigen, but are involved in various effector functions, such 

as participation of the antibody in antibody-dependent cellular cytotoxicity. 

The variable domains of each pair of light and heavy chains are involved 

directly in binding the antibody to the antigen. The domains of natural light 

and heavy chains have the same general structure, and each domain 

comprises four framework (FR) regions, whose sequences are somewhat 

conserved, connected by three hyper-variable or com plementarity 

determining regions (CDRs) (see Kabat, E. A .  et al., Sequences of Proteins 

of Immunological Interest, National Institutes of Health, Bethesda, MD,  

(1987)). The four framework regions largely adopt a P-sheet conformation 

and the CD Rs form loops connecting , and in some cases forming part of, the 

P-sheet structure. The CDRs in each chain a re held in close proximity by the 

framework regions and , with the CDRs from the other chain, contribute to 

the formation of the antigen binding site . 

Widespread use has been made of monoclonal antibodies, 

particularly those derived from rodents including mice, however they are 

frequently antigenic in human clinical use. For example, a major limitation in 

the clinical use of rodent monoclonal antibodies is an anti-globulin response 

during therapy ( Miller, R. A .  eta/., B /ood62:988-9 9 5  (19 83}; Schroff, R. W. 

et al. , Cancer Res. 4 5:879-8 8 5  (198 5}). 

The art has attempted to overcome this problem by constructing 

"chimeric" antibodies in which an animal antigen-binding variable domain is 

coupled to a human constant domain (Cabilly et al. , U . S .  patent No.  

4,816,567; Morrison, S .  L .  et a/ . , Proc. Natl. Acad. Sci. USA 81:68 51-685 5 

(19 84); Boulianne, G .  L. et al., Nature 312:643-646 (1984); Neuberger, M. 

S .  et al., Nature 314:268-270 (198 5)). The term "chimeric" antibody is used 

herein to describe a polypeptide comprising at least the antigen binding 

portion of an antibody molecule linked to at least part of another protein 

(typically an immunoglobulin constant domain) . 

The isotype of the human constant domain may be selected to tailor 

2 
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the chimeric antibody for participation in antibody-dependent cellular 

cytotoxicity (ADCC) and complement-dependent cytotoxicity (see e .g .  

Bruggemann, M.  e tal . , J .  Exp. Med. 1 66:1 351- 1 3 6 1  ( 1 987) ;  R iechmann, L. 

et al . ,  Nature 332:323-327 ( 1 9 88);  Love e t  al. , M e thods in Enzymol ogy 

-1 78:515-527 ( 1 989) ;  Bindon e t a/ . ,  J. Exp. M ed. 1 68:1 2 7-1 42 ( 1 988) .  

In  the typical embodiment, such chimeric antibodies contain about 

one third rodent (or other non-human species) sequence and thus are capable 

of eliciting a s ignificant anti-globulin response in humans. For example,  in the 

case of the murine anti-CD3 antibody, O KT3, m uch of the resulting 

anti-globulin response is directed against the variable region rather than the 

constant region (Jaffers, G. J. et a/;, Transp lan tation 41 :5 72-578 (1986)) . 

In a further effort to resolve the antigen binding functions of 

antibodies and to minimize the use of heterologous sequences in human 

antibodies, Winter and colleagues (Jones, P. T.  e ta/ . ,  Nature 321 :522-525 

( 198 6);  R iechmann, L. et al., Nature 332:323-327 ( 1 988) ;  V�rhoeyen, M. e t  

al., Sci ence 2 3 9 :  1 534-1 536 ( 1 988))  have substituted rodent CDRs or CDR 

sequences for the corresponding segments of a human antibody. As used 

herein, the term "humanized " antibody is an embodiment of chimeric 

antibodies wherein substantially less than an intact human variable domain 

has been substituted by the corresponding sequence from a non-human 

species. In  practice, humanized antibodies are typically human antibodies in 

which some CDR residues and possibly some FR residues are substituted by 

residues from analogous sites in rodent antibodies. 

The the-rapeutic promise of this approach is supported by the cl inical 

efficacy of a humanized antibody specific for the CAMPA TH- 1 antigen with 

two non-Hodgkin lymphoma patients, one of whom had previously developed 

an anti-globulin response to the parental rat antibody (Riechmann, L. e t  al. , 

Nature 332:323-327 ( 1 988) ;  Hale, G .  e t  al. , L ancet i: 1 394-1 399 ( 1 988) ) .  

A murine antibody to the interleukin 2 receptor has also recently been 

humanized (Queen, C. et al . ,  Proc. Natl. Acad. Sci. USA 86:1 0029-1 0033 

(1989)}  as a potential immunosuppressive reagent. Additional references 

related to humanization of antibodies include Co e t  al. , Proc. Natl . A cad. Sci. 

3 
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USA 8 8:2869-2873 (1991); Gorman et al. , Proc. Natl. Acad. Sci. USA 

88:4181-418 5  (19 91 ); Daugherty eta/. , Nucleic Acids Research 19 (9):2471-

2476 (19 91); Brown et al. , Proc. Natl. Acad. Sci. USA 8 8:2663-2667 

(19 91); Junghans et a/., Cancer Research 50:1495-1502 (19 90). 

In some cases, substituting CDRs ·from rodent antibodies for the 

human CDRs in human frameworks is sufficient to transfer high antigen 

binding affinity (Jones, P. T. et al. , Nature 321 :522-525 (1986); Verhoeyen, 

M. et al. , Science 239:1534-1536 (1988)), whereas in other cases it has 

been necessary to additionally replace one (Riechmann, L. et al. , Nature 

332:323-327 ( 198 8)) or several (Queen, C.  et al. , Proc. Natl. A cad. Sci. USA 

86: 10029-10033 (19 89)) framework region (FR) residues. See also Co et 

al. , supra. 

For a given antibody a small number of FR resi�ues are anticipated 

to be important for antigen binding . Firstly for example, certain antibodies 

have been shown to conta in a few FR residues which directly contact antigen 

in crystal structures of antibody-antigen complexes (e .g . ,  reviewed in Davies, 

D. R .  et a/. , Ann. Rev. Biochem. 59:439-473 (19 90)). Secondly, a number 

of FR residues have been proposed by Chothia, Lesk and colleagues (Chothia, 

C .  & Lesk, A. M.,  J. Mo/. Biol. 196:901-917 (1987); Chothia ,  C. et al., 

Nature 342:877-883 (198 9); Tramontano, A.  ·et al. , J. Mo/. Biol. 

215.:17 5-182 (1990)) as critically affecting the conformation of particular 

CDRs and thus their contribution to antigen binding . See a lso Margolies et 

al. , Proc. Natl. Acad. Sci. USA 72:2180-2184 (1975). 

It is also known that, in a few instances, an antibody variable 

domain (either VH or VL) may contain glycosylation sites, and that this 

g lycosylation may improve or abolish antigen binding, Pluckthu11, 

Biotechnology 9:545-51 (1991); Spiegelberg et al. , Biochemistry 9:4217-

4223 (1970); Wallie et al., J. Exp. Med. 168:1099-1109 (19 88); Sox et al. , 

Proc. Natl. A cad. Sci. USA 66:975-982 (1970); Margni et al. , Ann. Rev. 

lmmunol. 6:535-5 54 (1988). Ordinarily, however, g lycosylation has no 

influence on the antigen-binding properties of an antibody, Pluckthun, supra, 

(19 91). 

4 
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The three-dimensional structure of immunoglobulin chains has been 

studied, and crystal structures for intact immunoglobulins, for a variety of 

immunoglobulin fragments, and for antibody-antigen complexes have been 

published (see e.g., Saul et al. , Journal of Biological Chemistry 25:58 5-97 

(1978); Sheriff et al. , Proc. Natl. Acad. Sci. USA 84:8075-79 (19 87); Segal 

et al. , Proc. Natl. Acad. Sci. USA 71:4298-4302 (1974); Epp et  al. , 

Biochemistry 14(22):4943-49 52 (1975); Marquart et al. , J. Mo/. Biol. 

141:369-391 (1980); Furey et a/. , J. Mo/. Biol. 167:661-692 (1983); Snow 

and Amzel, Protein : Structure , Function , and G enetics 1 :267-279, Alan R .  

Liss, Inc.  pubs. (19 86); Chothia and Lesk, J. Mo/. Biol. 196:901-917 (19 87); 

Chothia eta/. ,  Nature 342:877-883 (19 89); Chothia eta/. , Science 233:75 5-

5 8  (1986); Huber et al. , Nature 264:415-420 (1976); Bruccoleri et al. , 

Nature 335:564-568 (1988) and Nature 336:266 (19 88); Sherman et al. , 

Journal of Biological Chemistry 263:4064-4074 (1988); Amzel and Poljak, 

Ann. Rev. Biochem. 48:961-67 (1979); Silverton et a/. , Proc .. Natl. Acad. 

Sci. USA 74:5140-5144 (1977); and Gregory et a/. , Molecular Immunology 

24:821-829 (1987). It is known that the function of an antibody is 

dependent on its three dimensional structure, and that amino acid 

substitutions can change the three-dimensional structure of an antibody, 

Snow and Amzel, supra , It has previously been shown that the antigen 

binding affinity of a humanized antibody can be increased by m utagenesis 

based upon molecular modelling (Riechmann, L. et al. , Nature 332:323-327 

(19 8 8); Queen, C .  et al. , Proc. Natl. Acad. Sci. USA 86:10029-10033 

(19 8 9)). 

H umanizing an antibody with retention of high affinity for antigen 

and other desired biological activities is at present difficult to achieve using 

currently available procedures. Methods are needed for rationalizing the 

selection of sites for substitution in pre paring such antibodies and thereby 

increasing the efficiency of antibody humanization. 

The proto-oncogene HER2 (human epidermal growth factor 

receptor 2) encodes a protein tyrosine kinase (p19 5HER2> that is related to 

and somewhat homologous to the human epidermal growth factor receptor 

s 
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{see Coussens, l. eta/., Science 230:1132-1139 (1985); Yamamoto, T. et 

al., Nature 319:230-234 {1986); King, C. R. et al., Science 229:974-976 

(1985)). HER2 is also known in the field as c-erbB-2, and sometimes by the 

name of the rat homolog, ne u. Amplification and/or overexpression of HER2 

is associated with multiple human malignancies and appears to be integrally 

involved in progression of 25-30% of human breast and ovarian cancers 

(Slamon, D. J. et al., Science 235:177-182 (1987), Slamon, D. J. et al., 

Science 244:707-712 (1989)). Furthermore, the extent of amplification is 

inversely correlated with the observed median patient survival time (Slamon, 

supra, Science 1989). 

The murine monoclonal antibody known as muMAb405 (Fendly, B. 
M. et al., Cancer Res. 50:1550-1558 (1990)), directed against the 

extracellular domain (ECO) of p 185HER2, specifically inhibits the growth of 

tumor cell lines overexpressing p185HER2 in monolayer culture or in soft agar 

(Hudziak, R. M. eta/., Malec. Cell. Biol. 9:1165-1172 (1989); Lupu, R. eta/., 

Science 249: 1552-1555 (1990)). MuMAb405 also has the potential of 

enhancing tumor cell sensitivity to tumor necrosis factor, an important 

effector molecule in macrophage-mediated tumor cell cytotoxicity (Hudziak, 

supra, 1989; Shepard, H. M. and Lewis, G. D. J. Clinical Immunology 

8:333-395 (1988)). Thus muMAb4D5 has potential for clinical intervention 

in and imaging of carcinomas in which p1 g5HER2 is overexpressed. The 

muMAb4D5 and its uses are described in copending U.S. patent applications 

07 /143,912 and 07 /14 7,461, and in corresponding PCT application WO 
89/06692 published 27 July 1989. This murine antibody was deposited 

with the ATCC and designated ATCC CRL 10463. However, this antibody 

may be immunogenic in humans. 

It is therefore an object of this invention to provide methods for the 

preparation of antibodies which are less antigenic in humans than non-human 

antibodies but have desired antigen binding and other characteristics and 

activities. 

It is a further object of this invention to provide methods for the 

efficient humanization of antibodies, i.e. selecting non-human amino acid 

6 
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residues for importation into a human antibody background sequence in such 

a fashion as to retain or improve the affinity of the ·non-human donor 

antibody for a g iven antigen. 

It is another object of this invention to provide humanized 

antibodies capable of binding p 1  s5HER2. 

Other objects, features, and characteristics of the present invention 

will become apparent upon consideration of the following description and the 

appended claims. 

Summary of the Invention 

The objects of this invention are accomplished by a method for 

making a humanized antibody comprising amino acid sequence of an import, 

non-human antibody and a human antibody, comprising the steps of: 

a .  obtaining the amino acid sequences o f  a t  least a portion 

of an import antibody variable domain and of a consensus 

human variable domain; 

b. identifying Complementarity Determining Region (CDR) 

c. 

amino acid sequences in .the import and the human 

variable domain sequences; 

substituting an import CDR amino acid sequence for the 

corresponding human CDR amino acid sequence; 

d .  aligning the amino acid sequences o f  a Framework Region 

(FR) of the import antibody and the corresponding FR of 

e. 

f .  

the consensus antiJ,lody; 

identifying import antibody FR residues in the a ligned FR 

seque!'lces that are non-homologous to the corresponding 

consensus antibody residues; 

determining if the non-homologous import amino acid 

residue is reasonably expected to have at least one of the 

following effects: 

1 . non-covalently binds antigen directly, 

7 
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2. interacts with a CDR; or 

3 .  participates i n  the VL - VH interface; and 

g .  for any non-homologous import antibody amino acid 

residue which is reasonably expected to have at lea.st one 

of these effects, substituting that residue for the 

corresponding · amino acid residue in the c onsensus 

antibody FR sequence. 

Optionally, the method of this invention comprises the additional 

steps of determining if any non-homologous residues identified in step (e )  are 

exposed on the surface of the domain or buried within it, and if the residue 

is exposed but has none of the effects identified in step (f) ,  retaining the 

consensus residue. 

Additionally, in certain embodiments the method of this i nvention 

comprises the feature wherein the corresponding consensus antibody 

residues identified in step (e) above are selected from the group consisting 

of 4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L,  

68L, 69L,  70L,  7 1 L, 73L, 85L, 87L, 98L,  2H, 4H , 24H , 36H, 37H,  39H, 

43H, 45H, 49H, 58H,  60H, 68H,  69H,  70H, 73H,  74H, 75H, 76H,  78H, 

91 H ,  92H,  93H,  and 1 03H (utilizing the numbering system set forth in Kabat, 

E.  A. et al. , Sequences of Proteins of Immunological Interest (National 

Institutes of Health, Bethesda, MD,  1 987) ) .  

In certain embodiments, the method of  this invention comprises the 

add itional steps of searching either or both of the import, non-human and the 

f' .
consensus variable domain s_:qu����!�� � lycosyla�on !it�-�

· d.etermining if 

the glycosylation is rea��i:t��y ex��cted to be important for the desired 

antigen binding and biological activity of the antibody ( i
-
.e�-:-determining ifthe · 

glyc�s�lati�n �-
ite binds to anti

.gen or changes a side chain of  an amino acid 

residue that binds to antigen, or if the glycosylation enhances or weakens 

antigen binding , or is important for maintaining antibody affinity).  If the 

import sequence bears the glycosylation site , it is preferred to substitute that --- -------------------- " .. -
site for the corresponding residues in the consensus human sequence if the 

glycosylation site is reasonably expected to be important. If only the 

8 
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ft consensus sequence, and not the import, bears the glycosylation site , it is 

! 1 preferred to el iminate that glycosylation site or substitute therefor the 

\ corresponding amino acid residues from the import sequence. 
\ Another embodiment of this invention comprises aligning import 

antibody and the consensus antibody FR sequences, identifying i mport 

. antibody FR residues which are non-homologous with the al igned consensus 

FR sequence, and for each such non-homologous import antibody FR residue, 

determining if the corresponding consensus antibody residue represents a 

residue which is  highly conserved across all species at that site, and i f  it is 

so conserved, preparing a humanized antibody which comprises the 

consensus antibody amino acid residue at that site. 

Certain a lternate embodiments of the methods of this invention 

comprise obtaining the amino acid sequence of at least a portion of an 

import, non-human antibody variable domain having a CDR and a FR, 

obtaining the amino acid sequence of at least a portion of a consensus 

human antibody variable domain having a CDR and a FR, substituting the 

non-human CDR for the human CDR in the consensus human antibody· 

variable domain, and then substituting an amino acid residue f9r the 

consensus amino acid residue at at least one of the following sites: 

a .  (in the F R  of the variable domain of the light chain) 4L, 

35L, 36L, 38L, 43L, 44L, 58L, 46L, 62L, 63L, 64L, 65L, 

66L, 67L, 68L, 69L, 70L, 7 1 L, 7 3L, 8 5L, 8 7 L, 98L, or 

b .  (in the FR of the variable d omain of the heavy chain) 2H, 

4H, 24H,  36H,  37H, 39H, 43H, 45H, 49H, 58H,  60H, 

68H�69H , 70H , 73H, 74H, 75H, 76H, 78H , 9 1 H, 92H, 

93H, and 1 03H. 

In preferred embodiments, the non-CDR residue substituted at the consensus 

FR site is the residue found at the corresponding location of the non-human 

antibody. 

Optionally, this just-recited embodiment comprises the additional 

steps of following the method steps appearing at the beginning of this 

summary and determining whether a particular amino acid residue can 
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reasonably be expected to have undesirable effects. 

This invention also relates to a humanized antibody comprising the 

CDR sequence of an import, non-human antibody and the FR sequence of a 

human antibody, wherein an amino acid residue within the human FR 

sequence located at any one of the sites 4L, 3 5 L, 36L, 38L, 43L, 44L, 46L, 

58L, 62L, 63L, 64L, 65L, 66L, 67l, 68L, 69L, 70l, 7 1  L ,  73L, 8 5L,  8 7l, 

98L, 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H , 58H, 60H, 68H, 69H,  

70H,  73H,  74H,  7 5 H ,  76H,  78H,  91  H ,  92H,  93H, and 1 03 H  has been 

substituted by another residue. In preferred embodiments, the residue 

substituted at the human FR site is the residue found at the corresponding 

location of the non-human antibody from which the non-human CDR was 

obtained. In other embodiments, no human FR residue other than those set 

forth in this group has been substituted . 

This invention also encompasses specific humanized antibody 

varia ble domains, and isolated polypeptides having homology with the 

following sequences. 

1 .  SEO. ID NO. 1 ,  which is the light chain variable domain of a 

humanized version of muMAb4D5: 

D I O MTOSPSS LSASVG DRVTITCRASODVNTAVAWYOOKPG KAP 

KLLIYSASFLESGVPSRFSGSRSGTDFTL TISSLOPEDFATYYCOQHY 

TTPPTFGOGTKVEIKRT 

2. S EO. ID NO.  2, which is the heavy chain variable domain of a 

humanized version of muMAb4D5) :  

EVOLVESGGGL VOPGG SLRLSCAASGFNIKDTYIHWVROAPGKGLE 

WVARIYPTNGYTRY ADSVKGRFTISADTSKNTAYLOMNSLRAEDT 

AVYYCSRWGGDGFYAMDVWGQGTL VTVSS 

In another aspect, this invention provides a consensus human 

antibody variable domain amino acid sequence for use in the preparation of 

humanized antibodies, methods for obta ining , using,  and storing a computer 

representation of s�ch a consensus sequence, and computers comprising the 
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sequence data of such a sequence. In one embodiment, the following 

consensus human antibody variable domain amino acid sequences are 

provided: 

SEO. ID N O .  3 ( l ight chain): 

DIOMTOSPSSLSASVGDRVTITCRASODVSSYLAWYOOKPGKAPK 

LUY AASSLESGVPSRFSGSGSGTDFTL TISSLOPEDFATYYCQQYN 

SLPYTFGOGTKVEIKRT, and 

SEO. I D  N O .  4 (heavy chain): 

EVOLVESGGG LVQPGG SLRLSCAASGFTFSDYAMSWVROAPGKG 

LEWVAVISENGGYTRY ADSVKG R FTI SADTSKNT A YLOMNSLRAE 

DTAVYYCSRWGGDGFYAMDVWGOGTL VTVSS 

Brief Description of the Drawings 

FIGURE 1 A shows the comparison of the VL domain amino acid 

residues of muMAb405, huMAb4D5,  and a consensus human sequence (Fig . 

1 A, SEO. ID  N O .  5 ,  SEO. I D  NO.  1 and SEO. ID NO.  3 ,  respectively) . . FIGURE 

1 B shows the comparison between the VH domain amino acid residues of the 

muMAb4d5 ,  huMAb4D5 ,  and a consensus human sequence (Fig .  1 8, SEO. 

ID NO.  6 ,  SEQ. ID N O .  2 and SEQ. ID N O .  4,  respectively) . Both Figs 1 A  and 

1 B use the generally accepted numbering scheme from Kabat, E .  A . ,  et al. , 

Sequences of Proteins of Immunological Interest (National Institutes of 

Health, Bethesda,  MD (1 987) ) .  In both Fig . 1 A and Fig . 1 8, the CDR 

residues determined according to a standard sequence definition (as in Kabat, 

E. A. et al. , Sequences of Proteins of Immunological Interest (National 

Institutes of Health, Bethesda, MD,  1 987) )  are indicated by the first 

underlining beneath the sequences, and the CDR residues determined 

according to a structural definition (as in Chothia, C .  & Lesk, A .  M . ,  J. Mo/. 

Biol. 1 96:901 -91 7 ( 1 987) )  are indicated by the second , lower underlines. 

1 1  
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{._,,r The mismatches betwee�shown by the vertical lines. 

FIGURE 2 shows a scheme for humanization of muMAb4D5 VL and 

VH by gene conversion mutagenesis. 

FIGURE 3 shows the inhibition of SK-BR-3 proliferation by MAb4D5 

variants. Relative cell proliferation was determined as described (Hudziak, R .  

M.  e t  al. , M olec. Cell. Biol. 9: 1 1 65-1 1 72 ( 1 989) )  and data (average of 

triplicate determinations) a re presented as a percentage of results with 

untreated cultures for muMAb4D5 (I) ,  huMAb4D5-8 (n) and huMAb4D5-1 (I) . 

FIGURE 4 shows a stereo view of a-carbon tracing for model of 

huMAb4D5-8 VL and VH . The CDR residues (Kabat, E. A. et al. , Sequences 

of Proteins of Immunological Interest (National Institutes of Hea lth, Bethesda , 

MD,  1 987) )  are shown in bold and side chains of VH residues A7 1 ,  T73,  

A78 , S93,  Y1 02 and VL residues Y55 plus R66 {see Table 1 )  are shown. 

Detailed Description of the Invention 

Definitions 

In general, the following words or phrases have the indicated 

definitions when used in the description, examples, a nd claims: 

The murine monoclona l  antibody known as muMAb4D5 {Fendly, B.  

M.  et al. , Cancer Res. 50: 1 550-1 558 ( 1 990))  is directed against the 

extracellular domain {ECO) of p1 as
H

ER2. The muMAb4D5 and its uses are 

described in copending U.S.  patent applications 0711 43,9 1 2  and 

07 /1 4 7 ,461 , and in corresponding PCT application WO 8 9/06692 published 

27 July 1 989. This m urine antibody was deposited with the ATCC and 

designated ATCC CRL 1 0463. In this description and claims, the terms 

muMAb4D5,  chMAb4D5 and huMAb4D5 represent murine, chimerized and 

humanized versions of the monoclonal antibody 4D5 ,  respectively. 

A humanized antibody for the purposes herein is an immunoglobulin 

amino acid sequence variant or fragment thereof which is capable of binding 

to a predetermined antigen and which comprises a FR region having 
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substantial ly the amino acid sequence of a human immunoglobulin and a CDR 

having substantially the amino acid sequence of a non-human 

immunoglobulin. 

In  general, the humanized antibody wil l  comprise substantially al l  of 

at least one, and typically two, variable d omains (Fab)  in which a ll or 

substantially all of the CDR regions correspond to those of a non-human 

immunoglobulin a nd al l  or substantially a l l  of the FR regions are those of a 

human immunoglobulin consensus sequence. The humanized antibody 

optimally also will comprise at least a. portion of an immunoglobulin constant 

region (Fe) , typically that of a human immunog lobulin. Ordinarily, the 

antibody will contain both the light chain as well as at least the variable 

domain of a heavy chain. The antibody a lso may include the C H 1 , hinge, 

CH2, CH3,  and CH4 regions of the heavy chain. 

The humanized antibody will be selected from any class of 

immunoglobulins, including lgM, lgG,  lgD,  lgA and lgE ,  and any isotype , 

including igG 1 ,  lgG2,  lgG3 and lgG4. Usually the constant domain is a 

complement fixing constant domain where it is desired that the humanized 

antibody exhibit cytotoxic activity, and the class is typically lgG1• Where 

such cytotoxic activity is not desirable, the constant domain may be of the 

lgG2 class. The humanized antibody may comprise sequences from more . 

than one class or isotype, and selecting particular constant d omains to 

optimize desired effector functions is within the ordinary skil l  in  the art . .  

The FR and CDR regions of  the humanized antibody need not 

correspond precisely to the parental sequences, e .g . ,  the import CDR or the 

consensus FR may be mutagenized by substitutio'1, insertion or deletion of 

a residue so that the CDR or FR residue at that site does not correspond to 

either the consensus or the import antibody. Such mutations, however,  wil l  

not be extensive . Usually : at least 75% of the humanized antibody residues 

will correspond to those of the parental FR and CDR sequences, more often 

90%, and most preferably greater than 9 5 % .  

In general ,  humanized antibodies prepared by the method o f  this 

invention are produced by a process of analysis of the parental sequences 
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and various conceptual humanized products using three dimensional m odels 

of the parental and humanized sequences. Three d imensional 

immunoglobulin models are commonly available and are familiar to those 

skilled in the art. Computer programs are available yvhich i l lustrate and 

display probable three d imensional conformational structures of selected · 

candidate immunoglobulin sequences. Inspection of these d isplays permits 

analysis of the l ikely role of the residues in the functioning of the candidate 

immunoglobulin sequence, i .e . ,  the analysis· of residues that influence the 

abil ity of the candidate immunoglobulin to bind its antigen. 

Residues that influence antigen binding are defined to be residues 

that are substantially responsible for the antigen affinity or a ntigen specificity 

of a candidate immunoglobulin, in a positive or a negative sense. The object 

here is to select FR residues from the consensus and import sequence so that 

the desired immunoglobulin characteristic is achieved. Such desired 

characteristics include increases in affinity and greater specificity for the 

target antigen, although it is conceivable that in some circumstances the 

opposite effects might be desired . .  In general, the CDR residues are d irectly 

and most svbstantially involved in influencing antigen binding (although not 

all  CDR residues are so involved and therefore need not be substituted into 

the consensus sequence) . However, FR residues also have a significant 

effect and can exert their influence in at least three ways: They may 

noncovalently directly bind to antigen, they may interact with CDR residues 

and they may affect the interface between the heavy and l ight chains.  

A residue that noncovalently d irectly binds to antigen is one that, 

by three dimensional analysis, is reasonably expected to noncovalently 

directly bind to antigen. Typically, it is necessary to i mpute the position ·of 

antigen from the spatial location of neighboring CDRs a nd the dimensions and 

structure of the target antigen. · 1n general,  only those humanized antibody 

residues that are capable of forming salt bridges, hydrogen bonds, or 

hydrophobic interactions are l ikely to be involved in non-covalent antigen 
----- -----· . - - - . ,  . 

binding , however residues which are separated spatially(by 3 . 2  Angstroms _) 
- -- - '---== -- ......,,, 

or less may also non-covalently interact. Such residues typically are the ----
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relatively larger amino acids, �gioio� Antigen

binding FR residues also typically will have side chains that are oriented into 

an envelope surrounding the solvent oriented face of a CDR which extends 

about 7 Angstroms into the solvent from the CDR domain and about 7 

Angstroms on either side of the CDR domain, again as visualized by three 

d imensional .lllodeling. 

A residue that interacts with a CDR generally is a residue that either 

aft ects the conformation of the CDR polypeptide backbone or forms a 

noncovalent bond with a CDR residue side chain. Conformation-affecting 

residues ordinarily are those that change the spatial  position of any CDR 

backbone atom (N,  Ca, C, 0, Cp) by more. than about 0.2 Angstroms. 

Backbone atoms of CDR sequences are displaced for example by residues 

that interrupt or modify organized structures such as beta sheets, helices or 

loops. Residues that can exert a profound affect on the conformation of 

neighboring sequences include proline and glycine, both of which are capable 

of introducing bends into the backbone . Other residues that can d isplace 

backbone atoms a re those that are capable of participating in salt bridges and 

hydrogen bonds. 

A residue that interacts with a CDR side chain is one that is 

reasonably expected to form a noncovalent bond with a CDR side chain, 

generally either a salt bridge or hydrogen-bond . Such residues are identified 

by three dimensional positioning of their side chains. A salt or ion bridge 

could be expected to form between two side chains positioned within about 

2.5 - 3.2 Angstroms of one another that bear opposite charges, for example 

a lysinyl and a glutamyl pairing . A hydrogen bond could be expected to form 

between the side chains of residue pairs such as seryl or threonyl with 

aspartyl or g lutamyl (or other hydrogen accepting residues). Such pairings 

are well known in the protein chemistry art and wil l  be apparent to the 

artisan upon three dimensional modeling of the candidate immunoglobul in. 

lmmunoglobulin residues that affect the interface between heavy 

and l ight chain variable regions ("the VL - VH interface" )  are those that affect 

the proximity or orientation of the two chains with respect to one another. 

IS 
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Certain residues involved in interchain interactions are already known and 

include VL residues 34, 36, 38 ,  44, 46, 87,-89 ,  9 1 , 96, and 98 and VH 

residues 3 5 ,  37, 39 , 45, 47, 9 1 ,  93, 9 5 ,  1 00 ,  and 1 03 (util izing the 

nomenclature set forth in Kabat et al., Sequences of Proteins of 

Immunological Interest (National Institutes of Health, Bethesda ,  MD, 1 987) ) .  

Add itional residues are newly identified by the inventors herein, and include 
------'------� 

43L, 8 5L, 43H and 60H. While these residues are indicated for lgG only, 

they are appl icable across species. In the practice of this invention, import 
----.---

antibody residues_tbat...@!._e reasona(?l�-El�p_ec.@�o be involved_in interchain < 
- ' ----.._,......- . 
interactions a re selected for substitution into the consensus human 

sequence. It is  believed th�t heretofore no humanized antibody has been 

prepared � ith a'k.�affecting residue sele
_
cted from an import 

antibody sequence. 

Since it is not entire ly possible to predict in advance what the exact 

impact of a given substitution wil l  be it may be necessary to. make the 

substitution and assay the candidate antibody for the desired characteristic. 

These steps, however, are per se routine and well within the ordinary skill of 

the art. 

CDR and FR residues are determined according to a standard 

sequence definition (Kabat et al. ,  Sequences of Proteins of Immunological 

Interest, National Institutes of Health, Bethesda MD ( 1 987) ,  hereby 

specifically incorporated by reference) ,  and a structural definition (as in 

Chothia and Lesk, J. Mo/. Biol. 1 96:90 1 -9 1 7 ( 1 987) ,  hereby specifically 

incorporated by reference). Where these two methods result in slightly 

di fferent identifications of a CDR, the structural definition is preferred, but 

the residues identified by the alternate method are considered important FR 

residues for determination of which framework residues to import into a 

consensus sequence. 

The terms "consensus sequence" and "consensus anti�ody" as 

used herein refers to an amino acid sequeoce which �omprises the most 

frequently occurring amino acid residues at each loc�i� l l  human 
-

immunoglobulins o_f ariy 
.
particular subclass. In  preferred embodiments, the 
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consensus human variable domain sequences are derived from the most 

abundant subclasses in  the sequence compilation of Kabat et al. , Sequences,, 
of Proteins of Immunological Interest, National Institutes of Health, Bethesda 

. '· 

M D  ( 1 987) ,  namely VLK subgroup I a'"!d VH group I l l .  In such preferred 

embodiments, the VL consensus domain has the amino acid sequence : 
-

DI  OMTOSPSSLSASVGDRVTITCRASODVSSYLAWYOOKPGKAPKLLIY AAS 

SLESGVPSRFSGSGSGTDFTL TISSLOPEDFATYYCOOYNSLPYTFGOGTKVEI 

KRT (SEO. ID NO. 3)f 

the VH consensus domain has the amino acid sequence: 

EVOLVESGGGLVOPGGSLRLSCAASGFTFSDYAMSVVVROAPG KGLEWVAVI 

SENGGYTRY ADSVKG RFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGD 

GFYAMDVWGOGTLVTVSS (SEO. ID NO. 4) . 

While not wishing to be l imited to any particular theories, it may be that 

these preferred embodiments are less likely to be immunogenic in an 

individual than less abundant subclasses. However,  in other embodiments, 

the consensus sequence is derived from human constant d omains, or from 

other subclasses of human immunoglobulin variable domains. 

Identity ·or homology with respect to a specified amino acid 

sequence of this invention f defined herein as the percentag�of-amino-acid 

residues in a candidate sequence that are identical with the specified 
>-

residues, after al igning the sequences and introducing gaps, if necessary, to 

8-crneve-the maximum percent homology, and not considering any 
---=-=--�.__,. conservative sullstitutions as part of the sequence identity.\ None of N-

terminal, C-terminal or internal extensions, deletions, or insertions into the 

specified sequence shal l  be construed as affecting homology. All sequence 

a lignments called for in this invention are such maximal homology 

alignments . 

"Non-homologous" import antibody residues are those residues 

which are not identical to the amino acid residue at the analogous or 

corresponding location in a consensus sequence, after· the i mport and 

consensus sequences are aligned. 

The term "computer representation" refers to information which is 
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in a form that can be manipulated by a computer. The act of storing a 

computer representation refers to the act of placing the information in a form 

suitable for manipulation by a computer. 

This invention is also directed to n ovel polypeptides, and i n  certain 

aspects, isolated novel humanized anti-p1 s5
HER2 antibodies are provided . 

These novel anti-p 1 g5
HER2 antibodies are sometimes collectively referred to 

herein as huMAb4D5,  and also sometimes as the light or heavy chain variable 

d omains of huMAb4D5, and are defined herein to be any polypeptide 

sequence which possesses a biological property of a polypeptide comprising 

the following polypeptide sequence: 

DI OMTOSPSSLSASVG DRVTITCRASODVNT AVAWYOOKPGKAP 

KLLIYSASFLESGVPSRFSGSRSGTDFTL TISSLOPEDFATYYCOQHY 

TTPPTFGOGTKVEIKRT (SEO. ID NO. 1 ,  which is the l ight chain 

variable domain of huMAb4D5) ;  or 

EVOLVESGGGL VOPGGSLRLSCAASGFNI KDTYIHWVROAPGKGLE 

WVARIY PTN GYTRY ADSVKGRFTISADTSKNTA YLOMNSLRAEDT 

AVYYCSRWGGDGFYAMDVWGOGTLVTVSS (SEO. ID NO. 2,  

which is  the heavy chain variable domain of huMAb4D5).  

"Biological property" for the purposes herein means a n  in vivo 

effector or antigenic function or activity that is directly or indirectly 

performed by huMAb4D5 (whether in its native or denatured conformation). 

Effector functions include receptor binding , any enzyme activity or enzyme 

modulatory activity, any carrier binding activity, any hormonal a ctivity, any 

mitogenic or angiogenic activity, any cytotoxic activity, any activity 'in 

promoting or inhibiting adhesion of cells to extracellular matrix or cell surface 

molecules, or any structural role.  However, effector functions do not include 

possession of an epitope or antigenic site.that is capable of cross-reacting 

with antibodies raised against huMAb4D5.  An antigenic function means 

possession of an epitope or antigenic site that is capable of cross-reacting 

with antibodies raised against the polypeptide sequence of huMAb4D 5 .  

18 
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Biologically active huMAb4D5 is defined herein as a polypeptide that 

shares an effector function of huMAb4D5 and which may ( but need not) in 

add ition possess an antigenic function. A principal known effect or function 

of huMAb4D 5 is its a bil ity to bind to p1 s 5
HER2. 

Antigenically active huMAb4D5 is defined as a polypeptide that 

possesses an antigenic function of huMAb4D5 and which may (but need not) 

in addition possess an effector function. 

In preferred embodiments, antigenically active huMAb4D 5  is a 

polypeptide that binds with an affinity of at least about 1 0-9 I /mole to an 

antibody capable of binding huMAb4D5. Ordinarily the polypeptide binds 

with an affinity of at least about 1 0-8 I /mole.  Isolated antibody ca�able of 

binding huMAb4D5 is an antibody which is identified and separated from a 

com ponent of the natural environment in which it may be present . .  Most 

preferably, antigenically active huMAb405 is a polypeptide that binds to an 

antibody capable of binding huMAb4D5 in its native conformation . 

HuMAb4D5 in its native conformation is huMAb405 as recovered according 

to the methods described in Example 1 below, which has not been denatured 

by chaotropic agents, heat or other treatment that substantially modifies the 

three dimensional structure of huMAb4D5 as determined for exam ple by 

migration on nonreducing , nondenaturing sizing gels. Antibody used in this 

determination is rabbit polyclonal antibody raised by formulating native 

huMAb4D5 in Freund's complete adjuvant, subcutaneously injecting the 

formulation, and boosting the immune response by intraperitoneal injection 

of the formulation until the titer of anti-huMAb405 antibody plateaus. 

O rdinarily, biologically or antigenically active huMAb4D5 will have -

an amino acid sequence having at least 75% amino acid sequence identity 

with the huMAb4D5 amino acid sequence, more preferably at least 80% ,  

more preferably at least 90% ,  and most preferably at least 9 5 % .  Identity or 

homology with respect to this sequence is defined herein as the percentage 

of amino acid residues in the candidate sequence that are identical with the 

huMAb4D5 residues, after aligning the sequences and introducing gaps, if 

necessary, to achieve the maximum percent homology, and not considering 
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any conservative substitutions as part of the sequence identity. None of N� 

terminal,  C-terminal or internal extensions, deletions, or insertions into the 

huMAb405 sequence shall  be construed �s. affecting homology. 

Thus, the biologically active and antigenically active huMAb405 

polypeptides that are the subject of certain embodiments of this invention 

include the sequence of the· entire translated nucleotide sequence of 

huMAb405; mature huMAb405; fragments thereof having a consecutive 

sequence of at least 5, 1 0 , 1 5, 20, 2 5 ,  30 or 40 amino acid residues from 

huMAb405; amino acid sequence variants of huMAb405 wherein an amino 

acid residue has been inserted N- or C-terminal to, or within ,  huMAb405 or 

its fragment as defined above; amino acid sequence variants of huMAb405 

or its fragment as defined above wherein an amino acid residue of 

huMAb405 or its fragment as defined above has been substituted by another 

residue, includ ing predetermined mutations by, e .g . ,  sit�-directed or PCR 

mutagenesis; derivatives of huMAb405 or  its fragments as defined above 

wherein huMAb405 or its fragments have been covalent mod ified , by 

substitution, chemical, enzymatic, or other a ppropriate means, with a moiety 

other than a naturally occurring amino acid; and glycosylation variants of 

huMAb405 (insertion
-
of a �-

lycosyla�i������_{de l�tl� �ny g��c��y�ati�n 
'-- . .  - - � . .  �-c�- - _.:,::::---- -- - · �· 'f 

site by deletion, ��se���� e_r�bstitution 
-
��a���u�

, 
Such / 

fragments and variants exclude any polypeptide heretofore identified, 

including muMAb4D5 or any known polypeptide fragment, which are 

anticipatory order 35 U.S.C. 1 02 as well as polypeptides obvious thereover 

under 35 U.S.C.  1 03 .  

"Isolated " huMAb405 means huMAb405 which has been identified 

and separated and/or recovered from a component of its natural cell culture 

Contaminant com ponents of its natural environment are 

aterials which would interfere with diagnostic or therapeutic uses for 

huMAb405, and may include enzymes, hormones, and other proteinaceous 

or nonproteinaceous solutes. In preferred embodiments, huMAb405 will be 

purified ( 1 )  to greater than 9 5% by weight of protei n  as determined by the 

Lowry method, and most preferably more than 99% by weight, (2) to a 
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degree sufficient to obtain at least 1 5  residues of N-terminal or internal amino 

acid sequence by use of a spinning cup sequenator, or (3) to homogeneity by 

SOS-PAGE under reducing or nonreducing conditions using Coomassie blue 

or, preferably, silver stain. 1.solated huMAb405 includes huMAb405 inlli.l 

within recombinant cells since at least one com ponent of the huMAb405 · 

natural environment will not be present. Ordinarily, however, isolated 

huMAb405 will be prepared by at least one purification step. 

In accordance with this invention, huMAb405 nucleic acid is RNA 

or DNA containing greater than ten bases that encodes a biologically or  

antigenically active huMAb405 ,  is complementary to nucleic acid sequence 

encoding such huMAb405, or hybridizes to nucleic acid sequence encoding 

such huMAb405 and remains stably bound to it under stringent conditions. 

Preferably, the huMAb405 nucleic acid encodes a polypeptide 

sharing at least 7 5 %  sequence identity, more preferably at least 80% ,  sti l l  

more preferably at least 8 5 % ,  even more preferably at 90 % ,  and most 

preferably 9 5 % ,  with the huMAb405 amino acid sequence. Preferably, a 

nucleic acid molecule that hybridizes to the huMAb405 nucleic acid contains 

at least 20, more preferably 40, and most preferably 90 bases . Such 

hybridizing or complementary nucleic acid , however, is further defined as 

being novel under 35 U.S .C.  1 02 and unobvious under 35 U.S.C.  1 03 over 

any prior art nucleic acid.  

Stringent conditions are those that ( 1 )  employ low ionic strength 

and high temperature for washing ,  for example, 0 .01 5 M NaCl/0 .00 1 5  M 

sodium citrate/0/1 % NaDodS04 at 50° C; (2) employ during hybridization a 

denaturing agent such as formamide , for example,  50% (vol/vol) formamide 

with 0. 1 % bovine serum albumin/0/1 % Ficoll/0/1  % polyvinylpyrrolidone/50 

mM sodium phosphate buffer at pH 6 . 5  with 750 mM NaCl, 75 mM sodium 

citrate at 42° C; or (3) employ 50% formamide, 5 x SSC {0.7 5  M NaCl, 

. 0 .075 M sodium citrate) ,  50 mM sodium phosphate (pH 6 .8 ) ,  0 . 1  % sodium 

pyrophosphate , 5 x Denhardt's solution, sonicated salmon sperm DNA (50 

g /ml ) ,  0. 1 % SOS,  and 1 0% dextran sulfate at 42 C ,  with washes at 42 C in 

0 . 2  x SSC and 0 . 1 % SOS. 
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The term "control sequences" refers to DNA sequences necessary 

for the expression of an operably l inked coding sequence in a particular host 

organism . The control sequences that are suitable for prokaryotes, for 

example, include a promoter, optionally an operator sequence, a ribosome 

binding site , and possibly, other as yet poorly understood sequences. 

Eukaryotic cells are known to util ize promoters, polyadenylation signals, and 

enhancers. 

Nucleic acid is "operably l inked" when it is placed into a functional 

relationship with another nucleic acid sequence. For example, DNA for a 

presequence or secretory leader is operably l inked to DNA for a polypeptide 

if  it  is expressed as a preprotein that participates in the secretion of the 

polypeptide; a promoter or enhancer is operably l inl<ed to a coding sequence 

if it affects the transcription of the sequence; or a ribosome binding site is 

operably linked to a coding sequence if  it is positioned so as to facil itate 

translation . General ly, "operably linked" means that the DNA sequences 

being linked are contiguous and , in the case of a secretory leader, contiguous 

and in reading phase. However enhancers do not have to be contiguous. 

Linking is accomplished by l igation at convenient restriction sites. I f  such 

sites do not exist, then synthetic oligonucleotide adaptors or l inkers are used 

in accord with conventional practice . 

An "exogenous" e lement is defined herein to mean nucleic acid 

sequence that is foreign to the cell, or homologous to the cel l  but in a 

position within the host cell nucleic acid in which the element is ordinari�y not 

found . 

As used herein, the expressions "cel l ," "cel l  l ine ,"  and "cel l  culture" 

are used interchangeably and a l l  such designations include progeny. Thus, 

the words "transformants" and "transformed cells" indu_de the primary 

subject cell and cultures derived therefrom without regard for the number of 

transfers. It is also understood that all progeny may not be precisely 

identical in DNA content, due to deliberate or inadvertent mutations. Mutant 

progeny that have the same function or biological activity as screened for in 

the originally transformed cell are included. Where d istinct designations are 
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intended , it wil l  be clear from the context. 

" Plasmids" are designated by a lower case p preceded and/or 

followed by capital letters and/or numbers. The starting plasmids herein are 

commercially available, are publicly avai lable on an unrestricted basis,  or can 

be constructed from such available plasmids in accord with publ ished 

. procedures. In addition, other equivalent plasmids are known in the art and 

wil l  be apparent to the ordinary artisan. 

"Restriction Enzyme Digestion" of DNA refers to catalytic c leavage 

of the DNA with an enzyme that acts only at certain locations in the DNA. 

Such enzymes are called restriction endonucleases, and the sites for which 

each i� specific is called a restriction site . The various restriction enzymes 

used herein are commercially available and their reaction conditions, 

cofactors, and other requirements as established by the enzyme suppliers are 

used.  Restriction enzymes commonly are designated by abbreviations 

composed of a capital letter followed by other letters representing the micro

organism from which each restriction enzyme originally was obtained and 

then a number designating the particular enzyme.  In genera l ,  about 1 µg of 

plasmid or DNA fragment is used with about 1 -2 units of enzyme in about 20 

µI of buffer solution. Appropriate buffers and substrate amounts for 

particular restriction enzymes are specified by the manufacturer. Incubation 

of about 1 hour at 37 °C is ordinarily used , but may vary in accordance with 

the supplier's instructions. After incubation, protein or polypeptide is 

removed by extraction with phenol and chloroform, and the digested nucleic 

acid is recovered from the aqueous fraction by precipitation w ith ethanol .  

Digestion with a restriction enzyme may be followed with bacterial a lkaline 

phosphatase hydrolysis of the terminal 5' phosphates to prevent the two 

restriction cleaved ends of a DNA fragment from "circularizing" or forming 

a closed loop that would impede insertion of another DNA fragment at the 

restriction site. Unless otherwise stated ,  d igestion of plasmids is not 

followed by 5' terminal dephosphorylation. Procedures and reagents for 

dephosphorylation are conventional as described in sections 1 .56- 1 . 6 1  of 

Sambrook et al. (Molecular Cloning: A Laboratory Manual New Y ork: Cold 

23 

29 of 389 BI Exhibit 1094



5 

10 

IS 

20 

25 

30 

• • 
Spring Harbor Laboratory Press_, 1 989) .  

"Recovery" or  "isolation" of a g iven fragment of DNA from a 

restriction digest means separation of the digest on polyacrylamide or 

agarose gel by electrophoresis, identification of the fragment of interest by 

comparison of its mobility versus that of marker DNA fragments of kriown 

molecular weight, removal of the gel section containing the desired fragment, 

and separation of the gel from DNA. This procedure is known generally. For 

example, see Lawn et al. , Nucleic Acids Res., i: 6 1 03-6 1 1 4  ( 1 98 1 ), and 

Goeddel et al. , Nucleic Acids Res. a: 405 7  ( 1 980).  

"Southern blot analysis" is a method by which the presence of DNA 

sequences in a restriction endonuclease d igest of DNA or DNA;.containing 

composition is confirmed by hybridization to a known, labeled oligonucleotide 

or DNA fragment. Southern analysis typically comprises electrophoretic 

separation of DNA digests on agarose gels, denaturation of the DNA after 

electrophoretic separation, and transfer of the DNA to nitrocellulose, nylon, 

or another suitable membrane supports for analysis with a rad iolabeled, 

biotinylated or enzyme-labeled probe as described in sections 9 .37-9 . 5 2  of 

Sambrook et al, supra. 

"Northern analysis" is a method used to identify R NA sequences 

that hybridize to a known probe such as an oligonucleotide, DNA fragment, 

cDNA or fragment thereof, or RNA fragment. The probe is labeled with a 

radioisotope such as 32-P, or  by biotinylation, or with an enzyme. The RNA 

to be analyzed is usually electrophoretically separated on an agarose or 

polyacrylamide gel, transferred to nitrocellulose, nylon, or other suitable 

membrane, and hybridized with the probe, using standard techniques well 

known in the art such as those described in sections 7 .39-7. 52 of Sambrook 

et al . ,  supra. 

" Ligation" refers to the process of forming phosphodiester bonds 

between two nucleic acid fragments. To l igate the DNA fragments together, 

the ends of the DNA fragments must be compatible w ith each other. In 

some · cases, the ends will be directly compatible after endonuclease 

digestion . However, it may be necessary to first convert the staggered ends 
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commonly produced after endonuclease digestion to blunt ends to make them 

compatible for l igation.  To blunt the ends, the DNA is treated in  a suitable 

buffer for at least 1 5 minutes at 1 5oC with about 1 0  units of the Kienow 

fragment of DNA polymerase I or T4 DNA polymerase in the presence of the 

four deoxyribonucleotide triphosphates. The DNA is then purified by phenol

chloroform extraction and ethanol precipitation. The DNA fragments that are 

to be ligated together are put in solution in about equimolar amounts . The 

solution will also contain ATP, l igase buffer, and a l igase such as T 4 ONA 

l igase at about 1 0  units per 0.5 pg of DNA. If the DNA is to be l igated into 

a vector, the vector is. first l inearized by digestion with the appropriate 

restriction endonuclease(s). The linearized fragment is then treated with 

bacterial alkaline phosphatase, or calf intestinal phosphatase to prevent self

ligation d uring the ligation step .  

"Preparation" of DNA from cells means isolating the plasmid DNA 

from a culture of the host cells. Commonly used methods for DNA 

preparation are the large and small scale plasmid preparations descri bed in  

sections 1 .25-1 .33 of Sambrook e t  al. , supra. After preparation of the DNA, 

it can be purified by methods well known in the art such as that described 

in section 1 .40 of Sambrook e t  al., supra. 

"Oligonucleotides" are short-length, single- or double-stranded . 

polydeoxynucleotides that are chemically synthesized by known methods 

(such as phosphotriester, phosphite, or phosphoramidite chemistry, using 

solid phase techniques such as described in EP 266,032 published 4 May 

1 988,  or via deoxynucleoside H-phosphonate intermediates as described by 

Froehler et al. , Nucl. Acids Res. ,  1 4: 5399-5407 [ 1 986)) .  They are then 

purified on polyacrylamide gels. 

The technique of " polymerase chain reaction,n or nPCR,"  as used 

herein generally refers to a procedure wherein m inute amounts of a specific 

piece of nucleic acid, RNA and/or DNA, are amplified as described in U . S .  

Pat . No. 4,683, 1 95 issued 2 8  July 1 98 7 .  Generally, sequence information 

from the ends of the region of interest or beyond needs to be ava ilable, such 

that oligonucleotide primers can be designed; these primers will be identical 
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or similar in sequence to opposite strands of the template to be amplified . 

The 5' terminal nucleotides of the two primers may coincide with the ends 

of the a mplified materia l .  PCR can be used to amplify specific RNA 

sequences, specific DNA sequences from total genomic DNA, and cDNA 

transcribed from total cellular RNA, bacteriophage or plasmid sequences, etc. 

See generally Mullis et al. , Cold Spring Harbor Symp. Quant . Biol . .  fil.: 263 

( 1 987);  Erlich, ed.,  PCR Technology, (Stockton Press, NY, 1 989) .  As used 

he�ein, PCR is considered to be one, but not the only, example of a nucleic 

acid polymerase reaction method for amplifying a nucleic acid test sample, 

comprising the use of a known nucleic acid (DNA or RNA) as a primer and 

util izes a nucleic acid polymerase to amplify or generate a specific piece of 

nucleic acid or to amplify or generate a specific piece of nucleic acid which 

is complementary to a particular nucleic acid .  

Suitable Methods for Practicing the Invention 

Some aspects of this invention include obtaining an import, non

human antibody variable domain, humanizing the antibody sequence, and 

producing the humanized antibody. Methods for determining a desired 

humanized antibody sequence and for humanizing an antibody gene sequence 

are described below. A particularly preferred method of gene conversion 

from a non-human or consensus sequence into a humanized nucleic acid 

sequence is described in Example 1 . Additionally, methods are g iven for 

obtaining and . producing antibodies generally, which apply equally to native 

non-human antibodies as well as to humanized antibodies. 

Generally, the antibodies and antibody variable domains of this 

invention are conventionally prepared in recombinant cell culture, as 

described in more detai l  below. Recombinant synthesis is preferred for 

reasons of safety and economy, but it is known to prepare peptides by 

chemical synthesis and to purify them from natural sources; such 

preparations are included within the definition of antibodies herein. 
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Molecular Modeling 

Where it is desired to prepare molecular m odels for the antibodies 

of this invention, one may utilize any of the commercially available m odeling 

programs described in the literature cited in the Background above. 

General ly, models for a particular antibody domains, for example 

non-human, import antibody variable VH and VL d omains, are constructed 

separately from consensus coordinates based upon FAb structures which 

have similar sequences. Models of consensus human antibody sequences are 

similarly created . 

For example, in model ing the muMAb4d5 ,  the models were 

constructed based upon seven Fab structures from the Brookhaven protein 

data bank (entries 1 FB4, 2RHE, 2MCP, 3FAB, 1 FBJ , 2HFL and 1 RE I ) .  The 

Fab fragment KOL ( Marquart, M. et a/. , J. Mo/. Biol. 141 :369-39 1 ( 1 980)) 

was first chosen as a template for VL and VH domains and additional 

structures were then superimposed upon this structure using their  main chain 

atom coordinates ( INSIGHT program,  Biosym Technologies). Similar 

programs and techniques are utilized for modeling the desired antibody. 

The distance from the template Ca to the analog ous Ca in each of 

the superimposed structures is calculated for each residue position. 

Generally, i f  all (or nearly al l )  Ca-Ca distances for a given residue are s 1 A, 
then that position is included in the consensus structure . In some cases the 

P-sheet framework residues will satisfy these criteria whereas the CDR loops 

may not. For each of these selected residues the average coordinates for 

individual N, Ca, C, 0 and cp atoms are calculated and then corrected for 

resultant deviations from non-standard bond geometry by 50 cycles of 

energy minimization using a commercial ly available program such as the 

D ISCOVER program (Biosym Technologies) with the AMBER forcefield 

(Weiner, S.  J .  et al. , J. Amer. Chem. Soc. 1 06:765-784 ( 1 984)) ,  and the Ca 

coordinates are fixed. The side chains of highly conserved residues, such as 

the disulfide-bridged cysteine residues, are then incorporated into the 

resultant consensus structure. Next the sequences of the particular antibody 

VL and VH domains are incorporated starting with the CDR residues and 
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using the tabulations of CDR conformations from Chothia et a l .  (Chothia , C .  

et  al. , Nature 342:877-883 ( 1  S89))  a s  a guide. S ide-chain conformations are 

chosen on the basis of Fab crystal structures, rotamer l ibraries (Ponder, J. W. 

& R ichards, F. M . ,  J. Mo/. Biol. · 1 93:775-79 1 ( 1 987)) and packing 

considerations. Since VH-CDR3 typically cannot be a�signed a definite 

backbone conformation from these criteria ,  models may be created from a 

search of similar sized loops using the INSIGHT program, derived using 

packing and solvent exposure considerations, or created using other routine 

and commercia l ly avai lable techniques. It is preferable to subject the model 

to 5000 cycles of energy minimization. 

Methods for Obtaining a Humanized Antibody Sequence 

In humanizing muMAb4D5, consensus human sequences are first 

derived, and then a molecular model is generated for these sequences using 

the methods described above. In certain embodiments of this invention, the 

consensus human sequences are derived from the most abundant subclasses 

in the sequence compilation of Kabat et a l .  ( Kabat, E .  A. et al. , Sequences 

of Proteins of Immunological Interest (National Institutes of Health, Bethesda,  

MD,  1 987)) ,  namely VL K subgroup I and VH g roup I l l ,  and have the 

sequences indicated in the definitions above . 

While these steps may be taken in d ifferent order, typically a 

structure for the candidate humanized antibody is created by transferring the 

CDRs from the non-human, import sequence into the consensus human 

structure . The humanized antibody may contain human replacements of the 

non-human import residues at positions within CDRs as defined by sequence 

variabil ity (Kabat, E. A. et al. , Sequences of Proteins of Immunological 

Interest (National Institutes of Health, Bethesda,  MD,  1 987) )  or as defined 

by structural variabi l ity (Chothia,  C.  & Lesk, A. M. ,  J. Mo/. Biol. 

1 96:90 1 -9 1 7  ( 1 987)) .  For example, huMAb4D5 contains human 

replacements of the muMAb4D5 residues at three positions within C DRs as 

defined by sequence variabil ity (Kabat, E. A. et al. , Sequences of Proteins of 

Immunological Interest (National Institutes of Health, Bethesda,  MD,  1 98 7))  
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but not as defined by structural variabil ity (Chothia,  C. & Lesk, A .  M . ,  J. Mo/. 

Biol. 1 96:90 1 -9 1 7  ( 1 987) ) :  VL-CDR 1 K24R, VL-CDR2 R 54L and VL-CDR2 

T56S. 

Differences between the ·non-human import and the human 

consensus framework residues are individually investigated to determine their 

possible influence on CDR conformation and/or binding to antigen.  

Investigation of such possible influences is  desirably performed through 

modeling , by examination of the characteristics of the amino acids at 

particular locations, or determined experimentally through evaluating the 

effects of substitution or mutagenesis of particula r  amino acids . 

In certain preferred embodiments of this invention, a humanized 

antibody is made com prising amino acid sequence of an import, non-human 

antibody and a human antibody, utilizing the steps of: 

a . . obtaining the amino acid sequences of at least a portion 

of an import antibody variable domain and of a consensus 

human variable domain; 

b. identifying Complementarity Determining Region (CDR) 

c. 

· amino acid sequences in the import and the human 

variable domain sequences; 

substituting an import CDR amino acid sequence for the 

corresponding human CDR amino acid sequence; 

d .  al igning the amino acid sequences o f  a Framework Region 

(FR ) of the import antibody and the correspond ing FR of 

e .  

f .  

the consensus antibody; 

identifying import antibody FR residues in the a ligned FR 

sequences that are non-homologous to the corresponding 

consensus antibody residues; 

determining if the non-homologous import amino acid 

residue is reasonably expected to have at least one of the 

following effects: 

1 .  non-covalently binds antigen directly, 

2. interacts with a CDR; or 
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3. participates in the vl - VH interface; and 

g .  for any non-homologous import antibody amino acid 

residue which is reasonably expected to have at least one 

of these effects, substituting that residue for the 

corresponding amino acid residue in the consensus 

antibody FR sequence . 

Optionally,  one determines i f  any non-homologous residues 

identified in step (e) are exposed on the surface of the domain or buried 

within it, and if the residue is exposed but has none of the effects identified 

in step (f), one may retain the consensus residue . 

Additionally, in certain embodiments the corresponding c onsensus 

anti body residues identified in step (e) above are selected from the group· 

consisting of 4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L,  62L, 63L, 64L, 65L,  

66L, 67L, 68L, 69L, 70L, 7 1 L, 73L, 8 5L, 87L, 98L, 2 H , 4H, 24H , 36H, 37H,  

39H, 43H, 45H, 49H, 58H,  60H, 68H, 69H, 70H, 7 3 H ,  74H,  75H,  7 6 H ,  

78H,  9 1  H,  9 2 H ,  93H,  and 1 03H (util izing the numbering system set forth in  

Kabat, E .  A .  et al. , Sequences of Proteins of Immunological Interest (National 

Institutes of Health, Bethesda , MD,  1 987) ) .  

In preferred embodiments, the method of  this invention comprises 

the additional steps of searching either or both of the import, non-human and 

the consensus variable domain sequences for g lycosylation sites, determining 

i f  the g lycosylation is reasonably expected to be important for the desired 

antigen binding and biological activity of the antibody ( i .e . ,  determining if  the 

g lycosylation site binds to antigen or changes a side chain of an amino acid 

residue that binds to antigen, or if the glycosylation enhances or weakens 

antigen binding, or is important for maintaining antibody affinity} .  If the 

import sequence bears the g lycosylation site , it is preferred to substitute that 

site for the corresponding residues in the consensus human sequence if the 

g lycosylation site is reasonably expected to be important. If only the 

consensus sequence, and not the import, bears the glycosylation site, it is 

preferred to eliminate that glycosylation site or substitute therefor the 

corresponding amino acid residues from the import sequence. 
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Another preferred .embodiment of the methods of this invention 

comprises al igning import antibody and the consensus antibody FR 

sequences, identifying import antibody FR residues which are non

homologous with the aligned consensus FR sequence, and for each.such non

homologous import antibody FR residue, determining if the corresponding 

consensus antibody residue represents a residue which is highly conserved 

across all species at that site, and if it is so conserved,  preparing a . 

humanized antibody which comprises the consensus antibody amino acid 

residue at that site. 

In certain alternate embodiments� one need not uti l ize the modeling 

and evaluation steps described a bove, and may instead proceed with the 

steps of obtaining the amino acid sequence of at least a portion of an import, 

non-human antibody variable domain having a CDR and a FR, obtaining the 

amino acid sequence of at least a portion of a consensus human antibody 

variable domain having a CDR and a FR, substituting the non-human CDR for 

the human CDR in the consensus human antibody variable domain, and then 

substituting an amino acid residue for the consensus amino acid residue at 

at least one of the following sites: 

a .  (in the F R  o f  the variable domain of the l ight chain) 4L, 

35L, 36L. 38L, 43L, 44L, 58L, 46L, 6 2L, 63L, 64L, 65L, . 

66L, 67L, 68L, 69L, 70L, 7 1 L, 73L, 85L, 8 7L, 98L, or 

b .  ( in  the FR of  the variable domain of  the heavy chain) 2H,  

4H, 24H , 36H,  37H,  39H, 43H, 45H, 49H, SSH,  60H, 

68H, 69H, 70H, 73H, 74H, 75H, 7 6H , 78H, 9 1 H, 92H ,  

93H ,  and 1 03H. 

Preferably, the non-CDR residue substituted at the consensus FR site is the 

residue found at the corresponding location of the non-human antibody. I f  

desired , one m a y  utilize the other method steps described above for 

determining whether a particular amino acid residue can reasonably be 

expected to have undesira ble effects, and remedying those effects. 

I f  after making a humanized antibody according to the steps a bove 

and testing its activity one is not satisfied with the humanized antibody, one 
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preferably reexamines the potential effects of the amino acids at the specific 

locations recited above. Additionally, it is desirable to reinvestigate any 

buried residues which are reasonably expected to affect the VL - VH interface 

but may not d irectly affect CDR conformation. It is a lso desirable to 

reevaluate the humanized antibody uti l izing the steps of the methods claimed 

herein. 

In  certain embodiments of this invention, amino acid residues in the 

consensus human sequence are substituted for by other amino acid residues. 

In pref erred embodiments, residues from a particular non-human import 

sequence are substituted ,  however there are circumstances where it is 

desired to evaluate the effects of other amino acids. For example, if after 

making a humanized antibody according to the steps above and testing its 

activity one is not satisfied with the humanized antibody, one may compare 

the sequences of other classes or subgroups of human antibodies, or c lasses 

or subgroups of antibodies from the particular non-human species, and 

determine which other amino acid side chains and amino acid residues are 

found at particular locations and substituting such other residues. 

Antibodies 

Certain aspects of this invention are d irected to natural antibodies 

and to monoclonal antibodies, as i l lustrated in the Examples below and by 

antibody hybridomas deposited with the ATCC (as described below) . Thus, 

the references throughout this description to the use of monoclonal  

antibodies are intended to include the use of natural or native antibodies as 

well as humanized and chimeric antibodies. As used . herein, the term 

"antibody" includes the antibody variable domain and other separable 

antibody domains unless specifical ly excluded. 

In accordance with certain aspects of this invention, antibodies to 

be humanized (import antibodies) are isolated from continuous hybrid cell 

l ines formed by the fusion of antigen-primed immune lymphocytes with 

myeloma cells. 

In certain embodiments, the antibodies of
· 

this invention are 
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obtained by routine screening . Polyclonal antibodies to an antigen generally 

are raised in animals by multiple subcutaneous (sc) or intraperitoneal  (ip) 

injections of  the antigen and an adjuvant. It may be useful to conjugate the 

antigen or a fragment containing the target amino acid sequence to a protein 

that is immunogenic in the species to be immunized, e.g . ,  keyhole l impet 

hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin 

inhibitor using a bifunctional or derivatizing agent, for example, 

maleimidobenzoyl sulfosuccinimide ester (conjugation through cysteine 

residues), N-hydroxysuccinimide (through lysine residues) ,  g lutaraldehyde, 

succinic anhydride, SOCl2,  or R 1 N = C = NR,  where R and R 1 are different 

alkyl groups. 

The route and schedule of the host animal or cultured antibody

producing cells therefrom are generally in kee ping with established and 

conventional techniques for antibody stimulation and production. While mice 

are frequently employed as the test model, it is contemplated that any 

mammalian subject including human subjects or antibody-producing cells 

obta ined therefrom can be manipulated · according to the processes of this 

invention to serve as the basis for production of mammalian, including 

human, hybrid cell l ines. 

Animals are typically immunized against the immunogenic 

conjugates or derivatives by combining 1 mg or 1 µg of conjugate (for rabbits 

or mice, respectively) with 3 volumes of Freund's complete adjuvant and 

injecting the solution intradermally at multiple sites. O ne month later the 

animals are boosted with 1 /5 to 1 /1 0  the original amount of conjugate in 

Freund's complete adjuvant (or other suitable adjuvant) by subcutaneous 

injection at multiple sites. 7 to 1 4  days later animals are bled and the serum 

is assayed for antigen titer.  Animals are boosted until the titer plateaus. 

Preferably, the animal is boosted with the conjugate of the same antigen, but 

conjugated to a different protein and/or through a different cross-linking 

agent. Conjugates also can be made in recombinant cell culture as protein 

fusions. Also, aggregating agents such as a lum are used to enhance the 

immune response . 
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After immunization, monoclonal antibodies are prepared by 

recovering immune lymphoid cells--typically spleen cells or lymphocytes from 

lymph node tissue--from immunized animals and immortal izing the cells in 

conventional fashion, e .g.  by fusion with myeloma cells or by Epstein-Barr 

(EB)-virus transformation and screening for c lones expressing the desired 

antibody. The hybridoma technique described originally by Kohler and 

Mi lstein, Eur. J. lmmunol. 6 :5 1 1 ( 1 976)  has been widely applied to produce 

hybrid cell l ines that secrete high levels of monoclonal antibodies against 

many specific antigens. 

It is possible to fuse cells of one species with another .  However, 

it is preferable that the source of the immunized antibody producing cells and 

the myeloma be from the same species. 

The hybrid cell lines can be maintained in culture in vitro in cell 

culture media. . The cell l ines of this invention can be selected and/or 

maintained in a composition comprising the continuous cell line in 

hypoxanthine-aminopterin thymidine (HAT) medium . In fact, once the 

hybridoma cell l ine is established, it can be maintained on a variety of 

nutritionally adequate media . Moreover, the hybrid cell l ines can be stored 

and preserved in any number of conventional ways, including freezing and 

storage under l i quid nitrogen. Frozen cell lines can be revived and cultured 

indefinitely with resumed synthesis and secretion of monoclonal antibody. 

The secreted antibody is recovered from tissue culture supernatant by 

conventional methods such as precipitation, Ion exchange chromatography, 

affinity chromatography, or the l ike .  The antibodies described herein are also 

recovered from hybridoma cell cultures by conventional methods for 

purification of lgG or lgM as the case may be that heretofore have been used 

to purify these i mmunoglobulins from pooled plasma , e .g .  ethanol or 

polyethylene glycol precipitation procedures. The purified antibodies a re 

sterile filtered, and optionally are conjugated to a detectable marker such as 

an enzyme or spin label for use in diagnostic assays of the antigen in test 

samples. 

While rou�inely rodent monoclonal antibodies are used as the source 
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of the import antibody, the invention is not l imited to any species. 

Additionally, techniques developed for the production of chimeric antibodies 

(Morrison et al. , Proc. Natl. A cad. Sci. , 8 1  :6851  ( 1 984); Neuberger et al. , 

Nature 3 1 2 :604 ( 1 984); Takeda e t  al. , Nature 3 1 4:452 ( 1 985))  by splicing 

the genes from a mouse antibody molecule of appropriate antigen specificity 

together with genes from a human antibody molecule of appropriate 

biological activity (such as abi lity to activate human complement and mediate 

ADCC) can be used; such antibodies are within the scope of this invention. 

Techniques for creating recombinant DNA versions of the antigen

binding reg ions of antibody molecules (known as Fab fragments) which 

bypass the generation of monoclonal antibodies are encompassed within the · 

practice of this invention. One extracts antibody-specific m essenger RNA 

molecules from immune system cells taken from an immunized animal, 

transcribes these into complementary DNA (cDNA} , and clones the cDNA 

into a bacteria l expressions system .  One example o f  such a technique 

suitable for the practice of this invention was developed by researchers at 

Scripps/Stratagene, and incorporates a proprietary bacteriophage lambda 

vector system which contains a leader sequence that causes the expressed 

Fab protein to migrate to the periplasmic space (between the bacterial cell 

membrane and the cell wall) or to be secreted. One can rapidly generate and 

· screen great numbers of functional FAb fragments for those which bind the 

antigen. Such FAb fragments with specificity for the antigen are specifically 

encompassed within the term "antibody" as it is defined , discussed, and 

claimed herein. 

Amino Acid Sequence Variants 

Amino acid sequence variants of the antibodies and polypeptides 

of this invention (referred to in herein as the target polypeptide)  are prepared 

. by introducing appropriate nucleotide changes into the DNA encoding the 

target polypeptide, or by in vitro synthesis of the desired target polypeptide .  

Such variants include, for example, humanized variants o f  non-human 

antibodies, as well as deletions from ,  or insertions or substitutions of, 
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residues within particular amino acid sequences. Any combination of 

deletion, insertion, and substitution can be made to arrive at the final 

construct, provided that the final construct possesses the desired 

characteristics. The amino acid changes also may alter post-translational 

processes of the target polypeptide, such as changing the number or position 

of glycosylation sites, altering any membrane anchoring characteristics, 

and/or altering the intra-cellular location of the target polypeptide by 

inserting, deleting , or otherwise affecting any leader sequence of the native 

target polypeptide. 

In designing amino acid sequence variants of target polypeptides, 

the location of the mutation site and the nature of the mutation will depend 

on the target polypeptide characteristic(s) to be modified. The sites for 

mutation can be modified individually or in series, e.g . ,  by ( 1 ) substituting 

first with conservative amino acid choices and then with more radical 

selections depending upon the results achieved,  (2) · deleting the target 

residue, or (3) inserting residues of the same or a d ifferent class adjacent to 

the located site, or combinations of options 1 -3 .  In certain embodiments, 

these choices are guided by the methods for creating humanized sequences 

set forth above. 

A useful method for identification of certain residues or regions of 

the target polypeptide that are preferred locations for mutagenesis is called 

"alanine scanning mutagenesis" as described by Cunningham and Wells 

(Science, 244: 1 08 1 -1 085 ( 1 989]) .  Here, a residue or group of target 

residues are identified (e .g . ,  charged residues such as arg , asp, his, lys, and 

glu) and replaced by a neutral or negatively charged amino acid (most 

preferably alanine or polyalanine) to affect the interaction of the amino acids 

w ith the surrounding aqueous environment in or outside the cel l .  Those 

domains demonstrating functional sensitivity to the substitutions then are 

refined by introducing further or other variants at or for the sites of 

substitution. Thus, while the site for introducing an amino acid sequence 

variation is predetermined, the nature of the mutation per se need not be 

predetermined . For example, to optimize the performance of a mutation at 
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a given site,  ala scanning or random mutagenesis may be conducted at the 

target codon or region and the expressed target polypeptide variants are 

screened for the optimal combination of desired activity. 

There are two principal variables in the construction of amino acid . 

sequence variants: the location of the mutation site and the nature of the 

m utation. In general ,  the location and nature of the mutation chosen will  

depend upon the target polypeptide characteristic to be modified . 

Amino acid sequence deletions of ant ibodies are generally not 

preferred, as maintaining the generally configuration of an antibody is 

believed to be necessary for its activity. Any deletions wil l  be selected so as 

to preserve the structure of the target antibody. 

Amino acid sequence insertions include amino- and/or carboxyl

terminal fusions ranging in length from one residue to polypeptides contai ning 

a hundred or more residues, as well as intrasequence insertions of single or 

multiple amino acid residues. lntrasequence insertions ( i .e . ,  insertions within 

the target polypeptide sequence) may range generally from a bout 1 to 1 0  

residues, more preferably 1 to 5 ,  most preferably 1 to 3 .  Examples of 

terminal insertions include the target polypeptide with an N-terminal 

methionyl residue, an artifact of the direct expression of target polypeptide 

in bacterial recombinant cell culture, and fusion of a heterologous N-terminal . 

signal sequence to the N-terminus of the target polypeptide molecule to 

facil itate the secretion of the mature target polypeptide from recombinant 

host cells. Such signal sequences generally will  be obtained from, and thus 

homologous to, the intended host cell species. Suitable sequences include 

STl l  or lpp for E. co li , alpha factor for yeast, and viral signals such as herpes 

gD for mammalian cells. 

Other insertional variants of the target polypeptide include the 

fusion to the N- or C-terminus of the target polypeptide of immunogenic 

polypeptides, e .g . ,  bacterial polypeptides such as beta-lactamase or  an 

enzyme encoded by the E. coli trp locus, or yeast protein, and C-terminal 

fusions with proteins having a long half-life such as immunoglobulin constant 

regions (or other immunoglobulin regions), a lbumin, or ferritin ,  as described 
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in WO 89/02922 publ ished 6 April 1 989 .  

Another group of  variants are amino acid substitution variants. 

These variants have at least one amino acid residue in the target polypeptide 

molecule removed and a different residue inserted in its place. The sites of 

greatest interest for substitutional mutagenesis include sites identified as the 

active site (s) of the target polypeptide ,  and sites where the amino acids 

found in the target polypeptide from various species are substantially 

different in terms of side-chain bulk, charge, and/or hydrophobicity. Other 

sites for substitution are described infra , considering the effect of the 

substitution of the antigen binding, affinity and other characteristics of a 

particular target antibody. 

Other sites of interest are those in which particular residues of the 

target polypeptides obtained from various species are identical. These 

positions may be important for the biological activity of the target 

polypeptide. These sites, especially those fal ling within a sequence of at 

least three other identically conserved sites, are substituted in a relatively 

conservative manner. If such substitutions result in a change in biological 

activity; then other changes are introduced and the products screened until 

the desired effect is obtained . 

Substantial modifications in function or immunolog ical identity of 

the target polypeptide are accomplished by selecting substitutions that d iffer 

significantly in their effect on maintaining (a) the structure of the polypeptide 

backbone in the area of the substitution, for example, as a sheet or helical 

conformation, (b) the charge or hydrophobicity of the molecule at the target 

site, or (c) the bulk of the side chain. Naturally occurring residues are divided 

into groups based on common side chain properties: 

( 1 ) hydrophobic:  norleuci_ne, met, ala, val ,  leu, ile; 

(2) neutral hydrophil ic:  cys, ser; thr; 

(3) acidic: asp, glu; 

(4) basic : asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro; and 

(6) aromatic:  trp, tyr, phe . 
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Non-conservative substitutions wilrentail exchanging a member  of 

one of these classes for another. Such substituted residues may be 

introduced into regions of the target polypeptide that are homologous with 

other antibodies of the same class or subclass, or, more preferably, into the 

non-homologous reg ions of the molecule. 

Any cysteine . residues not involved in maintaining the proper 

conformation of target polypeptide also may be substituted,  generally with 

serine , to improve the oxidative stability of the m olecule and prevent aberrant 
. 

crosslinki ng . 

DNA encoding amino acid sequence variants of the target 

polypeptide is prepared by a variety of methods known in the art. These 

methods include, but are not l imited to, isolation from a natural source (in the 

case of naturally occurring amino acid sequence variants) or preparation by 

oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, 

and cassette mutagenesis of an earlier prepared variant or a non-variant 

version of the target polypeptide. A particularly preferred method of gene 

conversion mutagenesis is described below in Example 1 .  These techniques 

may uti l ized target polypeptide nucleic acid (DNA or RNA),  or nucleic acid 

complementary to the target polypeptide nucleic acid. 

Oligonucleotide-m ediated mutagenesis is a preferred method for 

preparing substitution, deletion , and insertion variants of target polypeptide 

DNA. This technique is well known in the art as described by Adelman et al. , 

DNA, Z: 1 83 ( 1 983) .  Briefly, the target polypeptide DNA is altered by 

hybridizing an oligonucleotide encoding the desired mutation to a DNA 

template, where the template is the single-stranded form of a plasmid or 

bacteriophage containing the unaltered or native DNA sequence of the target 

polypeptide. After hybridization, a DNA polymerase is used to synthesize an 

entire second complementary strand of the template that wil l  thus 

incorporate the oligonucleotide primer, and will code for the selected 

alteration in the target polypeptide DNA. 

Generally, oligonucleotides of at least 25 nucleotides in length are 

used. An optimal oligonucleotide wil l  have 1 2  to 1 5  nucleotides that are 
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com pletely com plementary to the template on either side of the nucleotide(s) 

coding for the mutation. This ensures that the oligonucleotide will hybridize 

properly to the single-stranded DNA template m olecule.  The oligonucleotides 

are readily synthesized using techniques known in the art such as that 

described by Crea et al. · (Proc. Natl. Acad. Sci .  USA, H: 5 7 6 5  ( 1 978] ) .  

Single-stranded DNA template may also be generated by denaturing 

double-stranded plasmid (or other) DNA using standard techniques. 

For alteration of the native DNA sequence (to generate amino acid 

sequence variants, for example) ,  the oligonucleotide is hybridized to the 

single-stranded template under suitable hybridization conditions . A DNA 

polymerizing enzyme, usually the Kienow fragment of DNA polymerase I, is 

then added to synthesize the complementary strand of the template using the 

oligonucleotide as a primer for synthesis. A heteroduplex molecule is thus 

formed such that one strand of DNA encodes the mutated form of the target 

polypeptide, and the other strand (the original template) encodes the native , 

unaltered sequence of the target polypeptide. This heterodu plex molecule 

is then transformed into a suitable host cell, usually a prokaryote such as £. 
coli JM1 0 1 . After the cells are grown, they are plated onto agarose plates 

and screened using the oligonucleotide primer radiolabeled with 32-phosphate 

to identify the bacterial colonies that contain the mutated DNA. The mutated 

region is then removed and placed in an appropriate vector for protein 

production, generally an expression vector of the type typically employed for 

transformation of an appropriate host. 

The method described immediately above may be modified such 

that a homoduplex molecule is created wherein both strands of the plasmid 

contain the mutation(s) . The modifications are as follows: The 

single-stranded oligonucleotide is annealed to the single-stranded template 

as described above . A mixture of three deoxyribonucleotides, 

d e oxyriboadenosine (dATP) , deoxyriboguanosine (d GTP) , and 

d e oxyr i both y m i d i ne (dTTP) , i s  c o m b i ne d  w ith a m o d i f i e d  

thio-deoxyribocytosine called dCTP-(aS) (which can b e  obtained from 

Amersham Corp.oration ) .  This m ixture is added to the 
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template-oligonucleotide complex. Upon addition of DNA polymerase to this 

mixture, a strand of DNA identical to the template except for the mutated 

bases is generated.  In addition, this new strand of DNA will contain 

· dCTP-(aS) instead of dCTP, which serves to, protect it fr9m restriction 

endonuclease digestion. 

After the template strand of the double'-stranded heteroduplex is 

nicked with an appropriate restriction enzyme, th� template strand can be 

digested with Exol l l  nuclease o r  another appropriate nuclease past the region 

that contains the site(s) to be mutagenized.  The reaction is then stopped to 

leave a molecule that is only partially single-stranded. A complete 

double-stranded DNA homoduplex is then formed using DNA polymerase in 

the presence of al l  four deoxyribonucleotide triphosphates, ATP, and DNA 

l igase .  This homoduplex molecule can then be transformed into a suitable 

host cell such as E. coli JM1 0 1 , as described above . 

DNA encoding target polypeptide variants with more than one 

amino acid to be substituted may be generated in one of several ways. If the 

amino acids are located close together in the polypeptide chain, they may be 

mutated simultaneously using one oligonucleotide that codes for al l  of the 

desired amino acid substitutions. If, however, the amino acids are located 

some distance from each other (separated by more than about ten amino 

acids), it is m ore difficult to generate a single oligonucleotide that encodes 

all of the desired changes. Instead, one of two alternative methods may be 

employed .  

In the first method, a separate oligonucleotide is  generated for each 

amino acid to be substituted . The oligonucleotides are then annealed to the 

single-stranded template DNA simultaneously, and the second strand of DNA 

that is synthesized from the template will encode all of the desired amino 

acid substitutions. 

The alternative method involves two or more rounds of mutagenesis 

to produce the desired mutant. The first round is as described for the single 

mutants: wild-type DNA is used for the template , an oligonucleotide encoding 

the first desired amino acid substitution(s) is annealed to this template , and 

41 

47 of 389 BI Exhibit 1094



5 

10 

15 

20 

25 

30 

• • 
the heteroduplex DNA molecule is then generated.  The second round of 

mutagenesis util izes the 'mutated DNA produced in the first round of 

mutagenesis as the template . Thus, this template a lready contains one or 

more mutations. The oligonucleotide encoding the additional desired amino 

acid substitution(s) is then annealed to this template, and the resulting strand 

of DNA now encodes mutations from both the first and second rounds of 

mutagenesis. This resultant DNA can be used as a template in a third round 

of mutagenesis, and so on. 

PCR mutagenesis is also suitable for making amino acid variants of 

target polypeptide. While the following discussion refers to DNA, it is 

understood that the technique also finds application with RNA. The PCR 

technique generally refers to the following procedure (see Erlich, supra, the 

chapter by R . Higuchi, p. 6 1 -70): When small amounts of template DNA are 

used as starting material in a PCR, primers that differ slightly in sequence 

from the corresponding region in a template DNA can be used to generate 

relatively large quantities of a specific DNA fragment that d iffers from the 

template sequence only at the positions where the primers differ from the 

template . For introduction of a mutation into a plasmid DNA, one of the 

primers is designed to overlap the position of the mutation and to contain the 

mutation; the sequence of the other primer must be identical to a stretch of 

sequence of the opposite strand of the plasmid, but this sequence can be . 

located anywhere along the plasmid DNA. It is preferred,  however, that the 

sequence of the second primer is located within 200 nucleotides from that 

of the first, such that in the end the entire ampl ified region of DNA bounded 

by the primers can be easily sequenced. PCR amplification using a primer 

pair l ike the one just described results in a population of DNA frag ments that 

differ at the position of the mutation specified by the primer, and possibly at 

other positions, as template copying is somewhat error-prone. 

If the ratio of template to product material is extremely low, the 

vast majority of product DNA fragments incorporate the desired mutation(s) . 

This product material is used to replace the corresponding regi on in the 

plasmid that served as PCR template using standard DNA technology. 
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Mutations at separate positions can be introduced simultaneously by either 

using a mutant second primer, or performing a second PCR with d ifferent 

mutant primers and l igating the two resulting PCR fragments simultaneously 

to the vector fragment in a three (or more)-part ligation. 

In a specific example of PCR mutagenesis, template plasmid DNA 

( 1  pg) is l inearized by digestion with .a  restriction endonuclease that has a 

unique recognition site in the plasmid DNA outside of the region to be 

ampl ified . Of  this material,  1 00 ng is added to a PCR mixture containing PCR 

buffer, which contains the four deoxynucleotide tri-phosphates and is 

included in the G eneAmp® kits (obtained from Perkin-Elmer Cetus, Norwalk, 

CT and Emeryvi l le,  CA) ,  and 25 pmole of each oligonucleotide primer, to a 

final volume of 50 µI. The reaction mixture is overlayed with 35  pl mineral 

oil. The reaction is denatured for 5 minutes at 1 OOoC, placed briefly on ice , 

and then 1 µI Thermus aquaticus (TaqJ DNA polymerase (5 units/pl, 

purchased from Perkin-Elmer Cetus, Norwalk, CT and Emeryvil le,  CA) is 

added below the mineral oil layer. The reaction mixture is then inserted into 

a DNA Thermal Cycler (purchased from Perkin-Elmer Cetus) programmed as 

follows: 2 min.  at 5 5oc, then 30 sec. at 7 2oC, then 1 9  cycles of the 

following: 30 sec. at 94oc, 30 sec . at 5 5oC, and 30 sec.  at 72oC. 

At the end of the program ,  the reaction vial is  removed from the . 

thermal cycler and the aqueous phase transferred to a new vial,  extracted 

with phenol/chloroform (50:50:vol) ,  and ethanol precipitated ,  and the DNA 

is recovered by standard procedures. This material is subsequently subjected 

to the appropriate treatments for insertion into a vector. 

Another method for preparing variants, cassette mutagenesis, is 

based on the technique described by Wells et al. (�, 34: 3 1 5 [ 1 985J ) .  

The starting material is  the plasmid (or other vector) comprising the target 

polypeptide DNA to be mutated. The codon(s) in the target polypeptide DNA 

to be mutated are identified . There must be a unique restriction 

endonuclease site on each side of the identified mutation site(s) . If no such 

restriction sites exist, they may be generated using the above-described 

oligonucleotide-mediated mutagenesis method to introduce them at 
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appropriate locations in the target polypeptide DNA. After the restriction 

sites have been introduced into the plasmid, the plasmid is cut at these sites 

to l inearize it. A double-stranded oligonucleotide encoding the sequence of 

the DNA between the restriction sites but containing the desired mutation(s) 

is synthesized using standard procedures. The two strands are synthesized -

separately and then hybridized together using standard techniques. This 

double-stranded oligonucleotide is referred to as the cassette . This cassette 

is designed to have 3' and 5' ends that are com patible with the ends of the 

l inearized plasmid,  such that it can be d irectly ligated to the plasmid . This 

plasmid now contains the mutated target polypeptide DNA sequence'. 

Insertion of DNA into a Cloning Vehicle 

The cDNA or genomic DNA encoding the target polypeptide is 

inserted into a replicable vector for further cloning (amplification of the DNA) 

or for expression. Many vectors are available, and selection of the 

appropriate vector will depend on 1 ) whether it is- to be used for DNA 

amplification or for DNA expression, 2) the size of the DNA to be inserted 

into the vector, and 3) the host cell to be transformed with the vector. Each 

vector contains various components depending on its function (amplification 

of DNA or expression of DNA) and the host cell for which it is compatible. 

The vector com ponents generally include , but are not l imited to, one or more 

of the following : a signal sequence, an origin of replication, one or more 

marker g enes, an . enhancer element, a promoter, · and a transcription 

termination sequence . 

(a) Signal Sequence Component 

In general,  the signal sequence may be a component of the vector, 

or it may be a part of the target polypeptide DNA that is inserted into the 

vector. 

The target polypeptides of this invention may be expressed not only 

directly, but also as a fusion with a heterologous polypeptide, preferably a 
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signal sequence or other polypeptide having a specific cleavage site at the N

terminus of the mature protein or polypeptide. In genera l ,  the signal 

sequence may be a component of the vector, or it may be a part of the 

target polypeptide ONA that is inserted into the vector. Included · within the --. 

scope of this invention are target polypeptides with any native signal 

sequence deleted and replaced with a heterologous signal sequence. The 

heterologous signal sequence selected should be one that is recognized and 

processed ( i .e .  cleaved by a signal peptidase) by the host cel l .  For 

prokaryotic host cells that do not recognize and process the native target 

polypeptide signal sequence, the signal sequence is substituted by a 

prokaryotic signal sequence selected, for example, from the group of the 

alkaline phosphatase, penicil l inase, lpp, or heat-stable. enterotoxin II leaders. 

For yeast secretion the native target polypeptide signal sequence may be 

substituted by the yeast invertase , a lpha factor, or acid phosphatase leaders.  

In mammalian cel l  expression the native signal sequence is satisfactory, 

although other mammalian signal  sequences may be suitable. 

(b) Origin of Replication Component 

Both expression and cloning vectors contain a nucleic acid sequence 

that enables the vector to replicate in one or more selected host cells. 

Generally, in cloning vectors this sequence is one that enables the vector to 

replicate independently of the host chromosomal DNA, and includes origins 

of replication or autonomo�sly replicating sequences .
. 
Such sequences are 

well · known for a variety of bacteria ,  yeast, and viruses. The origin of 

replication from the plasmid pBR322 is suitable for most G ram-negative 

bacteria, the 2µ plasmid origin is suitable for yeast, and various viral origins 

(SV40, polyoma , adenovirus, VSV or BPV) are useful for c loning vectors in 

mammalian cells .  Generally, the orig in of replication component is not 

needed for mammalian expression vectors (the SV40 origin may typically be 

used only because it contains the early promoter) .  

Most expression vectors are "shuttle"  vectors, i .e.  they are capable 
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of replication in  at least one class of organisms but can be transfected into 

another organism for expression. For example, a vector is cloned in E. coli 

and then the same vector is transfected into yeast or mammalian cells for 

expression even though it is not capable of replicating independently of the 

host cell chromosome.  

DNA may also be amplified by insertion into the host genome.  This 

is readily accomplished using Bacillus species as hosts, for example,  by 

including in the vector a DNA sequence that is complementary to a sequence 

found in Bacillus genomic DNA. Transfection of Bacillus with this vector 

results in homologous recombination with the genome and insertion of the 

target
.
polypeptide DNA. However, the recovery of genomic DNA encoding 

the target polypeptide is more complex than that of an exogenously 

replicated vector because restriction enzyme digestion is required to excise 

the target polypeptide DNA. 

(c) . Selection Gene Component 

· Expression and cloning vectors should contain a selection gene, also 

termed a selectable marker. This gene encodes a protein necessary for the 

survival or growth of transformed host cells grown in a selective culture · 

medium . Host cells not transformed with the vector containing the selection 

gene wil l  not survive in the culture medium. Typical selection genes encode 

proteins that (a) confer resistance- to antibiotics or other toxins, e .g .  

ampicil l in, neomycin, methotrexate , or  tetracycline, · (b)  complement 

auxotrophic deficiencies, or (c) supply critical n utrients not avai lable from 

complex media, e .g.  the gene encoding D-alanine racemase for Bacilli. 

One example of a selection scheme util izes a drug to arrest growth 

of a host cel l .  Those cells that are successfully transformed with a 

heterologous gene express a protein conferring drug resistance and thus 

survive the selection regimen. Examples of such dominant selection use the 

drugs neomycin (Southern et al. , J.  Molec. Appl . Genet . ,  1: 327 [ 1 982)) ,  

mycophenolic acid (Mulligan et al. , Science, 209 : 1 422 [ 1 980)) or 
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hygromycin (Sugden et al. , Mol . Cell .  Biol . , �:  4 1 0.;4 1 3  l 1 98 5)).  The three 

examples given above employ bacterial genes under eukaryotic control to 

convey resistance to the appropriate drug G4 1 8  or neomycin (geneticin) ,  

xgpt (mycophenolic acid) ,  or hygromycin, respectively. 

Another example of suitable selectable markers for mammalian cells 

a re those that e nable the identification of cells competent to take up the 

target polypeptide nucleic acid , such as d ihydrofolate reductase (DHFR) or 

thymidine kinase. The mammalian cell transformants are placed under 

selection pressure which only the transformants are uniquely adapted to 

survive by virtue of having taken up the marker.  Selection pressure is 

imposed by culturing the transformants under conditions in  which the · 

concentration of selection agent in  the medium is successively changed, 

thereby leading to ampl ification of both the selection gene and the DNA that 

encodes the target polypeptide. Ampl ification is the process by which g enes 

in g reater demand for the production of a protein critical for growth are 

reiterated in tandem w ithin the chromosomes of successive generations of 

recombinant cells. Increased quantities of the target polypeptide are 

synthesized from the amplified DNA. 

For example, cells transformed with the DHFR selection gene are 

first identified by culturing al l  of the transformants in a culture medium that 

. contains methotrexate (Mtx) ,  a competitive antagonist of DHFR. An 

appropriate host cell when wild-type DHFR is e mployed is the Chinese .. 

hamster ovary (CHO) cell l ine deficient in DHFR a ctivity, prepared and 

propagated as described by Urlaub and Chasin, Proc. Natl . Acad. Sci. USA, 

77 :  42 1 6 [ 1 980).  The transformed cells are then exposed to increased levels 

of m ethotrexate. This leads to the synthesis of multiple copies of the DHFR 

gene, and, concomitantly, multiple copies of other DNA comprising the 

expression vectors, such as the DNA encoding the target polypeptide.  This 

amplification technique can be used with any otherwise suitable host, e .g . ,  

ATCC No. CCL6 1 CHO-K.1 , notwithstanding the presence of  endogenous 

DHFR if, for example, a mutant DHFR gene that is highly resistant to Mtx is 

employed (EP 1 1 7  ,060). Alternatively, host cells (particularly wi ld-type hosts 
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that contain endogenous DHFR) transformed or co-transformed with DNA 

sequences encoding the target polypeptide, wHd-type DHFR protein, and 

another selectable marker such as aminoglycoside 3' phosphotransferase 

(APH) can be selected by cell growth in medium containing a selection agent 

for the selectable marker such as an aminoglycosidic antibiotic ,  e .g . ,  

kanamycin, neomycin,  or G41 8 .  See U.S.  Pat. No .  4,965, 1 99 .  

A suitable selection gene for use in  yeast is the trp 1 gene present 

in the yeast plasmid YRp7 (Stinchcomb et al. , Nature, �: 39 ( 1 979); 

Kingsman et al. , �. z: 1 4 1 [ 1 979); or Tschemper et al. , � • .!Q: 1 57 

[ 1 980)).  The trp1 gene provides a selection marker for a mutant strain  of 

yeast lacking the abi l ity to grow in tryptophan, for example, ATCC No.  

44076 or  PEP4-1 (Jones, Genetics, �: 1 2 [ 1977) ) .  The presence of the 

tm.1 lesion in the yeast host cell genome then provides an effective 

environment for detecting transformation by g rowth in the absence of 

tryptophan. Simi larly, leu2-deficient yeast strains (ATCC 20,622 or 38,626) 

are complemented by known plasmids bearing the leu2 gene. 

(d) Promoter Component 

Expression and cloning vectors usually contain  a promoter that is 

recognized by the host organism and is operably l inked to the target 

polypeptide nucleic acid . Promoters are untranslated sequences located 

upstream (5 ' ) to the start codon of a structural g ene (generally within about 

1 00 to 1 000 bp) that control the transcription and translation of a particular 

nucleic acid sequence, such as that encoding the target polypeptide ,  to 

which they are operably l inked . .  Such promoters typically fal l  into two 

classes, inducible and constitutive . Inducible promoters are promoters that 

initiate increased levels of transcription from DNA under their control in 

response to some change in culture conditions, e .g .  the presence or absence 

of a nutrient or a change in temperature . At this time a large number of 

promoters recognized by a variety of potential host cells are well known. 

These promoters are operably l inked to DNA encoding the target polypeptide 
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by removing the promoter from the source DNA by restriction enzyme 

digestion and inserting the isolated promoter sequence into the vector. Both 

the native target polypeptide promoter sequence and many heterologous 

promoters may be used to d irect a mplification and/or  expression of the target 

polypeptide DNA. However,  heterologous promoters are preferred ,  as they 

· generally permit greater transcription and higher yields of expressed target 

polypeptide as compared to the native target polypeptide promoter. 

Promoters suitable for use with prokaryotic hosts include the P
lactamase and lactose promoter sys.tems (Chang et al. , Nature , 275 :  6 1 5 

[ 1 9781;  and Goeddel et al. , Nature, ID,: 544 [ 1 979)), a lkaline phosphatase , 

a tryptophan · (trp) promoter system (Goeddel , Nucleic Acids Res . ,  _a :  4057 

[ 1 9801 and EP 36,776) and hybrid promoters such as the tac promoter 

(de Boer et al. , Proc. Natl . Acad. Sci. USA, .aQ: 2 1 -25 [ 1 98 3]).  However, 

other known bacterial promoters are suitable. Their  nucleotide sequences 

have been published, thereby enabling a skilled worker operably to ligate 

them to DNA encoding the target polypeptide {Siebenlist et al. , .c.wi, lQ: 269 

[ 1 980)) using l inkers or adaptors to supply any required restriction sites. 

Promoters for use in bacterial systems also generally wil l  contain a Shine

Dalgarno (S .D. )  sequence operably l inked to the DNA encoding the target 

polypeptide. 

Suitable promoting sequences for use with yeast hosts include the 

promoters for 3-phosphoglycerate kinase (Hitzeman et al. , J. Biol. Chem. ,  

�: 2073 ( 1 980)) or other glycolytic enzymes (Hess et  al. , J .  Adv. Enzyme 

.Bfilk, 1: 1 49 1 1 9 681;  and Holland, Biochemistry, 11: 4900 ( 1 978)) ,  such as 

enolase , glyceraldehyde-3-phosphate dehydrogenase, hexokinase , pyruvate 

decarboxylase , phosphofructokinase, glucose-6-phosphate isomerase, 3-
phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, 

phosphoglucose isomerase, and glucokinase . 

Other yeast promoters, which are inducible promoters having the 

additional advantage of transcription controlled by growth conditions, are the 

promoter regions for alcohol dehydrogenase 2, isocytochrome C ,  acid 

phosphatase, degradative enzymes associated with nitrogen metabolism , 
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metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes 

responsible for maltose and galactose utilization. Suitable vectors and 

promoters for use in yeast expression are further described in Hitzeman et 

al. , EP 73,657A .  Yeast enhancers a lso are advantageously used with yeast 

promoters. 

Promoter sequences are known for eukaryotes.  Virtually al l  

eukaryotic genes have an AT-rich region located approximately 25 to 30 

bases upstream from the site where transcription is initiated.  Another 

sequence found 70 to 80 bases upstream from the start of transcription of 

many genes is a CXCAAT region where X may be any nucleotide. At the 3' 

end of m ost eukaryotic genes is an AATAAA sequence that may be the 

signal for addition of the poly A tail to the 3' end of the coding sequence. 

All of these sequences are suitably inserted into mammalian expression 

vectors. 

Target polypeptide transcription from vectors in mammalian .host 

cells is controlled by promoters obtained from the genomes of viruses such 

as polyoma virus, fowlpox virus (UK 2,2 1 1 ,504 published 5 July 1 989) ,  

adenovirus (such as Adenovirus 2) ,  bovine papilloma virus, avian sarcoma 

virus, cytomegalovirus , a retrovirus, hepatitis-8 virus and m ost preferably 

Simian Virus 40 (SV40) ,  from heterologous mammalian promoters, e .g .  the 

actin promoter or an immunoglobulin promoter, from heat-shock promoters, 

and from the promoter normally associated with the target polypeptide 

sequence , provided such promoters are compatible with the host cell 

systems. 

The early and late promoters of the SV40 virus are conveniently 

obtained as an SV40 restriction fragment that also contains the SV40 viral 

orig in of replication. Fiers et al. , Nature·, 273 : 1 1 3  ( 1 978) ;  Mulligan and Berg, 

Science, 209 : 1 422- 1 427 ( 1 9 80);  Pavlakis etal. , Proc. Natl . Acad.  Sc i .  USA, 

78: 7398-7402 ( 1 98 1 ) . The immediate early promoter of the human 

cytomegalovirus is conveniently obtained as a Hind l l l  E restriction fragment.  

Greenaway et al. , Gene, ll_: 3 55-360 ( 1 982) .  A system for expressing DNA 

in mammalian hosts using the bovine papilloma virus as a vector is disclosed 

so 

56 of 389 BI Exhibit 1094



5 

10 

IS 

20 

25 

30 

• • 
in U .S .  4,4 1 9 ,446 .  A modification of this system is described in  U .S .  

4,60 1 ,978.  See  a lso Gray et al. , Nature, ™= 503-508 ( 1 982)  on 

expressing cDNA encoding immune interferon in monkey cells; , Reyes et al. , 

Nature, ru_: 598-60 1 ( 1 9 8 2) on expression of human P-i nterferon cDNA in 

mouse cells under the control of a thym idine kinase promoter from herpes 

simplex virus, Canaani and Berg , Proc. Natl. Acad .  Sci . USA, �: 5 1 66-5 1 70 . 

( 1 982)  on expression of the human interferon fJ1  gene in  cultured mouse and 

rabbit cells, and Gorman et al. , Proc. Natl. Acad.  Sci. USA, �: 6777-67 8 1 

( 1 982)  on expression of bacterial CAT sequences in  CV-1 m onkey kidney 

cells, chicken embryo fibroblasts, Chinese hamster ovary cells, Hela cells, 

and mouse NIH-3T3 cells using the Rous sarcoma virus long terminal repeat 

as a promoter.  

(e)  Enhancer- Element Component 

Transcription of DNA encoding the target polypeptide of this 

invention by higher eukaryotes is often increased by inserting an enhancer 

sequence into the vector. Enhancers are cis-acting elements of DNA, usually 

about from 1 0-300 bp, that act on a promoter to increase its transcription. 

Enhancers a.re relatively orientation and position independent having been 

found 5' (laimins et a/. , Proc. Natl . Acad . Sci .  USA, .Ia: 993 ( 1 98 1 )) and 3' 

(lusky et al. , Mol .  Cel l  Bio . ,  .3.: 1 1 08 [ 1 983)) to  the transcription unit, within 

an intron (Banerji et al. , �. �: 729 [ 1 983)) as well as within the coding 

sequence itself  (Osborne et al. , Mol. Cell Bio. , !: 1 293 [ 1 984)) .  Many 

enhancer sequences are now known from mammalian genes (globin ,  

elastase, albumin, a-fetoprotein and insulin) . Typically, however, one wi l l  use 

an enhancer from a eukaryotic cell virus. Examples include the SV40 

enhancer on the late side of the replication origin (bp 1 00-270) ,  the 

cytomegalovirus early promoter enhancer, the polyoma enhancer on the late 

side of the replication origin, and adenovirus enhancers. 
·
See a lso Yaniv, 

Nature, 297 :  1 7- 1 8 ( 1 982) on enhancing elements for activation of 

eukaryotic promoters . The enhancer may be spliced into the vector at a 
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position 5 '  or 3' to the target polypeptide DNA, but is preferably located at 

a site 5'  from the promoter. 

(f) Transcription Termination Component 

Expression vectors used in eukaryotic host cells (yeast, fungi ,  

insect, plant,  animal, human, or nucleated cells from other m ulticellular 

organisms} will a lso contain sequences necessary for the termination of 

transcription and for stabilizing the mRNA. Such sequences a re commonly 

available from the 5' and, occasionally 3' untranslated regions of eukaryotic 

or vira l DNAs or cDNAs. These regions contain nucleotide segments 

transcribed as polyadenylated fragments in the untranslated portion of the 

mRNA encoding the target polypeptide. The 3' untranslated regions a lso 

include transcription termination sites. 

Construction of suitable vectors containing one or more of the 

above listed components the desired coding and control sequences employs 

standard ligation techniques. Isolated plasmids or DNA fragments are 

cleaved, tailored, and religated in the form desired to generate the plasmids 

required. 

For analysis to confirm correct sequences in plasmids constructed, 

the ligation mixtures are used to transform £. coli K1 2 strain 294 (ATCC 

3 1 ,446) and successful transformants selected by ampicill in or tetracycline 

resistance where appropriate. Plasmids from the transformants are prepared , 

analyzed by restriction endonuclease d igestion, and/or sequenced by the 

method of Messing et al. , Nucleic Acids Res. , ,9: 309 ( 1 98 1  ) or by the 

method of Maxam et al. , Methods in Enzvmoloqy, �: 499 ( 1 980}.  

Particularly useful in the practice of this invention are expression 

vectors that provide for the transient expression in mammalian cells of DNA 

encoding the target polypeptide. In genera l ,  transient expression involves the 

use of an expression vector that is able to replicate efficiently in a host cel l ,  

such that the host cel l  accumulates many copies of the expression vector 

and ,  in tum, synthesizes high levels of a desired polypeptide encoded by the 
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expression vector. Transient expression systems, comprising a suitable 

expression vector and a host cel l ,  al low for the convenient positive 

identification of polypeptides encoded by cloned DNAs, as well as for the 

rapid screening of such polypeptides for desired biological or physiological 

properties. Thus, transient expression systems are particularly useful in the 

invention for purposes of identifying analogs and variants of the target 

polypeptide that have target polypeptide-l ike activity. 

Other methods, vectors, and host cells suitable for adaptation to  

the synthesis of  the target polypeptide in  recombinant vertebrate cell culture 

are described in Gathing et al. , Nature, 19.,3: 620-625 [ 1 98 1  J; Mantei et al. , 

Nature, 28 1 :  40-46 ( 1 9 79); Levinson et al. ; EP 1 1 7 ,060; and EP 1 1 7 ,0 5 8 .  

A particularly useful plasmid for mammalian cell culture expression of  the 

target polypeptide is pRK5 (EP pub. no. 307 ,247 ) or pSVIGB (U.S.  Ser. No.  

07 /44 1 ,574 filed 22 November 1 989,  the disclosure of which is incorporated 

herein by reference).  

Selection and Transformation of Host Cells 

Suitable host cells for cloning or expressing the vectors herein are 

the prokaryote, yeast, or higher eukaryote cells described above. Suitable 

prokaryotes include eubacteria, such as Gram-negative or Gram-positive 

organisms, for example, E. coli, Bacilli such as 8. subtilis, Pseudomonas .. 

species such as P. · aeruginosa, Salmonella typhimurium, or Serratia 

marcescans. One preferred E. coli cloning host is E. coli 294 (A TCC 

3 1 ,446),  although other strains such as E. coli B, E. coli x1 7 7 6  (ATCC 

3 1 ,537) ,  and E. coli W3 1 1 0  (ATCC 27,325) are suitable . These examples 

are il lustrative rather than limiting.  Preferably the host cell should secrete 

minimal amounts of proteolytic enzymes. Alternatively, in vitro methods of 

cloning, e .g .  PCR or other nucleic acid polymerase reactions, are suitable. 

In  addition to prokaryotes, eukaryotic microbes such as filamentous 

fungi or yeast are suitable hosts for target polypeptide-encoding vectors. 

Saccharomyces cere visiae, or common baker's yeast, is the most commonly 
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used among lower eukaryotic host m icroorganisms. However, a number of 

other genera , species, and strains are commonly avai lable and useful herein, 

such as Schizosaccharomyces pombe [Beach and Nurse , Nature, 290: 1 40 

( 1 98 1 ) ; EP 1 39 ,383 published May 2 ,  1 985) ,  Kluyveromyces hosts (U .S .  

4,943,529)  such as,  e .g . ,  K. lactis [louvencourt et al. , J .  Bacteriol . ,  737 

( 1 983)] ,  K. fragilis, K. bulgaricus, K. thermotolerans, and K. marxianus, 

yarrowia CEP 402,226),  Pichia pastoris CEP 1 83 ,070; Sreekrishna et al. , � 

Basic Microbiol . ,  28 : 265-278 ( 1 988)) ,  Candida, Trichoderma reesia CEP 

244,234], Neurospora crassa [Case et al. , Proc. Natl . Acad . Sci. USA, 1§: 

5259-5263 ( 1 979) ] ,  and filamentous fungi such as, e .g ,  Neurospora, 

Penicillium, Tolypocladium [WO 9 1  /00357 published 1 0  January 1 99 1 ] , and 

Aspergillus hosts such as A.  nidulans [Ballance et al. , Biochem. Bio phys . Res. 

Commun. ,  1 1 2 : 284-289 ( 1 983);  Tilburn et al. , �. 2-Q: 205-2 2 1  ( 1 983);  

Yelton et al. , Proc. Natl . Acad.  Sci . USA, fil: 1 470- 1 474 ( 1 984)] and A .  

niger [Kelly and Hynes, EMBO J . ,  �: 475-479 ( 1 985) ) .  

Suitable host cells for the expression of glycosylated target 

polypeptide are derived from multicellular organisms. Such host cells are 

capable of complex processing and glycosylation activities. In principle,  any 

higher eukaryotic cell culture is  workable, whether from vertebrate or 

invertebrate culture. Examples of invertebrate cells include plant and insect 

cells. Numerous baculoviral strains and variants and corresponding 

permissive insect host cells from hosts such as Spodoptera frugiperda 

(caterpillar) ,  Aedes aegypti (mosquito) ,  Aedes albopictus (mosquito), 

Drosophila melanogaster (fruitfly), and Bombyx mori host cells have been 

identified . See, e . g . ,  Luckow et al. , Bioaechnoloqy . .§: 47-5 5 ( 1 988) ;  Mil ler 

et al. , in Genetic Engineering, Setlow, J.K. et al. , eds. ,  Vol . 8 (Plenum 

Publishing , 1 9 86) ,  pp. 277-279; and Maeda et al. , Nature, 3 1 5 :  5 9 2-594 

( 1 985) .  A variety of such viral strains are publicly available,  e . g . ,  the L-1 

variant of Autographa californica NPV and the Bm-5 strain of Bombyx mori 

NPV, and such viruses may be used as the virus herein according to the 

present invention, particularly for transfection of Spodoptera frugiperda cells. 

Plant cell cultures of cotton, corn, potato, soybean, petunia,  

54 

60 of 389 BI Exhibit 1094



-

5 

10 

15 

20 

25 

30 

• • 
tomato, and tobacco can be utilized as hosts. Typically, plant cells are 

transfected by incubation w ith certain strains of the bacterium Agrobacterium 

tumefaciens, which has been previously manipulated to contain the target 

polypeptide DNA. During incubation of the plant cell  culture with A.  

tumefaciens, the DNA encoding target polypeptide is transferred to  the plant 

cell host such that it is transfected, and wil l ,  under a ppropriate conditions, 

express the target polypeptide DNA. In addition, regulatory and signal 

sequences compatible with plant cells are available, such as the nopaline 

synthase promoter and polyadenylation signal sequences. De picker et al. , .J... 
Mol . Appl . Gen . ,  1.: 5 6 1  ( 1 982) .  In addition, DNA segments isolated from 

the upstream region of the T-DNA 780 gene are capa ble of activating or 

increasing transcription levels of plant-expressible genes in recombinant DNA-
. 

containing plant tissue. See EP 3 2 1 , 1 96 published 2 1  June 1 98 9� 

However, interest has been greatest in vertebrate cells, and 

propagation of vertebrate cells in culture (tissue culture) has become a 

routine procedure in recent years [Tissue Culture , Academic Press, Kruse and 

Patterson, editors ( 1 973) ) .  Examples of useful mammalian host cell lines are 

monkey kidney CV 1 line transformed by SV40 (COS-7, ATCC CRL 1 65 1 ) ; 

human embryonic kidney line (293 or 293 cells subcloned for growth in 
·, 

suspension culture , Graham et al. , J. Gen Virol . ,  .a§: 5 9  ( 1 977]); baby . 

hamster kidney cells (BHK, ATCC CCL 1 0);  Chinese hamster ovary cells/

DH FR (CHO, Urlaub and Chasin,  Proc. Natl . Acad. Sci.  USA, 77:  42 1 6  

( 1 980)) ;  mouse sertoli cells (TM4, Mather, Biol .  Reprod . ,  2 3 :  243-25.1 

( 1 980)) ;  monkey kidney cells (CV1 ATCC CCL 70); African green monkey 

kidney cells (VER0-76, ATCC CRL- 1 587);  human cervical carcinoma cells 

(HELA, ATCC CCL 2); canine kidney cells (MOCK, ATCC CCL 34); buffalo rat 

l iver cells (BRL 3A, ATCC CRL 1 442); human lung cells (W 1 38 ,  ATCC CCL 

75 ) ;  human l iver cells (H1!p G2, HB 8065);  mouse mammary tumor (MMT 
·. � . . ' 

060562, ATCC CCL5 1 ); TRI cells (Mather et al. , Annals· N.Y. Acad . Sci . ,  

383: 44-68 ( 1 982]) ;  MRC 5 cells; FS4 cells; and a human hepatoma cel l  l ine 

(Hep G2) .  Preferred host cells are human embryonic kidney 293 and Chinese 

hamster ovary cells. 
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Host cells are transfected and preferably transformed with the 

above-described expression or cloning vectors of this invention and cultured 

in conventional nutrient media modified as a ppropriate ·for inducing 

promoters, selecting transformants, or amplifying the ge�es encoding the 

desired sequences. 

Transfection refers to the taking up of an expression vector by a 

host cell whether or not any coding sequences are in fact expressed . 

Numerous methods of transfection are known to the ordinarily skilled artisan, 

for example, CaP04 and electroporation. Successful transfection is generally 

recognized when any indication of the operation of this vector occurs within 

the .host cel l .  

Transformation means introducing DNA into an organism so that the 

DNA is re plicable ,  either as an extrachromosomal element or by chromosomal 

integra-nt. Depending on the host cell used, transformation is done using 

standard techniques appropriate to such cells. The calcium treatment 

employing calcium chloride, as described in section 1 .82 of Sambrook et al., 

supra, is genera lly used for pro�aryotes or other cells-that contain substantial 

cell-wall barriers. Infection with Agrobacterium tumefaciens is used for 

transformation of certain plant cells, as described by Shaw et a l . ,  Gene, n: 
3 1 5 ( 1 983) and WO 89/05859 published 29 June 1 989.  For mammalian 

cells without such cell walls, the calcium phosphate precipitation method 

described in sections 1 6 .30-1 6.37 of Sambrook et al, supra, is preferred . 

General aspects of mammalian cell host system transformations have been 

described by Axel in U .S .  4,399,2 1 6 . issued 1 6  August 1 983.  

Transformations into yeast are typically carried out according to the method 

of Van Solingen et al. , J. Bact . ,  1 30: 946 ( 1 9 77) and Hsiao et al. , Proc. Natl . 

Acad. Sci . <USA>, 76:  3829 ( 1 979) .  However, other methods for introducing 

DNA into cells such as by nuclear injection, electroporation, or protoplast 

fusion may also be used . 

Culturing the Host Cells 
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Prokaryotic cells used to produce the target polypeptide of this 

invention are cultured in suitable media as described general ly in Sambrook 

et al. , supra. 

The mammalian host cells used to produce the target polypeptide 

of this invention may be cultured in a variety of media . Commercially 

available media such as Ham's F 1 0  (Sigma), Minimal Essential Medium 

([MEMJ, Sigma),  RPMl-1 640 (Sigma) ,  and Dulbecco's Modified Eagle's 

Medium ([DMEMJ, Sigma) are suitable for culturing the host cells. In  

addition, any of the media described in Ham and Wallace, Meth. Enz . ,  .fill: 44 

( 1 979) ,  Barnes and Sato, Anal . Biochem. ,  .1.Ql.: 255 ( 1 980),  U .S.  4, 7 6 7 ,  704; 

4,65 7 ,866; 4,927,  762;  or 4,560,655;  WO 90/03430; WO 87/00 1 9 5; U .S .  

Pat. Re .  30,985;  or  copending U.S .S .N .  07/59 2 , 1 07 or  07/59 2, 1 4 1 ,  both 

filed in 3 October 1 9 90, the disclosures of all of which are incorporated 

herein by ref�rence, may· be used as culture media for the host cells . Any of 

these media may be supplemented as necessary with hormones and/or other 

growth factors (such as insulin, tran$ferrin,  or epidermal growth factor),  salts 

(such as sodium chloride,  calcium, magnesium , and phosphate ) ,  buffers (such 

as HEPES) ,  nucleosides (such as adenosine and thymidine) ,  antibiotics (such 

as Gentamycin™ drug), trace elements (defined as inorganic compounds 

usually present at final concentrations in the micromolar range),  and glucose 

or an equivalent energy source. Any other necessary supplements may also 

be included at appropriate concentrations that would be known to those 

skilled in the art. The culture conditions, such as temperature, pH, and the 

l ike ,  are those previously used with the host cell selected for expression, and 

wil l  be apparent to the ordinarily skilled artisan. 

The host cells referred to in this disclosure encompass cells in ·in 

vitro culture as well as cells that are within a host animal .  

It i s  further envisioned that the target polypeptides o f  this invention 

may be produced by homologous recombination, or with recombinant 

production methods utilizing control elements introduced into cells already 

containing DNA encoding the target polypeptide currently in use in the field .  

For example, a powerful promoter/enhancer element, a suppressor, or an 
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exogenous transcription modulatory element is inserted in the genome of the 

intended host cell in proximity and orientation sufficient to influence the 

transcription of DNA encoding the desired target polypeptide.  The control 

element does not encode the target polypeptide of this invention , but the 

DNA is present in the host cell genome. One next screens for cells making 

the target polypeptide of this invention, or increased or decreased levels of 

expression, as desired. 

Detecting Gene Amplification/Expression 

Gene amplification and/or expression may be measured in a sample 

directly, for example, by conventional Southern blotting , northern blotting to 

quantitate the transcription of mRNA (Thomas, Proc . Natl . Acad.  Sc i .  USA, 

7 7 :  5 2 0 1 -5 205 [ 1 980)),  dot blotting (DNA analysis) , or in situ hybrid ization, 

using an appropriately labeled probe, based on the sequences provided 

herein. Various labels may be employed, most commonly radioisotopes, 

particularly 32P. However, other techniques may also be employed , such as 

using biotin-modified nucleotides for introduction into a polynucleotide. The 

biotin then serves as the site for binding to avidin or antibodies, which may 

be labeled with a wide variety of labels, such as radionuclides, fluorescers, 

enzymes, or the like. Alternatively, antibodies may be employed that can 

recognize specific duplexes, including DNA duplexes, RNA duplexes, and 

DNA-RNA hybrid duplexes or D NA-protein duplexes. The antibodies in turn 

may be labeled and the assay may be carried out where the duplex is bound 

to a surface, so that upon the formation of duplex on the surface, the 

presence of antibody bound to the duplex can be detected .  

Gene expression, alternatively, may be measured b y  immunological 

methods, such as immunohistochemical staining of tissue sections and assay 

of cell culture or body fluids, to quantitate directly the expression of gene 

product. With immunohistochemical staining techniques, ·a cell sample is 

prepared, typically by dehydration and fixation, followed by reaction with 

labeled antibodies �pacific for the gene product coupled , where the labels are 
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usual ly visually detectable, such as enzymatic labels, fluorescent labels, 

luminescent labels, and the like. A particularly sensitive staining technique 

suitable for use in the present invention is described by Hsu et al. , Am. J.  

Clin. Path . ,  li: 734-738 ( 1 980).  

Antibodies useful for immunohistochemical staining and/or assay of 

sample fluids may be either monoclonal or polyclonal ,  and may be prepared 

in any mammal. Conveniently, the antibodies may be prepared against a 

native target polypeptide or against a synthetic peptide based on the DNA 

sequences provided herein as described further in Section 4 below. 

Purification of The Target polypeptide 

The target polypeptide preferably is recovered from the culture 

medium as a secreted polypeptide, although it also may be recovered from 

host cell lysates when directly expressed without a secretory signa l .  

When the target polypeptide is expressed in a recombinant cell 

other than one of human origin, the target polypeptide is completely free of 

proteins or polypeptides of human origin. However, it is necessary to purify 

the target polypeptide from recombinant cell proteins or polypeptides to 

obtain preparations that are substantial ly  homogeneous as to the target 

polypeptide .  As a first step, the culture medium or lysate is centrifuged to 

remove particulate cell debris. The membrane and soluble protein fractions 

are then separated. The target polypeptide may then be purified from the 

soluble protein fraction and from the membrane fraction of the culture lysate , 

depending on whether the target polypeptide is membrane bound . The 

following procedures are exemplary of suitable purification procedures: 

fractionation on immunoaffinity or ion-exchange columns; ethanol 

precipitation; reverse phase HPLC; chromatography on silica or on a cation 

exchange resin such as DEAE; chromatofocusing; SOS-PAGE;  ammonium 

sulfate precipitation; gel  filtration using, for example, Sephadex G-75 ;  and 

protein A Sepharose columns to remove contaminants such as lgG. 

Target polypeptide variants in which residues have been deleted , 

inserted or substituted are recovered in the same fashion, taking account of 
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any substantial changes in properties occasioned by the variation. For 

example , preparation of a target polypeptide fusion with another protein or 

polypeptide, e .g .  a bacterial or viral antigen, facilitates purification; an 

immunoaffinity column conta ining antibody to the antigen (or containing 

antigen, where the target polypeptide is an antibody) can be used to adsorb . 

the fusion. lmmunoaffinity columns such as a rabbit polyclonal anti-target 

polypeptide column can be employed to absorb the target polypeptide variant 

by binding it to at least one remaining immune epitope . A protease inhibitor 

such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to inhibit 

proteolytic degradation during purification, and antibiotics may be, included 

to prevent the g rowth of adventitious conta minants. One skil led in the art 

wil l  appreciate that purification methods suitable for native target polypeptide 

may require modification to account for changes in the character of the 

target polypeptide or its variants upon expression in recombinant cell culture . 

Covalent Modifications of Target Polyoeotides 

Covalent m odifications of target polypeptides are included w ithin 

the scope of this invention. One type of covalent modification . included . 

w ithin the scope of this invention is a target polypeptide fragment.  Target 

polypeptide fragments having up to about 40 amirio acid residues may be 

conveniently prepared by chemical ,synthesis, or by enzymatic or chemical 

cleavage of the full-length target polypeptide or variant target polypeptide .  

Other types of  covalent modifications of the target polypeptide or  fragments 

thereof are introduced into the molecule by reacting specific amino acid 

residues of the target polypeptide or fragments thereof with an orgar.ic 

derivatizing agent that is capable of reacting with selected side chains or the 

N- or C-terminal residues. 

Cysteinyl residues most commonly are reacted with a-haloacetates 

(and corresponding amines) , such as chloroacetic acid or chloroacetamide, 

to g ive carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl 

residues also are derivatized by reaction with bromotrifluoroacetone, a-
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bromo-P-<5- imidozoyl)propionic acid , chloroacetyl phosphate , N

a lkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide , P:
chloromercuribenzoate, 2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-

2-oxa-1 ,3-diazole.  

Histidyl residues are derivatized by reaction with d iethylpyro

carbonate at pH 5 . 5-7.0 because this agent is relatively specific for the 

histidyl side chain. Para-bromophenacyl bromide also is useful ;  the reaction 

is preferably performed in 0 . 1  M sodium cacodylate at pH 6.0.  

L ysinyl and amino terminal residues are reacted with succinic or 

other carboxylic acid anhydrides. Derivatization with these agents has the 

effect of reversing the charge of the lysinyl residues. Other suitable reagents 

for derivatizing a-amino-containing residues include imidoesters such as 

methyl picolinimidate; pyridoxal phosphate; pyridoxal ; chloroborohydride; 

trinitrobenzenesulfonic acid; 0-methylisourea; 2 ,4-pentanedione; and 

transaminase-catalyzed reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or several 

conventional reagents, among them phenylglyoxal,  2 ,3-butanedione, 1 ,2-

cyclohexanedione, and ninhydrin. Derivatization of arginine residues requires 

that the reaction be performed in alkal ine conditions because of the high pK11 

of the guanidine functional group. Furthermore, these reagents may react 

with the g roups of lysine as well as the arginine epsilon-amino group. 

The specific modification of tyrosyl residues may be made, with 

particular interest in introducing spectral labels into tyrosyl residues by 

reaction with aromatic diazonium compounds or tetranitromethane. Most 

commonly, N-acetylimidizole and tetranitromethane are used to form 0-acetyl 

tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl residues are 

iodinated using 1 251 or 1 31 1 to prepare labeled proteins for use in 

radioimmunoassay, the chloramine T method described above being suitable . 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified 

by reaction with carbodiimides (R'-N = C = N-R'),  where R and R' are different 

alkyl groups, such as 1 -cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 

1 -ethyl-3-(4-azonia-4,4-dimethylpentyl ) carbodiimide. Furthermore, aspartyl 
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and glutamyl residues are converted to asparaginyl and glutaminyl residues 

by reaction with ammonium ions. 

Derivatization with bifunctional agents is useful for crosslinking 

target polypeptide to a water-insoluble support matrix or surface for use in 

the method for purifying anti-target polypeptide antibodies, and vice versa . 

Commonly used crosslinking agents include, e .g . ,  1 ,  1 -bis(diazoacetyl )-2-

phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example,  

esters with 4-azidosalicylic acid ,  homobifunctional imidoesters, including 

d isuccinimidyl esters such as 3 ,3'-dithiobis(succinimidylpropionate) ,  and 

bifunctional maleimides such as bis-N-maleimido- 1 ,8-octane . Derivatizing 

agents such as methyl-3-((p-azidophenyl)dithio)propioimidate .yield 

photoactivatable intermediates that are capable of forming crosslinks in the 

presence of l ight. Alternatively, reactive water-insoluble matrices such as 

cyanogen bromide-activated carbohydrates and the reactive substrates 

described in U.S.  3,969 ,287; 3,69 1 ,0 1 6; 4, 1 9 5 , 1 28; 4,247 ,642; 

4,229 ,537; and 4,330,440 are employed for protein immobilization. 

Glutaminyl and asparaginyl residues are frequently deamidated to 

the corresponding glutamyl and aspartyl residues, respectively. Alternatively, 

these residues are deamidated under mildly acidic conditions. Either form of 

these residues falls within the scope of this invention. 

Other modifications include hydroxylation of pral ine and lysine, 

phosphorylation of hydroxyl groups of seryl or threonyl residues, methylation 

of the a-amino groups of lysine, arginine, and histidine side chains (T.E .  

Creighton, Proteins: Structure and Molecular Properties, W . H . Freeman & 

Co. ,  San Francisco, pp. 79-8 6 ( 1 983)) ,  acetylation of the N-terminal amine, 

and amidation of any C-terminal carboxyl group. 

Another type of covalent modification of the target polypeptide 

included within the scope of this invention comprises a ltering the native 

glycosylation pattern of the polypeptide. By altering is meant deleting one \ 
or more carbohydrate moieties fou_nd in the native t;rget poly�epti��. a�����- .  I 
;;dd;;,g<;;;--;;.,�r� Qlycos�i;ti�n sites that are not present in the native } target polypeptide. 
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Glycosylation of polypeptides is typically either N-linked or C

l inked .  N-linked refers to the attachment of the carbohydrate moiety to the 

side chain of an asparagine residue. The tri-peptide sequences �sparagine-X

serine and
_
a!P.�a�in�-:�-th���nif1e. where X is any amino acid except praline, 

are the recognition sequences for enzymatic attachment of the carbohydrate 

moiety to the asparagine sicle chain. Thus, the presence of either of these 

tri-peptide sequences in a polypeptide creates a potentia l  glycosylation site. 

0-linked glycosylation refers to the attachment of one of the sugars N

acetylgalactosamine ,  galactose, or xylose, to a hydroxyamino acid, most 

commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine 

may a lso be used . 

Addition of glycosylation sites to the target polypeptide is 

conveniently accomplished by altering the amino acid sequence such that it 
- · - r contains one or more of the above-described tri-peptide sequences (for N-

, 
15 l inked g lycosylation sites). The alteration may also be� made.by the addition 

20 

. # 

25 

30 

of, or substitution by, one or more serine or threonine residues to the native 
- -

target polypeptide sequence (for 0-linked glycosylation sites). For ease, the 
""'---- --- - - - - �  

target polypeptide amino acid sequence is preferably altered through changes 

at the DNA level, particularly by m utating the DNA encoding the target 

polypeptide at preselected bases such that codons are generated that wil l  

translate into the desired amino acids. The DNA mutation(s) may be made 

using methods described above under the heading of "Amino Acid Sequence 

.Variants of Target Polypeptide" . 

Another means of increasing the number of carbohydrate moieties 

on the target polypeptide is by chemical or enzymatic coupling of g lycosides 

to the polypeptide. These procedures are advantageous in that they do not 

require production of the polypeptide in a host cell that has glycosylation 

capabilities for N- and 0 - linked glycosylation. Depending on the coupling 

mode used, the sugar(s) may be attached to (a) arginine and histidine, (b) 

free carboxyl groups, (c) free sulfhydryl g roups such as those of cysteine, (d) 

free hydroxyl groups such as those of serine, threonine, or hydroxyproline , 

(e ) aromatic residues such as those of phenylalanine, tyrosine, or tryptophan,  
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or (f) the amide group of glutamine. These methods are described in WO 

87/05330 published 1 1  September 1 98 7 ,  and in Aplin and Wriston <.cB.C 

Crit. Rev. Biochem . ,  pp. 259-306 ( 1 98 1 ]) .  

Removal of carbohydrate moieties present on the native target 

polypeptide may be accomplished chemically or enzymatically. Chemical 

deglycosylation requires exposure of  the polypeptide to the compound 
----

trifluoromethanesulfonic .acid, or an equiva lent compound.  This treatment 

results in the cleavage of most or all sugars except the l inking sugar (N

acetylglucosamine or N-acetylgalactosamine), while leaving the polypeptide 

intact. Chemical deglycosylation is described by Hakimuddin et al. (Arch. 

Biochem. Biophys . ,  259:52 [ 1 987))  and by Edge et al. (Ana l .  Biochem . ,  

1 1 8 : 1 3 1 [ 1 98 1  ] ) .  Enzymatic cleavage of carbohydrate moieties on 

polypeptides can be achieved by the use of a variety of endo- and exo

glycosidases as described by Thotakura et al. (Meth . Enzymol . ,  1 38 :350 

[ 1 987]) .  

Glycosylation at potential glycosylation sites may be prevented by 

. the use of the compound tunicamycin as described by Duskin et al. (J . Biol . 

Chem .,  257:3 1 05 [ 1 982] ) .  Tunicamycin blocks the formation of protein-N

glycoside l inkages. 

Another type of covalent modification of the target polypeptide 

comprises linking the target polypeptide to various nonproteinaceous 

polymers, e .g .  polyethylene glycol , polypropylene glycol or polyoxyalkylenes, 

in the manner set forth in U .S .  4,640,835; 4,496,689;  4,30 1 , 1 44; 

4,670 ,41 7;  4,79 1 , 1 9 2 or 4, 1 79,337 . 

The target polypeptide also may be entrapped in microcapsules 

prepared, for example , by coacervation techniques or by interfacial 

polymerization (for example, hydroxymethylcellulose or gelatin-microcapsules 

and poly-(methylmethacylateJ microcapsules, respectively) , in colloidal drug 

delivery systems (for example, l iposomes, · albumin microspheres, 

microemulsions, nano-particles and nanocapsules),  or in tnacroemulsions. 

Such techniques are disclosed in Remington's Pharmaceutical Sciences, 1 6th 

edition, Osol , A . ,  Ed . ,  ( 1 980).  
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Target polypeptide preparations are also useful in  generating 

antibodies, for screening for binding partners, as standards in assays for the 

target polypeptide . (e .g.  by label ing the target polypeptide for use as a 

standard in a radioimmunoassay, enzyme-linked immunoassay,  or 

radioreceptor assay) , in affinity purification techniques, and in competitive

type receptor binding assays when labeled with radioiodine, enzymes, 

fluorophores, spin labels, and the l ike . 

Since it is often d ifficult to predict in advance the characteristics of 

a variant target polypeptide, it will be appreciated that some screening of the 

recovered variant wil l  be needed to select .the optimal variant. For example, 

a change in the immunological character of the target polypeptide molecule, 

such as affinity for a given antigen or antibody, is measured by a 

competitive-type immunoassay. The variant is assayed for changes in the 

suppression or enhancement of its activity by comparison to the activit
.
y 

observed for the target polypeptide in the same assay. Other potential 

modifications of protein or polypeptide properties such as redox or thermal 

stability, hydrophobicity, susceptibil ity to proteolytic degradation, stabil ity in 

recombinant cell culture or in plasm a ,  or the tendency to aggregate with 

carriers or into multimers are assayed by methods well  known in .the art. 

Diagnostic and Related Uses of the Antibodies 

The antibodies of this invention are useful in diagnostic assays for "" 

antigen expression in  specific cells or tissues. The antibodies are detectably 

labeled and/or are immobilized on an insoluble matrix. 

The antibodies of this invention, find further use for the affinity 

purification of the antigen from recombinant cell culture or natural sources. 

Suitable diagnostic assays for the antigen and its antibodies depe nd 

on the particular antigen or antibody. General ly, such assays include 

competitive and sandwich assays, and steric inhibition assays. Competitive 

and sandwich methods employ a phase-separation step as an integral part of 

the method while steric inhibition assays are conducted in a single reaction 

mixture . Fundamentally, the same procedures are used for the assay of the 
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antigen and for substances that bind the antigen, although certain methods 

wil l  be favored depending upon the molecular weight of the substance being 

assayed.  Therefore, the substance to be tested is referred to herein as an 

analyte , irrespective of its status otherwise as an antigen or antibody, and 

proteins that bind to the analyte are denominated binding partners, whether 

they be antibodies, cell surface receptors, or antigens. 

Analytical methods for the antigen or its antibodies all use one or 

more of the following reagents: labeled analyte analogue, immobilized 

analyte analogue, labeled binding partner, immobilized binding partner and 

steric conjugates. The labeled reagents also are known as •tracers . " 

The label used (and this is also useful to label antigen nucleic acid 

for use as a probe) is any detectable functionality that does not interfere with 

the binding of analyte and its binding partner. Numerous labels are known 

for use in immunoassay, examples including moieties that may be detected 

directly, such as fluorochrome, chemiluminescent, and radioactive labels, as 

well  as moieties, _such as enzymes, that m ust be reacted or derivatized to be 

detected.  Examples of such labels include the radioisotopes 32P ,  14C ,  1 251 ,  3H ,  

and 131 1 ,  fluorophores such as rare earth chelates o r  fluorescein and its 

derivatives, rhodamine and its derivatives, dansyl , umbelliferone, 

luceriferases, e .g . ,  firefly luciferase and bacterial l uciferase (U .S .  Pat. No.  

4,  737,456) ,  luciferin, 2,3-dihydrophthalazinediones, horseradish peroxidase 

(HRP) , alkaline phosphatase, P-galactosidase, g lucoamylase, lysozyme, 

saccharide oxidases, e .g . ,  g lucose oxidase, galactose oxidase, and g lucose-6-

phosphate dehydrogenase, heterocyclic oxidases such as uricase and 

xanthine oxidase, coupled with an enzyme that employs hydrogen peroxide 

to oxidize a dye precursor such as HRP, lactoperoxidase, or m icroperoxidase, 

biotin/avidin, spin labels, bacteriophage labels, stable free radicals, and the 

l ike .  

Conventional methods are available to bind these labels covalently 

to proteins or polypeptides. For instance, coupling agents such as 

dialdehydes, carbodiimides, dimaleimides, bis-imidates, bis-diazotized 

benzidine, and the l ike may be used to tag the antibodies with the above-
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described fluorescent, chemiluminescent, and enzyme labels. See, for 

example, U .S .  Pat. Nos. 3,940,475 (fluorimetry) and 3,645,090 (enzymes); 

Hunter et al. , Nature, 1 44:  945 ( 1 962);  David et al. , Biochemistry, .13: 1 0 1 4-

1 02 1  ( 1 974); Pain et a/. , J .  lmmunol. Methods, �: 2 1 9-230 ( 1 9 8 1 }; and 

Nygren, J. Histochem.  and Cytochem., .3.Q.: 407-41 2 ( 1 982) .  Preferred labels 

herein are enzymes such as horseradish peroxidase and alkaline phosphatase. 

The conjugation of such label, including the enzymes, to the 

antibody is a standard manipulative procedure for one of ordinary skill in 

immunoassay techniques. See, for example, O 'Sull ivan et al. , " Methods for 

the Preparation of Enzyme-antibody Conjugates for Use in Enzyme 

· Immunoassay," in Methods in Enzymology. ed .  J.J. Langone and H.  Van 

Vunakis, Vol . 73 (Academic Press, New York, New York, 1 98 1 ) , pp. 1 47-

1 66. Such bonding methods are suitable for use with the antibodies and 

polypeptides of this invention. 

Immobil ization of reagents is required for certain assay methods. 

Immobi lization entails separating the binding partner from any analyte that 

remains free in solution. This conventionally is accomplished by either 

insolubilizing the binding partner or analyte analogue before the assay 

procedure , as by adsorption to a water-insoluble matrix or surface (Bennich 

et al . . ,  U.S.  3,720,760) ,  by covalent coupling (for example, using 

glutaraldehyde cross-linking),  or by insolubilizing the partner or analogue 

afterward , e .g . ,  by immunoprecipitation. 

Other assay methods, known as competitive or sandwich assays, 

are well established and widely used in the commercial  diagnostics industry. 

Competitive assays rely on the abil ity of a tracer ana logue to 

compete with the test sample analyte for a l imited number of binding sites 

on a common binding partner. The binding partner generally is insolubilized 

before or after the competition and then the tracer and analyte bound to the 

binding partner are separated from the unbound tracer and analyte . This 

separation is accomplished by decanting (where the binding partner was 

preinsolubilized) or by centrifuging (where the binding partner was 

precipitated after the competitive reaction) .  The amount of test sample 
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analyte is inversely proportional to the amount of bound tracer as measured 

by the amount of marker substance. Dose-response curves with known 

amounts of analyte are prepared and compared with the test results to 

quantitatively determine the amount of analyte present in the test sample. 

These assays are called ELISA systems when enzymes are used as the 

detectable markers. 

Another species of competitive assay, called a "homogeneous" 

assay, does not require a phase separation. Here, a conjugate of an enzyme 

with the analyte is prepared and used such that when anti-a nalyte binds to 

the analyte the presence of the anti-analyte modifies the enzyme activity. 

In this case, the antigen or its immunologically active fragments are 

conjugated with a bifunctional organic bridge to an enzyme such as 

peroxidase. Conjugates are selected for use with antibody so that binding 

of the anti body inhibits or potentiates the enzyme activity of the label . This 

method per se is widely practiced under the name of EMIT. 

Steric conjugates are used in steric h indrance methods for 

homogeneous assay. These conjugates are synthesized by covalently l inking 

a low-molecular-weight hapten to a small analyte so that antibody to hapten 

substantially is unable to bind the conjugate at the same time as anti-analyte . 

Under this assay procedure the analyte present in the test sample will bind 

anti-analyte, thereby allowing anti-hapten to bind the conjugate, resulting in 

a change in the character of the conjugate hapten, e . g . ,  a change in 

fluorescence when the hapten is a fluorophore. 

Sandwich assays particularly are useful for the determination of 

antigen or antibodies. Jn  sequential sandwich assays an immobil ized binding 

partner is used to adsorb test sample analyte , the test sample is removed as 

by washing, the bound analyte is used to adsorb labeled binding partner, and 

bound material is then separated from residual tracer. The amount of bound 

tracer is directly proportional to test sample analyte . In "simultaneous" 

sandwich assays the test sample is not separated before adding the labeled 

binding partner. . A sequential sandwich assay using an anti-antigen 

monoclonal antibody as one antibody and a polyclonal anti-antigen antibody 
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as the other is useful in testing samples for particular antigen activity. 

The foregoing are merely exemplary diagnostic assays for the 

import and humanized antibodies of this invention. Other methods now or 

hereafter developed for the determination of .these analytes are included 

within the scope hereof, including the bioassays described above. 

l mmunotoxins 

This invention is also d irected to immunochemical derivatives of the 

antibodies of this invention such as immunotoxins (conjugates of the 

antibody and a cytotoxic moiety). Antibodies which carry the appropriate 

effector functions, such as with their  constant domains, a re also used to 

induce lysis through the natural complement process� and to interact with 

antibody dependent cytotoxic cells normally present. 

For example, purified, sterile filtered antibodies are optionally 

conjugated to a cytotoxin such as ricin for use in AIDS therapy. US Patent 

Application Serial No.  07/350,8 9 5  i l lustrates methods for making and using 

immunotoxins for the treatment of HIV infection, and its teachings are 

specifically incorporated by reference herein. The methods of this i nvention, 

for example, are suitable for obtaining humanized antibodies for use as 

immunotoxins for use in AIDS therapy. 

The cytotoxic moiety of the immunotoxin may be a cytotoxic drug 

or an enzymatica lly active toxin of bacteria l ,  fungal ,  plant or animal origin, or 

an enzymatically active fragment of such a toxin .  Enzymatically active toxins 

and fragments thereof used a re d iphtheria A chain, nonbinding active 

fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas 

aeruginosa),  ricin A chain, abrin A chain, modeccin A chain,  alpha-sarcin, 

Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins 

(PAPI,  PAPl l ,  and PAP-S) ,  momordica charantia inhibitor, curcin, crotin, 

sapaonaria officinalis inhibitor, gelonin, mitogell in, restrictocin, phenomycin, 

enomycin and the tricothecenes. In another embodiment, the antibodies are 

conjugated to small molecule anticancer drugs such as cis-platin or 5FU. 

Conjugates of the monoclonal antibody and such cytotoxic moieties are made 
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using a variety of bifunctional protein coupling agents. Examples of such 

reagents are SPDP, IT , bifunctional d erivatives of imidoesters such as 

d imethyl adipimidate HCI, active esters such as disuccinimidyl suberate, 

a ldehydes such as glutaraldehyde, bis-azido compounds such as bis 

(p-azidobenzoyl) hexanediamine, bis-d iazonium derivatives such as bis- (p

diazoniumbenzoyl)- -ethylenediamine , diisocyanates such as tolylene 

2,6-diisocyanate and bis-active fluorine compounds such as  l ,5-difluoro-

2 ,4-dinitrobenzene. The lysing portion of a toxin may be joined to the Fab 

fragment of the antibodies. 

l mmunotoxins can be made in a variety of ways, as discussed 

herein. Commonly known crosslinking reagents can be used to yield stable 

conjugates. 

Advantageously, monoclonal antibodies specifically binding the 

domain of the antigen which is exposed on the infected cel l  surface , are 

conjugated to ricin A chain. Most advantageously the ricin A chain is 

deglycosylated and produced through recombinant means. An advantageous 

method of making
· 
the ricin immunotoxin is described in Vitetta et al. , Science 

238:  1 098 ( 1 987)  hereby incorporated by reference . 

When used to kill infected human cells in vitro for diagnostic 

purposes, the conjugates will typically be added to the cell culture medium 

at a concentration of at least a bout 1 0  nM. The formulation and mode of 

administration for in vitro use are not critical.  Aqueous formulations that are 

com patible with the culture or perfusion medium wil l  normally be used . 

Cytotoxicity may be read by conventional techniques. 

Cytotoxic radiopharmaceuticals for treating infected cells may be 

made by conjugating radioactive isotopes (e.g. I ,  Y ,  Pr) to the antibodies. 

Advantageously alpha particle-emitting isotopes are used . The term 

'cytotoxic moiety" as used herein is intended to include such isotopes. 

In a preferred embodiment, ricin A chain is deglycosylated or 

produced without oligosaccharides, to decrease its clearance by i rrelevant 

clearance mechanisms (e.g . ,  the liver).  In another embodiment, whole ricin 

(A chain plus B cl_1ain) is conjugated to antibody if the galactose binding 
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property of B-chain can be blocked (" blocked ricin" ) .  

In a further embodiment toxin-conjugates are made with Fab or  

F(ab')2 fragments. Because of  their relatively small size these frag ments can 

better penetrate tissue to reach infected cells. 

In another embodiment, fusogenic l iposomes are filled with a 

cytotoxic d rug and the l iposomes are coated with antibodies specifically . 

binding the particular antigen. 

Antibody Dependent Cellular Cvtotoxicity 

Certain aspects of this invention involve. antibodies which are (a) 

directed against a particular antigen and (b) belong to a subclass or  isotype 

that is capable of mediating the lysis of cells to which the antibody molecule 

binds. More specifically, these antibodies should belong to a subclass or 

isotype that, upon complexing with cell surface proteins, activates serum 

complement and/or mediates antibody dependent cellularcytotoxicity (ADCC) 

by activating effector cells such as natural killer cells or macrophages. 

Biological activity of antibodies is known to be determined ,  to a 

large extent, by the constant domains or Fe region of the antibody molecule 

(Uananue and Benacerraf, Textbook of lmmunology, 2nd Edition, Williams & 

Wilkins, p. 2 1 8  ( 1 984)) .  This includes their a bi lity to activate complement 

and to mediate antibody-dependent cellular cytotoxicity (ADCC) as effected 

by leukocytes. Antibodies of different classes and subclasses differ in this 

respect, as do antibodies from the same subclass but different species; 

according to the present invention, antibodies of those classes having the 

desired biological activity a re prepared .  Preparation of these antibodies 

involves the selection of antibody constant d omains a re their  incorporation 

in the humanized antibody by known technique. For example, mouse 

immunoglobulins of the lgG3 and lgG2a class are capable of activating serum 

complement upon binding to the target cells which express the cognate 

antigen, and therefore humanized antibodies which incorporate lgG3 and 

lgG2a effector functions are desirable for certain therapeutic applications. 

In general ,  mouse antibodies of the lgG2a and lgG3 subclass and 
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occasionally lgG 1 can mediate ADCC, and antibodies of the lgG3, lgG2a, and 

lgM subclasses bind and activate serum complement. Complement 

activation generally requires the binding of at least two lgG molecules in 

close proximity on the target cel l .  However, the binding of only one lgM 

molecule activates serum complement. 

The a bi lity of ariy particular antibody to mediate lysis of the target 

cell by complement activation and/or ADCC can be assayed. The cells of 

interest are grown and labeled in vitro; the antibody is added to the cell 

culture in  combination with e ither serum complement or immune cells which 

may be activated by the antigen antibody complexes. Cytolysis of the target 

cells is detected by the release of label  from the lysed cells. In fact, 

antibodies can be screened using the patient's own serum as a source of 

complement and/or immune cells. The antibody that is capable of activating 

complement or med iating ADCC in the in vitro test can then be used 

thera peutically in that particular patient. 

This invention specifically encompasses consensus Fe antibody 

domains prepared and used according to the teachings of this invention. 

Therapeutic and Other Uses of the Antibodies 

When used in vivo for therapy, the antibodies of the subject 

invention are administered to the patient in therapeutically effective amounts 

(i .e .  amounts that have desired therapeutic effect).  They wil l  normally be 

administered parenterally. The dose and dosage regimen wil l  depend upon 

the degree of the infection, the characteristics of the particular antibody or 

immunotoxin used , e .g . ,  its therapeutic index, the patient, and the patient's 

history. Advantageously the antibody or immunotoxin is administered 

continuously over a period of 1 -2 weeks,  intravenously to treat cells in the 

vasculature and subcutaneously and intraperitoneal ly to treat regional l ymph 

nodes. Optionally, the administration is made during the course of adjunct 

therapy such as combined cycles of radiation, chemotherapeutic treatment, 

or administration of tumor necrosis factor, interferon or other cytoprotective 

or immunomodulatory agent. 
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For parenteral administration the antibodies wil l  be formulated in a 

unit dosage injectable form (solution, suspension, emulsi on) in association 

with a pharmaceutical ly acceptable parenteral vehicle. S uch vehicles are 

inherently nontoxic ,  and non-therapeutic .  Exam ples of such vehicles are 

water, saline, Ringer's solution, dextrose solution, and 5 %  human serum 

albumin. Nonaqueous vehicles such as fixed oils and ethyl oleate can also 

be used . Liposomes may be used as carriers. The vehicle may contai n  minor 

amounts of additives such as substances that enhance isotonicity and 

chemical stability, e . g . ,  buffers and preservatives. The antibodies will 

typically be formulated in such vehicles at concentrations of a bout 1 mg/ml 

to 1 0  mg/ml .  

Use of  lgM antibodies may be preferred for certain applications, 

however lgG molecules by being smaller may be more able than lgM 

molecules to localize to certain types of  infected cells. 

There is evidence that complement activation in vivo leads to a 

variety of biological effects, including the induction of an inflammatory 

response and the activation of macrophages (Uananue and Benacerraf, 

Textbook of Immunology, 2nd Edition, Williams & Wilkins, p.  2 1 8 ( 1 984)) .  

The increased vasodi lation accompanying inflammation may increase the 

abil ity of various agents to localize in infected cells. Therefore , . 

antigen-antibody combinations of the type specified by this invention can be 

used therapeutically in many ways. Additionally, purified antigens 

(Hakomori , Ann. Rev. lmmuno/. 2: 1 03 ( 1 984)) or anti-id iotypic antibodies 

(Nepom eta/. , Proc. Natl. Acad. Sci. 8 1  :2864 ( 1 9 85);  Koprowski eta/. , Proc. 

Natl. Acad. Sci. 8 1  :2 1 6  ( 1 984)) relating to such antigens could be used to 

induce an active immune response in human patients . Such a response 

includes the formation of antibodies capable of activating human complement 

and mediating ADCC and by such mechanisms cause infected cel l  

destruction. 

Optionally, the antibodies of this invention are useful in passively 

immunizing patients, as exempl ified by the administration of humanized anti

HIV antibodies. 
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The antibody compositions used in therapy are formulated and 

dosages established in a fashion consistent with good medical practice taking 

into account the disorder to be treated, the condition of the individual 

patient, the site of delivery of the composition, the method of administration 

and other factors known to practitioners. The antibody com positions are 

prepared for administration according to the description of preparation of 

polypeptides for administration, infra. 

Decosit of Materials 

As described a bove, cultures of the muMAb405 have been 

deposited with the American Type Culture Collection, 1 230 1 Parklawn Drive , 

Rockvi l le,  MO, USA (ATCC). 

This deposit was made under the provisions of the Budapest Treaty 

on the International Recognition of the Deposit of Microorganisms for the 

Purpose of Patent Procedure and the Regulations thereunder (Budapest 

Treaty} . This assures maintenance of viable cultures for 30 years from the 

date of the deposit. The organisms will be made avai lable by ATCC under 

the terms of the Budapest Treaty, and subject to an agreement between 

Genentech, Inc. and A TCC, which assures permanent and unrestricted 

availabil ity of the progeny of th� cultures to the public upon issuance of the 
I 

pertinent U .S .  patent or upon laying open to the public of any U .S .  or foreign 

patent application, whichever comes first, and assures availabi l ity of the 

progeny to one determined by the U .S .  Commissioner of Patents and 

Trademarks to be entitled thereto according to 35 USC § 1 22 and the 

Commissioner's rules pursuant thereto (including 37 CFR § 1 . 1 2  with 

particular reference to 886 OG 638).  

In respect of those designations in which a European patent is 

sought, a sample of the deposited microorganism wil l  be made ava i lable until 

the publication of the mention of the grant of the European patent or until the 

date on which the application has been refused or withdrawn or is deemed 

to be withdrawn, only by the issue of such a sample to an expert nominated 

by the person requesting the sample. (Rule 28 (4} E PCJ 
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The assignee of the present application has agreed that if the 

cultures on deposit should die or be lost or destroyed when cultivated under 

suitable conditions, . they will be promptly replaced on notification with a 

viable specimen of the same culture. Availabil ity of the deposited strain is 

not to be construed as a l icense to practice the invention in contravention of 

the rights granted under the authority of any government in accordance with 

its patent laws. 

The foregoing written specification is considered to be sufficient to 

enable one skilled in the art to practice the invention. The present invention 

is not to be l im ited in scope by the constructs deposited ,  since the deposited 

embodiments are intended to i l lustrate only certain aspects of the invention 

and any constructs that are functionally equivalent are within the scope of 

this invention� The deposit of material herein does not constitute an 

admission that the .written description herein contained is inadequate to 

enable the practice of any aspect of the invention, including the best mode 

thereof, nor is it to be construed as l imiting the scope of the claims to the 

specific i l lustrations that they represent. Indeed , various modifications of the 

invention in addition to those shown and described herein wil l  become 

apparent to those skilled in the art from the foregoing description and fall 

within the scope of the appended claims. 

It is understood that the appl ication of the teachings of the present 

invention to a speci fic problem or situation will be within the capabil ities of 

one having ordinary skill in the art in l ight of the teachings contained herein .  

Examples of the products of the present invention and representative 

processes for their isolation, use, and manufacture appear below, but should 

not be construed to l imit the invention. All l iterature citations herein are 

expressly incorporated by reference . 

EXAMPLES 

EXAMPLE 1 . HUMANIZATION OF muMAb405 
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Here we report the chimerization of muMAb4D5 (chMAb4D5) and 

the rapid and simultaneous humanization of heavy (VH) and light (VL) chain 

varia ble region genes using a novel "gene conversion m utagenesis" strategy. 

Eight humanized variants (huMAb4D5)  were constructed to probe the 

importance of several FR residues identified by our molecular modeling or 

previously proposed to be critical to the conformation of particular C DRs (see 

Chothia , C.  & lesk, A. M., J. Mo/. Biol. 1 96:90 1 -9 1 7  ( 1 9 8 7) ;  Chothia, C. e t  

al. , Nature 342:877-883 ( 1 989) ;  Tramontano, A .  et  al. , J. Mo/. Biol. 

2 1 5 : 1 75-1 82 ( 1 9 90)} . Efficient transient expression of humanized variants 

in non-myeloma cells al lowed us to rapidly investigate the relationship 

between binding affinity for p1 8 5
HER2 

ECO and anti-proliferative activity 

against p 1 85
HER2 overexpressing carcinoma cells. 

MATERIALS and METHODS 

Cloning of Variable Region Genes. The ��MAb4D5 VH and VL 

genes were isolated by polymerase chain reaction (PCR) amplification of 

mRNA from the corresponding hybridoma (Fendly, B .  M .  et al. , Cancer Res. 

50: 1 550- 1 558 ( 1 990)) as described by Orlandi et a l .  (Orland i ,  R .  et a/. , Proc. 
'i.-- --- - - - --

Natl. Acad. Sci. USA 86:3833-3837-('1·9891} .,JAmino terminal sequencing of 

muMAb4D5 VL and VH was used to design the sense strand PCR primers, 

whereas the anti-sense PCR primers were based upon consensus sequences 

of murine framework residues (Orlandi, R. et al. , Proc. Natl. Acad. Sci. USA 

86:3833-3837 ( 1 989);  Kab.at, E .  A.  et al. , Sequences of Proteins of 

Immunological Interest (National Institutes of. Health, Bethesda ,  MD, 1 9 87) )  

incorporating restriction sites for directional cloning shown by underlining and 

l i s t e d  a f t e r  t h e  s e q u e n c e s :  V L  s e n s e ,  5 ' 

TCCGATATCCAGCTGACCCAGTCTCCA-3' (SEO. ID  NO. 7 ) ,  EcoRV; VL 

anti-sense, 5'-GTTTGATCTCCAGCTTGyTACCHSCDCCGAA-3' (SEO. ID NO. 

8 ) ,Asp7 1 8 ; VH sense, 5'-AGGTSMARCTGCAGSAGTCWGG-3' (SEO. ID N O .  

9 ) ,  P s t l  a n d V H a n t i - s e n s e , s : 
TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG-3' (SEO. ID N O .  1 0) ,  

BstE l l ;  where H = A or C or T, S = C or G,  D = A or G or T, M = A or C ,  

R = A o r  G and W = A or T .  The PCR products were cloned into pUC 1 1 9  

76 

82 of 389 BI Exhibit 1094



5-

10 

15 

20 

25 

30 

• • 
(Vieira ,  J .  & Messing, J . ,  Methods Enzymol. 1 53:3- 1 1 ( 1 987) )  and five 

clones for each variable domain sequenced by the dideoxy method (Sanger, 

F. et al. , Proc. Natl. A cad. Sci. USA 74:5463-5467 ( 1 977) ) .  

Molecular Modelling. Models for muMAb405 VH and VL d omains 

were constructed separately from consensus coordinates based upon seven 

Fab structures from the Brookhaven protein data bank (entries 1 FB4, 2RHE,  

2MCP, 3FAB, 1 FBJ, 2HFL and 1 REI ) .  The Fab fragment KOL (Marqua rt,  M .  

e t  al. , J. Mo/. Biol. 1 4 1  :369-39 1 ( 1 980)) was first chosen as a template for 

VL and VH domains and additional  �trucfus were then superimposed upon 

this structure_using their main 
-
chain atom coordinates ( INSIGHT program, 

Biosym Technologies) . The distance from the template Ca to the analogous 

Cp in each of the superimposed structures was calculated for each residue 

position. If  all (�nearly al l )  Ca-Ca distances for a given residue were s 1 A,  
then that position was included i n  the consensus structure . I n  most cases 

the P-sheet framework residues satisfied these criteria whereas the CDR 

loops did not. For each of these selected residues the average coordinates 

for individual N, Ca, C, 0 and CP atoms were calculated and then corrected 

for resultant deviations from non-standard bond g eometry by 50 cycles of 

energy minimization using the DISCOVER program (Biosym Technologies) 

w ith the AMBER forcefield (Weiner, S .  J. et al. , J. Amer. Chem. Soc. 

1 06:765-784 ( 1 984))  and Ca coordinates fixed. The side chains of highly 

conserved residues, such as the d isulfide-bridged cysteine ·residues, were .. 

then incorporated into the resultant consensus structure. Next the 

sequences of muMAb4D5 VL and VH were incorporated starting with the 

CDR residues and using the tabulations of CDR conformations from Chothia 

et al. (Chothia,  C .  et al. , Nature 342:8 7 7-883 ( 1 989) )  as a guide . S ide-chain 

conformations were chosen on the basis of Fab crystal structures, rotamer 

l ibraries (Ponder, J. W. & Richards, F. M . , J. Mo/. Bio/. 1 93:775-79 1 ( 1 987) )  

. and packing considerations. Since VwCDR3 could not be assigned a definite 

backbone conformation from these criteria, two models were created from 

a search of similar sized loops using the INSIGHT program.  A third model 

was derived using packing and solvent exposure considerations. Each model 
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was then subjected to 5000 cycles of energy minimization. 

In humanizing muMAb4D5, consensus human sequences were first 

derived from the
· 
most abundant subclasses in the sequence compilation of 

Kabat et a l .  (Kabat, . �· ·A . et al. , Sequences of Proteins of Immunological 

Interest (National Institutes of Health, Bethesda, MD,  1 987) ) ,  namely VL K 

!�bg�oup � and VH group I l l ,  and a m olecular model generated for these 

sequences using the methods described above. A structure for huMAb4D5 

was created by transferring the CDRs from the muMAb4D5 model into the 

consensus human structure. All huMAb4D 5  variants contai n  human 

replacements of muMAb4D5 residues at three positions within CDRs as 

defined by sequence variability (Kabat, E. A .  et al. , Sequences of Proteins of 

Immunological Interest (National Institutes of Health, Bethesda , M D ,  1 98 7))  

but not as defined by structural variability (Chothia,  C .  & Lesk, A. M . ,  J. Mo/. 

Biol. 1 96:90 1 -9 1 7  ( 1 987) ) :  VL-CD R 1  K24R, vl-CDR2 R54L and VL-CDR2 

T56S.  Differences between muMAb4D5 and the human consensus 

framework residues (Fig. 1) were individually modeled to investigate their 

possible influence on CDR conformation and/or binding to the p 1 8 5
HER2 

ECO. 

Construction of Chimeric Genes. Ge
_
nes e,!lCOding chMAb4D5 light . 

and heavy chains were separately assembled in previously described 

phagemid vectors containing the human cytomegalovirus enhancer and 

promoter, a 5 '  intron and SV40 polyadenylation signal (Gorman, C .  M .  et a/. , 

DNA & Prat. Engin. Tech. 2 :3-1 0  ( 1 990)) .  Briefly, gene segments encoding 

muMAb4D5 VL (Fig .  1 A) and REI  human K1 l ight chain CL (Pa lm,  W. & 

Hilschmann, N . ,  Z. Physiol. Chem. 356: 1 67-1 9 1  ( 1 975) )  were precisely 

joined as were genes for muMAb4D5 VH (Fig . 1 8) and human y1 constant 

region (Capon, D .  J .  et al. , Nature 337:525-53 1 ( 1 989))  by simple 

subcloning (Boyle, A., in Current Protocols in Molecular Biology, Chapter 3 

(F.  A .  Ausubel et al. , eds . ,  G reene Publishing & Wiley-lnterscience , New 

York, 1 990)) and site-directed mutagenesis (Carter, P., in Mutagenesis: A 

Practical Approach, Chapter 1 URL Press, Oxford, UK 1 99 1 )) .  The y1 isotype 

was chosen as it has been found to be the preferred human isotype for 
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supporting ADCC and complement dependent cytotoxicity using matched 

sets of chimeric {Bruggemann, M. et al. , J. Exp. Med. 1 66 :  1 35 1 - 1 36 1  

( 1 98 7)) or humanized antibodies (Riechmann, L .  e t  al. , Nature 332:3 23-327 

( 1 988) ) .  The PCR-generated VL and VH fragments (Fig .  1 )  were 

subsequently m utagenized so that they faithfully represent the sequence of 

m uMAb405 determined at the protein  level :  VH 01 E, VL V 1 04L and T 1 09A 

(variants are denoted by the amino acid residue and number followed by the 

replacement amino acid}. The human y1 constant region
-
s are identical to 

those reported by Ell ison et al .  (El lison, J. W. et al. , Nucleic A cids Res. 

1 3:407 1 -4079 ( 1 982)) except for the mutations E359D and M 36 1 L (Eu 

numbering , as in Kabat, E.  A.  e t  al. , Sequences of Proteins of Immunological 

Interest (National Institutes of Health, Bethesda,  M D ,  1 98 7 ) )  which we 

installed to convert the antibody from the naturally rare A allotype to the 

much more common non-A a llotype (Tramontano,  A. et al. , J. Mo/. Biol. 

21 5 : 1 7 5-1 82 ( 1 990)) .  This was an attempt to reduce the risk of 

anti-allotype antibodies interfering with therapy. 

Construction of Humanized Genes. ·  Genes encoding chMAb405 

light chain and heavy chain Fd fragment (VH and CH 1 domains) were 

subcloned together into pUC 1 1 9  (Vieira, J. & Messing, J., Methods Enzymol. 

1 53 :3-1 1 ( 1 987)}  to create pAK 1 and simultaneously humanized in a single _ 

step (Fig .  2) .  Briefly, sets of 6 contiguous oligonucleotides were designed 

to humanize VH and VL (Fig . 1 ). These oligonucleotides are 28 to 8 3  

nucleotides i n  length, contain zero t o  1 9  mismatches to the m urine antibody 

template and are constrained to have 8 or 9 perfectly matched residues at 

each end to promote efficient annealing and l igation of adjacent 

oligonucleotides. The sets of VH and VL humanization oligonucleotides ·(5 

pmol each) were phosphorylated with either ATP or y-32P-ATP (Carter, P. 

Methods Enzymol. 1 54:382-403 ( 1 987))  and separately annealed with 3 .7  

pmol of  pAK1  template in 40 µ1 1 0  mM Tris-HCI (pH 8 .0)  and 10  m M  MgCl2 

by cooling from 1 00 oC to room temperature over - 30 min. The annealed 

oligonucleotides were joined by incubation with T4 DNA ligase ( 1 2 units; 

New England Biolabs) in the presence of 2 µ1 5 mM ATP and 2 µ1 0 . 1 M DTI 
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for to min at 1 4  °C. After electrophoresis on a 6 %  acrylamide sequencing 

gel the assembled oligonucleotides were located by autoradiog raphy and 

recovered by electroelution. The assembled oligonucleotides ( - 0. 3  pmol 

each) were simultaneously annealed to 0 . 1 5 pmol single-stranded 

deoxyuridine-containing pAK 1  prepared according to Kunkel et a l .  ( Kunkel, 

T .  A. et al. , Methods Enzymol. 1 54:367-382 ( 1 987))  in 1 0  µI 40 m M  

Tris-HCI (pH 7 . 5) and 1 6  mM MgCl2 as above. Heteroduplex DNA was 

constructed by extending the primers with T7 DNA polymerase and 

transformed into E. coli BMH 7 1 - 1 8  mutl as previously described (Carter, 

P . , in Mutagenesis: A Practical Approach, Chapter 1 U RL Press, Oxford , UK 

1 99 1  )). The resultant phagemid DNA pool was enriched first for huVL by 

restriction purification using Xhol and then for huVH by restriction selection 

using Stul as described in Carter, P . ,  in Mutagenesis: A Practical Approach, 

Chapter 1 ( IRL Press, Oxford , UK 1 99 1  ); and in Wells, J .  A .  et al. , Phil. 

Trans. R. Soc. lond. A 3 1 7 : 4 1 5-423 ( 1 986) .  Resultant clones containing 

both huV L and huV H genes were identified by nucleotide sequencing (Sanger, 

F. et al. , Proc. Natl. Acad. Sci. USA 74:5463-5467 ( 1 977))  and designated 

pAK2. Additional humanized variants were generated by site-directed 

mutagenesis (Carter, P . ,  in Mutagenesis: A Practical Approach, Chapter 1 

URL Press, Oxford , UK 1 99 1 ) ) .  The muMAb4D5 VL and VH gene segments 

in the transient expression vectors described above were then precisely 

replaced with their humanized versions. 

Expression and Purification of MAb405 Variants. A ppropriate 

MAb405 light and heavy chain cDNA expression vectors were co-transfected 

into an adenovirus transformed human embryonic kidney cell l ine, 293 

(Graham, F. L. et al. , J. Gen. Viral. 36:59-72 ( 1 977))  using a high efficiency 

procedure (Gorman, C.  M. et al. , DNA· & Prot. Engin. Tech. 2:3- 1 0 ( 1 9 90); 

Gorman, C., in DNA Cloning, vol I I ,  pp 1 43-1 90 (0. M. Glover, ed . ,  IRL 

Press, Oxford , UK 1 98 5)) .  Media were harvested daily for up  to 5 days and 

the cells re-fed with serum free media.  Antibodies were recovered from the 

media a nd affinity purified on protein A sepharose CL-48 (Pharmacia) as 

described by the manufacturer. The eluted antibody was buffer-exchanged 
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into phosphate-buffered saline by G25 gel filtration, concentrated by 

ultrafiltration (Centriprep-30 or Centricon-1 00, Amicon) ,  sterile-filtered 

(Millex-GV, Millipore) and stored at 4 oC. The concentration of antibody was 

determined by using both total immunoglobulin and antigen binding ELISAs. 

The standard used was huMAb405-5, whose concentration had been 

determined by amino acid composition analysis. 

Cell Proliferation Assay. The effect of MAb405 variants upon 

proliferation of the human mammary adenocarcinoma cell line, SK-BR-3, was 

investigated as previously described (Fendly, B. M. et al. , Cancer Res. 
' 

50: 1 5 50-1 5 5 8  ( 1 990)) using saturating MAb405 concentrations. 

Affinity Measurements. The antigen binding affinity of MAb405 

variants was determined using a secreted form of the p 1  s 5
HER2 . 

ECO 

prepared as described in Fendly, B. M. et al. , J. Biol. Resp. Mod. 9:449-455 

{ 1 990).  Briefly, antibody and p 1  s5
HER2 

ECO were incubated i n  solution until 

equil ibrium was found to be reached.  The concentration of free antibody 

was then determined by ELISA using immobil ized p 1  s 5
HER2 ECO and used 

to calculate affinity (Kd) according to Friguet et aL (Friguet, B. et al. , J. 

lmmunol. Methods 77:305-3 1 9  ( 1 985) ) .  

RESULTS 

Humanization of muMAb4D5. The muMAb405 VL and VH gene 

segments were first cloned by PCR and sequenced (Fig . 1 ). The variable 

genes were then simultaneously humanized by gene conversion mutagenesis 

using preassem bled oligonucleotides (Fig . 2). A 3 1 1 -mer oligonucleotide 

containing 39 mism atches to the template directed 24 simultaneous amino . 

acid changes required to humanize muMAb405 VL. Humanization ·of 

muMAb405 VH required 32 amino acid changes which were installed with 

a 3 6 1 -mer containing 59 mismatches to the muMAb405 template. Two out 

of 8 clones sequenced precisely encode huMAb405-5 , although one of these 

clones contained a single nucleotide imperfection . The 6 other clones were 

essentially humanized but contained a small number of errors: <. 3 

nucleotide changes and < 1 single nucleotide deletion per kilobase. 
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Additional humanized variants (Table 1 )  were constructed by site-directed 

mutagenesis of huMAb405-5. 

Expression levels of huMAb405 variants were in the range of 7 to 

1 5  pg/ml as judged by ELISA using immobilized p 1 95HER2 ECO. Successive 

harvests of five 1 0  cm plates al lowed 200 pg to 500 mg of each variant to 

be produced in a week. Antibodies affinity purified on protein A gave a 

single band on a Coomassie blue stained SOS polyacrylamide gel of mobility 

consistent with the expected Mr of - 1 50 kDa. Electrophoresis under 

reducing conditions gave 2 bands consistent with the expected Mr of free 

heavy (48 kDa) and light (23 kDa) chains (not shown). Amino terminal 

sequence '.analysis ( 1 0-cycles) gave the mixed sequence expected (see Fig .  

1 )  from an equimolar combination of l ight and heavy chains (not shown). 

huMAb405 Variants. In general, the FR residues were chosen from 

consensus human sequences (Kabat, E. A .  et al. , Sequences of Proteins of 

Immunological Interest (National Institutes of Health, Bethesda , MD, .1 987) )  

and CDR residues from muMAb405 .  Additional variants were constructed 

by replacing selected human residues in huMAb405-1 with their muMAb40 5 

counterparts. These are VH residues 7 1 ,  73, 7 8 ,  93 plus 1 02 and VL 

residues 5 5  plus 66 identified by our molecular m odeling . VH residue 7 1  has 

previously been proposed by others (Tramontano, A. e t  al. , J. Mo/. Biol. 

2 1 5: 1 75- 1 8 2  ( 1 990)) to be critical to the conformation of VwCDR2. Amino 

acid sequence differences between huMAb405 variant molecules are shown 

in Table 1 ,  together with their p 1 95H ER2 ECO binding affinity and maximal 

anti-proliferative activities against SK-BR-3 cells. Very similar Kd values were 

obtained for binding of MAb405 variants to either SK-BR-3 cells (unpublished 

data) or to p l  9 5HER2 ECO (Table 1 ) .  However, Kd estimates derived from 

binding of MAb405 variants to p 1 95HER2 ECO were more reproducible with 

smaller standard errors and consumed much smaller quantities of antibody 

than bind ing measurements with whole cells. 

The most potent humanized variant designed by m olecular 

model ing , huMAb�D5-8, contains 5 FR residues from muMAb405.  This 
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antibody binds the p 1 8 5HER2 ECO 3-fold more tightly than does muMAb405 

itself (Table 1 )  and has comparable anti-proliferative activity with SK-BR-3 

cells (Fig . 3 ) .  In contrast, huMAb405-1 is the most humanized but least 

potent muMAb405 variant, created by simply install ing the muMAb405 

C DRs into the consensus human sequences. huMAb405 - 1  binds the 

p 1 8 5HER2 ECO 80-fold less tightly than does the murine antibody and has 

no detectable anti-proliferative activity at the highest antibody concentration 

investigated ( 1 6  µg/ml) .  

The anti-proliferative activity o f  huMAb405 variants against 

p 1  s5HER2 overexpressing SK-BR-3 cells is not simply correlated with their 

binding affinity for the p 1  s5HER2 ECO. For example, installation of three 

murine residues into the VH domain of huMAb405-2 (073T, L78A and 

A93S) to create huMAb405-3 does not change the antigen binding affinity 

but does confer significant anti-proliferative activity (Table 1 ) .  

The importance of VH residue 7 1  (Tramontano, A .  e t  al. , J. Mo/. 

Biol. 2 1 5 : 1 75-1 82 ( 1 990)) is supported by the observed 5-fold increase in 

affinity for p1 s5HER2 ECO on replacement of R7 1 in  huMAb405-1 with the 

corresponding murine residue, alanine (huMAb405-2) . In contrast, replacing 

VH L7 8 in huMAb4D5-4 with the murine residue, alanine (huMAb405-5 ) ,  

does not significantly change the affinity for the p 1 8 5HER2 ECO o r  change 

anti-proliferative activity, suggesting that residue 78 is not of critical 

functional significance to huMAb405 and its ability to interact pr9perly with .. 

the extracellular domain of p 1  s 5HER2. 

VL residue 66 is usually a glycine in human and murine K chain 

sequences (Kabat, E. A. et al. , Sequences of Proteins of Immunological 

Interest (National Institutes of Health, Bethesda,  MD, 1 987) )  but an arginine 

occupies this position in the muMAb405 k light chain. The side chain of 

residue 66 is l ikely to affect the conformation of VL-CDR 1 and VL-CDR2 and 

the hairpin turn at 68-69 (Fig . 4) . Consistent with the importance of this 

residue, the mutation V L G 66R (huMAb405-3 - huMAb405-5) increases the 

affinity for the p 1 95HER2 ECO by 4-fold with a concomitant increase in 

anti-proliferative activity. 
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From molecular modeling it appears that the tyrosyl side chain of 

muMAb4D5 VL residue 55  may either stabilize the conformation of VwCDR3 

or provide an interaction at the VL-VH interface. The latter function may be 

dependent upon the presence of VH Y 1 02.  In the context of huMAb4D5-5 

the mutations VL E55Y (huMAb4D5-6) and VH V 1 02Y (huMAb4D5-7) 

individually increase the affinity for p 1  s 5HER2 ECD by 5-fold and 2-fold 

respectively, whereas together (huMAb4D5-8) they increase the affinity by 

1 1 -fold. This is consistent with either proposed role of VL Y55 and VH 

Y 1 02.  

Secondary Immune Function o f  huMAb4D5-8. MuMAb405 inhibits 

the growth of human breast tumor cells which overexpress p 1 8 5HER2 

(Hudziak, R .  M. et a/. , Molec. Cell. Biol. 9: 1 1 65-1 1 7 2 ( 1 989) )  . .  The antibody, 

however, does not offer the possibility of direct tumor cytotoxic effects. 

This possibility does arise in huMAb4D5-8 as a result of its high affinity (Kd 

= 0 . 1 µM) and its human lgG 1 subtype. Table 2 compa res the ADCC 

mediated by huMAb4D5-8 with muMAb405 on a normal lung e pithelial  cel l  

l ine, Wl-3 8 ,  which expresses a low level of p 1ssHER2 and on SK-BR-3, 

which expresses a high level of p1 s5HER2. The results demonstrate that: 

( 1 ) huMAb405 has a greatly enhanced abi l ity to carry out ADCC as 

compared with its murine parent; and (2) that this activity rnay be selective 

for cell types which overexpress p 1 85HER2. 

DISCUSSION 

MuMAb4D5 is potential ly useful for human therapy since it is 

cytostatic towards human breast and ovarian tumor lines overexpressing the 

HER2-encoded p 1 85HER2 receptor-like tyrosine kinase. Since both breast 

and ovarian carcinomas are chronic d iseases it is anticipated that the optimal 

MAb4D5 variant molecule for therapy wil l  have low immunogenicity and wil l  

be cytotoxic rather than solely cytostatic in effect. Humanization of 

muMAb4D5 should accomplish these goals. We have identified 5 d ifferent 

huMAb4D5 variants which bind tightly to p 1  s 5HER2 ECO (Kd :s; 1 nM) and 

which have significant anti-proliferative activity (Table 1 ) .  Furthermore 
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huMAb405-8 but not muMAb405 mediates ADCC against human tumor cell 

l ines overexpressing p 1 8 5
HER2 in the presence of human effector cells (Table 

2) as anticipated for a human y1 isotype (Bruggemann, M .  et al. , J. Exp. 

Med. 1 66: 1 35 1 - 1 36 1  ( 1 987);  Riechmann, L. et al. , Nature 332:323-327 

( 1 988)) .  

Rapid humanization of huMAb405 was facilitated by the gene 

conversion mutagenesis strategy developed here using long preassembled 

oligonucleotides. This method requires less than half  the amount of synthetic 

DNA as does total gene synthesis anc:;I does not require convenient restriction 

sites in the target DNA. Our method appear� to be simpler and more reliable 

than a variant protocol recently reported (Rostapshov, V. M. et al. , FESS 

Lett. 249:379-38 2 ( 1 989)) .  Transient expression of huMAb405 in human 

embryonic kidney 293 cells permitted the isolation of a few hundred 

micrograms of huMAb405 variants for rapid characterization by g rowth 

inhibition and antigen binding a ffinity assays. Furthermore, different 

combinations of l ight and heavy chain were readily tested by co-transfection 

. of corresponding cDNA expression vectors. . 

The crucial role of molecular modeling in the humanization of 

muMAb405 is i l lustrated by the designed variant huMAb405-8 which binds 

the p 1 85
HER2 ECO 250-fold more tightly than the simple CDR l oop swap . 

variant,  huMAb405-1  . It has previously been shown that the antigen binding 

affinity of a humanized antibody can be increased by mutagenesis based 

upon molecular modelling (Riechmann, L. et al. , Nature 332:323-327 ( 1 988);  

Queen, C.  et a/. ,  Proc. Natl. Acad. Sci. USA 86: 1 0029- 1 0033 ( 1 989)) .  Here 

we have extended this earlier work by others with a designed human�. 

antibody which binds its antigen 3-fold more tightly tha0-t.t:\e-pare11t I OdeAt 
-

antibody. Whi le this result is g ratifying, assessment of the success of the 

molecular m odeling must await the outcome of X-ray structure 

determination. From analysis of huMAb405 variants (Table 1 )  it is apparent 

that their anti-prol i ferative activity is not a simple function of their binding 

affinity for p1  g5
HER2 ECO. For example the huMAb405-8 variant binds 

p 1 8 5
HER2 3-fold more tightly than muMAb405 but the humanized variant is 
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slightly less potent in  blocking the proliferation of SK-BR-3 cells. Additional 

huMAb405 variants are currently being constructed in an attempt to identify 

residues triggering the anti-proliferative activity and in an attempt to enhance . 
this activity. 

In addition to retaining tight receptor 
·
binding and the a bil ity to 

inhibit cell growth, the huMAb405-8 also confers a secondary immune 

function (ADCC).  This a llows for direct cytotoxic activity of the humanized 

molecule in · the presence of human effector cells . The apparent selectivity 

of the cytotoxic activity for cell types which overexpress p 1  g5HER2 allows 

for the evolution of a straightforward clinic a pproach to those human cancers 

characterized by overexpression of the HER2 protooncogene . 
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Table 1 .  p 1  asHER2 ECO binding affinity and anti-proliferative activities of MAb405 

variants 

MAb4DS 71 

FR.3 

7 3  7 8  

FR.3 FR.3 

9 3  102 

FR.3 CDR3 

5 5  6 6  Re l tllitve c e l l  

Var i ant 

pro l i feration* 

huMAb4D5 - l  R D L A .  

huMAb4D5 - 2  Ala D L A 

huMAb4D5 - 3  Ala Thr Ala S e r  

huMAb4D5 - 4  Ala Thr L Ser 

huMAb4DS - 5  Ala Thr Ala Ser 

huMAb4DS - 6  Ala Thr Ala Ser 

huMAb4D5 - 7  Ala Thr Ala S e r  

huMAb4D5 - 8  Ala Thr Ala S e r  

muMAb4D5 Ala Thr Ala S e r  

v 

v 

v 

v 

v 

v 

Tyr 

Tyr 

Tyr 

CDR2 FR.3 

E G 

E G 

. E  G 

E Arg 

E Arg 

Tyr Arg 

E Arg 

Tyr Arg 

Tyr Arg 

nM 

10S 

4. 7 .  101 

4 . 4 6 6  

0 . 8 2  5 6  

1 . 1  48 

0 . 2 2 51 

0 . 6 2 5 3  

0 . 10 54 

0 . 3 0 3 7  

• H uman and murine residues are shown i n  one lette� a n d  three letter amino acid code 

respectively. 

t Kd values for the p1 a5HER2 ECO were determined using the method of Friguet et a/. (43) and 

the standard error of each estimate is s ± 1 0% .  

* Proliferation o f  SK-BR-3 cells incubated for 96 hr with MAb405 variants shown as a 

percentage of the untreated control as described (Hudziak, R. M. et al. , Molec. Cell. Biol. 

9 : 1 1 65-1 1 72 ( 1 989 ) ) .  Data represent the maximal anti-proliferative effect for each variant 

(see Fig.  3A) calculated as the mean of triplicate determinations at a MAb4D5 concentration 
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of 8 pg/ml. Data are all taken from the same experiment with an estimated standard error of 

:S ± 1 5 % .  
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Table 2 .  Selectivity of antibody dependent tumor cell cytotoxicity ·mediated by huMAb405-8 

Effector : Target 

rat iot muMAb4D5 huMAb4D5 - 8  

A . *  . 2 5 : 1  <1 . 0  

1 2 . 5 : 1  <1 . 0  

6 . 2 5 : 1  <1 . 0  

3 . 1 3 : 1  <1 . 0  

B .  2 5 : 1  <1 . 0  

1 2 . 5 : 1  <1 . 0  

6 . 2 5 : 1  1 . 3  

3 . 1 3 : 1  <1 . 0  

SK - BR- 3 

muMAb4D5 huMAb4D5 - 8  

9 . 3  7 . 5  

11 . 1  4 . 7  

8 . 9  0 . 9  

8 . 5  4 . 6  

3 . 1  6 . 1  

1 .  7 5 . 5  

2 . 2  2 . 0 

0 . 8  2 . 4  

40 . 6  

3 6 . 8  

3 5 . 2  

19 . 6  

3 3 . 4  

2 6 . 2  

2 1 . 0  

13 . 4  

• Sensitivity to A DCC of two human cell lines (Wl-38, normal lung epithelium; and SK-BR-3, 

human breast tumor cell line) are compared. Wl-38 expresses a low level of p 1 85HER2 (0.6 

pg per µg cel l  protein) and SK-BR-3 expresses a high level of p 1 85HER2 (64 pg p 1 8 5HaR2 per 

µg cell protein) ,  as determined by ELISA (Fendly et al. , J. Biol. Resp. Mod. 9:449-455 1 1 990) ) .  

t ADCC assays were carried out as described i n  BrOggemann et al. , J . .  Exp. Med. 

1 66: 1 35 1 - 1 3 6 1  ( 1 987) .  Effector to target ratios were of ll-2 activated human peripheral 

blood lymphocytes to either Wl-38 fibroblasts or SK-BR-3 tumor cells in 96-well microtiter 

plates for 4 hours at 37 oC. Values given represent percent specific cell lysis as determined 

by 51 Cr release. Estimated standard error in these quadruplicate determinations was s 

± 1 0% .  

* Monoclonal antibody concentrations used were 0 . 1  µg/ml (A) and 0. 1 µg/ml (8) . 
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EXAMPLE 2. Schematic Method for Humanizing an Antibody Sequence 

This example i l lustrates one stepwise elaboration of the methods for 

creating a humanized sequence described above. It  will be understood that 

not all of these steps are essential to the claimed invention, and that steps 

may be taken in different order. 

1 .  

2.  

3 .  

ascertain a consensus human variable domain amino acid sequence and 

prepare from it a consensus structural model . 

prepare model of import (the non-human domain to be humanized} 

variable domain sequences and note structural d ifferences with respect 

to consensus human mode l .  

identify CDR sequences in  human and in i mport, both by  using Kabat 

(supra, 1 987} and crystal structure criteria . If there is any difference 

in CDR identity from the different criteria , use of crystal structure 

definition of the CDR, but retain the Kabat . residues as important 

framework residues to import. 

4. substitute import CDR sequences for human CDR sequences to obtain 

initial "humanized " sequence . 

5 .  compare import non-CDR variable domain sequence t o  the humanized 

sequence and note divergences. 

6 .  Proceed through the following analysis for each amino acid residue 

where the import diverges from the humanized . 

a .  If  the humanized residue represents a residue which is generally 

highly conserved across all species, use the residue in the 

humanized sequence. If  the residue is not conserved across al l  

species, proceed with the analysis described in 6b. 

b. If  the residue is not generally conserved across al l  species, ask if 

30 the residue is general ly conserved in humans. 

i .  I f  the residue is generally conserved in humans but the 

import residue differs, examine the structural models of the 
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import and human sequences and determine if the import 

residue would be likely to affect the binding or biological 

activity of the C DRs by considering 1 )  could it bind antigen 

directly and 2) could it affect the conformation of the CDR.  

If the conclusion is  that an affect on the CDRs is l ikely, 

substitute the import residue. I f  the conclusion is that a 

CDR affect is unlikely, leave the humanized residue 

unchanged. 

i i .  If  the residue is also not generally conserved in humans, 

1 0  examine the structural models of the import and human 

1 5  

20 

25 

30 

sequences and determine if the import residue would be 

l ikely to affect the binding or biological activity of the CDRs 

be considering 1 ) could it bind antigen directly and 2) could 

it affect the conformation of the CDR. If the conclusion is 

that an affect on the CDRs is likely, substitute the import 

residue . I f  the conclusion is that a CDR affect is unlikely, 

proceed to the next step.  

a)  Examine the structural models of the im port and 

human sequences and determine if the residue is 

exposed on the surface of the domain or is buried 

within. If the residue is exposed, use the residue in 

the humanized sequence. If the residue is buried, 

proceed to the next step.  

( i )  Examine the structural models of the import and 

human sequences and determine i f  the residue is 

l ikely to affect the VL - VH interface. Residues 

involved with the interface include: 34L, 36L,  

38L, 43L, 33L, 36L, 8 5L, 87L, 89L,  9 1  L,  96L, 

98L, 35H,  37H,  39H, 43H, 45H,  47H, GOH ,  

9 1  H,  93H,  9 5 H ,  1 OOH, pnd 1 03 H .  I f  n o  effect 

is l ikely, use the residue in the humanized 

sequence. If some affect is l ikely, substitute the 
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import residue. 

7 .  Search the import sequence, the consensus sequence and the 

humanized sequence for glycosylation sites outside the CDRs, and 

determine if this glycosylation site is l ikely to have any affect on 

· antigen binding and/or biological activity. If  no effect is l ikely, use the 

human sequence at that site; if some affect is l ikely, el iminate the 

glycosylation site or use the import sequence at that site. 

8 .  After completing the above analysis, determine the planned humanized 

sequence and prepare and test a sample. If the sample does not bind 

well to the target antigen, examine the particular residues l isted below, 

regardless of the question of residue identity between the import and 

humanized residues. 

a .  Examine particular peripheral (non-COR) variable domain residues 

that may, due to their position, possibly interact directly with a 

macromolecular antigen, including the following residues (where 

the * indicates residues which have been found to i nteract with 

antigen based on crystal structures): 

b. 

i .  Variable light domain: 36, 46, 49•, 63-70 

i i .  Variable heavy domain:  2, 47·, 68, 70 , 73-76. 

Examine particular variable domain residues which could interact 

with, or otherwise affect, the conformation of variable domain 

CDRs, including the following (not including CDR residues 

themselves, since it is assumed that, because the CDRs interact 

with one another, any residue in one CDR could potential ly affect 

the conformation of another CDR residue) (l = LIGHT, 

H = HEAVY, residues a ppearing in bold are indicated to be 

structurally im portant according the Chothia et al. , Nature 

342 : 8 7 7  ( 1 9 8 9 ) ,  and residues appearing in italic were altered 

during humanization by Queen et al. (POL) , Proc . ·Natl . Acad. Sci.  

USA 8 6 : 1 0029 ( 1 989)  and Proc. Natl. Acad .  Sci. USA 8 8 : 2869 

( 1 9 9 1 ) . ) :  

i .  Variable l ight domain: 
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a )  CDR-1 (residues 24L-34L) :  2L, 4L, 66L-69 L, 7 1 L 

b) CDR-2 (residues 50L-5 6L):  3 5 L, 46L, 4 7L ,  48L, 49L , 

. 58L, 62L, 64L-66L, 7 1  L, 73L 

c) CDR-3 (residues 89L-:97L):  2L, 4L, 3 6L,  98L, 37H,  

45H, 47H, 58H, 60H 

Variable heavy d omain : · 

a)  

b) 

c)  

CDR-1 (residues 26H-35H) :  2H, 4H, 24H , 36H, 7 1 H, 

73H, 76H, 78H, 92H, 94H 

CDR-2 (residues 50H-55H) :  49H ,  69H,  69H,  7 1 H, 

73H, 78H 

CDR-3 (residues 9 5 H-1 02H):  examine al l  residues as 

possible interaction partners with this loop, because 

this loop varies in size and conformation m uch more 

than the other CDRs. 

9 .  I f  after step 8 the humanized variable domain still i s  lacking i n  desired 

binding , repeat step 8 .  In addition,  re-investigate any buried residues 

which might affect the VL - VH interface (but which would not directly 

affect CDR conformation) . Additionally, evaluate the accessibility of 

non-CDR residues to solvent. 
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SEQUENCE LISTING 

( 1 ) GENERAL INFORMATIO N :  

( i )  APPLICANT: Carter, Paul J .  
Presta, Leonard G .  

( i i )  TITLE O F  INVENTION:  lmmunoglobulin Variants 

( i i i )  NUMBER OF SEQUENCES: 1 0  

(iv) CORRESPONDENCE ADDRESS: 
(A) ADDRESSEE: Genentech, Inc. 
(B) STREET: 460 Point San Bruno Blvd 
(C) C ITY: South San Francisco 
(D) ST A TE: California 
(E) COUNTRY: USA 
(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: 5 .25  inch, 360 Kb floppy disk 
(B) COMPUTER:  IBM PC compatible 
(C)  OPERATING SYSTEM :  PC-D

.
OS/MS-DOS 

(D) SOFTWARE:  patin (Genentech) 

(vi)  CURR ENT APPLICATION DATA: 
(A) APPLICATIO N  NUMBER: 
(B) F IL ING DATE: 1 4-June-1 99 1 
(C)  CLASSIFICATION:  

(vii) PRIOR APPLICATION DATA: 
(A) APPLICATION NUMBER: 
(8) FIL ING DATE: 

(vi i i )  ATTORNEY/AGENT I N FORMATIO N :  
(A) NAME: Adler, Carolyn R .  
(B) REGISTRATION N UMBER: 32,324 
(C)  REFERENCE/DOCKET NUMBER : 709 

(ix) TELECOMMUNICATION INFORMATION:  
(A)  TELEPHON E: 4 1 5/266-26 1 4  
(8) TELEFAX: 4 1 5/952-988 1 
(C)  TELEX: 9 1 0/37 1 -7 1 68 

(2)  INFORMATIO N  FOR SEO I D  N O :  1 :  

( i )  SEQUENCE CHARACTERISTICS:  
(A) LENGTH : ·1 09 amino acids 
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(8) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi ) SEQUENCE DESCRIPTION:  SEO ID NO:  1 :  

• 

Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 1 0  1 5  

G ly Asp Arg Val Thr lie Thr Cys Arg Ala Ser Gin Asp Val Asn · 
w 25 � 

Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu l ie Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 
50 5 5  60 

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr l ie 
6 5  7 0  7 5  

Ser Ser Leu G i n  Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gin Gly Thr. Lys Val G lu . 
95 1 00 1 05 

l ie L ys Arg Thr 
1 09 

(2) INFORMATIO N  FOR SEQ ID N0:2 :  

( i )  SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1 20 amino acids 
(8) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi ) SEQUENCE DESCRIPTI O N :  SEO ID N 0 : 2 :  

G l u  Val G i n  Leu Val Glu S e r  G l y  Gly Gly Leu Val G i n  Pro G l y  
1 5 1 0  1 5  

G ly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn lie Lys 
20 25 30 

Asp Thr Tyr lie His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

G lu  Trp Val Ala Arg l ie  Tyr Pro Thr Asn G ly  Tyr Thr Arg Tyr 
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50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr l ie Ser Ala Asp Thr Ser 
65 70 7 5  

L ys Asn Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala G l u  Asp 
80 8 5  90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp G ly  Gly Asp G ly  Phe Tyr 
9 5  1 00 1 05 

Ala Met Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser 
1 1 0 1 1 5 1 20 

(2) INFORMATION FOR SEQ I D  N0:3:  

( i )  SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1 09 amino acids 
(8) TYPE:  amino acid 
(D) TOPOLOGY: l inear 

(xi) SEQUENCE DESCRIPTION :  SEO ID N0:3:  

Asp l ie  G in  Met Thr Gin  Ser  Pro Ser Ser  Leu Ser  Ala Ser Val 
1 5 1 0  1 5  

Gly Asp Arg Val Thr lie Thr Cys Arg Ala Ser Gin Asp Val Ser 
20 2 5  30 

Ser Tyr Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 
35  40 45 

Leu Leu l ie Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 5 5  60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr l ie 
65 70 7 5  

Ser Ser Leu Gin Pro G l u  Asp Phe Ala Thr Tyr Tyr Cys G i n  Gin 
80 8 5  90 

Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu 
95 1 00 1 05 

l ie L ys Arg Thr 
1 09 
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(2)  INFORMATION FOR SEQ ID N0:4:  

( i )  SEQUENCE CHARACTERISTICS: 
(A) 'LENGTH: 1 20 amino acids 
(8) TYPE: amino acid 
(D) TOPOLOGY: linear 

(xi ) SEQUENCE DESCRI PTION:  SEQ ID N0:4: 

• 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 

. 
1 0  1 5  

. 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Asp Tyr Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu . 
35  40 45 

Glu Trp Val Ala Val lie Ser Glu Asn Gly Gly Tyr Thr Arg Tyr 
50 55 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr lie Ser Ala Asp Thr Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu G in Met Asn Ser Leu Arg Ala Glu Asp 
80 8 5  90 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 1 00 1 05 

Ala Met Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser 
1 1 0 1 1 5  1 20 

(2)  INFO RMATI ON FOR SEQ ID N0:5 :  

( i )  SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1 09 amino acids 
(8) TYPE: amino acid 
(D) TOPO LOGY: linear . 

(xi) SEQUENCE DESCRIPTIO N :  SEQ ID N0:5 :  

Asp l ie  Val Met Thr G in  Ser H is  Lys Phe Met Ser  Thr Ser  Val 
1 5 1 0  1 5  

Gly Asp Arg Val Ser l ie Thr Cys Lys Ala Ser Gin Asp Val Asn 
20 25  30 
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Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly His Ser Pro Lys 

35  40 45 

Leu Leu l ie Tyr Ser Ala Ser· Phe Arg Tyr Thr Gly Val Pro Asp 
50 55 60 

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr l ie 
65 70 75 

Ser Ser Val Gin Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gin Gin 
80 85  90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
95 1 00 1 05 

l ie L ys Arg Ala 
1 09 

(2)  I N FORMATI ON FOR SEO I D  N0:6:  

( i )  SEQUENCE C HARACTERISTICS: 
(A) LENGTH: 1 20 amino acids 
(B) 'TYPE: .amino acid 
(D) TO POLOGY: linear 

(xi) SEQUENCE DESCRI PTION:  SEO ID N0:6:  

Glu Val  G in  Leu Gin Gin  Ser Gly Pro Glu  Leu Val Lys Pro Gly 
1 5 1 0  1 5  

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn l ie Lys 
20 25 30 

Asp Thr. Tyr l ie  His Trp Val Lys Gin Arg Pro Glu G in Gly Leu 
35  40 45 

Glu Trp l ie Gly Arg l ie Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 60 

Asp Pro Lys Phe Gin Asp Lys Ala Thr l ie Thr Ala Asp Thr Ser 
65 70 75 

Ser Asn Thr Ala Tyr Leu Gin Val Ser Arg Leu Thr Ser Glu Asp 
80 85 90 

Thr Ala  Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 � 00 1 05 
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Ala Met Asp Tyr Trp Gly Gin Gly Ala Ser Val Thr Val Ser Ser 

1 1 0 1 1 5 1 20 

(2) INFO R MATI O N  FOR SEQ I D  N 0 : 7 :  

( i )  SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 bases 
(8) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE D ESCRIPTION:  SEQ ID N 0 : 7 :  

TCCGATATCC AGCTGACCCA GTCTCCA 2 7  

(2) INFO R MATI O N  FOR S E O  ID N 0 : 8 :  

( i )  SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 bases 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION:  SEO ID N 0 : 8 :  

GTTTGATCTC CAGCTTGGTA CCXXCDCCGA A 3 1  

(2) I NFORMATION FOR SEO I D  N 0 : 9 :  

( i )  SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 22 bases 
(8) TYPE: nucleic acid 
(C} STRANDEDNESS: �ng� 
(D) TOPO LOGY: linear 

(xi) SEQUENC E DESCRIPTIO N :  SEQ ID N0:9 :  

AGGTXXAXCT GCAGXAGTCX GG 22 
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( 2 )  INFORMATION FOR SEO I D  NO:  1 0: 

( i )  SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 bases 
(8) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: l inear 

(xi) SEQUENCE DESCRIPTIO N :  SEO I D  NO:  1 0: 

• •• 

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 
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· CLAIMS . 

A method for making a humanized antibody comprising amino acid 

sequence of a non-human, import antibody and a human antibody, 

b. 

obtaining the amino acid sequences of at l east a portion 

of an import variable d omain and of a consensus human 

variable d omain; 

identifying Complementarity Determining Region (CDR) 

mino acid sequences in the import and the human amino 

v iable domain sequences; 

c .  sut:> tituting an import CDR amino acid sequence for the 

d .  

e .  

f .  

g .  

corre ponding human CDR amino acid sequence; 

alignin the amino acid sequences of a Framework Region 

(FR) of t e import antibody and the corresponding FR of 

port antibody FR residues in the al igned FR 

· sequences tH t are non-homologous to the corresponding 

determining if he non-homologous import amino acid 

residue is reason bly expected to have at least one of the 

following effects: 

1 .  

2. 

ntly binds antigen directly, 

3 .  participates i the VL - VH interface; and 

for any i mport antibody amino acid 

residue which is reasonab expected to have at least one 

of these effects, substit ting that residue for the 

corresponding amino acid . esidue in the consensus 

antibody FR sequence. 

The method of claim 1 , having an additions step of determining if 

Q} t£P 
101 ? \  � 61 \1 I.) ,;;..101... (p l  � '\ Ltt l  
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any such non-homologous residues are exposed on the surface of 

he domain or buried within it, and if the residue is exposed, 

taining the consensus residue. 

ethod of claim 1 ,  having the additional steps of searching the 

variable domain sequence for glycosylation sites, 

"ning if any such glycosylation site is  reasonably expected to 

affect t antigen binding or affinity of the antibody, and if so, 

the glycosylation site into the consensus sequence. 

4. The method o claim 1 ,  having the additional steps of searching the 

5 .  

6 .  

le domain sequence for g lycosylation sites which 

are not present t the corresponding amino acid in the import 

. sequence, and if tli glycosylation site is not present i n  the import 

sequence, substitutin the import amino acid residues for the amino 

acid residues comprisi the consensus glycosylation site .  

The method o f  claim 1 ,  h a  ing an additional step which comprises 

aligning import antibody an consensus antibody FR sequences , 

identifying i mport antibody F residues which are non-homologous 

with the a ligned consensus FR sequence, and for each such non

homologous import antibody R residue, determining if the 

corresponding consensus antibo y residue represents a residue 

which is highly conserved across a �pecies at that site, and i f  it is 

so conserved, preparing a humanized ntibody which comprises the 

consensus antibody amino acid resid at that site . · 

The method of claim 1 , wherein  the corresponding consensus 

antibody residues are selected from the group consisting of 4L, 

35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L, 67L, 

68L, 69L, 70L, 7 1 L, 73L, 8 5 L, 87L, 98L, 2H, 4H, 24H, 36H, 37H,  

39H, 43H, 45H, 49H, 5 8 H , 60H, 68H, 69H, 70H, 73H, 74H, 7 5 H ,  
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• 
76H,  78H,  9 1  H ,  92H,  93H,  and 1 03H.  

method comprising providing at  least a portion of  an import, non

hu an antibody variable d omain amino acid sequence having a CDR 

FR, obta ining the amino acid sequence of at least a portion 

of a co sensus human antibody variable d omain having a CDR and 

a FR,  su stituting the non-human CDR for the human CDR in the 

consensus uman antibody variable domain, and then substituting 

an amino ac residue for the consensus amino acid residue at at 

4L, 35L, 36L, 3 , 43L, 44L, 46L, 58L, 62L, 63L, 64L, 6 5 L, 66L,  

67L, 68L, 69L, 70 7 1 L, 73L, 8 5L, 87L, 98L, 2H, 4H, 24H, 36H,  

3 7 H , 39H, 43H, 45H 49H, 58H, 60H, 68H, 69H, 70H, 73H,  74H, 

75H, 76H, 78H, 9 1 H, 2H, 93H, and 1 03 H .  

-

8 .  The method of claim 7 ,  wherein the substituted residue i s_ the 

9 .  

1 0. 

residue found at the corresponding location .of the non-human 
� �  

antibody. 

A humanized antibody variable d omain having a non-human CDR . 
- - - -

incorporated into a human antibody variable domain, wherein the 

improvement comprises substituting a n  amino acid residue for the 

human residue at a site selected from the group consisting of: 

4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 65L, 66L,  

67L, 6 8 L, 69L, 70L,  7 i L, 73L, 8 5L, 87L, 98L, 2H, 4H, 24H, 36H,  

37H; 39H, 43H, 45H, 49H, 58H, 60H, 68H, 69H,  70H, 7 3 H , 74H, 

7 5 H , 76H, 78H, 9 1 H, 92H, 93H, and 1 03H.  

The humanized antibody variable domain of claim 9 ,  wherein the 

substituted residue is the residue found at the corresponding 

location of the non-human antibody from which the non-human 

CDR was obtained . 
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1 1 . The humanized antibody variable domain of claim 9 ,  wherein no 

human FR residue other than those set forth in the group has been 

substituted.  

1 2. A polypeptide comprising the amino acid sequence : 

D IOMTOSPSSLSASVGDRVTITCRASQDVNTAVAWYOOKPGKAP 

KLLIYSASFLESGVPSRFSGSRSGTDFTL TISSLOPEDFATYYCOOHY 

TTPPTFGOGTKVEIKRT 

1 3 . A polypeptide comprising the sequence: 

EVOLVESGGGLVOPGGSLRLSCAASGFNIKDTYIHWVROAPGKGLE 

WVARIYPTNGYTRY ADSVKGRFTISADTSKNTAYLOMNSLRAEDT 

AVYYCSRWGGDGFYAMDVWGOGTL VTVSS 

r .  f o ui· 1 4. 
- \.._ 

A /or:niuter comprising the sequence data of the following amino 
---- ---

�f)J 
,/ 

20 

25 

1 5 . 

30 

acid sequence: 

a .  D I  OMTOSPSSLSASVGDRVTITCRASODVSSYLAWYOQ 

KPGKAPKLLIYAASSLESGVPSRFSGSGSGTDFTL TISSLO 

PEDFATYYCQQYNSLPYTFG QGTKVEI KRT, or 

b. EVOL VESGGGLVOPGGSLRLSCAASGFTFSDY AMSWVR 

OAPGKGLEWVAVISENGGYTRYADSVKGRFTISADTSKN 

TA YLOMNSLRAEDTA VYYCSRWGGDGFYAMDVWGOG 

TLVTVSS 

r91----�er representation� following amino acid sequence: 

a .  D IOMTO-SPSS tS'ASVGDRVTITCRASODVSSYLAWYOQ 

KPGKAPKLLIYAASSLESGVPSRFSGSGSGTDFTL TISSLO 

PEDFATYYCOOYNSLPYTFGQGTKVEIKRT, or 

b. EVOL VESGGGLVOPGGSLR LSCAASGFTFSDY AMSWVR 

OAPGKGLEWVAVISENGGYTRY ADSVKGRFTISADTSKN 

TA YLOMNSLRAEDTA VYYCSRWGGDGFYAMDVWGOG 

104 
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1 6 . 

5 

1 0  

• • 
TLVTVSS 

_(�h �d . .  . 
. f h C"" met o �pnsmg storing a computer representation o .  t e 

following amino acid sequence: 

a .  

b. 

DI OMTOSPSSL SA SVGDRVTITCRASODVSSYLAWYOO 

KPGKAPKLLIY AASSLESGVPSRFSGSGSGTDFTL TIS SLO 

PEDFATYYCOOYNSLPYTFGOGTKVEIKRT, or 

EVOL VESGGGLVOPGGSLRLSCAASGFTFSDY AMSWVR 

OAPGKGLEWVAVISENGGYTRY ADSVKGRFTISADTSKN 

TA YLOMNSLRAEDTA VYYCSRWGGDGFYAMDVWG OG 

TLVTVSS 
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• • 
Abstract 

Variant immunoglobulins, particularly humanized antibody 

polypeptides are provided, along with methods for thei r  preparation and use. 

Consensus immunoglobulin sequences and structural models are also 

provided. 
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,. 
' • • EXPRESS MAIL NO. 859937585 

MAILED: 1 4  JUNE 1 991  

COMBINED DECLARATION FOR PATENT APPLICATION 
AND POWER O F  ATTORNEY Docket No. 709 

As a below named inventor, I hereby declare that: .-

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original first and sole inventor ( if only one name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled 

IMMUNOGLOBULIN VARIANTS 

the specification of which (check one) !. is attached hereto or _ was filed on as Application Serial No.  and was amended 
on (if applicable) . 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I hereby state that any Sequence listing submitted with this application is submitted in paper copy and a computer
readable diskette, and that the content of the paper and computer readable copies are the same. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance 
with Title 37, Code of Federal Regulations, Section 1 . 56(a) . 

I hereby claim foreign priority benefits under Title 3 5, United States Code, § 1 1 9  of any foreign a pplication(s) for patent 
o; inventor's certificate listed below and have also identified below any foreign application for patent or inventor's 
certificate have a filing date before that of the application on which priority is claimed: 

Prior Foreign Application(s) Priority Claimed 
Yes No 

Number Country Day/Month/Year Filed 

I here y claim the benefit under Title 35,  United States Code, § 1 20 of any United States applications(s) listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 3 5 ,  United States Code, § 1 1 2,  I acknowledge the duty 
to disclose material information as defined in Title 37, Code of Federal Regulations, § 1 . 5 6(a) which occurred between 
the filing date of the prior application and the national or PCT international filing date of this application: 

Application Ser. No.  Filing Date Status: Patented, Pending, Abandoned 

Application Ser. No.  Filing Date Status: Patented, Pending, Abandoned 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute 
this a pplication and transact al l  business in the Patent and Trademark Office connected therewith. 

�I 
Carolyn R .  Adler - Reg. No.  32,324 
Robert H. Benson - Reg. No. 30,446 
Walter E. Buting - Reg. N o .  23,092 
Ginger R.  Dreger  - Reg . No.  33,055 
Debbie Glaister - Reg . No.  33, 888 
Janet E. Hasak - Reg . N o .  28, 6 1 6 

Max D. Hensley - Reg. No. 27,043 
Dennis G. Kleid - Reg . No.  32,037 
Nancy Olseki - Reg . No.  34,688 
Stephen Raines - Reg . No.  25, 9 1 2  
Daryl B. Winter - Reg . No.  32, 637 
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• 
Send correspondence to f.toi Genentech, Inc. 

fdJ;2. Attn: Carolyn R .  Adler 
?01 460 Point San Bruno Boulevard 
?A.2.. South San Francisco, CA 94080 

Telephone:  (4 1 5) 266-26 1 4  

• Page 2 of 2 

I hereby declare that a l l  statements made herein of my own knowledge and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the l ike so made are punishable 
by fine or imprisonment or both, under Section 1 00 1  of Title 1 8  of the United States Code and that willful false 
statements may jeopardize the validity of the application or any patent issued thereon . 

The undersi gned hereby authori zes the U . S .  attorney or agent named her e i n  to accept and f o l l ow i nstruct i ons from 
h i s  fore i gn patent agent as to any act i on to be taken i n  the Patent and Trademark Off i ce regard i ng th i s  
appl i cat i on wi thout di rect comnun i cat i on between t h e  U . S .  attorney o r  agent and t h e  unders i gned. I n  the event 
of a change i n  the persons f rom whom i nstruc t i ons may be taken, the U . S .  attorney or agent named herei n  wi l l  be 
so not i f i ed by the unders i gned. 

Ful l 

Paul J Carter 

I nventor ' s  s i gnature 

Res i dence 
2074 1 8th Avenue 
San F ranci sco, CA 941 1 6  

C i t i zensh i p  
Uni ted K i ngdom 

Post Off i ce Address 

()/) 

460 P o i nt San Bruno Boul evard 
South San Franci sco, CA 94080 

�ul l  name of second j o i nt i nventor, i f  any 

leonard G,/�resta �.:2(Jb 
Second IXventor • s  s i gnature 

Resi dence 
1 900 Gough Street ,  #206 
San F ranc i sco, CA 941 09 

C i t i zensh i p  
Uni ted States o f  Amer i ca 

Post Off i ce Address 
460 Poi nt San Bruno Boul evard 
South San Franci sco, CA 94080 

Fu l l  name of t hi rd j o i nt i nventor, i f  any 

Th i rd I nventor ' s  s i gnature 

Res i dence 

C i t i zens h i p  

Post Off i ce Address 
460 Point San B runo Boul evard 
South San F ranci sco, CA 94080 

Date 

Date 

Date 
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tiAK \,;UUt. LAl:IE( ,1-' -------------

111111 lli�l llll �Ill Hll lllll 111!1 11111 11111111 U.S. PATENT APPLICATION 

A NUl'lllSt.K u�uur- .. � 1 ur ... 1 

07 /7 i 5 , 272  06/ 1 4/ 9 1 530 . 1 83 

PAUL J .  CART E R ,  SAN F RANC I SC O ,  CA ; L EONARD G .  PRESTA , SAN  F RAN C I S CO ,  C A . 

**CONT I NU I NG DATA ********************* 
VE R I F I ED 

**F ORE I GN/PCT A P P L I CAT I ON S************ 

VE R I F I E D 

F ORE I GN F I L I NG L I C E N S E  GRANT E D  08/03/9 1 

i:l l  .. I C  U� ;:,ncc 1 ;:,  I U l  .. L. 
COUNTRY DRAWING CLAIMS 

CA 5 1 6  

e G E N E NTECH , I NC .  

� ATTN : CARO LYN R .  A D L E R  
� 460 P O I NT SAN BRUNO B LVD . 

S OUTH SAN F RAN C I SC O ,  C A  94080 

� I MMUNOGLOBUL I N  VAR I ANTS ... ... 

CLAIMS 

8 

rJ. .Nia rt.t. 
RECEIVED 

s 1 , 050 . 00 709 

Tht s t s  to cert t fy that annexed hereto ts a true copy from the records of the Uni ted States / '  Patent and Trademark Off t ee  of the appl t cat t on as ort g t nal l y  f t  l ed  Whtch t s  t ctent t f t ed above . 

By authort ty of the 
COMMISSIONER OF PATENTS AND TRADEMARKS 

Date Cert t fy t ng Off i cer 

\ 
\ 
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�1 715272 
PATENT APPLICATION SERIAL NO . 

L - . -.... . 

/ 
� \ 0 � 9) 06/27/91 077 15272 
j ._, •' •• • 

PT0- 1 5 5 6  
( 5 / 8 7 )  

U . S .  DEPARTMENT O F  COMMERCE 
PATENT AND TRADEMARK OFFICE 

FEE RECORD SHEET 

07-0630 030 101  930 . 0;)CH 

\ 
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 

CLAIMS AS FILED - PART I 
(Column 1 )  (Column 2) 

FOR NUMBER FILED NUMBER EXTRA 

BASIC FEE 

TOT AL CLAI MS 

INDEPENDENT CLAIMS f:? minus 3 = * 
MULTIPLE DEPENDENT CLAIM PRESENT 

* If the difference in column 1 is less then zero, enter ·o· in column 2 

<( 
.... z w 
:E c z w 
:E <( 

CLAIMS AS AMENDED - PART I I  
(Column 1 )  (Column 2) 

CLAIMS H IGHEST 
REMAINING NUMBER 

PREVIOUSLY 
PAID FOR 

Total * Minus ** 

Independent * Minus *** 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

(Column 1 )  (Column 2) 

CLAIMS H IGHEST 
REMAINING NUMBER 

PREVIOUSLY 
PAID FOR 

* Minus ** Total 

Independent * Minus *** 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

Total 

Independent 

(Column 1 )  

CLAIMS 
REMAINING 

. AFTER :::: 
i AMENDMENT r ::-: 

* 
* 

(Column 2) 

HIGHEST 
NUMBER 

PREVIOUSLY 
PAID FOR 

Minus ** 

Minus *** 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

{Column 3) 

PRESENT 
EXTRA 

(Column 3) 

PRESENT 
EXTRA 

(Column 3) 

PRESENT 
EXTRA 

SMALL ENTITY 

FEE 

OTHER THAN 
OR SMALL ENTITY 

RATE FEE 

$ 31 5.00 OR $ 630.00 
x $1 0- OR x $20 · 
x 30 = OR 

+ 1 00 ... OR + 200 -
TOTAL ---

OR TOTAL �a..t)--1 

SMALL ENTITY 

ADDI-
RATE TIONAL 

FEE 

x $1 0 .. 
x 30 = 
+ 1 00 = 
TOTAL 

OTHER THAN 
OR SMALL ENTITY 

ADDI-

RATE TIONAL 

FEE 

OR x $20 = 
OR 

OR 
x 60-

OR + 200 -
OR TOTAL 

A DDIT. FEE ADDIT. FEE 

ADDI- ADDI-
RATE TIONAL RATE TIONAL 

FEE FEE 

x $1 0 .. OR x $20 -
OR 

x 30 = 
OR 

x 60 .. 

+ 1 00 =  
OR + 200 -

TOTAL OR TOTAL 
A DDIT. FEE ADDIT. FEE 

ADDI- ADDI-
RATE TIONAL RATE TIONAL 

FEE FEE 

x $1 0 .. OR x $20 -
OR 

x 30 .. 
OR 

x 60 -

+ 1 00 -
OR + 200 -

• 11 the entry in column 1 is less than the entry in column 2, write ·o· in column 3. OR TOTAL TOTAL 
•• If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". ADDIT. FEE ----1 ADDIT. FEE 

• • •  I f  the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1 .  

r����75 For Fees Effective Nov. 5, 1 990 Patc:nt and Tradcmark Office; U.S. DEPARTMENT OF COMMERCE 
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P�·T COOPERATION TREATY •. 
' PCT · 

j . - 4- - _,• 

INTERNATIONAL SEARCH REPORT 

(PCT Artide 18 and Rules 43 and 44) 
Applicant's or agent's file reference FOR FURTHER see Notification of Transmittal of International Search Report 

ACTION 
(Form PCT/ISA/220) as well as, where applicable, item S below. 

709Pl 
International application No. International filing dale( dlly/month/year) (Earliest) Priority Date (day/month/year) 
PCT I US 92/ 05 126 15/06/92 14/06/9 1 
Applicant 

GENENTECH , INC . et al . 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Artide 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 4 sheets. [iJ It is also accompanied by a copy of each prior art document cited in this reporL 

1 .  [XI 
:2. o 

Certain claims MR found unsean:bable (see Box l). 

Unity of invention is lacking (see Box II). 

3. D The international application contains disclosure of a nudeotide and/or amino acid sequence listing and the 
international search was carried out on the basis of the sequence listing 

D filed with the international application. 

0 furnished by the applicant separately from the international application. 

D but not accompanied by a statement to the effect that it did not include 
matter going beyond the disclosure in the international application as filed. 

D Transcribed by this Authority 

4. With regard to the title, D the text is approved as submitted by the applicanL 

[iJ the text has been established by this Authority to read as follows: 

METHOD FOR MAKING HUMANIZED ANTIBODIES . 

S. With regard to the abseract, 

the text is approved as submitted by the applicanL [!] D the text has been established, according to Rule 38.l(b), by this Authority as it appears in 
Box Ill. The applicant may, within one month from the date of mailing of this international 
search report. submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract is: 
Figure No. 2 D as suggested by the applicanL 

D because the applicant failed to suggest a figure. 

D because this figure better characterizes the invention. 

Form PCT/ISA/:210 (first sheet) (July 1992) 

D None of the figures. 
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INTERNATIONAL S: ... REPORT 
International application No. 

PCT •. 92/ 05126 
• .  

Box I Observationl!-�et:_e •certain claims were found unsearc_hable (Continuation of item I oftirst sheet) 

This international search report has not been established in respect or c:erlain claims under Article 1 7(2Xa) for the following reasons: 

1 .  [!] Claims Nos.: 17-18 
because they relate to subject matter not required to be searched by this Authority, namely: 

see PCT-Ru l e  39 . 1( 1v)  

2 .  D Claims Nos.: 
because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation or item 2 or rarst sheet) 

This International Searching Authority found multiple inventions in this international application, as follows: 

1 .  D As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2. D As all searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment 
or any additional fee. 

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, specifically claims Nos.: 

4. D N o  required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest D The additional search fees were accompanied by the applicant's protest. 

D N o  protest accompanied the payment of additional search fees. 

Form PCT{ISA/210 (continuation offirst sheet (1)) (July 1992) 
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2 

INTERN.- ONAL SEARCH REPORT 
lnttmational Application No 

I. a.ASSIFlCATION OF SUBJECT MATTER (If several classification symbols apply, Indicate all)' 
Acmrdlng to International Patent Oassiiieatlon (IPC) or to both Natlooal Oassfficatlon and IPC 

I nt . C l . 5 C 12N15/13; C12P21/08; C07K13/00 ; 
G06F15/00 

O. FIEl.DS SEAR.OIED 

Minimum Documentation Searched" 

Classification System Oasslflcatlon Symbols 

I nt . Cl . 5 C07K ; C 12N ; G06F 

' 
Documentation Seardled other than Minimum Docummtatlan 

to the Extent that such Documents are Included In the Fields Seardled' 

m. DOCUMENTS CONSIDERED TO BE RELEVANT ' 
Category 0 

y 

y 

Citation of Document, u with Indication, where appropriate, of the relevant passages 12 

JOURNAL OF MOLECULAR BIOLOGY 
vol . 215 , 1990 , ACADEMIC PRESS 
pages 175 - 182 
Tramontano , Anna ;  Choth i a ,  Cyrus ;  Le sk , 
Arthur M .  ' Framework res idue 7 1  i s  a maj or 
determi nant of the pos iti on and 
conformati on of the second hypervari ab l e  
reg i on i n  the VH doma i n s  of 
i mmunog 1 obul i n s 1  
c i ted i n  the appl icati on 
See the who l e  document, e speci a l ly  
paragraph 7 

\ ---
WO , A , 9  007 861 (PROTEIN DESIGN LABS , 
26 July 1990 

' 

See pages  1-6 ; 9-25 
---

INC . )  

-/--

92/05126 

C 12N5/10 

Relevant to Calm No.ll 

1-12 , 15 

1-12 , 15 

0 Special catqories of dted documents : lO "T"' later document published after the International filing date 
or priority date and not In conflict with the :zncatlon but •A• document defining =era! state of the art which Is DOt 

considered to be Of cular relevance dted to understand the principle or theory erlylng the 
Invention 

T earlier document but published on or after the International 
filing date -x• document of particular relevance; the claimed Invention 

ClDllDt be considered now! or cannot be considered to 'I.' doannent which may throw doubts on priority dalm(s) or Involve an ln\'elltlve step 
which is cited to establish the publication date of another "Y" document of partlailal relevance; the dalmed Invention citation or other special reason (as specified) cannot be considered 10 Involve an Inventive step when the •o• document referring to an oral disclosure, use, ahlbltlon or document Is combined with one or more other sucll docu-
other means menu, such comblnatlon being obvious to a person skllled 

-r document published prior to the International filing date but In the art. 
later than the priority date dalmed • .t• dOCWllent member of the·Same patent family 

IV. CERTIFICATION 

Date of the Actual Completion of the International Searcll Date of Mailing of this International Search Report 

07 OCTOBER 1992 0 2. 11. 92 (} � 
International Searching Authority Signature of Autborlud Officer J I � 

EUROPEAN PATENT OFFICE NAUCHE S . A .  � r,yn V 
. --� �'./; -.--

,_ PCT(lSA/210 (oecmd -1 lJ....., 1915) / • � •tu ... --..•)'la& ..... 
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• • 
' �'-'NEX TO 1HE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. US 9205126 
SA 6 1838 

This annex ir. ts Che patent Family memben relating to Cbe patent docwnents cited in tbe abovo-mcndoned international RardJ report. 
1be members are as contained in Cbe F.uropean Patent Office EDP file on 
1be European Patent Office is in no way liable for Cbese particulars wbicb are merely &iven for Che purpose of information. 07 /10/92 

Patent �t 
cited in seardl report 

WO-A-9007861 
I I 
26-07-90 AU-A

CA-A
EP-A-

5153290 
2006865 
0451216 

I 
13-08-90 
28-06-90 
16-10-91 

I 
I OL--��������������������������������--' t For more details about Ibis mmex : see Official Journal of Che European Patent Oftice, No. 12/82 
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• latenlatlonal Applk:adon No 
m. DOaJMENTS CONS�OEllEP �o BE DI.EVANT (CONTIMJED FROM 11IE SECOND SHEET) 

y 

P , X  

Otatlon of Doaament, with lnticlldon, where appropriate, of tbe n!evant passqes 

NATURE . 
vol . 342 , December 1989 , LONDON GB 
page s 877 - 883 
Choth i a ,  Cyru s ;  lest, Arthur M . ; 
Tramontano, Ann a ;  Lev i tt ,  Mi chae l ; 
Smi th-Gi l l ,  Sandra J . ;  Ai r ,  G i l l i an ;  
She r i ff ,  Steven ;  Padl an , ' Conformat i on s  of 
i mmunog l obu l i n  hypervari abl e reg i on ' 
c i ted i n  the appl i cati on 
See the who l e  document , especi al l y  
' Di scus s i on ' 

PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF USA . 
vol . 89 , May 1992 , WASHINGTON US 
pages 4285 - 4289 
Carter,  Paul et a l . 1ffuman i zati on of an 
anti -p l85HER2 antibody for human cancer 
therapy . 1 

see the who l e  document 

�-1us 921os126 

Mennt to Calm No. 

1-12 , 15 

1-15 
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DocCode - SCORE 

SCORE Placeholder Sheet for IFW Content 

Application Number: 077 1 5272 Document Date : 06/1 4/1 991 

The presence of this form i n  the IF W  record indicates that the following document type was received i n  paper 

and is scanned and stored in the SCORE database. 

• Drawings 

Images of the original documents are scanned in gray scale or color and stored in SCORE. Bi-tonal images are 
also stored in IFW. Defects visible in both IFW and SCORE are indicative of defects in the original paper 
documents. 

To access the documents in the SCORE database, refer to instructions developed by SIRA. 

At the time of document entry (noted above) : 
• Examiners may access SCORE content via the eDAN interface. 
• Other U SPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/) . 
• External customers may access SCORE content via the Public and Private PAIR interfaces. 

Form Revision Date : December 8, 2006 
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Patent App1ication US / 0 7 / 7 1 5 , 2 7 2  

l SEQUENCE LI STING 
2 
3 ( 1 )  GENERAL INFORMATION :  
4 
S ( i )  APPLICANT : Carter, Paul J .  
6 Presta , Leonard G .  
7 
8 ( ii )  TITLE OF INVENTION :  Immunoglobulin Variants 
9 

1 0  ( iii ) NUMBER OF SEQUENCES :  10 
1 1  
1 2  ( iv )  CORRESPONDENCE ADDRESS : 
1 3  ( A )  ADDRESSEE : Genentech , Inc . 
1 4  ( B )  STREET : 4 6 0  Point San Bruno Blvd 
15 (C)  CITY : South San Francisco 
1 6  ( D )  STATE : California 
17 ( E )  COUNTRY : USA 
18 (F)  Z I P :  94080 
19 
20 (v) COMPUTER READABLE FORM : 
2 1  ( A )  MEDIUM TYPE : 5 . 2 5  inch , 3 6 0  Kb floppy disk 
2 2  ( B )  COMPUTER :  IBM P C  compatible 
2 3  ( C )  OPERATING SYSTEM : PC-DOS/MS-DOS 
24 (D)  SOFTWARE : patin ( Genentech ) 
2 5  
2 6  (vi)  CURRENT APPLI CATION DATA : 
2 7  ( A )  APPLICATION NUMBER : 
2 8  ( B )  FILING DATE : 14-June-19 9 1  
2 9  ( C )  CLASS I F I CATION : 
3 0  
3 1  ( vii ) PRIOR APPLI CATION DATA : 
3 2  (A) APPLICATION NUMBER : 
3 3  ( B )  FILING DATE : 
3 4  
3 5  (viii ) ATTORNEY/AGENT INFORMATION :  
3 6  (A) NAME : Adler , Carolyn R .  
3 7  ( B )  REGI STRATION NUMBER : 3 2 , 3 2 4  
3 8  ( C )  REFERENCE/ DOCKET NUMBER : 7 0 9  
3 9  
40 ( ix )  TELECOMMUNICATION INFORMATION : 
4 1  ( A )  TELEPHONE : 4 15 / 2 6 6 -2 6 14 
4 2  ( B )  TELEFAX : 4 15/ 9 5 2 - 9 8 8 1  
4 3  ( C )  TELEX : 9 10 / 3 7 1-7 1 6 8  
4 4  
4 5  ( 2 )  INFORMATION FOR SEQ ID NO : l :  
4 6  
4 7  ( i )  SEQUENCE CHARACTERISTICS : 
4 8  (A) LENGTH : 109 amino acids 
4 9  ( B )  TYPE : amino acid 
SO (D) TOPOLOGY : linear 
5 1  
5 2  ( x i )  SEQUENCE DESCRIPTION :  SEQ I D  NO : l : 
5 3  

• - p z; 

0 6 / 2 5 / 9 1  
1 0 : 3 2 : 1 0 
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Page : 2 Rav sequence Listing 0 6 / 2 5 / 9 1  

1 0 : 3 2 : 1 1 
Patent App1ication US / 0 7 / 7 1 5 , 2 7 2  

S 4 Asp I l e  Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 

S 5 1 s 10 l S  
S 6 
S7 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 

S 8 2 0  2 5  3 0  

S 9 

60 Thr Ala Val Ala Trp Tyr Gln Gln Lys P ro Gly Lys Ala Pro Lys 

6 1  3 S 40 4 S 
6 2  
6 3  Leu Leu I le Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 

64 so S S  6 0  

6 5  
6 6  Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr I l e  

6 7  6 S 7 0  7 S 
6 8  
6 9  Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
7 0  8 0  8 5  9 0  
7 1  
7 2  His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
7 3  9 5  100 105 

7 4  
7 5  I l e  Lys Arg Thr 

7 6  109 
77 
7 8  ( 2 )  INFORMATION FOR SEQ ID N0 : 2 :  
7 9  
8 0  ( i )  SEQUENCE CHARACTER I STICS : 
8 1  (A)  LENGTH : 1 2 0  amino acids 
8 2  ( B )  TYPE : amino acid 
8 3  ( D )  TOPOLOGY : l inear 

8 4  
8 5  ( xi )  SEQUENCE DESCRIPTION: SEQ ID N0 : 2 :  
8 6  
87 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
8 8  1 5 l,O 1 5  
8 9  

9 0  Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn I l e  Lys 
9 1  2 0  2 5  3 0  
9 2  
93 Asp Thr Tyr I l e  B i s  Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
9 4  3 5  4 0  4 5  
9 5  

9 6  Glu Trp Val Ala Arg I l e  Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
9 7  50 55 60 
98 

99 Ala Asp Ser Val Lys Gly Arg Phe Thr I l e  S e r  Ala Asp Thr Ser 
100 6 5  7 0  7 5  
1 0 1  
102 Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
103 80 8 5  9 0  
1 0 4  
1 0 5  Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
106 9 5  100 105 
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Patent Application US / 0 7 / 7 15 , 2 7 2  

107 
108 Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 

109 1 10 115 120 
1 10 

1 1 1  
1 12 ( 2 )  INFORMATION FOR SEQ ID N0 : 3 :  
1 13 
1 14 ( i )  SEQUENCE CHARACTERI STICS : 
1 1 5  ( A )  LENGTH : 1 0 9  amino acids 
1 1 6  ( B )  TYPE : amino acid 
1 17 ( D )  TOPOLOGY : linear 
1 18 
1 19 ( xi )  SEQUENCE DESCRIPTION : SEQ ID N0 : 3 :  
1 2 0  
1 2 1  Asp I le Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 2 2  1 5 10 15 
1 2 3  
1 2 4  Gly Asp Arg Val Thr I l e  Thr Cys Arg Ala S e r  Gln Asp Val Ser 

1 2 5  2 0  2 5  3 0  
1 2 6  
1 2 7  S e r  Tyr Leu Ala Trp Tyr Gln G l n  Lys Pro Gly Lys Ala Pro Lys 
1 2 8  3 5  40 45 
129 
130 Leu Leu I l e  Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
1 3 1  5 0  5 5  6 0  
1 3 2  

1 3 3  Arg Phe Ser Gly S e r  Gly S e r  G l y  Thr Asp Phe Thr Leu Thr I l e  
134 65 70 75 
1 3 5  
1 3 6  S e r  S e r  Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 

1 3 7  8 0  8 5  9 0  
1 3 8  

1 3 9  Tyr A s n  S e r  Leu Pro Tyr Thr Phe G l y  Gln G l y  Thr Lys Val Glu 
1 40 9 5  100 1 0 5  

1 4 1  
1 4 2  I l e  Lys Arg Thr 
143 109 
144 

145 ( 2 )  INFORMATION FOR SEQ I D  N0 : 4 :  
1 4 6  
1 4 7  ( i )  SEQUENCE CHARACTERI STICS : 
148 (�) LENGTH : 1 2 0  amino acids 

149 ( B )  TYPE : amino acid 
1 5 0  ( D )  TOPOLOGY : l inear 
1 5 1  
1 5 2  ( xi )  SEQUENCE DESCRIPTION : SEQ I D  N0 : 4 :  

153 
154 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
155 1 5 10 15 
1 5 6  

1 5 7  Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
1 5 8  2 0  2 5  3 0  
1 5 9  

0 6 / 2 5 / 9 1  
1 0 : 3 2 : 13 
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1 6 0  Asp Tyr Ala Met S e r  Trp Val Arg G l n  Ala Pro G l y  Lys Gly Leu 
1 6 1  3 S  4 0  4 S  
1 6 2  
1 6 3  G l u  Trp Val Ala Val Ile Ser Glu Asn Gly Gly Tyr Thr Arg Tyr 
1 6 4  S O  S S  6 0  
1 6 S  

1 6 6  Ala Asp Ser Val Lys Gly Arg Phe Thr I l e  S e r  Ala Asp Thr S e r  
1 6 7  6 S  7 0  7 S  
1 6 8  
1 6 9  Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 

1 7 0  80 8S 9 0  
1 7 1 

1 7 2  Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
1 7 3  9 5  1 0 0  lOS 
1 7 4  
1 7 S  Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val S e r  Ser 
1 7 6  1 10 1 1 5  1 2 0  
1 7 7  

1 7 8  

179 ( 2 )  INFORMATION FOR SEQ I D  NO : S :  
180 
1 8 1  ( i )  SEQUENCE CHARACTERI STICS : 
1 8 2  (A)  LENGTH : 109 amino acids 
1 8 3  ( B )  TYPE : amino acid 
1 8 4  ( D )  TOPOLOGY : l inear 
1 8 S  

1 8 6  ( xi )  SEQUENCE DESCRIPTION : SEQ ID N0 : 5 :  
1 8 7  

1 8 8  Asp I l e  Val Met Thr G l n  S e r  Bis Lys Phe Met S e r  Thr S e r  Val 
189 1 s 10 lS 

1 9 0  
1 9 1  Gly Asp Arg Val S e r  I l e  Thr Cys Lys Ala S e r  Gln Asp Val Asn 
1 9 2  2 0  2 5  3 0  
1 9 3  

1 9 4  Thr Ala Val Ala Trp Tyr Gln G l n  Lys Pro G l y  B i s  Ser P ro Lys 

1 9 S  3 5  4 0  45 

1 9 6  

1 9 7  Leu Leu Ile Tyr S e r  Ala S e r  Phe Arg Tyr Thr Gly Val Pro Asp 

1 9 8  s o  S 5  60 
1 9 9  
200 Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr I le 
2 0 1  6 5  7 0  7 5  

2 0 2  
2 0 3  S e r  Ser Val Gln A l a  G l u  Asp Leu A l a  Val Tyr Tyr Cy s Gln Gln 
204 8 0  85 90 
20S 

206 Bis Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Ly s Leu Glu 

2 0 7  9 5  100 1 0 5  
2 0 8  
209 I l e  Lys Arg Ala 

2 10 109 

2 1 1  
2 12 ( 2 )  INFORMATION FOR SEQ ID N0 : 6 :  

0 6 / 2 5 / 9 1  
1 0 : 3 2 : 15 
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2 1 3  
2 1 4  ( i )  SEQUENCE CHARACTERI STICS : 
2 1 5  ( A )  LENGTH : 1 2 0  amino acids 
2 1 6  ( B )  TYPE : amino acid 
2 1 7  ( D )  TOPOLOGY : linear 
2 1 8  
2 1 9  ( x i )  SEQUENCE DESCRIPTION : SEQ ID N0 : 6 :  
2 2 0  
2 2 1  Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
2 2 2  1 5 10 15 
2 2 3  
2 2 4  Ala S e r  Leu Lys Leu S e r  Cys Thr Ala Ser Gly Phe Asn I l e  Lys 
2 2 5  20 2 5  3 0  
2 2 6  
2 2 7  Asp Thr Tyr I l e  His Trp Val Lys Gln Arg Pro Glu Gln Gly Leu 
2 2 8  3 5  40 4 5  
2 2 9  
2 3 0  Glu Trp I l e  Gly Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
2 3 1  5 0  55 6 0  
2 3 2  
2 3 3  Asp Pro Lys Phe Gln Asp Lys Ala Thr I l e  Thr Ala Asp Thr Ser 
2 3 4  6 5  7 0  7 5  
2 3 5  
2 3 6  Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu Asp 
2 3 7  8 0  8 5  9 0  
2 3 8  
2 3 9  Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
2 40 9 5  100 105 
2 4 1  
2 4 2  Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser 
243 110 115 120 
244 
245 
246 ( 2 )  INFORMATION FOR SEQ ID N0 : 7 :  
247 
248 (i)  SEQUENCE CHARACTERISTICS : 
2 4 9  ( A )  LENGTH : 2 7  bases 
2 5 0  ( B )  TYPE : nucleic acid 
2 5 1  ( C )  STRANDEDNES S :  single 
2 5 2  ( D )  TOPOLOGY : linear 
253 
254 (xi)  SEQUENCE DESCRIPTION: SEQ ID N0 : 7 :  
255 
256 
2 5 7  TCCGATATCC AGCTGACCCA GTCTCCA 2 7  
2 5 8  
2 5 9  
2 6 0  
2 6 1 ( 2 )  INFORMATION FOR SEQ ID NO : S :  
2 6 2  
2 6 3  ( i )  SEQUENCE CHARACTERISTICS : 
2 6 4  ( A )  LENGTH : 3 1  bases 
2 6 5  ( B )  TYPE : nucleic acid 

0 6 / 2 5 / 9 1  
1 0 : 3 2 : 17 
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2 6 6  
2 6 7  
2 6 8  

2 6 9  
2 7 0  
2 7 1  

2 7 2  
2 7 3  
2 7 4  
2 7 5  
2 7 6  
2 7 7  
2 7 8  
2 7 9  

2 8 0  
2 8 1  
282 
283 
284 
2 8 5  
2 8 6  
2 8 7  
2 8 8  
2 8 9  
2 9 0  
2 9 1  

2 9 2  
293 
294 
295 

2 9 6  
2 9 7  
2 9 8  
2 9 9  

3 0 0  

3 0 1  

3 0 2  

Patent App1ication US / 0 7 / 7 15 , 2 7 2  

( C )  STRANDEDNESS : single 
(D) TOPOLOGY : l inear 

( x i )  SEQUENCE DESCRIPTION : SEQ ID N0 : 8 :  

f.s Oft_ no+· .vq.J ; J 
GTTTGATCTC CAGCTTGGTA C�DCCGA A 3 1  1 V -t> -+· (\Q_,. · ru _/'(__ . 

( 2 )  INFORMATION FOR SEQ ID N0 : 9 :  

( i )  SEQUENCE CHARACTERI STI CS : 
(A)  LENGTH : 2 2  bases 

(B) TYPE : nucl eic acid 
( C )  STRANDEDNESS : s ingle 
( D )  TOPOLOGY : l inear 

( x i )  SEQUENCE DESCRIPTION : SEQ ID N0 : 9 :  

( 2 )  INFORMATION FOR SEQ I D NO : lO :  

( i )  SEQUENCE CHARACTERI STICS : 
(A)  LENGTH : 3 4  bases 
( B )  TYPE : nucleic acid 
( C )  STRANDEDNESS : single 

( D )  TOPOLOGY : l inear 

( x i )  SEQUENCE DESCRIPTION : SEQ ID NO : lO :  

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 3 4  

··""""' 
0 6 / 2 5 / 9 1  
1 0 : 3 2 : 19 

Ci(COrd rn.� 

-
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TIME : 1 0 : 3 2 : 2 0  PATENT APPLICATION US/ 0 7 / 7 15 1 2 7 2  

LINE ERROR 

272 
269 
287 
284 

Wrong Nucleic Acid Designate�� 
Entered and Cale . Seq . Length ditferl?,!rf(J' 
Wrong Nucleic Acid Designator L..----....._ 
Entered and Cale . Seq . Length differ) 

ORIGINAL TEXT 

�GATCTC CAGCTTGGTA C�DCCGA A 3 1  � ..J6) (:i )AEQUENCE DESCRIPTI� SEQ ID N0 : 8 :  
AGGt!JZAXCT GCAGXAGTCX GG 22 
( x i )  SEQUENCE DESCRIPTION :  SEQ ID N0 : 9 :  
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• • 
S EQUENCE MISS ING ITEM REPORT 
PATENT APPLICATION US / 0 7 / 7 1 5 1 2 72 

MANDATORY IDENTIFI ER THAT WAS NOT FOUND 

DATE : 0 6 / 2 5 / 9 1  ' l  
TIME : 1 0 : 3 2 : 2 0  j 
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LINE ORIGINAL TEXT 

• • 
S EQUENCE CORRECTION REPORT 
PATENT APPLICATION US/ 0 7 / 7 1 5 1 2 7 2  

CORRECTED TEXT 

DATE : 0 6 / 2 5 / 9 1  
T IME : 1 0 : 3 2 : 2 0  
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Genentech , .Inc. 
Paul J. carter 
07/71 5 , 272 
June 1 4 ,  1 991 

Attn: carolyn R. Adler 
460 Point San Bruno Blvd. 
South San Francisco, CA 94080 

Mailed: ? ' 3 - q I 
This 1pplica1.i.>n contains sequence disclosures lhat are encompas · · ons for'nucleo· 
tide and/or amino acid sequences set fonh in 37 CFR I 1.82 l (a)( I )  and (a)(2). However, this 
application fails 10 comply with one or more or the requirements of 37 CFR H 1.821  through 1 .825 
115 foUows: 
0 I .  This application clearly fails to comply with lhe collective requirements of I§ 1 .821 

through I .825. Applicant's 111ention is directed to these �iulations, I copy or which is �llached. 

0 2. This application does not confonn eitclusively to·lhe requirements of H 1 .82 1  through 
J.825. The non-conforming material should be deleted. § l .821{b). 

0 3: This application does not contain,  as a separate pan of lhe disclosure on paper copy. 1 · 

"Sequence Listing." I I .82 l_{c). 

0 4. This application does contain, as a separate pan of the disclosure on paper copy, a 
"Sequence Listing." Howev�r. the "Sequence Listing" docs not comply with the requirements of 
H J .82 1 through 1 .825 as f�tlows: 

0 a. The scque�ce data docs not comply wilh the symbol and fonnat �quirements of 
paragraphs (b) through {p) of f 1. 822. Specifically:-------------

0 b. The "Sequence Listing" docs not comply with the location and page �quire· 
ments of paragraph (a) of f 1 .823. 

0 c. The "Sequence Listing" does not comply with the infonnation requirements of 
paragraph (b) of § 1 .823. Specifically:----------------

0 S. The description and/or claims of the patent application m:ntion a sequence lhat is set 
fonh in the "Sequence Listing" but reference is not properly made to the sequence by use of a 
sequence identifier as required by f 1 .82 1 (d). 

0 6. A copy of lhe "Sequence Usting" in computer readable form has no1 been submitted as 
required by § l .82 l (e). · 

[3"' 
cver, lh c 

copy of the "Sequence Listing" in computer readable form has been submiued. How-�uter da le fo does not comply with the requirements of § 1 .824. Specifically: 

0 8. A statement that the content or the paper and computer readable copies arc the same 
has not t;>ccn submitted as required by I 1 .82 1 (1). 

0 9. The. amendment to or replacement.of the �aper and/or computer.readable copies of the 
"Sequence Listing" docs nor comply with the requirements of f t82S(a) through (c). 

0 10. The computer readable fonn that has been filed with this application has been found 
to be damaged and/or unreadable. Applicant must provide a substitute copy of the data in computer 
"Udable form accompanied by a statement that the substitute data is identical 10 that originally 

' 6 l .825(d). Specifically: --------· _· ----------
Other: �����������-��-��--�---

"'!VEN ONE MONTH FROM rnE DA TE OF nus LETIER WilHIN WHJCH 
1 nIE ABOVE REQUIREMEITTS. Failure to comply with lhe above require· 

'\ANDONMEITT of the application under 37 CFR 1 .82 l (g). Extensions of 
v filing a petition accompanied by lhe exrension fee under the provisioM of 

the response 10, and any questions about, this notice to the undersigned. A 
.. be returned ��h your response. . -

1--::.t�- ----=��- -- - - � 
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UNITED STA ,1[s DEPARTMENT OF COMMERCE Patent and Trademark Office 
Address· COMMISSICl'\IER OF PATENTS AND TRAOCM/\RKS 

Washington. D.C 20231 
APPLICATION NUMBER FILING DATE FIRST NAMED APPLICANT A ITV CX>CKET NOJ1 ITLf 

07 / 7 1 5 , 272 •) 6 / l. 4 / 9 1  7 0 9  

GENENTECH ,  I N C .  

ATTN: CAHOL YI� R .  AH.ER 

460 POINT SAN BR��O BLVD. 

•30UTH SAN FRANC 1 £>CO , CA 94 080 0 0 0  

DATE MAILED: 

NOTICE TO FILE MISSING PARTS OF APPLICATION 
FILING DATE GRANTED 

A filing date has been granted to this opplication. However, the following parts are missing. 

If nil missing parts are filed within the period set below, the total amount owed by applicant ns n 

�"' entity, 0 small entity (verified statement filed), is $ /.2 tJ .(){) . 
1. 0 The statutory bnsic filing fee is:D missing 0 insufficient. Applicant as n 0 large entity 

1)7 / 0 ::< / 9 1  

0 small entity, must submit $ to complete the bnsic filing fee ond M UST ALSO 
SUBMIT THE SURCHARGE AS INDICATED BELOW. 

2. 0 Additional claim fees of' $ ns o. 0 lnrge entity 0 small entity, including nny required multiple 
dependent claim fee, are required. Applicant must submit the additional clnim foes orcnnce?-l the ndditionnl 
c!nims for which fees are due. NO SURCHARGE IS REQUIRED FOR THIS ITEM. 

3. 0 Tho oath or declaration: 
0 is missing. 
0 doos not cover items omitted nt time of execution. 
An ooth or declaration in compliance with 37 CFR 1.63, identifying the application by the above Application 
Number and Filing Date is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED 
BELOW. 

4. 0 The oath or declaration docs not identify the application to which it applies. An oath or declnmtion in 
compliance with 37 CFR 1 .63, identifying the application by the above Application Number nnd Filing Date 
is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW. 

5. �The signature to the oath or declaration is: l!t'firlssing; 0 n reproduction; 0 by n person other thnn the 
inventor or a person qualified under 37 CFR 1 .42, 1.43, or 1.47. A proper}y signed ooth or declaration in 
compliance with 37 CFR 1 .63, identifying the npplicntion by the above Application Number nnd Filing Dnte 
is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW .. 

6. 0 The �ignoture of the following joint inventor(s) is missing from the oath or declaration: 

----------- · An oath or declaration listing the names of all inventors nnd signed Ly 
tho omitted invcntor(s), identifying this npplicntion by the above Application Number and Receipt Date is 
required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW. 

7. 0 The npplicntion wns filed in a lnngunge other than English. Applicant must tile n verified English 
translation of the application and a fee of $30.00 under 37 CFR l.l 7(k), unless this foe hns already been 
pnid. NO SURCHARGE IS RERQUIRED FOR THIS ITEM. 

8. O A $G0.00 processing fee is required for returned checks. (37 CFR I .2l(m)), 
9. O Your filing receipt wns maitcd in error because check wns returned without payment. 

10. 0 Other. 

An Application Number nnd Filing Date have been assigned to this opplicntion. The missing parts nnd foes 
identified above in items l nnd 3-6 must oo timely provided ALONG WITH THE PAYMENT OF A 
SURCHARGE of $120.00 for large entities or $60.00 for small entities who have filed n verified statement 
claiming such status. The surchnge is set forth in 37 CFR l.16(e). Applicant is given ONE MONTH FROM 
THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE FILING DATE of this application, 
WHICHEVER IS LATER, within which lo file nll missing parts and pay any foes required above to avoid 
nbnndonment. Extensions of time mny he obtained by filing n petition nccompnnfod Ly the extension foe 
under the provisions of37 CFR l. !36(n). 

Direct the response to, and nny questions about, this notice to ATTENTION: Application Division, 
Special Handling Unit. 

of this notice MUST be returned with response. 
" ,<____, 

cP 
FORM PT0-1633 (REV. 6-90) OFRCE COPY 137 of 389 BI Exhibit 1094



I 
I 
r 
� 

�·�---=---�-:" /1A7 
·......_;,' UNITED STA__J DEPARTMENT OF ��[;;CE 

Patent and Trademark Office 
Adlhss: � OF  PAlENTS AND TRA0CMARKs 

Washington, 0.C. 20231 

FILING DATE FIRST NAMED APPLICANT 

07/ 7 1 ;:'.. ,  ?.7.2 

EiE:lll'.f·rn:TH,v J MC . 
r .. 1 1 1� ,  cr�nOl.,YN 1i . r;vu:1� 
4( (I f'(t J!'l1 '·<;:C<f l lll11Jtll"t f:I VI • .  
�,•)l•TI I sr..n �f'Ar·.H'.:'. l!'.:,CO . .. � ... 9 4  0 >.0fl 

ATTY tX>CKET NOJTlnE 

r· 

l) ( U) 

DATE MAILED: 

·�;:NOTICE TO FiLE MISSING PARTS OF APPLICATION 
: . . . 

: FILING DATE GRANTED 
l 

A filing date has been granted to this application. However, the following parta are missing. 

If all missing parts are filed within the period aet below, the total amount owed by applicant as a 

� entity, 0 small entity (verified stetement filed). is $ /-2d ·OU • 

l. 0 The statutory basic filing fee la: 0 missing 0 irl8Ufficient. Applicant as a 0 large entity 
0 email entity, must submit $ to complete the basic filing fee and MUST ALSO 
SUBMIT THE SURCHARGE AS INDICATED BELOW. 

2. 0 . Additional claim fees of $ as a 0 large entity 0 mnall entity, including any required multiple 
dependent claim fee, are required. Applicant must oubmit the additional claim fees or cancel the additional 
claims for which fees are due. NO SURCHARGE IS REQUIRED FOR THIS ITEM. 

. 

3. O Tho oath or declaration: 
0 . is miising. 
0 •does not cover items omitted at time of execution. 
An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above Application 
Number and Filing Date is required. · A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED 
BELOW. 

4. 0 The oath or declaration does not identifY the application to which it applies. An oath or declaration in 
compliance with 37 CFR 1 .63, ldontifyingthe application by the above APplication Number and Filing Date 
is required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW. 

5. Q.o""'rhe signature to the oeth or declaration is: C31liissing; 0 a reproduction; 0 by a person other than the 
inventor or a person qualified under 37 CFR 1 .42, 1.43, or 1.47. A properly signed oath or declaration in 
compliance with 37 CFR 1.63, identifying the application by the above Application Number and Filing Date 
la required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW •. 

6. 0 The signature of the following joint inventor(s} is missing from the oath or declaration: 

----------- · An oath or declaration listing the names of all inventors and signed by 
the omitted inventor(s). identifying this application by the above Application Number and Receipt Date is 

· required. A SURCHARGE MUST ALSO BE SUBMITTED AS INDICATED BELOW. 
7. 0 The application "was filed in a language other than English. Applicant must file a verified English 

translation of the application and a fee of $30.00 under 37 CFR 1.l 7(k}, unless this fee has already been 
paid. NO SURCHARGE IS RERQUIRED FOR THIS ITEM. 

8. 0 A $SO.OO processing fee is required for returned checks. (37 ?FR l.2l(m)). 
9. o Your filing receipt was mailed in error because check was returned without payment. 

10. 0 Other. 
An Application Number and Filing Date have been assigned to this application. The missing parts and fees 
Identified above In items l and 3-6 must be timely provided ALONG WITH THE PAYMENT OF A 

.SURCHARGE of $120.00 for large entities or $60.00 for small entities who have filed a .verified statement 
· claiming such status. The surchage is set forth in 37 CFR 1.16(e). Applicant is given ONE MONTH FROM 
'THE DATE OF THIS LETTER, OR TWO 'MONTHS FROM THE FILING DATE of this application, 
WHICHEVER IS LATER, within which to file all missing parts and pny any fees required above to avoid 
abandonment. Extensions of time may be obtained by filing a petition eccompnnied by the extension fee 
under the provisions of 37 CFR 1 . 136(a). 

Direct the response to, and any questions about, this notice to ATTENTION: APPiication Division, 
Special Handling Unit. 

. 

A COP, of this notice M1l.SI. be returned with response. 
1, ( , .· • 

( ./)JV. , /.• . /t/i; (__.,, 
For: Manager, 4P'i>lication Division 
(703) 557: ,:;,;, 1� 1. � 

D520157 07/17/91 715272 
0/:0 1 05 i.?O .OOCll 
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PATENT DOCKET 709 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Group Art Unit: 

Paul J. Carter et al.  Exam iner: 

Serial N o .  07/7 1 5,272 

Filed : 14 June 1 99 1  

For: IMMUNOGLOBULIN VARIANTS 460 Point San Bruno Boulevard 
South San Francisco, CA 94080 
(41 5) 266-261 4 

H onorable Commissioner of Patents 
and Trademarks 

Washington, D.C.  2023 1 
Attn: Application Branch 

Sir: 

TRANSMITTAL LETTER 

Transmitted herewith are the following documents: 

1 .  Declaration duly executed. 

2 Copy of PT0- 1 553.  

The Commissioner is hereby authorized to deduct the appropriate surcharge fee of  $1  20 

associated with this communication or credit any overpayment to Deposit Account N o .  07-0630. A 

duplicate of this sheet is enclosed. 

Respectfully submitted, 
G{�:�e·

. � 
Car:v;.�; l:er 
Reg . No.  32,324 

9 July 1 99 1  

CERTIFICATE OF MAIL ING (37 CFR 1 .8a) 

Rt:Gt:iv t:D 
JUt 1 8 1991 

APPLICATION DIVIS!ON-401 

I hereby cert i fy that th i s  paper i s  bei ng depos i ted wi th the Uni ted States Pos t a l  Service on the date shown 
be l ow w i th suff i c i ent postage as f i rst c l ass ma i l  i n  an envel ope addressed to the: CoOllli ss i oner of Patents and 
Trademarks, 

1
�n, D . C .  20231 . 

UlllJ//ll� Date: 9 July 1991 
Carol Koeh ler  

l1 
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COM BINED DECLARATION FOR PATENT APPLICATION 

AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

. My residence, post office address and citizenship are as stated below next to my name, 

Docket No. 709 

I believe I am the original first and sole inventor (if only one name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled 

IMMUNOGLO BULIN VARIANTS 

the specification of which (check one) _ is attached hereto or .lL was filed on 1 4  June 1 9 9 1  as Application Serial No. 
07/7 1 5.272 and was amended on (if applicable) . 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 

I hereby state that any Sequence Listing submitted with this application is submitted in paper copy and a com puter
readable d iskette, and that the content of the paper and computer readable copies are the same . 

I acknowledge the d uty to disclose information which is material to the examination of this application in accordance 
with Title 37,  Code of Federal Regulations, Section 1 .56(a) . 

I hereby claim foreign priority benefits under Title 35,  United States Code, § 1 1 9 of any foreign application(s) for patent 
or inventor's certificate listed below and have also identified below any foreign application for patent or inventor's 
certificate have a filing date before that of the application on which priority is claimed : 

Prior Foreign Application(s) Priority Claimed 
Yes No 

Number Country Day/Month/Year Filed 

I hereby claim the benefit under Title 3 5 ,  United States Code, § 1 20 of any United States applications(s) l isted below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 35, United States Code, § 1 1 2, I acknowledge the duty 
to disclose material information as defined in Title 3 7 ,  Code of Federal Regulations, § 1 .56(a)  which occurred between 
the filing date of the prior application and the national or PCT international filing date of this application: 

Application Ser. No. Filing Date Status :  Patented, Pending, Abandoned 

Application Ser. No.  Filing Date Status: Patented, Pending, Abandoned 

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and Trademark Office connected therewith. 

Carolyn R. Adler - Reg . No. � $)/ 
Robert H. Benson - Reg . No. 30 446 
Walter E. Buting - Reg . No.  23,092 
Ginger R. Dreger - Reg . No.· 33,055 
Debbie Glaister - Reg. No. 33 888 
Janet E. Hasak - Reg . No.  27,043� 

Max D.  Hensley - Reg .  No. 2 7  .043 
Dennis G. Kleid - Reg . No.  32,037 �2? 
Nancy Olseki - Reg . No.  34,688 
Stephen Raines - Reg. No. ,25, 9 1 2 
Daryl B. Winter - Reg . No.  32,637 
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• 
Serid correspondence to &>t Genentech, Inc. 

&6.:J.. Attn: Carolyn R. Adler 
11>1 460 Point San Bruno Boulevard 
"?a::L. South San Francisco, CA 94080 

Telephone :  (41 5) 266-2614 

• Page 2 of 2 

'1 hereby declare that all statements made herein of my own knowledge and belief are believed to be true; and funher 
that these statements were made with the knowledge that willful false statements and the like so made are punishable 
by fine or Imprisonment or both, under Section 1 001  of Title 1 8  of the United States Code and that willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 

The undersi gned hereby authori zes the U . S .  attorney or agent named herein to accept and fol low i nstruct i ons  from 
h i s  foreign patent agent as to any action to be taken in the Patent and Trademark Off ice regarding th i s  
appl icat i on  wi thout di rect cormuni cat i on  between the U.S.  attorney o r  agent a nd  t h e  undersi gned. I n  the event 
of e change i n  the persons from whom inst ruct i ons may be taken, the U . S .  attorney or agent named herein wi l l  be 
so not i f ied by the unders i gned. 

Residence 
2074 18th Avenue ./ 
San Franc i sco, CA 941 16  
CHizensh i p  
Uni ted K ingdom 

Post Off i ce Address 
460 Point San Bruno Boulevard 
South San Franc i sco, CA 94080 

Residence 
1900 Gough Street, #206 
San F ranc i sco, CA"'94109 
C i t i zensh i p  
United States of Ameri ca 

Post Off i ce Address 
460 Point San Bruno Boulevard 
South San Francisco, CA 94080 
ful l name of thi rd joint i nventor, i f  any 

Th i rd I nventor ' s  s ignature 

Residence 

C i t izenshi p  

Post Off i c e  Address 
460 Point San Bruno Bou levard 
South San F rancisco, CA 94080 

Date 

Date 

6-!C/ - 91 

Date 
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Best Available Copy 

R E C l U Y. E D  
JUL 0 & 1991 

Genentech, Inc. Legal Dept. 

Paul J. carter 
07/71 5,272 
June 14, 1991 

NOTICE TO COMPL V WITH REQUIREMEl'\TS FOR PATENT A PPLICATIONS 
. CO�AINING NUCLEOTIDE SEQUENCE AND/OR AMINO ACID SEQUENCE 
DISCLOSURES Mailed: 
1lais applica1.lon contains sequence disclosures lhar are encompassed by che der1nilions for nucleo
dde and/or amino acid sequences set (onh in 37 CFR I 1.12 1 (aXI )  and C•X2). However, !his 
tpplicalion rails to comply wllh one or more of die requirements or 37 CFR H .1.121 lhrou&h U2S 
u �: . . 

0 I. This application clearly fails to comply wllh die coilecdve requirements or fl 1.82 1 
dlrouJh 1 :82S. Applicant 's auenllon is direc1ed to lhese reaulalions, a copy of which is llllched. 

0 2. This appllcalion does not confonn exclusively tolhe requltemenu of H 1.821 lhrouah 
1.125. The non-conformin& material should t\e delett.d. t l .821(b). 

0 i This 1pplic1rion does nol con1&in, as a separaie pan ofche disclosure on piper copy, a 
"Sequence LlstinJ." f J.821(c). . 
0 4. This •�plication does conlaln, as 1 separate pan or lhe disclosure on parer copy, a 

"Sequence UstinJ. Howev�r. the "Sequence Ustin&" does not comply wilh die requirements of 
ff l .821 �ugh l .82S as l�Uows: 

0 L The seque�ce data does not comply wldl lhe symbol and formal requirements or 
paniraphs {b) lhrough (p) of f 1 .822. Specifically: 

· 

0 b. The "Sequence Llstin&" does not comply with the locadon and paae require· 
men1s or parairaph (•) or I 1 .823. . 

0 c. The "Sequence Listin&" does not comply with the inronnation requiremenl5 or 
parapaph (b) of f 1 .823. Specifically:---------------

0 S. The description and/or claims of the parenr application m:ntion • sequence lhat is set 
ronh In the "Sequence Listin&" but rererence is not properly made to the sequence by use of a 
sequence Identifier as required by f l.82l (d). 

. 0 6. A copy or the "Sequence Ustin&" in computer readable Corm has not been submint.d as 
re.quired by f I .821(e). · 

� 
ever, th c 

copy of lhe "Sequence Llstin&" in cornpurer readable rorm has been submitted. How· 
uter dal>le fo _ does not comply wilh lhe requirermnts or f 1 .824. Specifically: 

0 8. A statement that lhe content or the paper and computer readable copies arc the same 
has not l:/cen submiued as required by I 1.821(1). 

0 9. The amendment io or replacemcnr.or die paper and/or computer JC&dable copies or 1he 
.. Sequence Listing" does not comply with lhe requirements er I 1 .825(t) through (c). 

D 10. The computer readable fonn that has been filt.d with this applicarion has been found 
to be damaged and/or unreadable. Applicanl must provide a substitute copy or the data in computer 
readable form accompanied by • statement that the substitute data is identical to that oris\nally 
filed. f l .82S(d). Specifically: -------·-· ----------

0 1 1. Other:-------------------

APPUCAm JS OIVEN ONE MONTH FROM nm DATE OF lHJS LETl'ER. WTIHJN WHICH 
TO COMPL. Y WITH THE ABOVE REQUIREMEl'Tl'S. Failure to comply wilh the above r�ulrc· · · ments will result in ABANDONMENT of lhe application under 37 CFR 1.82 1(&). Extensions of 
t.ime may be obtained by rilin& • petition accompanied by the extension rec under the provisions or 
37 CFR l ·l . l l6. Direct the response 10, and any quesrions about, this notice to lhe undcrsianed. A 
copy of this notice MUST be returned with your response. 
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1 0  

1 5  

2 0  

2 5  

3 0  

3 5  

4 0  

4 5  

5 0  

5 5  

60 

SEQUENCE L ISTING 

( 1 )  GENERAL INFORMATION :  

( i )  APPLI CANT : Carter , Paul J .  
Pre st a ,  Leonard G .  

( ii )  TITLE O F  INVENTION : Immunoglobul in Variants 

( ii i )  NUMBER OF SEQUENCES :  10 

( iv )  CORRESPONDENCE ADDRESS : 
( A )  ADDRESSEE : Genentech, Inc . 
( B )  STREET : 4 6 0  Point San Bruno B lvd 
( C )  CITY : South S an Francisco 
( D )  STATE : California 
( E )  COUNTRY : USA 
( F )  Z I P :  94080 

( v )  COMPUTER READABLE FORM : 
( A )  MEDIUM TYPE : 5 . 2 5 inch , 360 Kb floppy disk 
( B )  COMPUTER : IBM PC compatible 
( C }  OPERATING SYSTEM: PC-DOS/MS-DOS 
( D )  SOFTWARE : patin ( Genentech } 

( vi )  CURRENT APPLICATION DATA: 
( A )  APPLICATION NUMBER : 0 7 / 7 1 5 , 2 7 2  
( B )  FILING DATE : 14-June-1 9 9 1  
( C }  CLASSIFICATION : 

( vii ) PRIOR APPLICATION DATA: 
( A )  APPLI CATION NUMBER: 
( B }  FILING DATE : 

( viii ) ATTORNEY/AGENT INFORMATION :  
( A )  NAME : Adler , Carolyn R .  
( B )  REGI STRATION NUMBER :  .32 , 32 4  
( C }  REFERENCE/ DOCKET NUMBER: 7 09 

( ix )  TELECOMMUNICATION INFORMATION :  
( A )  TELEPHONE : 4 1 5 / 2 6 6-2614 
( B )  TELEFAX : 4 15 / 95 2 -9881 
( C )  TELEX : 9 1 0 / 3 7 1-7168 

( 2 ) INFORMATION FOR SEQ ID NO : l :  

( i ) SEQUENCE CHARACTERI STICS : 
( A )  LENGTH : 109 amino acids 
( B )  TYPE : amino acid 
( D }  TOPOLOGY : linear 

( x i )  SEQUENCE DESCRIPTION : SEQ ID NO : l :  

Asp I le Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 1 5  

G ly Asp Arg Val Thr I le Thr Cys Arg A l a  Ser G ln Asp Val Asn 
20 2 5  30 

Thr Ala Va l Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu I le Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser 
50 55 60 
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'-· Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr I le 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
5 8 0  8 5  9 0  

H i s  Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
9 5  100 105 

10 I le Lys Arg Thr 
109 

( 2 )  INFORMATION FOR SEQ ID N0 : 2 :  

15 ( i )  SEQUENCE CHARACTERISTICS : 
( A )  LENGTH : 120 amino acids 
( B )  TYPE : amino acid 
( D ) TOPOLOGY : l inear 

2 0  ( x i )  SEQUENCE DESCRIPTION : SEQ I D  N0 : 2 :  

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

25 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn I le Lys 
20 2 5  3 0  

Asp Thr Tyr I le His Trp Val Arg Gln Ala Pro Gly Lye Gly Leu 
3 5  40 4 5  

30 
Glu Trp Val Ala Arg I le Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 

5 0  SS 60 

Ala Asp Ser Val Lys Gly Arg Phe Thr I le Ser Ala Asp Thr S er 
3 5  6 5  7 0  7 5  

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 8 5  90 

40 Thr Al a Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
9 5  100 105 

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val S er Ser 
1 10 115 1 2 0  

45 

( 2 )  INFORMATION FOR SEQ ID N0 : 3 :  

( i )  SEQUENCE CHARACTERISTICS : 
so ( A )  LENGTH : 109 amino acids 

( B )  TYPE : amino acid 
( D )  TOPOLOGY : l inear 

( x i ) SEQUENCE DESCRIPTION : SEQ ID N0 : 3 :  
5 5  

Asp I l e  Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 1 5  

Gly Asp Arg Val Thr I le Thr Cys Arg Ala Ser Gln Asp Va l Ser 
60 20 2 5  30 

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
3 5  4 0  4 5  
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Leu Leu I le Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
5 0  5 5  6 0  

Arg Phe Ser G ly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr I le 
· 5  6 5  7 0  7 5  

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 8 5  9 0  

10 Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 1 0 5  

I le Lys Arg Thr 
109 

15 
( 2 )  INFORMATION FOR SEQ ID N0 : 4 :  

( i )  SEQUENCE CHARACTERISTICS : 
( A )  LENGTH: 1 2 0  amino acids 

2 0  ( B )  TYPE : amino acid 
( D )  TOPOLOGY : l inear 

( x i )  SEQUENCE DESCRIPTION : SEQ ID N0 : 4 :  

25 Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
2 0  2 5  3 0  

30 
Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 

3 5  4 0  4 5  

Glu Trp Val Ala Val I l e  Ser Glu Asn Gly Gly Tyr Thr Arg Tyr 
35 50 55 6 0  

Ala Asp Ser Val Lye Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
65 7 0  7 5  

4 0  Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 9 0  

Thr A l a  Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

45 
Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 

110 l l.S  1 2 0  

50 ( 2 )  INFORMATION FOR SEQ ID N0 : 5 :  

( i )  SEQUENCE CHARACTERISTICS : 
( A )  LENGTH : 109 amino acid s  
( B )  TYPE : amino acid 

55 ( D ) TOPOLOGY : l inear 

( x i )  SEQUENCE DESCRIPTION : SEQ ID NO : S :  

Asp I le Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val 
60 1 5 10 15 

Gly Asp Arg Val Ser I le Thr Cys Lys Ala Ser Gln Asp Val Asn 
2 0  2 5  3 0  
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• 
' Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 

35 40 45 

Leu Leu I l e  Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
-5 . 5 0  5 5  6 0  

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr I le 
6 5  7 0  7 5  

10 Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys G l n  G l n  
80 8 5  9 0  

His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
9 5  100 105 

15 
I le Lys Arg Ala 

109 

( 2 )  INFORMATION FOR SEQ ID N0 : 6 :  
2 0  

( i )  SEQUENCE CHARACTERISTICS : 
( A )  LENGTH : 120 amino acids 
( B )  TYPE : amino acid 
( D )  TOPOLOGY : l inear 

2 5  
( x i )  SEQUENCE DESCRIPTION : SEQ ID N0: 6 : 

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

30 
Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn I le Lys 

2 0  2 5  3 0  

Asp Thr Tyr I le His Trp Val Lye Gln Arg Pro Glu Gln Gly Leu 
3 5  3 5  4 0  4 5  

Glu Trp I l e  Gly Arg I le Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
5 0  55 6 0  

40 Asp Pro Lys Phe Gln Asp Lys Ala Thr I le Thr Ala Asp Thr Ser 
65 7 0  7 5  

Ser Asn Thr Ala Tyr Leu Gln Val Ser Arg Leu Thr Ser Glu Asp 
8 0  8 5  9 0  

4 5  
Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 

95 100 105 

Ala Met Asp Tyr Trp Gly Gln Gly Ala Ser Val Thr Val Ser Ser 
50 1 1 0  1 1 5  1 2 0  

( 2 ) I NFORMATION FOR SEQ ID N0 : 7 :  

S S  ( i )  SEQUENCE CHARACTERISTICS : 
( A )  LENGTH : 2 7  bases 
( B )  TYPE : nucleic acid 
( C )  STRANDEDNES S :  s ingle 
( D )  TOPOLOGY : l inear 

60 
( xi )  SEQUENCE DESCRIPTION : SEQ ID N0: 7 :  

TCCGATATCC AGCTGACCCA GTCTCCA 2 7  
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' 
( 2 ) INFORMATION FOR SEQ ID NO : S :  

· s , . ( i )  SEQUENCE CHARACTERISTICS : 
( A )  LENGTH : 3 1  bases 
( B )  TYPE : nucleic acid 
( C )  STRANDEDNESS : s ingle 
( D )  TOPOLOGY : l inear 

1 0  
( x i )  SEQUENCE DESCRIPTION : SEQ ID NO: S :  

GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 3 1  
1 5  

( 2 )  INFORMATION FOR SEQ ID N0 : 9 :  

2 0  ( i )  SEQUENCE CHARACTERISTICS : 
( A )  LENGTH : 22 bases 
( B )  TYPE : nucleic acid 
( C )  STRANDEDNESS : s ingle 
( D )  TOPOLOGY : l inear 

2 5  
( x i )  SEQUENCE DESCRIPTION : SEQ ID N0 : 9 :  

AGGTSMARCT GCAGSAGTCW GG 22 
30 

( 2 )  INFORMATION FOR SEQ ID NO : lO :  

35 ( i ) SEQUENCE CHARACTERIS�ICS : 
( A )  LENGTH : 34 bases 
( B )  TYPE : nuc leic acid 
( C )  STRANDEDNESS : s ingle 
( D )  TOPOLOGY : linear 

40 
( x i )  SEQUENCE DESCRIPTION : SEQ ID NO: l O :  

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 3 4  
4 5  
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PATENT DOCKET 709 �.J!: 7 

THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of ) 
) 

PAUL J. CARTER ET AL. ) 
) 

Serial No. 071715,272 ) 
) 

Filed: June 14, 1991 ) 
) 

For: IMMUNOGWBULIN VARIANTS ) 
) 
) 

Art Unit: to be assigned 

Examiner: to be assigned _ . 

l hereby certify thot this correspondence· ti .bela9
 

deposited with the U nited States Postal Se� et 

first clan meil in en envelope addressed to: Cont-
. . er of Patents and Trademarks, Wadnngton, 

m1111on l t '\ '\. \ 
l).C,, 20231 on � U. l "\ \ 1.. \ 

( Oete of Deposit) 

\...0 \} ls e:: s T12A5 '° Pc1.f C. tt 
Name of Depositing Party - �+v,,. .. 

J
rt"1�JJJ.iA 

RESPONSE AND PRELIMINARY iUilJNDMENT �ttfk(..d t,,, _, ,IA"fl'V...,,_(J , Sf;natuni of Depositing Porty 

Honorable Commissioner of Patents and Trademarks 
Washington, D. C .  2023 1 

Sir: 

)\,\. \\,\ \ i. ,  \gq \ 

This is responsive to the Notice to Comply with Requirements for Patent Applications 

Containing Nucleotide and/or Amino Acid Sequence Disclosures, mailed June 25, 199 1 .  The 

inventors also take this opportunity to correct two minor grammatical errors in the application, 

and add no new matter. 

Enclosed is an amended sequence listing submitted with a paper copy and a computer-

readable diskette. The sequence listing has been corrected to conform exactly to the sequences 

as recited in the specification as originally filed. I hereby state that the content of this paper and 

computer readable copies are the same, and that this amendment corrects errors in the previous 

sequence l isting submission without adding new matter. 

. IN THE SPECIFICATION: 

Please make the following amendments: 
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• • 
- /  / 

On page 12, line 1 ,  delete genes and i� --sequences-. 

/ 
On page 16, line 12, delete intrachain-affecting and insert -inter'chain--affecting. 

July 12, 1991 
460 Point San Bruno Blvd 
South San Francisco, CA 94080 

Respectfully Submitted, 
GENENTECH, INC. 

c'��-� 
Reg. No. 32,324 
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Page : 1 Rav Sequence Listinq 

Patent App1ication US/ 0 7 / 7 1 5 , 2 7 2A 

1 SEQUEHCE LISTING 
2 
3 ( 1 )  GENERAL INFORMATION :  
4 
5 ( i )  APPLICANT : Carter, Paul J .  
6 P re st a ,  Leonard G .  
7 
8 ( ii )  TITLE OF INVENTION :  Immunoglobulin Variants 
9 

10 ( ii i )  NUMBER OF SEQUENCES :  10 
1 1  
1 2  
13 
14 
15 
16 
17 
1 8  
19 
2 0  
2 1  
2 2  
2 3  
24 
2 5  
2 6  
2 7  

' 2 8  
29 
30 
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
40 
4 1  
4 2  
43 
44 
45 
46 
47 
4 8  
49 
50 
51 
5 2  
53 

( iv )  CORRESPONDENCE ADDRESS : 
( A )  ADDRESSEE : Genentech , Inc . 
( B )  STREET : 4 6 0  Point San Bruno Blvd 
( C )  C ITY : South San Francisco 
( D )  STATE : California 
( E )  COUNTRY: USA 
( F )  Z IP :  9 4080 

(v)  COMPUTER READABLE FORM: 
(A) MEDIUM TYPE : 5 . 25 inch, 360 Kb floppy 
( B )  COMPUTER :  IBM P C  compatible 
( C )  OPERATING SYSTEM : PC-DOS/MS-DOS 
( D )  SOFTWARE : pa tin ( Genentech ) 

( v i )  CURRENT APPLI CATION DATA : 
(A) APPLI CATION NUMBER :  0 7 / 7 15 , 27 2  
( B )  FILING DATE : 14-June- 1 9 9 1  
( C ) CLASSIFICATION : 

( vii ) PRIOR APPLICATION DATA: 
( A )  APPLICATION NUMBER :  
( B )  FILING DATE : 

(viii ) ATTORNEY/AGENT INFORMATION :  
(A) NAME : Adler, Carolyn R .  
( B )  REGI STRATION NUMBER : 3 2 , 3 2 4  
( C )  REFERENCE/DOCKET NUMBER : 7 0 9  

) 

( ix )  TELECOMMUNICATION INFORMATION :  
( A )  TELEPHONE : 4 15 / 2 6 6 -2 6 14 
( B )  T�LEFAX : 4 15 / 9 5 2 - 9 8 8 1  
( C )  TELEX : 9 10 / 3 7 1- 7 1 6 8  

( 2 )  INFORMATION FOR SEQ ID NO : l :  

( i )  SEQUENCE CHARACTERISTICS : 
(A) LENGTH : 109 amino acids 
( B )  TYPE : amino acid 
( D )  TOPOLOGY : linear 

( xi )  SEQUENCE DESCRIPTION : SEQ ID NO : l :  

disk 

0 7 / 1 9 / 9 1  
1 6 : 1 6 : 2 4 

150 of 389 BI Exhibit 1094



• 
Page : 2 Raw Sequence Listing 

Patent App1ication US / 0 7 / 7 1 S , 2 7 2 A  

5 4  Asp I 1 e  G1n Met Thr G1n Ser Pro Ser Ser Leu Ser Ala Ser Val 
55 1 5 10 1 5  
5 6  
5 7  G1y Asp Arg Va1 Thr I 1 e  Thr Cys Arg A1a S e r  G1n Asp Va1 Asn 
58 2 0  2 5  JO 
59 
6 0  Thr A1a Va1 A1a Trp Tyr G1n G1n Lys Pro G1y Lys Ala Pro Lys 
6 1  J5 40 4 5  
6 2  
6J Leu Leu I1e Tyr Ser A1a Ser Phe Leu G1u Ser G1y Val Pro Ser 
6 4  5 0  55 6 0  
6 5  
6 6  Arg Phe Ser G1y S e r  Arg Ser G1y Thr Asp Phe Thr Leu Thr I 1 e  
6 7  6 5  7 0  7 5  
6 8  
6 9  Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
7 0  8 0  85 9 0  
7 1  
7 2  Bis Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
7 J  9 5  100 105 
74 
75 I le Lys Arg Thr 
7 6  1 0 9  
7 7  
7 8  ( 2 )  INFORMATION FOR SEQ ID N0 : 2 :  
7 9  
8 0  ( i )  SEQUENCE CHARACTERISTICS : 
8 1  ( A )  LENGTH : 1 2 0  amino acids 
8 2  ( B )  TYPE : amino acid 
8 J  ( D )  TOPOLOGY : linear 
8 4  
8 5  ( x i )  SEQUENCE DESCRIPTION : SEQ ID N0 : 2 :  
8 6  
8 7  Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
88 1 5 10 15 
8 9  
9 0  Gly S e r  Leu Arg Leu Ser Cy s Ala Ala Ser Gly Phe Asn I l e  Lys 
9 1  2 0  2 5  J O  
92 
9J Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
9 4  J 5  4 0  4 5  
9 5  
96 Glu Trp Val Ala Arg I le Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
9 7  5 0  55 6 0  
9 8  
9 9  Ala Asp S e r  Val Lys Gly Arg Phe Thr I l e  Ser Ala Asp Thr Ser 

100 6 5  70 75 
1 0 1  
1 0 2  Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
103 80 85 90 
104 
105 Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
106 95 100 105 

0 7 / 1 9 / 9 1  
1 6 : 1 6 : 2 6 
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Patent App1ication US/ 0 7 / 7 15 , 2 7 2A 

107 
108 Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
109 110 1 15 120 
110 
1 1 1  
1 1 2  ( 2 )  INFORMATION FOR SEQ ID N0 : 3 :  
1 1 3  
1 14 ( i )  SEQUENCE CHARACTERI STICS : 
115 ( A )  LENGTH : 109 amino acids 
1 16 ( B )  TYPE : amino acid 
1 1 7  ( D )  TOPOLOGY : linear 
1 1 8  
1 1 9  ( xi )  SEQUENCE DESCRIPTION : SEQ I D  N0 : 3 :  
120 
12 1 Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
122 1 5 10 15 
1 2 3  
124 Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Ser 
125 20 25 3 0  
1 2 6  
1 2 7  Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
1 2 8  35 4 0  4 5  
1 2 9  
1 3 0  Leu Leu Ile Tyr Ala Ala Ser S e r  Leu Glu S e r  Gly Val Pro Ser 
13 1 50 55 6 0  
13 2 
133 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
134 6 5  70 7 5  
135 
136 Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
1 3 7  8 0  85 90 
138 
139 Tyr Asn Ser Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 
140 95 100 105 
141 
142 Ile Lys Arg Thr 
143 109 
144 
145 ( 2 )  INFORMATION FOR SEQ ID N0 : 4 :  
146 
147 (i)  SEQUENCE CHARACTERI STICS : 
1 4 8  ( A )  LENGTH : 120 amino acids 
149 ( B )  TYPE : amino acid 
1 5 0  ( D )  TOPOLOGY : linear 
1 5 1  
1 5 2  ( x i )  SEQUENCE DESCRIPTION :  SEQ I D  N0 : 4 :  
1 5 3  
1 5 4  Glu Val Gln Leu Val Glu S e r  Gly Gly Gly Leu Val Gln Pro Gly 
1 5 5  1 5 10 15 
1 5 6  
1 5 7  Gly S e r  Leu Arg Leu S e r  Cy s Ala Ala S e r  Gly Phe Thr Phe S e r  
1 5 8  2 0  2 5  3 0  
1 5 9  

0 7 / 1 9 / 9 1  
1 6 : 1 6 : 2 8  
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Patent App1ication US / 0 7 / 7 1 5 , 2 7 2A 

160 Asp Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
1 6 1  3 S  4 0  4 5  
1 6 2  
1 6 3  Glu Trp Val Ala Val Ile Ser Glu Asn Gly Gly Tyr Thr Arg Tyr 
1 6 4  so S5 6 0  
1 6 5  
1 6 6  Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
167 6 S  70 7 5  
1 6 8  
1 6 9  Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
1 7 0  80 8S 9 0  
17 1 
1 7 2  Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
1 7 3  9 5  1 0 0  lOS 
1 7 4  
1 7 S  Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
1 7 6  1 10 l l S  1 2 0  
1 7 7  
1 7 8  
17 9 ( 2 )  INFORMATION FOR SEQ ID NO : S :  
180 
181 ( i ) SEQUENCE CHARACTERI STICS : 
182 (A) LENGTH : 109 amino acids 
1 8 3  ( B )  TYPE : amino acid 
1 8 4  ( D )  TOPOLOGY : linea& 
18S 
1 8 6  ( xi )  SEQUENCE DESCRIPTION : SEQ ID NO : S :  
187 
1 8 8  Asp I l e  Val Met Thr Gln Ser H i s  Lys Phe Met Ser Thr S e r  Val 
189 1 s 10 1 5  
1 9 0  
19 1 Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
1 9 2  20 2S 3 0  
1 9 3  
1 9 4  Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly B i s  S e r  Pro Lys 
1 9 S  35 40 45 
1 9 6  
1 9 7  Leu Leu Ile Tyr Ser Ala Ser Phe Arg Tyr Thr Gly Val Pro Asp 
1 9 8  so S S  6 0  
19 9 
200 Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile 
201 6 5  7 0  7 5  
2 0 2  
2 0 3  S e r  S e r  Val Gln �la Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
2 0 4  80 8 5  9 0  
20S 
2 0 6  B i s  Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
207 9 S  100 lO S 
2 0 8  
2 0 9  Ile Lys Arg Ala 
2 10 109 
2 1 1  
2 1 2  ( 2 )  INFORMATION FOR SEQ I D  N0 : 6 :  

0 7 / 19 / 9 1  
1 6 : 1 6 : 3 0 
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Patent App1ication US/ 0 7 / 7 1 5 , 2 7 2A 

2 1 3  
2 1 4  ( i) SEQUENCE CHARACTERI STICS : 
2 15 (A)  LENGTH : 1 2 0  amino acids 
2 1 6  ( B )  TYPE : amino acid 
2 17 ( D )  TOPOLOGY : l inear 
2 1 8  
2 1 9  
2 2 0  
2 2 1  
2 2 2  
2 2 3  
2 2 4  
2 2 5  
2 2 6  
2 2 7  
2 2 8  
2 2 9  
230 
2 3 1  
2 3 2  
2 3 3  
2 3 4  
2 3 S  
2 3 6  
2 3 7  
2 3 8  
2 3 9  
2 4 0  
2 4 1  
2 4 2  
2 4 3  
2 4 4  
2 4 S  
2 4 6  
2 4 7  

( x i )  SEQUENCE DESCRIPTION : SEQ ID N0 : 6 :  

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu 
1 5 10 

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser 
20 2 S  

Asp Thr Tyr I l e  Bis Trp Val Lys Gln Arg 
3 5  4 0  

Glu Trp I le Gly Arg Ile Tyr Pro Thr Asn 
so S S  

Asp Pro Lys Phe Gln Asp Lys Ala Thr I l e  
6 S  7 0  

S e r  Asn Thr Ala Tyr Leu Gln Val Ser Arg 
80 

Thr Ala Val Tyr Tyr Cys Ser Arg Trp 
9 S  

Ala Met Asp Tyr Trp Gly Gln Gly Ala 
l lO 

( 2 )  INFORMATION FOR SEQ I D  N0 : 7 :  

2 4 8  ( i )  SEQUENCE CHARACTER I STICS : 
2 4 9  (A) LENGTH : 2 7  bases 
2SO (B) TYPE : nucleic acid 
2 5 1  ( C )  STRANDEDNESS : single 
2 5 2  ( D )  TOPOLOGY : linear 
2 S 3  

8 S  

Gly 
100 

Ser 
l lS 

254 ( xi )  SEQUENCE DESCRIPTION: SEQ ID N0 : 7 :  
2 5 S  
2 5 6  
2 5 7  TCCGATATCC AGCTGACCCA GTCTCCA 2 7  
2 5 8  
259 
260 
2 6 1  ( 2 )  INFORMATI ON FOR SEQ I D  N0 : 8 :  
2 6 2  
2 6 3  ( i )  SEQUENCE CHARACTERI STICS : 
2 6 4  ( A )  LENGTH : 3 1  bases 
2 6 5  ( B )  TYPE : nucleic acid 

Leu Val Ly s Pro Gly 
1 5  

Gly Phe Asn I l e  Lys 
3 0  

Pro Glu Gln Gly Leu 
4 5  

Gly Tyr Thr Arg Tyr 
6 0  

Thr Ala Asp Thr Ser 
7 5  

Leu Thr Ser Glu Asp 
9 0  

Gly Asp Gly Phe Tyr 
105 

Val Thr Val Ser Ser 
1 2 0  

0 7 / 1 9 / 9 1  
1 6 : 1 6 : 3 2 
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Patent App1ication US / 07 / 7 15 , 2 7 2 A  

2 6 6  ( C) STRANDEDNESS : single 
2 6 7  ( D )  TOPOLOGY : linear 
2 6 8  
2 6 9  ( xi )  SEQUENCE DESCRIPTION : SEQ I D  N0 : 8 :  
2 7 0  
2 7 1  
2 7 2  GTTTGATCTC CAGCTTGGTA CCHSCDCCGA A 3 1  
2 7 3  
274 
2 7 5  
2 7 6  ( 2 )  INFORMATI ON FOR SEQ ID N0 : 9 :  
2 7 7  
2 7 8  ( i )  SEQUENCE CHARACTERISTICS : 
2 7 9  (A) LENGTH : 2 2  bases 
2 8 0  ( B )  TYPE : nucleic acid 
2 8 1  ( C )  STRANDEDNES S :  single 
2 8 2  ( D )  TOPOLOGY : linear 
2 8 3  
284 (xi)  SEQUENCE DESCRIPTION : SEQ ID N0 : 9 :  
2 8 5  
2 8 6  
2 8 7  AGGTSMARCT GCAGSAGTCW GG 2 2  
2 8 8  
2 8 9  
2 9 0  
2 9 1  ( 2 )  INFORMATION FOR SEQ I D  NO : lO :  
2 9 2  
2 9 3  ( i )  SEQUENCE CHARACTERI STICS : 
2 9 4  ( A )  LENGTH : 34 bases 
295 (B) TYPE : nucleic acid 
2 9 6  ( C )  STRANDEDNESS : single 
2 9 7  ( D )  TOPOLOGY : linear 
2 9 8  
299 ( xi )  SEQUENCE DESCRIPTION: SEQ ID NO : lO :  
300 
3 0 1  
302 TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 3 4  
3 0 3  
3 0 4  

0 7 / 1 9 / 9 1  
1 6 : 1 6 : 3 4 

155 of 389 BI Exhibit 1094



PAGE : 1 

LINE ERROR 

S EQUENCE VERIFICATION REPORT 
PATENT APPLICATION US / 0 7 / 7 1 5 , 2 7 2A 

ORIGINAL TEXT 

DATE : 0 7 / 1 9 / 9 1  
T IME : 1 6 : 1 6 : 3 6 

27 Wrong application Serial Humber c:Jll-cA) APPLICATION HUMBER : 0 7 / 7 15 , 27 2  
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SEQUENCE MISS ING ITEM REPORT 
PATENT APPLICATION US/ 0 7 / 7 1S , 2 7 2A 

MANDATORY IDENTIFIER THAT WAS NOT FOtJND 

DATE : 0 7 / 1 9 / 9 1  
TIME : 1 6 : 1 6 : 3 6 
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LINE ORIGINAL TEXT 

• • 
S EQUENCE CORRECTION REPORT 
PATENT APPLICATION US / 0 7 / 7 15 , 2 7 2 A  

CORRECTED TEXT 

DATE : 0 7 / 19 / 9 1  
TIME : 1 6 : 1 6 : 3 6 
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In re Application of 

Paul  J .  Carter et a l .  

Serial No .  07/7 1 5272 

Filed: June 1 4, 1 99 1  

For: lmmunoglobulin Variants 

Group Art Bln�PEIVED 

Examiner: MAY U 8 1992 
GROUP 1 80 

460 Point San Bruno Boulevard 
South San Francisco, CA 94080 
(4 1 5) 266-26 1 4  
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1 0  

• 

Ser i a l  N o .  7 1 5272 

Art U n i t  1 806 

• 

R es t r i c t i o n  to one 0 £  t h e  £ a l l o w i n g i n v en t i o n s  i s  r e q u i red 

under 35 U . S . C .  1 2 1 : 

I .  C l a ims 1 - 1 3 ,  dra w n  t o  a method 0 £  mak i ng a n  

a n t i b ody a n d  a n  a n t i bo dy c o m p r i s i ng a 

p o l y pe p t i d e ,  c l a s s i £ i ed i n  C l a s s  4 3 5 ,  530 

s u b c l a ss 6 9 . 1 ,  350 . 

I I .  C l a i m s  1 4 - 1 6 ,  d r a w n  t o  c o m p uter 

rep resen t a t i o n s ,  cl ass i £ i ed in Cl ass 364 , 

s u b c l a s s  282 . 1 + .  

The i n vent i o n s  a r e  d i s t i n c t ,  each £ r a m  the o t h e r  because 0 £  

t h e  £ a l l ow i ng r e a s o n s : 

The t w o  G r o u p s  are drawn t o  t w o  d i £ £ erent p r o d u ct s ,  G r o u p  I 

b e i ng a b i o l o g i c a l  m o l ecu l e  a n d  G r o u p  I I  being a mach i n e .  These 

c o n s t i tute tw o d i £ £erent s t a t u t o r y  c l asses 0 £  i n v en t i o n  and a r e  

1 5  t here£ ore p a t e n t ab l y  d i s t i nct one £ r a m  the other . 

Because these i n v en t i o n s  a r e  d i s t i nc t  £ o r  the r e a s o n s  g iven 

a b ove a n d  have a c q u i red a s e p a r a t e  s t a t u s  in t h e  art as shown b y  

t h e i r  d i £ £ erent c l a s s i £ i c a t i o n  and d i vergent s u b j ect matter, a nd 

because the searches £or the i n d i v i d u a l  G r o u p s  are n o t  

2 0  c o extens i v e ,  rest r i c t i on £ o r  exam i n a t i o n  p u r p o ses a s  i n d i c a t ed i s  

p r o per . 

A p p l i cant i s  r e m i nded that u p o n  the canc el l a t i o n  0 £  c l a i ms 

to a n o n - e l ected i n v en t i o n ,  the i n v e n t o r s h i p  must be amended in 

c o m p l i an c e  w i t h  37 C . F . R .  1 . 48 < b >  i £  one o r  m o re 0£ the curren t l y  
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5 

• 

Ser i a l  N o .  7 1 52 7 2  

Art U n i t  1 8 06 

• 

n amed i n ventors i s  n o  l on g e r  a n  i n ventor of at l e a s t  o n e  c l a i m  

rema i n i n g  i n  t h e  a p p l i c a t i o n .  A n y  amendment 0 £  i n v en t o r s h i p  must 

b e  a c c om p a n i ed b y  a d i l ig e n t l y - f i l e d  pe t i t i o n  under 3 7  C . F . R .  

1 . 48 ( b )  a n d  b y  t he fee r e q u i re d  under 3 7  C . F . R .  1 . 1 7 < h > .  

A t e l e p h o n e  c a l l  w a s  made t o  C ar o l y n  A d l e r ,  o n  1 2 / 9/ 9 1 ,  t o  

r e q uest a n  o r a l  e l ec t i o n  t o  t he a b o v e  restr i c t i o n  r e q u i rement , 

b u t  d i d  n o t  result i n  a n  e l ect i o n  b e i n g  made a n d  a w r i t t e n  

res t r i c t i o n  w a s  r e q uested . 

A p p l i c a n t  i s  a d v i sed t h a t  t h e  resp o n s e  to t h i s  r e q u i rement 

10 to b e  c o m p l e t e  must i n c l ud e  a n  e l ec t i o n  o f  the i n v en t i o n t o  be 

e x a m i ned even t h o u g h  the re q u i rement b e  t r a v e r se d .  

1 . 1 4 3 ) .  

< 37 C . F . R .  

A n y  i n q u i r y  c oncern i n g  t h i s  c o m mu n i c a t i o n  o r  e a r l i e r  

c ommun i ca t i o n s  f r o m  t h e  exa m i n e r  s h o u l d  b e  d i rected t o  L i l a  

1 5  F e i see w h o se t e l e p h o n e  number i s  ( 7 0 3 > 30 8 - 2 7 3 1 .  

A n y  i n q u i r y  o f  a gener a l  n ature o r  rel a t i n g  t o  t h e  s t a t u s  o f  

t h i s  a p p l i c a t i o n  s h o u l d  b e  d i rected t o  t h e  G r o u p  rece p t i o n i s t  

w h o se t e l e p h o n e  number i s  ( 703 ) 3 08 - 0 1 96 .  

P a p e r s  r e l a t e d  t o  t h i s  a p p l i c a t i o n  m a y  b e  s u b m i t ted t o  G r o u p  

2 0  1 8 0  b y  f a cs i m i l e  t r a n s m i s s i o n .  P a p er s  s h o u l d  b e  faxed t o  G r o u p  

1 80 v i a  t h e  PTO FAX Center l oc ated i n  Cryst a l  M a l l  1 .  The f a x i n g  

0 £  s u c h  p a p er s  m u s t  c o n form w i t h  t h e  n o t i ce pu b l i shed i n  t h e  

O f f i c i a l  Gazett e ,  1 096 OG 3 0  < No vember 1 5 ,  1 989 > .  T h e  C M l  FAX 
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Ser i a l  N o .  7 1 5272 

Art Unit 1 80 6  

Center number i s  C 70 3 > 308 - 42 27 .  T h e  hours 0 £  o p era t i o n  0 £  t he 

Center are 8 : 45 a m  - 4 : 45 p m ,  M o n d a y  - F r i d a y . 

F e i see / l f �--� 
May 1 1 , 1 99 2  

J.d:.� 
SUPERVISORY PATENT EXAMINER 

GROUP 180 
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PT<l.FORM 941'1 
(REV. 5-90) 

U.S. DEPARTMENT OF COMMERCE ATIACHMENT TO PAPER NUMBER 
Patent and Trademark Office 

APPLICATION NUMBER 

NOTICE OF D RAFTSMAN'S PATENT DRAWING REVIEW 

THE PTO DRAFTSMEN REVIEW ALL ORIGINALLY FILED DRAWINGS REGARDLESS 
OF WHETHER THEY WERE DESIGNATED AS INFORMAL OR FORMAL. 

The drawings filed 

A. D are approved. 

I ' 

B. � are objected to under 37 CFR 1 .84 for the reason(s} checked be low. The examiner will require submission of new, 
corrected d rawings at the appropriate time. Corrected d rawings must be submitted according to the instructions listed 
on the back of this Notice. 

1 .  Paper and ink. 37 CFR 1 .84(a) 

D Sheet(s) Poor. 

2. Size of Sheet and Margins. 37 CFR 1 .84(b) 

Acceptable Paper Sizes and Margins 

8 1/l by 
P s· aper 1ze 

8 1/l by 

-,r � 

Margin 14 inches 13 inches 
/ DIN size A4 '\ 

21 by 29.7 cm. 

Top 2 ioches 1 inch I 2.S cm. 

Left 1/4 inch 1/4 inch 2.S cm. 

Right 1/4 inch 1/4 inch 1 .S cm. 

Bottom 1/4 inch 1/4 inch '-.. 1 .0 cm. / -
G-?roper Size Paper Required. 

All Sheets l)D.l\st b e  Same Size. 
Sheet(s) :rls ) _, 't 

D Proper Margins Required. 
Sheet(s) _____ _ 

0 TOP 0 RIGHT 

0 LEFT 0 BOTIOM 

3. Character of Lines. 37 CFR 1 .84(c) 

D Lines Pale or Rough and Blurred. 
Fig(s )  ______ _ 

D Solid Black Shading Not Allowed. 
Fig(s) _____ _ 

4. Hatching and Shading.  37 CFR 1 .84(d) 

D Shade lines are Required. 

Fig(s) _______ _ 

D C riss-Cross Hatching Not Allowed.  

Fig(s)  _______ _ 

D Double line Hatching Not Allowed. 

Fig(s) __ -----

0 Parts i n  Section Must be Hatched. 

Fig(s) _______ _ 

5. Reference Characters. 37 CFR 1 .84 (f) 

r::J-Reterence Characters Poor or  I ncorrectly Sized. 

Fig(s) � -¥  
D Reference Characters Placed I ncorrectly. 

Fig(s) _______ _ 

6. Views. 37 CFR 1 .84( i)  & (j) 

D Figures Must be Numbered Properly. 

D Figures Must Not be Connected. 

Fig(s) _______ _ 

7. [3-f'not99 �aphs Not Approved.  

t15 r 
8. D Other. 

Telephone inquires concerning this review should be d irected to the Chief Draftsman at telephone 

number (703} 557-6404. 

�,j.\_ 
Reviewing Draftsman Date 
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PATENT DOCKET 709 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of Group Art Unit: 1 806 

Paul J. Carter et al .  Examiner: L. Feisee 

Serial No.  07 /7 1 5,272 

Filed: 1 4  June 1 99 1  

For: lmmunoglobulin Variants 460 Point San Bruno Boulevard 
South San Francisco, CA 94080 
(4 1 5) 225-26 1 4  

Honorable Commissioner of Patents 
and Tradamarks 

Washington, D.C. 2023 1 

Sir: 

Resoonse 

JUL 2 2 199'l 

This is responseive to the Restriction Requirement mailed 1 2  May 1 992.  A request for a one-
- � , ·� month extension of time to respond is submitted herewith, bringing the due date for this response to 

1 1  July 1 9 92. This response is timely filed . 
The inventors hereby elect to prosecute Group_!. claims 1 - 1 3

,; 
Respectfully submitted, 
GENENTECH, INC. 

1 0  July 1 992 c�£4JL 
Reg . No. 32, 324 

CERT I F I CATE OF MA I L ING 

I hereby cer t i fy that th i s  correspondence is  bei ng depos i ted w i th the Uni ted States Pos t a l  Service a s  f i rs t  
c l ass ma i l i n  a n  enve l ope addressed to:  Conmi ssi oner of Patents and Trademarks , Wash i ngton, D . C .  2 0  1 ,  o n  !Q 

July 1 992 . 

Dated: 1 0  July 1 992 
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( J 1  f p}v rPATENT DOCKET 709 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Paul  J. Carter et a l .  

Serial No. 07/7 1 5, 272 

Filed: 1 4  June 1 99 1  

For: lmmunoglobulin Variants 

Group Art Unit: 1 806 

Examiner: L. Feisee 

460 Point San Bruno Boulevard 
South San Francisco, CA 94080 
(4 1 5) 225-26 1 4  

PETITION AND FEE FOR EXTENSION OF TIME 137 CFR 1 . 1 361aU 

Honorable Commissioner of Patents 
and Trademarks 

Was�:ington, D.C.  2023 1 

Sir: 

JUL 2 2 1992 

Applicant petitions the Commissioner of Patents and Trademarks to extend the time for 
,1 response to the Office action dated 1 2  May 1 992 for one month(s) from 1 1  June 1 992 to · 1 1 July 

1 99 2 .  The extended time for response does not exceed the statutory period. 
Please charge Deposit Account Number 07-0630 in the amount of $ 1 1 0  to cover the cost of 

the extension. Any deficiency or overpayment should be charged or credited to this deposit account. 
A duplicate of this sheet is enclosed . 

Date: 1 0  July 1 992 

Respectfully submitted, 
G ENENTECH, INC.  

�t,;Jd_ 
Carolyn R .  Adler 
Reg. No. 32,324 

CERTIFICATE OF MAILING (37 CFR 1 .Bal 

I hereby cer t i fy that t h i s  paper i s  being deposi ted w i th the Uni ted States Pos t a l  Serv i ce on the date shown 
below w i th suff i c i ent postage as f i rst c l ass mai l  i n  an enve l ope addressed to the: Co11mi ssi oner of Patents and �rademarks Wa�:"??Y 2023 1 . 

�� � Date: 1 0  July 1 992 
Caro lyn R Adler 

LA10099 07/17/92 0771 5272 07-0630 0 1 0  1 1 5  :L 1 0 .  lh)CH 
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ONLINE SEARCH REQUEST"fGRM 

U.S. DEPARTMENT Of COMMERC� 
PATENT ANOTRAOEMARK OfFlCE 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • • * * * * * * * * * *  

. .. -. ' ' 

USER
· · -® 

ART UNIT t80lo 
f?;_.f � SERIAL NUMBER _,_.7/�s"--;;J._. �7-"�--
PHONE _Q�7_3_,_)_ DATE -----'°t-+-}_,_/<---4/ J�f....::cc),_. _ 1 r / 

Please giv� a detailed statement of requirements. ·Describe as specifically as possible the subject 
matter to be searched. Define any terms that may heve special meaning. Give examples or relevant 
citations. authors. or keywords. if known. 

You may include a copy of the broadest and or relevant claim(s). 

<£13SP1 
. I  Se'- e/� I - I :S 

1- '/�� f __ J 0 t.L 
� ,;'., 

l :.� C.l 

STAFF USE oi\'i[; + * * * * * + � * * � * * * * � .. 

� - - -r--- �  
* * • • 
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s�1Glw files 
� - �- - ---- - -� , _ 

Fi·lj -
1 5 5  : :fi_EI)LJ:N_E_19 66 :- 1992/NOV - (92 11.WI:) 

Fll� � � � � = BIOSll: S_ PREVIiEWS - 6 9-92'/ 0CT BA9 4 0 7 : BARRM4 3 0 7 
( C .  BIOSIS 1 9 9 2) 

-FiTe ·--:- ·r3���B��� ·(�K_c}:_RpTA MEDICA) 7 4 -9 2 / ISS3 7 - - - - - - ( COPR . ESP BV/ EM- i9 9 2 ) -
FiTe--3'e-g::coK 'SE�RCH ll.9 67-1992 UD=ll 7 1.0 - - - - - -(topr'-:- --1 9·9 2  by the Amer . Chem . soc . )  
?ds 

Set 
S l  
S 2  
S J  
S 4  
S 5  
S 6  
S7 
SS 
S9 
SlO 
S l l  
S 1 2  
S l 3  
S l 4  
S l 5  
S16 
Sl7 
Sl8 
S19 
S 2 0  
S 2 1  
S 2 2  
S 2 3  
S 2 4  
S 2 5  
S 2 6  

Items Description 
1 6  HUMANI ZED ( ) ANTIBODIES/TI 

3 3 2 29 8  ANTIBODIES ! FROM 155 /' rJ 
2 2 5 3  IMMUNOGLOBULIN VARIABLE REGION ! FROM 1 5 5  $y////j ,,v y  A/ 't-or C.,l) rt: 
2 2 5 3  S 2  AND S J  

8 6 2  HUMANI Z ?  
2 00 5  HUMANIS? 

16 S 4  AND ( HUMAN I Z ?  OR HUMANIS? ) 
6 3 6 8 2 3 ANTIBOD? FROM 5 , 7 3 , 3 9 9  
1 6 5 4 6 9  IMMUNOGLOBULIN 

4 18 3 0 IG 
1 1 3 4 6 2  VARIABLE 
3 9 2 4 4 8  REGION 

8 6 2  ( IMMUNOGLOBULIN OR I G )  ( W ) VARIABLE ( W ) REGION 
6 0 4  CDR 

6 7 9 9 1  COMPLEMENTARY 
1 12 64 6  DETERMINING 

6 3  COMPLEMENTARY ( W ) DETERMINING 
1 9 0 4  HYPERVARIABLE 

3 9 2 4 4 8  REGION 
7 4 7  ( COMPLEMENTARY ( W ) DETERMINING OR HYPERVARIABLE ) (W) REGION 

4 2 8 7 7 8  ANTIBODY 
1 4 6 9 12 6  RELATED 

6 2 3 7 5 5  BINDING 
5 4 4 J 4 4  S ITE? ? 

0 ANTIBODY ( W ) RELATED ( W ) BINDING ( W ) SITE? ? 
2 16 1  ( IMMUNOGLOBULIN OR IG)  ( ) VARIABLE ( ) REGION OR CDR OR ( COMPLE

MENTARY ( )  DETERMINING OR HYPERVARIABLE ) ( ) REGION OR ANTI BODY ( ) R-
ELATED ( ) BINDING ( )  SITE? ? FROM 5 , 7 3 , 3 9 9  ,g y/P't'l'V( ftts f.\, ;-- C.LJ R.._ 

S 2 7 8 9 7 8 AND 2 6 f . 
S 2 8  1 8  2 7  AND ( 5  OR 6 )  
S 2 9  3 4  2 8  OR 7 
SJ  o 

__ ___ _ 
2 1  RD ( un ique i terns)  

"§!!.. . . .  _ . 2 1  - --·sort -s3 0 /ALL/ PY-, D � .  
?t3 1/ 7/f:..2 1  - � - - -

3 1 / 7 / 1  ( Item 1 from f i le : 5 )  
9 5 6 8 8 8 5  BIOSIS Number :  9 4 0 7 3 8 8 5  

*HUMANIZ ED* OKT3 *ANTIBODIES* SUCCESSFU / TRANSFER OF IMMUNE MODULATING 
PROPERTIES AND IDIOTYPE EXPRESSION 

WOODLE E S ;  THI STLEWAITE J R ;  JOL FE L K ;  Z IVIN R A ;  COLLINS A ;  ADAIR J 
A ;  BOOMER M ;  ATHWAL D ;  ALEGRE M-L · BLUESTONE J A 

SECT . ORGAN TRANSPLANTATION , P .  SURGERY , WASH . UNIV . SCH . MED . , ONE 
BARNES HOSP . PLAZA , QUEENY T R ,  SUITE 6 1 07 , ST . LOUI S ,  MO . 6 3 1 10 . 

J IMMUNOL 1 4 8  ( 9 ) . 1 9 9 2 . 2 7 5 6 -2 7 6 J . CODEN : JOIMA 
Ful l  Journa l Title : Journal of Immunology 
Language : ENGLISH 
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· *Antibodies* that possess the Ag-bind ing regions of OKT 3 within the 
context of a human framework ( Hu-OKT3 Ab ) off er distinct advantages for 
optimiz ing anti -CD3 mAb therapy . First , man ipulation of Ab genes to produce 
*human i z ed* . Ab that reta in Ag-binding act ivity may c ircumvent antigenic ity 
problems . Second , Ab gene eng ineer ing provides a means for modi fying 
functional propert ies , including T cell act ivat i on and immune suppress i on . 
The purpose o f  th is study was to determine the functional properties of 
Hu-OKT3 Ab and to compare the funct ional propert ies and idiotypes of 
Hu-OKT3 Ab to those o f  maurine OKT 3 . Three Hu-OKT3 IgG4 aAb , a ch imeric 
OKT3 * antibody* ( cOKT 3 - 1 )  { grafted sequences compr is ing a l l  OKT 3 VH and VL 
regions ) and two comp lementar ity determining reg ion ( *CDR* ) -gra fted 
*ant ibod ies* , gOKT 3 - 5  and gOKT 3 - 6  ( gra fted sequences compr i s ing only OKT3 
VH and VL *CDR* and some framework amino acids , were ana ly z ed . Init i a l  
stud ies demonstrated that the cOKT3 and gOKT 3 - 5  A b  bound selective ly t o  T 
ce lls and compet it ive ly inhib ited OKT3 -FITC binding with avidit ies s imi lar 
to that of mur ine OKT3 . binding avidity of the gOKT 3 - 6  Ab was marked ly less 
than that of the other Hu-OKT 3 Ab . Sero logic ana lys i s  suggested that cOKT 3 
and gOKT 3 - 5  Ab possess idiotypes ( comb ining s ites ) s imi lar t o  mur ine OKT3 . 
C cell activati on potency of a l l  three Hu-OKT3 Ab wa s as sessed by 
pro l i feration , induction of act ivat ion marker express ion { IL - 2 R  and Leu 
2 3 ) , and lymphok ine production { TNF- . alpha . and IFN- . gamma . ) . The cOKT3 and 
gOKT 3 - 5  Ab demonstrated T cel l act ivat ion potenc ies s imi lar to murine OKT 3 
as asses sed by each parameter . CD3 coating and modu lat i on by the se two Ab 
was ef fect ive but somewhat less potent than that observed w ith OKT3 . 
Fina l ly ,  cOKT3 and gOKT 3 - 5  Ab both i nhibited CTL act ivity comparably to 
murine OKT 3 . In conc lusion , these stud ies i nd icate that gOKT3 - 5  and cOKT3 
Ab possess immune modulating propert ies similar to murine OKT3 and thus 
offer attract ive a lternatives to murine OKT3 for in vivo therapy . 

3 1 / 7 / 2  ( Item 2 from f i le : 1 5 5 ) 
0 8 1 2 4 4 2 4  9 2 2 6 2 4 2 4  

*Humani z at ion* o f  a n  ant i -p l 8 5HER2 antibody for human cancer therapy . 
Carter P ;  Presta L ;  Gorman CM ; Ridgway JB ; Henner D ;  Wong WL ; Rowland AM ;  

Kotts C ;  Carver ME ; Shepard HM 
Department of Protein Engineer ing , Genentech Inc . , South San Franc isco , 

CA 9 4 0 8 0 . 
Proc Nat l Acad Sci u s A ( UNITED STATES )  May 1 5  1 9 9 2 , 8 9  ( 1 0 )  p4 2 8 5 - 9 , 

I SSN 0 0 2 7 - 8 4 2 4  Journa l Code : PV3 
Languages : ENGLISH 
Document type : JOURNAL ARTICLE 
The mur ine monoclonal ant ibody mumAb4D5 , d irected against human ep iderma l 

growth factor receptor 2 ( p l 8 5HER2 ) ,  spec i f ica l ly inhib its pro l i ferat ion of 
human tumor cells overexpress ing p 1 8 5HER2 . However , the eff icacy of 
mumAb4 D 5  in human cancer therapy i s  l ikely to be l imited by a human 
ant i -mouse ant ibody response and lack of effector funct ions . A " *human i z ed *  
1 1  antibody , humAb4D 5- 1 , conta ining only the antigen binding loops from 
mumAb4 D 5  and human variable region framework res idues plus IgGl constant 
doma ins was constructed . Light- and heavy-cha in var iable regions were 
s imultaneously * humani z ed* in one step by " gene conver s i on mutagenes i s "  
us ing 3 1 1-mer and 3 6 1 -mer preas semb led ol igonucleotides , respect ive ly . The 
humAb4 D 5 - 1  var iant does not block the pro l i feration of human breast 
carc inoma SK-BR-3 cel l s , whi ch overexpress p 1 8 5HER2 , desp ite tight antigen 
binding ( Kd = 2 5  nM) . One of seven addit iona l *humani z ed* var iants des igned 
by molecular mode l ing ( humAb4 D 5 - 8 ) binds the pl8 5HER2 antigen 2 5 0 -fold and 
3 - fold more tightly than humAb4 D 5 - 1  and mumAb4 D5 , respect ively . In 
addit i on , humAb4D5-8 has potency comparable to the mur ine ant ibody in 
block ing SK-BR-3 cell pro l i ferat ion . Furthermore , humAb 4 D 5 - 8  is much more 
effic ient in supporting antibody-dependent cel lular cytotoxic ity against 
SK-BR- 3 ce l l s  than mumAb4 D5 , but it doe s not eff i c ient ly k i l l  WI- 3 8 cells , 
which express pl8 5HER2 at lower leve l s . 
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3 1 / 7 / 3  ( Item 3 from f i le : 1 5 5 )  
0 8 0 8 1 2 6 7  9 2 2 1 9 2 6 7 

Antibody framework res idues affect ing the conformat ion of the 
hypervariable l oops . 

Foote J ;  Winter G 
MRC Laboratory o f  Mo lecular B io logy ,  Cambridge , England . 
J Mo l B i o l  ( ENGLAND ) Mar 2 0  1 9 9 2 , 2 2 4  ( 2 )  p4 8 7 - 9 9 , I SSN 0 0 2 2 -2 8 3 6  

Journa l Code : J 6V 
Languages :  ENGLI SH 
Document type : JOURNAL ARTI CLE 
Rodent monoclona l antibodies have been " *human i z ed * "  or " reshaped " for 

therapy by transp lanting the antigen-binding loops from the ir var iable 
doma ins onto the beta-sheet framework regions of human antibodies . However , 
additional substitut ions in the human framework regions are somet imes 
·required for high affinity ant igen binding . Here we descr ibe ant igen 
binding by a reshaped antibody der ived from the mouse ant i - lysozyme 
antibody D l . 3 ,  and severa l  vari ants in wh ich po int mutations had been 
introduced into framework pos it ions to improve its affinity . The aff init ies 
were determined from the re laxation kinet i cs of reactant mixtures us ing 
quench i ng of f luorescence that occurs upon format i on of the 
antibody-ant igen comp lex . The dissociat i on constant o f  lyso zyme ranged from 
3 . 7 nM ( for D l . 3 ) to 2 6 0  nM . Mea surement of antibody-antigen associat ion 
kinetics using stopped- f l ow showed that Dl . 3  and most of the reshaped 
antibod ies had bimo lecu lar rate constants of 1 . 4  x 1 0 ( 6 ) s - 1  M-1 , 
indi cat ing that differences in equ i l ibrium constant were predom inantly due 
to different rates of dissoc iat i on of lysozyme from immune comp l exes . 
Mutations in a tr iad o f  heavy chain res idues , 2 7 , 2 9  and 7 1 ,  contr ibuted 
0 . 9  kcal /mol in antigen bind ing free energy , and a Phe to Tyr substitution 
of l ight cha i n  res idue 7 1  contributed an additiona l 0 . 8  kcal /mo! . The 
comb ined effect of a l l  these mutations brought the aff in ity of the reshaped 
ant ibody to within a factor of 4 of Dl . 3 .  A l l  of these subst itutions were 
in the beta-sheet framework c losely under ly ing the 
comp lementarity-determining regions , and do not part ic ipate in a d irect 
interact ion with ant igen . The informed select ion of res idues in such 
pos iti ons may prove essent i a l  for the success of loop transplants in 
antibodies . Var iation of these s ites may a lso have a role i n  shap ing the 
diversity of structures found in the primary repertoire , and in a f f in ity 
maturation . 

3 1 / 7 / 4  ( Item 4 from f i le : 1 5 5 )  
08 0 1 0 1 3 5 9 2 1 4 8 1 3 5  

Ch imer ic and *humani z ed* antibodies with spec i f ic ity for the CD 3 3  
antigen . 

Co MS ; Avda l ovic NM ;  Caron PC ; Avdalovic MV ;  Scheinberg DA ; Queen C 
Prote in Design Labs , Inc . , Mounta in View , CA 9 4 0 4 3 . 
J Immunol (UNITED STATES )  Feb 1 5  1 9 9 2 , 1 4 8  ( 4 )  p l l 4 9 - 5 4 , I S SN 

0 0 2 2 - 1 7 6 7  Journa l Code : I FB 
Contract / Grant No . : NIH CA5 5 3 4 9  
Languages :  ENGLISH 
Document type : JOURNAL ARTICLE 
L and H chai n  cDNAs of M1 9 5 , a mur ine mAb that binds to the CD3 3 Ag on 

norma l and leukemic mye loid cel l s ,  were cloned . The cDNAs were used in the 
construction of mouse/ human IgGl and IgGJ chimeric antibod ies . In addit ion , 
*humani z ed* antibod ies were constructed wh i ch combi ned the 
complementarity-determining · regions of the M 1 9 5  ant ibody with human 
framework and constant reg ions . The human framework was chosen to max im i z e  
homo logy with the Ml 9 5  V doma in sequence . Moreover , a computer model o f  
M1 9 5  was used to ident i fy severa l framework amino acids that are l ikely to 
interact with the complementar ity-determin ing reg ions , and these res idues 
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were also retained in the *humanized* antibodies . Unexpectedly , the 
*humani z ed* IgGl and IgG3 Ml9 5  antibodies , which have reshaped V regions , 
have higher apparent binding affinity for the CD3 3 Ag than the chimeric or 
mouse antibodies . 

3 1 / 7 / 5  
0 7 9 9 6 7 9 0  

( Item 5 from f i le : 1 5 5 )  
9 2 1 3 4 7 9 0  

Gene convers ion of immunoglobulin variable regions i n  mutagenesis 
cassettes by replacement PCR mutagenes i s . 

Near RI 
Cellular and Molecular Research Laboratory , Mas sachusetts Genera l 

Hospital ,  Boston 0 2 1 4 4 . 
Biotechniques ( UNITED STATES ) Jan 1 9 9 2 , 1 2  ( 1 )  p 8 8 -9 7 , I S SN 0 7 3 6 - 6 2 0 5  

Journa l Code : AN3 
Contract/ Grant No . :  HL- 1 9 2 59 
Languages : ENGLI SH 
Document type : JOURNAL ARTI CLE 
A technique , Replacement PCR Mutagenesis , was devel oped to replace one 

immunoglobulin variable region (V)  in a Ml3 phage cassette with a 
dif ferent , homologous V .  This al lows the use o f  the same mutagenes i s  and 
subsequent expression vectors for many V regions or V s egments . The method 
combines PCR of V fragments and in vitro mutagenesi s . Primers homologous to 
3 '  and 5' ends of both V regions initiate PCR synthesi s  of the V DNA 
fragment (donor) that will replace the V region ( recipient ) i n  M13 . Donor v 
PCR DNA may originate from mRNA , cloned V genes or genomic templates . The 
donor V PCR DNA i s  denatured and annealed to the M13 cassette containing 
the recipient V to be supplanted . The second strand i s  synthes i z ed ,  
transfected into bacteria and mutant plaques s elected by hybridization . 
S ince restriction s ites in primers are not requ ired , altered pr imer-encoded 
amino ac ids are avoided . Further , the PCR donor p iece can be o f  any length 
if it shares homology with the recipient gene . Thi s  allows construction and 
expres s ion of complete gene replacements and chimeras .  Thi s  method is also 
appl icable to V " *humaniz ation* " and s tudying sets o f  homo logous genes 
contai ning polymorphic or evolutionary disparities . The potential uses of 
the technique are discussed . 

3 1 / 7 / 6  ( Item 6 from f i l e : 5 )  
8 7 7 9 9 7 9  BIOSIS Number :  4 2 0 0 4 9 7 9  

IMMUNOHI STOCHEMICAL CHARACTERI ZATION O F  THE * CDR*-GRAFTED * HUMAN I Z ED* 
MONOCLONAL *ANTIBODY* BW 4 3 1-2 6 HUMAB PRECLINICAL STUDY 

MASCHEK W ;  BOSSLET K 
INST . NUCLEARMED . ,  LINZ BEHRING RES . LABS , MARBURG , FRG . 
EUROPEAN ASSOCIATION OF NUCLEAR MEDI CINE CONGRES S , VIENNA , AUSTRIA ,  

SEPTEMBER 1 - 5 , 1 9 9 1 .  EUR J NUCL MED 1 8  ( 8 ) . 1 9 9 1 . 5 4 6 .  CODEN : EJNMD 
Language :  ENGLI SH 

3 1/ 7  / 7  ( Item 7 from f ile : 5 )  
8 5 6 3 6 2 4  BIOSIS Number : 9 2 0 2 8 6 2 4  

POLYMERASE CHAIN REACTION FACILITATES THE CLONING * CDR* -GRAFTING AND 
RAPID EXPRESSION OF A MURINE MONOCLONAL *ANTIBODY* DIRECTED AGAINST THE 
CD18 COMPONENT OF LEUKOCYTE INTEGRINS 

DAUGHERTY B L ;  DEMARTINO J A; LAW M-F ;  KAWKA D W ;  S INGER I I ;  MARK G E 
DEP . CELL . MOL . BIOL . , MERCK SHARP DOHME RES . LAB . , RAHWAY , N . J .  0 7 0 6 5 , 

us�UCLEIC ACIDS RES 1 9  ( 9 ) . � "'2 4 7 1-2 47 6 . CODEN : NARHA 
Full Journal Title : Nucl e�ds Research 
Language : ENGLISH 
Two nove l approaches o f  recombinant PCR techno logy were emp loyed to graft 

the complementarity determining regions from a murine monoclonal * antibody* 
(mAb) onto human *antibody* frameworks . · One gpproach rel ied on the 

......... ---···-
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. 
·avai lability of cloned human variable region templates , whereas the other 
strategy was dependent only on human variable region protein s equence data . 
The transient expression of recombinant *humani z ed* *antibody* was driven 
by the adenovirus maj or late promoter and was detected 4 8  hrs 
post-transfection into non- lymphoid mammalian cel l s . The app l icafion of 
these new approaches enables the expression of a recombinant *humani z ed* 
*antibody* j ust 6 weeks a fter initiating the cDNA clon ing of the murine 
mAB . 

3 1/ 7 / 8  ( Item 8 from file : 1 5 5 )  
08049 5 9 4  9 2 18 7 5 9 4  

*Humani z at ion* o f  a mouse monoclonal antibody by CDR-grafting : the 
importance of framework res idues on loop conformation . 

Kettleborough CA ; Sa ldanha J ;  Heath VJ ; Morrison CJ ; Bendig MM 
Medica l Research Counci l  Collaborative Centre , London , UK .  
Prote in Eng ( ENGLAND) Oct 19 9 1 ,  4 ( 7 )  p7 7 3 -8 3 , I S SN 0 2 6 9 - 2 1 3 9  

Journa l Code : PRl � 

Languages :  ENGLISH 
Document type : JOURNAL ARTICLE 
A mous e  monoclonal antibody (mAb 4 2 5 )  with therapeutic potential was ' 

*humanized* ' in two ways . Firstly the mous e  vari able regions from mAb 4 2 5  
were spliced onto human constant regions to create a chimeric 4 2 5  antibody . 
Secondly , the mouse comp lementarity-determining regions ( CDRs ) from mAb 4 2 5  
were grafted into human variable regions , which were then j oined t o  human 
constant regions , to create a reshaped human 4 2 5  antibody . Using a 
molecular model of the mous e  mAb 4 2 5  variable regions , framework residues 
( FRs ) that might be critical for antigen-binding were ident i f ied . To test 
the importance of thes e  res idues , nine vers ions of the reshaped human 4 2 5  
heavy chain variable (VH)  regions and two versions o f  the reshaped human 
4 2 5  l ight chain variable (VL) regions were designed and constructed . The 
recombinant DNAs coding for the chimeric and reshaped human l ight and heavy 
chains were co-expressed trans iently in cos cel ls . In antigen-binding 
assays and competition-binding assays , the reshaped human antibodies were 
compared with mouse 4 2 5  antibody and to chimeric 4 2 5  antibody . The 
different versions of 4 2 5 -reshaped human antibody showed a wide range of 
avidities for antigen , indicating that substitutions at certain pos itions 
in the human FRs s ignificantly inf luenced binding to antigen . Why certain 
individual FR res idues influence antigen-binding i s  discussed . One vers ion 
of reshaped human 4 2 5  antibody bound to antigen with an avidity approaching 
that of the mouse 4 2 5  antibody . 

3 1 / 7 / 9  ( Item 9 from f i l e : 155 ) 
07 9 6 9 0 9 3  9 2 1 0 7 0 9 3  

*Humani z ation* o f  monoclona l antibodies . 
Gussow D ;  Seemann G 
Methods Enzymol ( UNITED STATES ) 19 9 1 ,  2 03 p9 9 -12 1 ,  I S SN 0 0 7 6- 6 8 7 9  

Journal Code : MVA ---

Languages :  ENGLISH 
Document type : JOURNAL ARTICLE 

3 1/ 7 / 1 0 ( Item 10 from file : 1 5 5 ) 
07 9 5 3 7 5 0  9 2 0 9 17 5 0  

construction, express ion and characteri z ation of *humanized* antibodies 
directed against the human a lpha/ beta T cel l receptor . 

Shearman CW ; Pol lock D ;  White G ;  Hehir K ;  Moore GP ; Kanzy EJ ; Kurrle R 
Genzyme Corporation , Framingham, MA 0 1 7 0 1 . 
J Immunol ( UNITED STATES ) Dec 1 5  19 9 1 ,  147 ( 12 )  p4 3 6 6-7 3 , I S SN 

002 2 - 1 7 6 7  Journa l  Code : I FB 
Languages : ENGLI SH 
Document type : JOURNAL ARTICLE 
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· Completely *human ized* antibodies with speci f i c ity for the human 
alpha/beta TCR have been produced by genetic engineering . The L and H chain 
V region exons encoding the murine mAb BMA 0 3 1  CD regions and human EU 
framework regions were synthes ized and rep laced into previously i s olated 
genomic fragments . These fragments were inserted into mammal ian express ion 
vectors containing the human kappa and gamma 1 C region exons . Two variants 
were constructed each containing selected BMA 0 3 1  amino acids within the 
human frameworks . The *humani z ed* genes were transfected into Sp2 / 0  
hybridoma cells by electroporation and transfectomas secreting *humani z ed* 
antibody were isolated . Levels of antibody expression up to 7 pg/ cell/ 2 4  h 
were obtained . The *humani zed* antibody , BMA 0 3 1-EUCIV2 , competed poorly 
with murine BMA 0 3 1 for binding to T cells . BMA 0 3 1-EUCIV3 , however , bound 
specifically to T cell s  and competed effectively with both the murine BMA 
0 3 1  antibody and a previously constructed chimeric BMA 0 3 1  antibody for 
binding to these cells . The relative affinity of BMA 0 3 1 -EUCIV3 was about 
2 . 5  times lower than BMA 0 3 1 .  The ability to promote ant ibody dependent 
cell-mediated cytolysis was s igni f icantly enhanced with the engineered 
antibodies as compared to murine BMA 0 3 1 .  * Humanized* BMA 0 3 1 i s  a 
clinica l ly relevant , genetica lly engineered antibody with potenti a l  uses in 
transplantat ion , graft vs host dis ease , and autoimmunity . 

3 1 / 7 / 1 1 ( Item 1 1  from f i le : 1 5 5 ) 
07 9 0 9 4 8 5  9 2 0 4 7 4 8 5  

Antigenicity o f  mouse monoclona l antibodies . A study o n  the variable 
region of the heavy chain . 

Olsson PG ; Hammarstrom L ;  Smith CI 
Department of Cl inical Immunology , Institute , Huddinge 

Univers ity Hospital ,  Sweden . 
J Theor Biol ( ENGLAND) Jul 7 1 99 1 , p l l l -2 2 , I S SN 0 0 2 2 - 5 1 9 3  

Journal Code : K8N 
Languages : ENGLISH 
Document type : JOURNAL ARTI CLE 
Mouse monoclonal antibodies (Mabs ) against human tumour antigens are 

currently used in therapy , but up to 5 0 %  of the patients receiving 
treatment f orm anti-Mab antibodies thus reducing the efficiency of the 
treatment . One attempt to minimiz e  e immunogeni city of the mouse Mabs i s  
to " *humanize* " them by replacin the constant part of the molecule with 
the human equiva lent by genetic e gineering . However , thi s  does not reduce 
the immunogenicity of the var. able part o f  the antibody . Some variable 
regions may be expected to e less antigenic than others . We therefore 
compared consensus sequences f the 1 1  mouse VH f amilies with the human VH 
sequences publi shed so r .  Theoretical antigen icity pred ict ions 
(hydroph i l icity , f lexibi l . y ,  surface acces sibil ity and relative 
ant igenicity) were made a a two fam i l ies ; VH I ( J558 )  and VH XI ( CP5 B5- 3 )  
were predicted to be i unogenic by all f our methods . One fam i ly , VH X 
(MRL-DNA4 ) ,  was not predi 1 ted to be immunogenic by any of the four methods . 
The res idues predicted to f orm ant igenic epitopes in the two famil i es VH I I  
(Q52 ) and VH I I I  ( 3 6 - 6 0 )  are predicted not to be exposed o n  the surface o f  
the antibody molecule and may therefore not be immunogeni c . 

3 1 / 7  / 12 ( Item 12 from file : 5 )  f] U r11\o 5lo1 
7 9 0 5 6 7 0  B IOSI S  Number :  4 0 1 0 6 6 7 0  � '\' '?'V • 

CHIMERIC MOUSE-HUMAN AND *CDR* -GRAFTED *ANTI BODIES* TO HUMAN I L 2  RECEPTOR 
WEIDLE U H ;  ROS SMANN E ;  LENZ H ;  KALUZA B c.._·==--=----
BOEHRINGER MANNHEIM GMBH , NONNENWALD 2 ,  0-8 12 2 PENZBERG , FRG . 
MEETING ON MOLECULAR BIOLOGY AND THE IMMUNOPATHOGENESI S  OF RHEUMATOID 

ARTHRITIS HELD AT THE 2 0TH ANNUAL MEETING OF THE KEYSTONE SYMPOSIA ON 
MOLECULAR AND CELLULAR BIOLOGY , LAKE TAHOE , CALIFORNIA , USA , �CH 15�, 
19 9 1 . J CELL BIOCHEM - SUPPL 15 ( PART E ) . 1 9 9 1 . 18 6 .  CODEN : JCBSO 

Language : ENGLI SH 
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3 1 / 7 / 13 ( Item 1 3  from f ile : 1 5 5 )  
0789 9 8 1 6  9 2 0 3 78 1 6  

A *humaniz ed* monovalent CD3 antibody which can activate homologous 
complement . 

Routledge EG ; Lloyd I ;  Gorman SD ; Clark M ;  Waldma 
Department of Pathology , Cambridge University . 
Eur J Immunol ( GERMANY )  Nov 1 99 1 ,  2 1  ( 11 )  p I SSN 0 0 1 4 -2 9 8 0  

Journal Code : EN5 
Languages : ENGLISH 
Document type : JOURNAL ARTICLE 
The rat monoclonal antibody (mAb) YTHl . 5 ,  spec ific for the CD3 ant igen 

complex on human T cells has been modifie in order to improve its eff icacy 
in human J therapy . With the aim of r dering it less immunogenic ,  it has 
been *humaniz ed* us ing the method f framework graft ing . Dur ing this 
process sequence analys is of the YT 12 . 5  VL gene indicated that it was of 
the lambda subc lass , however , it a s  markedly dissimi lar from previous ly 
published rat and mouse V lambda gene sequences and may represent a new v 
lambda gene f ami ly . The *human · ation* of this l �ght chain represents the 
first successful reshaping of a ambda l ight cha in V region . To improve the 
effector function of the antib dy we have created a monovalent form ( 1  Fab , 
1 Fe) using a novel metho involving the introduction of an N-terminal ly 
truncated human IgGl heavy hain gene into cells producing the *humani z ed* 

CD3 mAb . Comparison of the mono- and bivalent *humaniz ed* mAb in a 
complement-mediated cell ysis assay revealed that the monovalent antibody 
mediated lysis of human T cell blasts whereas the biva lent form did not . 
The ava i labil ity of a *humanized* , complement- fixing CD3 mAb may improve 
opportunities for human therapy , in the management o f  organ rej ection , 
autoimmunity and the treatment of T cell lymphoma . 

3 1/ 7 / 14 ( Item 14 from file : 1 5 5 ) 
077 6 8 7 3 6  9 12 8 7 7 3 6  

A �ossib�e procedur7 for r7duc�ng the
.

im�unogenicit� of antibody vari?�l�.L) . 
domains whi le preserving their ligand-binding properties . r--J;k� 

Padlan EA �· __.-'/ 
Laboratory of Molecular Biology , National I nstitute of Diabetes and 

Digestive and Kidney Diseases , Nat ional Institutes of Health , Bethesda , MD 
2 08 9 2 . 

' 

Mol Immune� Apr-May�l , 2 8  ( 4 - 5 )  p489- 9 8 , 
Jo'tirnal Code : NGl � 

I SSN 0 1 6 1- 5 8 9 0  

Q6(_ l <i5 QJS 2- , Languages : ENGLISH 
Document type : JOURNAL ARTICLE 
It is proposed to reduce the immunogenicity of a l logeneic antibody 

variable doma ins , whi l e  .preserving l igand-binding properties , by reducing 
their antigenicity through replacement of th'e ��osed residues · in the 
framework regions which differ from those usua lly fou1'l in host antibodies . 1 

The results of a compar i son of representative murine antib�dy sequenc�es � 
with those of human origin suggest that the number of residues that need to 
be replaced to n *humanize*"  t�ose an__tj bodies coµld be sma l l . 

' 'i(/ 
. \ 

. . . 

3 1/ 7  / 15 ( Item 1 5  from f i l'e : 1 5 5 )  
07 7 5 7 2 8 7  9 12 7 6 2 8 7  

Immunoglobulin complementarity-determining region grafting by recombinant 
polymerase chain reaction to generate *humanised* monoclonal antibodies . 

Lewis AP ; Crowe JS ---

Department of Cell Biology , Wel lcome Research Laboratories , Beckenham , 
Kent , U . K .  

Gene May 3 0  19 9 1 ,  1 0 1  ( 2 )  p2 9 7 -3 02 , 
FOP--

Languages : ENGLISH 

ISSN 0 3 7 8 - 1 1 1 9  Journa l Code : 

eQ 0 4 4d. . � '43 
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- Document type : JOURNAL ARTICLE 
We describe an approach to rapidly generate *humanised* monoclonal 

antibodies by grafting rodent complementarity-determining regions onto 
human immunoglobulin frameworks us ing recombinant polymerase chain reaction 
( PCR) methodology . The approach was applied to grafting a rat 
complementari ly-determining region onto a human framework and amp l i fy ing 
the entire *humanised* heavy chain . The terminal ol igodeoxyribonucleotide 
primers incorporated restriction s ites to a llow f orced cloning into plasmid 
vectors for sequencing and expression . No nucleotide errors were i ntroduced 
into the 1 4 6 3 -bp sequence even after sequential applications o f  PCR . 

3 1 / 7 / 16 ( Item 1 6  from f ile : 1 5 5 )  
0 7 6 6 8 8 9 3  9 1 1 8 7 8 9 3  � 4 

*Humaniz ed* antibodies for antiviral _t!l�gPJ · 
. .  , 

r- � 
Co MS ; Deschamps M ;  Whitley RJ ; Queen C 

, 
� 

Prote in Des ign Labs , I nc . , Mountai n  View ,  CA 9 4 04 3 . 
Proc Natl Acad Sci U S A Apr 1 1 9 9 1 ,  8 8  ( 7 )  p 2 8 6 9 - 7 3 , I SSN 0 02 7 - 8 4 2 4  

Journal Code : PVJ 1"'--- l(7 Languages : ENGLISH t\.I\ \ ,  �� Document type : JOURNAL ARTICLE \:...)( 
Antibody therapy holds great promise for the treatment of cancer , 

autoimmune disorders , and viral infections . Murine · monoclonal antibodies 
are relatively easy to produce but are severely restri cted for therapeutic 
use by their immunogenicity in humans . Production of human monoclonal 
antibodies has been problematic . *Humaniz ed* antibodies can be generated by 
introducing the s ix hypervariable regions from the heavy and l ight chains 
of a murine antibody into a human framework sequence and combining it with 
human constant regions . We *human i z ed* , with the a id of 9omputer model ing , 
two mur ine monoclonal anti bodies against herpes s implex virus gB ?nd gD 
glycoprote ins . The binding , virus neutra lization , and ce l l- protection 
results a l l  i ndicate that both *hu�anized* antibodies have reta ined the 
binding activities and the biological properties of the murine monoclonal 
antibodies . 

3 1 / 7 / 17 ( Item 1 7  from f i le : 3 9 9 )  \ 
1 17 0 2 4 6 8 8  CA : 1 17 ( 3 ) 2 4 6 8 8 r  PATENT 
Humani zed complementari ly-determing region ( CDR�rafted antibodies to 

intercel lular adhes i on mo lecule-1 ( ICAM- 1 ) , methods of/preparation and 
usage thereof -----� 

INVENTOR ( AUTHOR) : Adair , John Robert ; Athwal ,  Dilj eet Singh ; Rothlein , 
Robert A .  

LOCATION : UK ,  
ASSIGNEE : Cel ltech Ltd . ; Boehringer Ingelheim Pharmaceut ical� ,  I nc . 
PATENT : PCT I nternational ; WO 9 1 1 6 9 2 7  Al DATE : 9 1 1 1 1 4  
APPLICATION : WO 9 1US2 9 4 2  ( 9 104 2 9 )  *GB 9 09� ( 9 0 04 2 7 )  
PAGES : 8 1  pp . CODEN : PIXXD2 LANGUA�ngl i sh CLASS :  A6 1K- 0 3 9 / 3 9 5A ; 

C07K- 0 1 5 / 2 8 B DESIGNATED COUNTRIES : AT ; AU ; BB ; BG ; BR; CA ; CH ; DE ; DK ; ES ; 
FI ; GB ; HU ; JP ; KP ; KR ; LK ; LU ; MC ; MG ; MW ;  NL ; NO ; PL; RO ; SD ; S E ;  SU ; US 

DESIGNATED REGIONAL : AT ; B E ;  BF ; BJ ; CF ; CG ; CH ; CM ; DE ; DK ; ES ; FR ; GA ; 
GB ; GR ; I T ;  LU ; ML ; MR ;  NL ; S E ; SN ; TD ; TG 

SECTION : 
CA2 1 5 0 0 3  Immunochemi stry 
CA2 01XXX Pharmacology 
CA2 0 3 XXX Biochemical Genetics 

IDENTIFIERS : humani z ed antibody intercellular adhes ion mol 1 ,  
inflammation inhibitor humani zed antibody ICAMl , asthma inhibitor human ized 
ant ibody I CAMl , AIDS virus humani z ed antibody ICAMl , viruc ide humani zed 
antibody ICAMl , diagnos i s  humani z ed antibody I CAMl 

-

DESCRIPTORS : 
Dermatitis • • •  
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acute , treatment o f , with humani z ed antibody to intercel lu lar adhes ion 
mol . -1 

Immunosuppressants . . .  
and humani z ed antibody to intercellular adhes ion mol . -1 ,  pharmaceutical 
compn . contg . 

Rodent . . •  

anti-intercel lular adhes ion mol . - 1 antibody variable region 
complementary detg . region of , in humani zed antibody prodn . 

Integr ins , antigens LFA-1 • • •  

antibody to , and humani z ed antibody to intercel lular adhes ion mol . -1 ,  
for inflammation treatment 

Neoplasm inhibitors , metastasi s  • • •  

chimeric antibody to intercellular adhes ion mol . - 1 ,  for hemopoietic 
cell tumors 

Toxicity • . •  

cytokine- induced , inflammation o f , treatment of , humanized antibody to 
intercel lular adhesion mol . -1 for 

Inflammation • • .  

diagnosi s  of , with chimer ic antibody binding to cell express ing 
intercel lular adhes ion mol . -1 

Deoxyribonuc leic acids • • .  

for antibody heavy and light cha ins , in humani z ed antibody to 
intercellular adhesion mol . - 1 prodn . 

Deoxyribonucleic acid sequences . . .  · 

for monoclonal ant ibody R 6 - 5 -D 6  heavy and light cha in components for 
humani z ed anti intercellular adhes ion mol . - 1 antibody 

Leukocyte . . .  
human immunodificiency virus infection o f , inhibition of , with 
humani z ed antibody to intercel lular adhes ion mol . -1 

Bronchodilators , antiasthmatics . . .  Inf lammation inhibitors . . .  Inflammation 
inhibitors , antirheumatics . • .  Therapeutics . . •  Virucides and Virustats . • .  

humani z ed antibody to intercel lular adhes ion mol . -1 
Toxins • . •  

humanized antibody to intercel lular adhes ion mol . -1 derivati z ed with , 
for inhibition of interce llular adhesion mol . -1-expressing tumor cell 

Diagnos i s  . • •  

humani z ed antibody to intercellular adhes ion mol . -1 for 
Inflammation inhibitors , antiarthritics • • .  

humani z ed antibody to intercel lular adhesion mol . -1 ,  for reaction 
arthritis 

Glycoproteins , specific or class , I CAM-1 ( interce l lular adhesion mol . 1 )  . . .  
humani z ed recombinant ant ibody to 

Antibodies • • •  

humani z ed recombinant , to intercellular adhesion mol . - 1 
Thyroid gland , disease , autoimmune thyroidit i s  . . .  

inflammation in , treatment o f , with humani z ed antibody to intercellular 
adhesion mol . -1 

Nervous system , central . • •  

inflammat ion of , treatment of , humani z ed antibody to i nterce l lular 
adhes ion mol . -1 for 

Autoimmune disease • • •  Blood vessel , diseas e , Raynaud ' s  phenomenon • • •  

Brain , disease , stroke • • .  Dialys i s , hemo- . . •  Encephalomyelitis . . .  
Ihtest ine , diseas e ,  Crohn ' s  • . •  Intestine , di sease , pseudomembranous 
enterocol itis • . .  I ntestine , disease , ulcerative co l it i s  • . •  Kidney , diseas e , 
acute glomerulonephritis • . .  Leukapheres is . . .  Lupus erythematosus . . •  

Multiple sclerosis • • •  Psoriasis • • •  Respiratory d i stress syndrome , adult . . .  
inflammation of , treatment o f , with humani z ed antibody to interce l lular 
adhesion mol . - 1 

Neoplasm , composition . • •  

intercellular adhes ion mol . - 1-express ing , diagnosis of , with humanized 
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antibody to intercel lular adhes ion mol . - 1 
Mouse . . .  

monoclonal antibody R6 - 5 -D6 of , in humani z ed ant ibody to interce l lular 
adhesion mol . - 1 prodn . 

Seps i s  and S epticemia . . •  

mu lt iple organ inj ury syndrome secondary to , inflammat ion of , treatment 
o f , humani z ed ant ibody to interce l lular adhes ion mo l . -1 for 

Protein sequences • . •  

of monoc lona l ant ibody R6-5-D6 heavy and l ight chain components for 
humani z ed anti interce l lular adhesion mo l . - 1 ant ibody 

Plasmid and Epi s ome • • •  

pAL5 , in gra fted humani z ed ant ibody to intercellu lar adhes ion mol . - 1 
prodn . 

Plasmid and Episome . . .  
pAL6 , in gra fted humani z ed ant ibody to intercellu lar adhes ion mol . - 1 
prodn . 

Plasmid and Epi s ome • . .  

pBJ l , in grafted huma n i z ed ant ibody to intercel lular adhe s ion mo l . - 1 
prodn . 

Kidney , transpl ant . • •  Organ , transp lant • • .  Transp lant and Transplantat i on . • •  

rej ect ion of , inflammat ion of , treatment of , humani z ed antibody t o  
intercel lular adhes i on mol . - 1 for 

Antibodies , monoc lona l • . .  

R6 - 5 -D6 , o f  mouse , in human i z ed ant ibody to intercel lu lar adhes ion 
mol . - 1 prodn . 

Organ , di sease , multiple organ fai lure • . •  

secondary to sept icemia or trauma , treatment of , human i z ed ant ibody to 
intercel lular adhes ion mol . - 1 for 

Temperature ef fects , bi ological . • •  

therma l inj ury , inflammation of , treatment of , humani z ed antibody to 
intercel lular adhes ion mol . - 1 for 

Perfus ion , re- • . •  

tissue inj ury from , treatment of , human i z ed ant ibody to i nterce l lular 
adhes ion mol . - 1 for 

Lymphokines and Cytokines • . •  

toxic ity i nduced by , inflammation o f , treatment o f , humani z ed antibody 
to interce l lular adhes ion mo l . - 1 for 

Neop lasm inhibitors • . .  

toxin-derivat i z ed humani z ed ant ibody to i ntercel lu lar adhes ion mo l . - 1 ,  
for intercel lular adhes ion mo l . -1 -expressing tumor c e l l  

Leukocyte , granulocyte • • .  

transfus ion-as socd . syndrome , treatment o f , human i z ed ant ibody to 
intercel lular adhes ion mol . - 1 for 

Al lergy , delayed hypersens itivity • • •  

treatment of , humani zed antibody to interce l lular adhes ion mo l . - 1 for 
Picornaviridae . • •  Virus , animal , Coxsackie A • • .  Virus , an ima l , human 
immunodeficiency • • •  Virus , an ima l , human immunodeficiency 1 . . .  Virus , anima l , 
Mengo . . .  Virus , an ima l ,  rhino- . . .  

treatment of infect i on with , with humani z ed antibody to i nterc e l lular 
adhes ion mol . - 1 

Hematopoietic precursor cell • • •  

tumorous , metastas i s  of , inhibition of , chimer ic antibody to 
intercel lular adhes i on mol . - 1 

Genetic vectors • . •  

with DNA for ant ibody heavy and l ight cha ins , in humani z ed ant ibody to 
intercel lular adhe si on mol . - 1 prodn . 

CAS REGI STRY NUMBERS : 
1 4 2 0 0 7 - 7 8 - 1  1 4 2 0 0 7 - 7 9 -2 14 2 0 0 7 - 8 0 - 5  1 4 2 0 07 - 8 1 - 6  1 4 2 0 0 7 - 8 2 -7 

1 4 2 0 07 - 8 3 - 8  1 4 2 0 0 7 - 8 5 - 0  amino acid sequence o f  
1 4 2 0 0 7 - 8 4 - 9 amino acid sequence of , humani z ed ant ibody to intercel lu lar 
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adhesion mol . - 1 in relation to 
1 4 0 8 7 6 -2 8 -4 1 4 0 8 7 6 - 2 9 - 5  1 4 2 0 0 7 -8 6 - 1  1 4 2 0 0 7 - 8 7 -2 amino acid sequence o f ,  

humani z ed antibody to intercel lular adhesion mol . - 1 prodn . i n  re lation 
to 

1 4 0 8 5 7 -8 8 - 1  1 4 2 0 0 8 - 9 4 -4 nucleotide sequence of , humani z ed ant ibody to 
interce llular adhes ion mol . - 1 prodn . i n  relation to 

1 4 0 8 5 7 - 8 9 - 2  1 4 2 0 0 8 - 9 3 - 3  nucleotide sequence of , humani z ed ant ibody to 
intercellular adhes ion mol . 0 1 prodn . i n  relation to 

Copyright 1 9 9 2  by the American Chemical Society 

3 1 / 7 / 18 ( Item 1 8  from f i l e : 1 5 5 )  
074 4 9 9 7 2  9 0 3 5 6 9 7 2  

Immunoglobulin V regions o f  a bactericidal anti -Neisser i a  meningitidis 
outer membrane protein monoclonal antibody . 

Larrick JW ;  Coloma MJ ; del Val le 
Gavi londo-Cowley JV 

Genelabs Inc . , Redwood City , Cali fornia . 

J ·  I Fernandez 

Scand J Immuno l  Aug 1 9 9 0 , 3 2  ( 2 )  pl2 1 - 8 , ISSN 0 3 0 0 -9 4 7 5  
Journal Code : ucw 

Languages : ENGLI SH 
Document type : JOURNAL ARTICLE 

ME ; Fry KE ; 

C6 is a potentially therapeutic murine monoclonal ant ibody that 
recogn i z e s  the c lass 1 outer membrane protein of Neisseria meningitidi s . C6 
specif ica l ly immunoblots thi s  antigen and augments i n  vitro k i l l ing of N .  
meningitidis bacteri a . We describe a general method of obtaini ng the heavy 
and l ight chain variable-region sequence from immunoglobul in-secreti ng 
cells . The method uses mixed polymeras e  chain reaction ( PCR) primers 
designed from the 5 '  end of the framework 1 ( FRl ) sequence s  of the heavy 
and l ight chains , and 3 ' -end primers for constant-region conserved 
sequences .  The method has been appl ied to the cloning and s equencing of the 
variable region of C6 to construct a *humani z ed* monoclonal antibody . Rapid 
amp l i fication and s equencing of variable regions by thi s  general method 
have multiple applications in the study of the immune response to 
infectious diseases . 

3 1 / 7 / 19 ( Item 19  from f i l e : 1 5 5 )  
07 2 9 2 7 3 8  9 01 9 9 7 3 8  

Cloning o f  the genes for T84 . 6 6 ,  an antibody that has a high speci f icity 
and affinity for carcinoembryonic antigen , and express ion of chimeric 
human/mouse T84 . 6 6 genes in myeloma and Chinese hamster ovary cell s . 

Neuma ier M ;  Shively L ;  Chen FS ; Gaida FJ ; I lgen C ;  Paxton RJ ; Shively JE ; 
Riggs AD 

Divis ion of Biology , Beckman Research Institute of the C ity of Hope , 
Duarte , Cal ifornia 9 10 1 0 . 

Cancer Res Apr 1 1 99 0 ,  50 ( 7 )  p2 1 2 8 - 3 4 ,  ISSN 0 0 0 8 -54 7 2  
Journal Code : CNF 

Contract/ Grant No . : CA 4 3 9 0 4  
Languages : ENGLISH 
Document type : JOURNAL ARTICLE 
Carcinoembryonic antigen ( CEA) i s  one of the best character i z ed 

tumor-associated ant igens and is extensively used in the in vitro 
immunodiagnosis of human colon adenocarcinoma s . Among a number of anti-CEA 
monoclonal ant ibodies , the murine monoclonal ant ibody T84 . 6 6 shows the 
highest specif icity and aff inity for CEA and has been used successfu l ly for 
in vivo tumor imaging in mice and humans . We report here the c l oning and 
sequencing of the genes coding for monoclonal antibody T84 . 6 6 and the ami no 
acid sequence of the variable regions for the heavy and l ight cha ins . We 
also report the construction of mouse/human chimer ic IgGl antibody genes 
us ing T84 . 6 6 variable region genes and human constant region genes . The 
resulting chimeric gene constructs were transf ected i nto mur ine myeloma 
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·cells ( Sp2 / 0 )  by electroporation and into Chinese hamster ovary cells by 
lipofection . The chimeri c  antibodies obtained exhibited the same 
specificity and a f finity for CEA as that of the T84 . 6 6 immunoglobu l in 
produced by the murine hybridoma cell l ine . Antibody concentrat ions in 
culture medium supernatants were clonal ly var iable but s imilar ( 15 - 4 8 0  
ng/ml)  for both Sp2 / 0  and Chinese hamster ovary transfectants ; the average 
production by Chinese hamster ovary transf ectants was only 3 -5 - f  old less 
than Sp2 / 0  transfectants . Ascites production of Sp2 / 0  transfectants is 
suf fici ently h igh ( 9 00 micrograms /ml ) for initial in vivo studies with 
*humani z ed* T 8 4 . 6 6 .  

3 1/ 7 / 2 0  ( Item 2 0  from f i le : 1 5 5 ) 
07 19 2 2 9 0  9 0 0 9 9 2 9 0  

A *humaniz ed *  antibody that binds t o  the interleukin 2 receptor . 
Queen C ;  Schneider WP ; Sel ick HE ; Payne PW ; Landol f i  NF ; Duncan JF ; 

Avdalovic NM ;  Levitt M ;  Junghans RP ; Waldmann TA 
Prote in Des ign Labs , Palo Alto , CA 9 4 3 0 4 . 
Proc Natl Acad Sci u s A Dec 19 8 9 , 8 6  ( 2 4 )  p 1 0 0 2 9 - 3 3 ,  

Journal Code : PV3 
Languages : ENGLISH 
Document type : JOURNAL ARTICLE 

I SSN 0 0 2 7 -8 4 2 4  

�� · 
The anti-Tac monoclona l antibody i s  known to bind to the p55 chain of the 

human i nter leukin 2 receptor and to inhibit proliferation of T cells by 
blocking interl eukin 2 binding . However , use of ant i-Tac as an 
immunosuppressant drug would be impaired by the human immune response 
against this murine antibody . We have therefore constructed a " *humanized* " 
antibody by combining the complementarity-determining regions ( CDRs ) of the 
anti-Tac antibody with human framework and constant regions . The human 
framework regions were chosen to maximi z e  homology with the anti-Tac 
antibody sequence .  I n  addition , a computer model o f  murine anti -Tac was 
used to identify several amino acids which , while �e the CDRs , are 
likely to interact with the CDRs or antigen . These mouse amino a cids were 
also reta ined in the *humani zed* ant ibody . The *humaniz ed* anti-Tac 
antibody has an affinity for p55 of 3 x 1 0 ( 9 )  M- 1 ,  about 1 / 3  that of murine 
anti-Tac . 

3 1 / 7 / 2 1  ( Item 2 1  from f i l e : 1 5 5 ) 
0 6 5 3 3 05 6  8 8 17 8 0 5 6  

Reshap ing human antibodies : grafting an ant i lysozyme activity . 
Verhoeyen M ;  Mi lstein C ;  Winter G 
Medical Research Counci l  Laboratory of Molecular Biol ogy , Cambridge , 

England . 
Science Mar 2 5  1 98 8 , 2 3 9  ( 4 8 4 7 )  p l 5 3 4 -6 , I S SN 0 0 3 6 - 8 0 7 5  

Journa l Code : UJ7 
Languages :  ENGLI SH 

:::1 Document type : JOURNAL ARTICLE 
The production of therapeutic human monoclonal antibodies by hybridoma 

technology has proved d i f ficult , and thi s  has prompted the " *humaniz ing*" \\ 
of mous e  monoclonal antibodi es by recombinant DNA techniques .  It was shown 
previously that the binding s ite for a sma ll hapten could be grafted from t 
the heavy-chai n  variable doma in o f  a mouse antibody to that of a human ) 
myeloma protei n  by transplanting the hypervariable loops . It i s  now shown \ 
that a large binding s ite for -a protein antigen ( lysozyme ) can a l so be \ 
transplanted from mouse to human heavy--chain . The success o f  such 
constructions may be facilitated by an induced-'fi t  mechanism . 
? save temp 

Temp SearchSave "TDlO l "  stored 
?b3 5 1 , 3 5 0  
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1 5 sep9 2  09 : 2 3 : 4 9 User2 0 9 1 9 7  Session D12 6 . 3 

SYSTEM : OS - QIALO�_QneSear�� 
([!1:��1.: Derwent Wol;:' l�:L f g:t�I'!t§ _ �!1c1e� Latest 

1 9 S l+ ; DW=9 2 2 7 , UA=9 2 1 4 , UM=9 1 4 3  
* *F�Ea·?_�:--F0:r·m;at.:s-J 2·1J·J-,· J 5 ,  3;.7 & 3 9  display the new ' Expanded ' Patent 

Famiiy table ror · uD=9 2 1 6 and greater . For more info . type ? NEWS 3 5 1  
·;:-F.i le--a-§•Gn-o�rw�rl'1: wor ld Patents Index L :r_ _. 

f9 6J �i9so� :E6uivALENTs THRu DW=9 2 2 1  
**R��E3°5 0-:-FQrmats---3-2,-3-3-, J 5 , 3 7  & ·0 3 9  display the new ' Expanded ' Patent 

Family table for ·UD=9 2 19 and greater . For more info . type ?NEWS 3 5 0  

Set Items Description 

? exs 

Executing TDl O l  
HILIGHT set o n  a s  ' * '  

0 HUMANI ZED/TI 
2 9 4 5  ANTIBOD I ES / TI 

S l  0 HUMANI ZED ( ) ANTIBODIES/TI 
>>>File 1 5 5  is not open 
>>>No val id f i les specified in FROM 
>>>File 1 5 5  is not open 
>>>No val id f iles specif ied in FROM 
>>>Set " S 2 "  does not . exist 
>>> "S4 " does not exist 

S 2  0 S4 
SJ  1 HUMANI Z? 
S4 2 6  HUMANI S ?  
S 5  0 S4 AND ( HUMANI Z ?  OR HUMANIS? ) 

HILIGHT s et on a s  ' * '  
>>>File 5 is not open 
>>>Fi le 7 3  is not open 
>>>File 3 9 9  is not open 
>>>No val id files specified in FROM 
>>>File 5 is not open 
>>>File 7 3  is not open 
>>>File 3 9 9  is not open 
>>>No val id f i les specified in FROM 
>>>Set " SS "  does not exist 
>>>Set " S 2 7 " does not exist 
>>>Set " S 2 8 "  does not exist 
>>>Duplicate detection is not supported for File 3 5 1 . 
>>>Duplicate detection is not supported for File 3 50 . 
> >>Al l specif ied f i les are unsupported , command ignored . 
>>>Set ' 3 0 '  has not yet been created . 
COST = OFF . 
? s s  antibod? and ( s3 or s 4 ) 

S 6  

S 7  
? s s  cdr or 

Processing 
Proces s ing 

SS 
S9 

1 J 9 3 6  
1 

2 6  
2 2  

( ig or 

ANTI BOD? 
SJ 
S4 
ANTIBOD? AND ( S J  OR S 4 ) 
immunoglobulin) ( ) variable ( )  region 

3 1  CDR 
7 S 6  IG 

or ( complementary ( ) determing 
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S l O  
S ll 
S 1 2  
S 1 3  
S 1 4  
S 1 5  
S 1 6  
S 1 7  
S 18 
S 1 9  
S 2 0  
S 2 1  
S 2 2 
S2 3 
S 2 4  
S 2 5  

1 5 7 6 
1 0 8 4 0 4  
1 0 8 1 3 1 

4 
2 3 5 6 4  

5 0 1  
0 

2 3  
1 0 81 3 1  

12  
112 18 
4 3 1 2 7  
2 8 3 2 9  
2 9 4 9 2  

0 
4 5  

IMMUNOGLOBULIN 
VARIABLE 
REGION 
( IG OR IMMUNOGLOBULIN) (W) VARIABLE (W) REGION 

COMPLEMENTARY 
DETERMING 
COMPLEMENTARY (W) DETERMING 
HYPERVARIABLE 
REGION 
( COMPLEMENTARY (W) DETERMING OR HYPERVARIABLE ) (W) REGION 

ANTIBODY 
RELATED 
BINDING 
S ITE? ? 
ANTIBODY (W) RELATED ( W ) BINDING (W) S ITE? ? 
CDR OR ( IG OR IMMUNOGLOBULIN)  ( ) VARIABLE ( ) REGION OR 
( COMPLEMENTARY ( ) DETERMING OR HYPERVARIABLE) ( ) REGION OR 

ANTIBODY ( ) RELATED ( ) BINDING ( ) SITE? ? 
?c 7 and 2 5  

2 2  7 
4 5  2 5  

"1Si2t6� ��·..: - :11·.� ,08�'lv•. ��JIDo-c 25-c - ----.- 1 

?t2 6 rr7':�84ti: i_ ;;/<_j_£'_''{ � :S..£ ¥.:�,..,-� :_ .  ·- . 

2 6 / 7 / 1  ( Item 1 from f i le : 3 5 1 )  
0 0 9 0 4 0 4 3 6  WPI Ace No : 9 2 -1 6 7 7 94 / 2 1  
XRAM Ace No : C 9 2 - 07 7 2 3 9  

New *humanised* *antibody* speci f i c  for interl eukin-2 receptor - with 
complementarity determn . regi ons and framework from d i fferent 
immunoglobulin ( s ) , i s  non immunogenic and used to treat T-ce l l  

Patent Ass ignee : ( PROT- ) PROTEIN DESIGN LABS INC 
Author ( Inventor ) : QUEEN C L ; SELICK H E  
Number of Patents : 0 0 1  
Number of Countries : 0 0 1  
Patent Family : 

CC Number Kind Date Week 
DD 2 9 69 6 4  AS 9 11 2 1 9  9 2 2 1  ( Ba s i c )  

Prior ity Data ( CC N o  Date ) : D D  3 3 7 15 9  ( 9 0 0 1 1 7 ) 
Abstract ( Ba s i c ) : DD 2 9 69 64 A 

Compsn . compr ises a pract ical ly pure human-type immunoglobu l in 
( Ig )  that reacts speci f ically with p55-Tac protein and/ or inhibits 
binding o f  human i nterleukin-2 ( I l- 2 ) to its spec i f ic receptor . 

Also new are ( 1 )  human-type I g  having 2 pairs of l ight 
chain/heavy chain d imers and able to react specif ica l ly with an epitope 
of human I L-2 receptor with affini ty at least 1 0  power 8 M-1 ,  in which 
the complementarity determining regions ( *CDR* ) and human-type frame 
work regions are from d i fferent Ig molecules ; ( 2 )  * humanis ed* Ig able 
to b ind to IL-2 receptors with one or more * CDR* from anti -Tac 
*antibody* in a human framework , where the framework includes includes 
at least one amino acid (AA) from anti-Tac ; ( 3 )  nucleic acid encoding a 
human Ig framework and murine *CDR* whi ch , when expres s ed , produces an 
Ig speci f i ca l ly reactive with p55-Tac protein and can block binding of 
IL-2 to its receptor ; ( 4 )  cells transformed with thi s  nuc l e i c  acid . 

USE/ADVANTAGES - These I g  are used to treat humans with 
T-ce l l  related diseases ( e . g .  transplant rej ection ; T-cell l eukaemia or 
autoimmune d iseases such as diabetes , multip le scleros is , etc . ) .  They 
are speci f ic for the IL-2 receptors ; are engineered to be 
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non-immuni sing and can be produced by recombinant DNA method . The new 
Ig are admin . in usual parenteral f ormulation e . g .  in doses of 1 5 0  mg 
for therapy or 0 . 5 -2 . 5  mg for prophylaxi s . I g  can al so be used , opt . 
labe lled , for diagnos i s ; T-cel l  typing ; speci f i c  receptor i s o lation or 
vaccine prodn . 0 / 1 0  

Derwent Class : B04 ; D l 6 ; 
Int Pat Class : A6 1K-0 3 9 / 3 9 5 ; Cl2N- 0 15 / 13 

2 6 / 7 / 2  ( Item 2 from f i le : 3 51 )  
0 09 0 3 9 7 9 3  WPI Ace No : 9 2 -1 6 7 1 5 5 / 2 0  
XRAM Ace No : C9 2 -0 7 6 8 9 1  

Prepn . o f  chimeric *humani sed* * antibodies* 
chai n  react ion technique ; PCR 

Patent Assignee : ( WELL ) WELLCOME FOUND LTD 
Author ( Inventor ) : CROWE J S ; LEWIS A P  
Number of Patents : 0 0 1  
Number of Countries : 0 1 5  

- using a new polymerase 

Patent Fami ly : 
cc Number 
WO 9 2 07 07 5  

Kind 
Al 

Date 
9 2 0 4 3 0  

Week 
9 2 2 0  (Basic)  

Priority Data ( CC No Date ) : GB 9 0 2 2 0 1 1 ( 9 0 1 0 1 0 )  
Appl ications ( CC , No , Date) : WO 9 1GB17 4 4  ( 9 11 00 8 )  
Language : English 
EP and / or WO C ited Patents : 4 . Jnl . Ref ; WO 9 00 7 8 6 1  
Des ignated States 

( National ) :  JP ; US 
( Regiona l ) : AT ; BE ; CH ; DE ; DK ; ES ; FR; GB ; GR ; I T ; LU ; NL ; SE 

Abstract ( Bas i c ) : WO 9 2 0 7 0 7 5  A 
Prodn . of ds or s s  DNA of formula : 5 '  Fl-M-F2 3 '  encoding an 

*antibody* ( Ab )  cha in or f ragment in which at least one of the 
compl ementari ly determining regions ( CDRs ) of the variable region is 
derived from a first mamma l ian Ab and the framework o f  the var iable 
region i s  derived from a second different mammalian Ab , where M i s  DNA 
encoding a * CDR* of the second Ab and Fl and F2 resp . encode 5 1  and 3 '  
sequences f l anking M ,  by : ( a )  prepg . a ss or ds DNA template of 
formula : 5 '  fl-H-f2 3 '  where H i s  DNA encoding a * CDR* of a different 
specificity from M ,  and fl and f2 are homologous to F l  and F2 , resp . ; 
( b )  obtaining DNA o l igonucleotide pr imers A ,  B ,  c and D ,  where : A 
compri ses the sequence a l  with a 5 '  end corresp . to the 5 '  and of Fl 
and whi ch is identical to the corresp . length of Fl and is ori ented in 
a 5 '  to 3 '  direction towards H ;  B has of the s equence 5 '  bl-b2 3 ' ,  
where bl comprises a s equence comp lementary to a corresp . length of M 
and has a 3 '  end compl ementary to the 5 '  end of M ,  and b2 is 
complementary to a s equence of corresp . l ength in Fl and has a 5 '  end 
whi ch starts at the nucl eotide complementary to the 3 '  end of Fl , c has 
of the s equence 5 '  cl-c2 3 '  where cl compri s es a sequence identical to 
the corresp . length of M and has a 3 ' end corresp . to the 3 '  end of M ,  
and c2 i s  identical to a sequence of corresp . length i n  F2 and h a s  a 5 '  
end which starts at the nucleotide corresp . to the 5 '  end of F2 , and D 
comprises a sequence dl which has a 5 '  end complementary to the 3 '  end 
of F2 and which i s  complementary to a corresp . length of F2 and i s  
ori ented in a 5 '  t o  3 '  direction towards H ,  where b l  and c l  overlap by 
a sufficient length to permit annealing of their 5 '  ends under 
cond itions which a l l ow PCR to be performed ; ( c )  performing , in any 
desired order , PCR reactions with primer pairs A ,  B and c ,  D on the 
template prepd . in ( a } , and ( d} mixing the prods . of ( c )  and performing 
PCR us ing primers A and D .  

USE/ADVANTAGE - The method al lows the prepn . of ch imer ic , 
esp . *humani sed* Abs . The resulting Ab retains the ant igen b inding 
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capabi l ity of the non-human Ab from which the * CDR* ( s )  are derived . 
0 / 4  

Derwent Class : B04 ; D16 ; 
Int Pat Clas s : C12N- 0 0 5 / 1 0 ; Cl 2N- 0 1 5 / 1 2 ; C12N-015 / 69 ;  C12P-02 1 / 08 

2 6 / 7 / 3  ( Item 3 from f i le : 3 5 1 )  
0 0 8 9 3 7 4 4 0  WPI Ace No : 9 2- 0 6 4 7 0 9 / 0 8  
XRAM Ace No : C 9 2 - 0 2 9 6 2 1  

New multival ent anti-cytokine immunoglobulins - for treating d isorders 
assoc i ated with e l evated cytokine levels , e . g .  s eptic and endotoxic 
shock , AIDS , al lergies , etc . ; ACQUIRE IMMUNE DEFICIENT SYNDROME 

Patent Assignee : ( CLLT ) CELLTECH LTD ; ( CELL- ) CELLTECH LTD 
Author ( Inventor ) : ALLEN R A ; MORGAN S A 
Number of Patents : 0 0 2  
Number of Countries : 0 3 5  
Patent Fami ly : 

cc Number 
WO 9 2 0 1 4 7 2  
AU 9 18 2 3 8 1  

Kind 
A 
A 

Date 
9 2 0 2 0 6  
9 2 0 2 1 8  

Week 
9 2 08 
9 2 2 2  

( Ba s i c )  

Priority Data ( CC N o  Date) : G B  9 0 15 9 0 8  { 9 0 07 19 )  
Appl ications { CC , No , Date ) : AU 9 1 8 2 3 8 1  ( 9 107 19 ) ; WO 9 1GB12 1 6  ( 9 10 7 19 ) 
Language : Engl ish 
EP and / or WO C ited Patents : 2 . Jnl . Ref ; EP 3 4 7 05 7 ; EP 3 5 5 0 6 7 ; WO 9 0 0 63 7 1 ;  WO 

9 0 0 7 118 ; WO 9 10 6 3 05 
Designated States 

( National ) :  AT ; AU ; BB ; BG ; BR ; CA ; CH ; cs ; DE ; DK ; ES ; FI ; GB ; HU ; JP ; KP 
; KR ; LK ; LU; MC ; MG ; MW ; NL ; NO ; PL ; RO ; SD ; SE ; SU; US 

(Regiona l ) : AT ; BE ; CH ; D E ;  DK ; ES ; FR ; GB ; GR ; I T ; LU ; NL; OA ; S E  
Fi l ing Deta i l s : AU9 18 2 3 8 1  Based o n  WO 9 2 0 1 4 7 2  
Abstract ( Ba s i c ) : WO 9 2 0 1 4 7 2  

New multivalent immunoglobulin ( I )  has a t  least 3 l inked 
ant igen-binding doma ins ( ABD ' s )  each being specific f or a comp lementary 
site on a cytok ine . 

The combi ning interactions between ABO and cytokine s ites are 
neutra l i s ing .  ( I )  is spec i f ic for tumour necros i s  factor ( TNF) alpha or 
beta ; an i nterl eukin , an interferon or a colony-stimulating factor , and 
it contains 4 - 2 0  ABO . 

ABD are a l l  of c lass IgG ( most pref . )  or a l l  of class IgM ( but 
must be d i fferent from a native IgM molecule )  and can be l inked by 
cova lent crossl inking ( e . g .  2 - iminothiolane/ maleimide system ) or by 
non-cova lent interact ion ( e . g .  using an *antibody* reactive with s ites 
on Ig other than those involved in antigen binding ; or the 
biot in-avidin system ) . ( I )  are made by j oining together appropriate 
immunoglobu l in molecules or fragments esp *CDR*-grafted or *humani sed* 
chimaeric Ig . USE/ADVANTAGE- ( I ) are used to treat or prevent diseases 
assciated with elevated cytokine levels , e . g .  immuno regul atory and 
inflammatory disease , sepsis , endotoxic or cardiovascular shock , AIDS , 
psor iasi s , organ transplant rej ecti on or excess ive TNF generation 
induced cancer therapy etc . , Compared with monomeri c  I g , ( I )  have much 
greater neutral is ing activity . @ ( 4 3 pp ) @ 

Derwent Class : B 0 4 ; 016 ; 
Int Pat Class : A6 1K- 0 3 9 / 3 9 ; A61K-0 3 9 / 3 9 5 ; C07K-01 5/ 2 8 ; C12 P- 0 2 1 / 0 8 

2 6 / 7 / 4  ( Item 4 from f i le : 3 5 1 )  
0 0 8 9 2 9 6 0 5  WPI Ace No : 9 2 -0 5 6 8 7 4 / 0 7 
Re lated WPI Accession ( s ) : 9 1- 2 2 2 9 1 5  
XRAM Ace No : C 9 2 - 0 2 5 7 1 3  

New *cdr* -grafted anti carcinoembryonic antigen * anti bodies* - useful 
in therapy and diagno s i s  of carcinoma 
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·patent Assignee : ( CELL- ) · CELLTECH LTD 
Author ( Inventor ) : ADAIR J R ; BOOMER M W ; MOUNTAIN A ;  OWENS R J 
Number of Patents : 0 0 1  

· 

Patent Family : 
cc Number Kind Date Week 
WO 9 2 0 1 0 5 9  A 9 2 0 1 2 3 ' 92 07 (Basic)  

Prior ity Data ( CC No Date ) : WO 9 1GB1 1 0 8  ( 9 1 0 7 05 ) ; GB 9 0 14 9 3 2  ( 9 0 07 05 ) ; WO 
9 0GB2 0 1 7  ( 9 0 1 2 2 1 }  <----- . . · 

Language : Engl i sh 
EP and / or WO C ited Patents : WO 8 9 1 0 1 4 0 ; WO 8 �017 8 3 ; EP 3 2 3 8 0 6 ; 6 . Jnl . REF 
Designated States - _ . .  - � ----- '---

( Nationa l ) : AT ; AU; BB ; BG ; BR ; CA ; CH ; CS ; DE ; DK ; ES ; FI ; GB ; HU ; JP ; KP 
; KR ; LK ; LU ; MC ; MG ; MW ;  NL ; NO ; PL ; RO ; SD ; SE ; SU;  US 

( Regiona l ) : AT ; BE ; CH ; DE ; DK ; ES ; FR; GB ; GR ; I T ; LU ; NL ; SE ; OA 
Abstract ( B a s ic ) : WO 9 2 0 1 05 9  

New *humanised* * antibody* mol ecule (HAM) is speci f ic for 
carcino-embryonic ant i gen ( CEA) and has an anti gen ·binding s ite i n  
whi ch a t  least one of the complementarity determining regions ( * CDR* ' s )  
of the variable domain i s  derived from the mouse monoclonal *antibody* 
(MAb) A5B7 . The rema in ing l g-der ived parts of HAM are of human origin . 

HAM i s  a chimeri c  .. pi:: *CDR*-grafted -*humanised* *anti body * , prepd . 
by recombinant DNA techniques .  I t  can be a complete * anti body* or an 
Fab , Fab ' , ( Fab ' ) 2  or Fv fragment , or a s ingle-chain fragment . It may 
have a reporter or effector molecule attached to it . 

USE/ADVANTAGE - HAM are useful in therapy or diagnosis ( including 
imaging )  o f  carcinomas which produce CEA , e . g . , when coupl ed to a toxin 
such as r icin . @ ( ? Opp Dwg . No .  0 / 19 �···---

Derwent Clas s : B04 ; D 1 6 ; 
Int Pat Class : A6 1K-0 3 9 / 3 9 ; CO?K- 0 1 5 / 2 8 ; C12N- 0 1 5 / 13 ;  C12P-0 2 1 / 0 8 

<:.::;._ -
2 6 / 7 / 5  ( Item 5 from f i le : 3 5 1 )  

0 0 8 8 4 9 5 1 5  WPI Ace No : 9 1- 3 5 3 5 3 3 / 4 8  
XRAM Ace No : C9 1 - 1 5 2 4 4 8  

New *humanised* *CDR*-grafted anti-ICAM *ant ibodies* - used t o  treat 
and prevent inf lammation ( e . g .  psoriasi s ) tumours , viral infections and 
asthma and in diagnos i s ;  INTER CELLULAR ADHESIVE MOLECULAR 

Patent Ass ignee : ( CELL- ) CELLTECH LTD ; ( BOEH ) BOEHRINGER INGELHEIM PHA 
Author ( Inventor ) : ADAIR J R; ATHWAL D S ;  ROTHLEIN R A  
Number of Patents : 0 0 2  
Patent Family : 

CC Number Kind Date Week 
WO 9 11 6 9 2 7  A 9 1 1 1 14 9 14 8  ( Basi c }  
AU 9 17 9 0 0 1  A 9 1 1 1 2 7  9 2 1 0 

Priority Data ( CC No Date} : GB 9 0 9 54 9  ( 90 0 4 2 7 }  
App lications ( CC , No , Date} : WO 9 1US29 4 2  ( 9 1 04 2 9 )  
Language : Eng l i sh 
EP and / or WO Cited Patents : US 4 8 1 6 5 6 7 ; WO 8 9 0 1 7 8 3 ; 7 . Jnl . REF 
Designated States 

(Nationa l ) : AT ; �U ; BB ; BG ; BR ; CA ; CH ; DE ; DK ; ES ; FI ; GB ; HU ; JP ; KP ; KR 
; LK ; MC ; MG ; MW ;  NL ; NO ; PL ; RO ; SD ; SE ; SU ; US 

( Regiona l ) : AT ; B E ;  CH ; D E ;  DK ; ES ; FR ; GB ; GR ; IT ; LU ; NL ; SE ; OA 
Abstract ( Ba s i c ) : WO 9 1 1 6 9 2 7  

A recombinant *ant ibody* molecule compris ing antigen binding 
regions derived from the heavy and / or l ight cha in var i able regions of 
an ant i- intracellular adhes ion molecule-1 ( anti-ICAM-1 )  * antibody* is 
claimed . The Ab i s  *CDR*-grafted and comprises several non-human 
residues . Also claimed are DNA encoding an Ab heavy or l ight chain , a 
vector comprising the DNA , host cel ls transformed with the vector and a 
method for producing the anti-ICAM- 1 grafted Ab . 

USE/ADVANTAGE - The Abs are used to treat - and prevent 
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inflammation in e . g .  delayed type hypersens itivity , psoria s i s , an 
autoimmune disease e . g .  Reynaud7 s  syndrome , autoimmune thyroiditis , 
EAE , multiple scleros is , rheumatoid arthr itis and lupus erythematosus , 
tissue or organ transplant or graft rej ection . They are also used to 
treat and prevent tumours ,  viral infections ( e . g . rhinoviruses of the 
maj or serotype within the genus Picornavididae , group A coxsack ievirus , 
a Menge virus and HIV) ; asthma and non-specific def ence system 
response , e . g .  adult respiratory distress syndrome , CNS inflammatory 
disorder , multip l e  organ injury syndrome s econdary to s epticaemia or 
trauma , ulcerative colitis and Crohn ' s  disease . Administration can be 
enteral ,  parenteral ,  topical ,  intranasal or by inhal at ion . The Abs 
are also used to diagnose an I CAM- 1-expres sing tumour c e l l  and 
inflammation . @ ( 68pp Dwg . No . 0 / 4  

Derwent Class : B04 ; D 1 6 ; 
Int Pat Class : A61K-0 3 9 / 3 9 ;  C07K- 0 1 5 / 2 8  

2 6 / 7 / 6  ( Item 6 from f i le : 3 5 1 )  
0087 1 8 8 9 7  WPI Ace No : 9 1-2 2 2 9 1 6 / 3 0  
XRAM Ace No : C9 1-0 9 68 6 5  

CD3 specific *humanised* recombinant * antibody* - i s  chimeric or * cdr* 
grafted for immunotherapy and diagnos is ; COMPLEMENTARY DETERMINE REGION 

Patent Ass ignee : ( CELL- ) CELLTECH LTD 
Author ( Inventor) : JOLLI FFE L K ;  Z IVIN R A ; ADAIR J R ; ATHWAL D S 
Number of Patents : U03 
Patent Family : ·  

cc Number Kind 
WO 9 10 9 9 68 A 
AU 9 17 0 3 3 0  A 
GB 2 2 4 67 8 1  A 

Date Week 
9 10 7 1 1  9 13 0  
9 1 0 7 2 4  9 14 3  
9 2 02 12 9 2 07 

( Basi� 
Priority Data ( CC No Date ) : WO 9 0GB2 0 1 8  ( 9 0 12 2 1 ) ; 

9 1 1 7 6 1 1  ( 9 1 0 8 1 5 )  
Appl ications { CC , No , Date ) : GB 9 0 1 7 6 1 1  ( 9 0 12 2 1 )  
Language : English 
EP and / or WO Cited Patents : EP 4 0 3 156 ; EP 3 2 84 0 4 
Designated States 

GB 8 9 2 8 8 7 4  ( 8 9 12 2 1 ) ; GB 

(Nationa l ) : AT ; AU ; BB ; BG ; BR ; CA ; CH ; DE ; DK ; ES ; FI ; GB ; GR ; HU ; JP ; KR 
; LK ; LU ; MC ; MG ; MW ;  NL ; NO ; RO ; SD ; S E ;  SU ; US 

(Regiona l ) : AT ; BE;  CH ; DE ; DK ; ES ; FR ; GB ; GR ; IT ; LU ; NL ; S E ; OA 
Filing Detai l s : GB2 2 4 6 7 8 1  Based on W09 1 0 9 9 6 8  ( E )  ( 12 5 1CH ) 
Abstract ( Basic ) : WO 9 10 9 9 6 8  

A recombinant * antibody* (RAM) compris ing antigen binding regions 
derived from the heavy and or l ight chain variable regions of a donor 
anti- CD3 * antibody* . The * antibody* preferably has binding affinity 
similar to that of OKT3 . The RAM comprises antigen binding regions from 
suitable anti-CD3 *antibodies* such as rodent e . g .  mous e  or rat 
anti-CD3 MAb . The RAM may comprises only the variable region (VH and / or 
VL) or one or more CDRs of such a MAb . 

The RAM is preferably a *humanised* * antibody* molecule specific 
for CD3 having an antigen binding s ite where at least one o f  the CDRs 
of the variable doma in and usual ly two more of the CDRs are derviced 
from non human anti-CD3 * antibody* . The RAM may be a chimeric or * CDR* 
grafted *antibody* . Usua lly , the donor and acceptor * antibodie s *  are 
derived from different species . Typical ly the donor anti CD3 
*antibody* is non-human ( e . g .  rodent) and the acceptor * antibody* i s  
human . A * CDR* grafted * antibody* heavy chain compri sing variable 
region with acceptor and donor CD3 binding comprising donor res idues at 
one or more of pos it ions 6 ,  3 7 , 48 and 9 4 . The *CDR* grafted l ight 
chain i s  also claimed . 

DNA coding these * antibodies* and their production by recombinant 
DNA technology is claimed . 
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USE/ADVANTAGE - The *antibodies* may be used for treatment or 
diagno s i s  of human or veterinary conditions . The *humanised* 
*antibodies* do not have the immuno logic compli cations a s sociated with 
administration o f  non human *antibodies* to human subj ects . @ ( 8 lpp 
Dwg . No . 0 / 13 ) @ 

Derwent Class : B 0 4 ; 016 ; 
Int Pat Class : A6 1K- 0 3 9 / 3 9 ;  A6 1K-04 9 / 00 ; C07K-01 5 / 0 6 ; Cl 2N-0 0 5 / 1 0 ; 

Cl 2N-0 1 5/ 13 ;  Cl2P-0 2 1 / 08 

2 6 / 7 / 7  ( Item 7 from f i le : 3 5 1 )  
0 08 7 1 8 8 9 6  WPI Ace No : 9 1-2 2 2 9 15 / 3 0  
Related WPI Access ion ( s ) : 9 2 -0 5 6 8 7 4  
XRAM Ace No : C9 2 -0 2 57 13 

New *humanised* * antibodies* compri s ing * CDR* grafted * anti body* - with 
heavy and l ight cha ins , for use in vivo therapy and diagnos is ; 
COMPLEMENTARY DETERMINE REGION 

Patent Assignee : ( �LT ). CELLT.ECH J§Jli ( C�LL- )_ CELLTECH LTD 
Author ( Inventor ) :  ADAIR J Ri BOOMER M W ; MOUNTA-I"'N'- A ;  OWENS R J ;  ATHWAL D s 

; EMTAGE J S ·--

Number of Patents : O� 
Number of Countries : 0 3 5  
Patent Fami ly : -=--

CC Number Kind 
WO 9 1 0 9 9 6 7 .. · - -A 
AU 916 9 7 4 0  A 
GB 2 2 4 6 57 0  A 
WO 9 2 0 1 0 5 9  A 
AU 9 1 8 2 0 0 5  A 

.. 
Week 

9 1 3 0  
9 1 4 3  
9 2 0 6  
9 2 07 
9 2  .0-- '"--

( Ba s i c )  

Priority Data ( CC N o  Date ) : ::sB=--=-
8

�
9

�
2

�
8

�
8

�
7

�
���

�
} WO 9 0GB2 0 1 7 4  ( 9 0 1 2 2 1 ) ; GB 

9 0 1 4  9 3 2 ( 9 0 0 7 0 5 ) !c'Y'' -----·- �-::::=====---
Appl icati ons ( CC , No , Date) : AU 9 1 8 2 0 0 5  ( 9 10 7 05 ) ; WO 9 1GB1 1 0 8  ( 91 07 0 5 ) ; GB 

9 0 17 6 1 2  ( 9 0 1 2 2 1 )  
Language : English 
EP and / or WO C ited Patents : EP 2 3 94 0 0 ; EP 3 2 3 8 0 6 ; EP 3 2 84 0 4 ; EP 4 0 3 1 5 6 ; 

6 . Jnl . Ref ; WO 8 9 0 17 8 3 ; WO 8 9 1 0 1 4 0  
Designated States 

(National ) :  AT ; AU ; BB ; BG ; BR; CH ; DE ; DK ; FI ; GB ; HU ; JP ; KP ; KR ; LK ; LU 
; MC ; MG ; MW ;  NL ; NO ; RO ; SD ; S E ;  SU ; us ; CA ; cs ; ES ; PL 

( Regiona l ) : AT ; BE ; CH ; DE ; FR ; GB ; GR ; IT ; LU ; NL ; OA ; SE ; DK ; ES 
Fili g Detai l s : AU9 1 8 2 0 0 5  Based on WO 9 2 0 1 0 5 9  
Abs act ( Ba s i c ) : WO 9 1 0 9 9 67 

A *CDR* grafted *antibody* heavy cha in is claimed havi ng a 
var iable region compri si ng acceptor frame-work . and donor antigen 
binding regions in at least one of positions 6 ,  2 3  and/ or 2 4 , 4 8  and / o  
4 9 , 7 1  and/or 7 3 , 7 5  and / or 7 6  and/or 7 8  and 8 8  and / or 9 1 . Preferabl 
the heavy chain framework also comprises donor residues at pos itions 
3 7 , 48 and 9 4 . Also claimed is a * CDR*-grafted *antibody* l ight cha in 
having a variable reg i on doma in compr is ing acceptor framework and don r 
antigen binding regions compr i sing donor res idues i n  at least one o f  
positions 1 and/ or 3 and preferably a t  pos itions 4 6  and / or 4 7 . A * CDR 
grafted *antibody* molecule i s  also cla imed compris ing at least one 
*CDR* grafted heavy chain and light cha in . DNA encoding the *CDR* 
grafted heavy and l ight cha ins i s  also cla imed . The heavy or l ight 
chains may have an effector or reporter molecule attached e . g .  a 
macrocycle for chelating a metal atom or a toxin such as ricin . The 
*CDR* grafted * antibodies* preferably have non-human e . g .  rodent donor 
and human acceptor frameworkers . 

USE/ADVANTAGE - For use in treatment and diagno s i s  o f  human and 
veterinary conditions . @ ( 9 lpp Dwg . No . 0/ 13 
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perwent Cla s s : B04 ; D 1 6 ; 
Int Pat Cla s s : A6 1K- 0 3 9 / 3 9 ; A6 1K- 0 3 9 / 3 9 5 ;  C07K- 0 1 5 / 0 6 ; C0 7K-0 1 5 / 2 8 ;  

C 1 2N- 0 0 5 / 1 0 ;  C 1 2 N-0 1 5 / 1 3 ; C 1 2 P -0 2 1 / 0 8 ; C 1 2 R-0 0 1 / 9 1  

2 6 / 7 / 8  ( Item 8 from f i le : 3 5 1 )  
008 3 6 6 7 9 9  WPI Ace No : 9 0 - 2 5 3 8 0 0 / 3 3  
XRAM Ace No : C 9 0 - 1 0 9 8 9 7  

Chimaer i c  immunogl obu l i n ( s )  blocking IL-2 binding t o  receptors -
compri s i ng human framework and mur ine complementary determini ng 
regions , less immunogenic than mur ine * antibodies* 

Patent As signee : ( PROT - )  PROTEIN DES IGN LABS INC ; ( PROT- ) PROTEIN DES IGN 
LABS 

Author ( Inventor ) : QUEEN C L ; SELICK H E  
Number of Patents : 0 1 0  
Number o f  Countries : 0 3 4  
Patent Fami ly : 

cc Number 
WO 9 0 07 8 6 1  
PT 9 2 7 58 
CA 2 0 0 6 8 6 5  
AU 9 0 5 1 5 3 2  
ZA 8 9 0 9 9 5 6  
CN 1 0 4 3 8 7 5  
F I  9 1 0 2 4 3 6  
NO 9 1 0 2 3 8 5  
DK 9 10 1 1 9 1  
JP 4 5 0 2 4 0 8 

Kind 
A 
A 
A 
A 
A 
A 
A 
A 
A 
w 

Date 
9 0 0 7 2 6  
9 0 0 6 2 9  
9 0 0 6 2 8  
9 0 0 8 1 3 
9 0 1 0 3 1 
9 0 0 7 1 8  
9 1 0 5 2 0  
9 1 0 6 1 9  
9 1 0 6 1 9  
9 2 0 5 0 7  

Week 
9 0 3 3  
9 0 3 3  
9 0 3 7  
9 0 4 4  
9 0 4 8  
9 1 15 
9 1 3 3  
9 14 2  
9 1 4 3  
9 2 2 5  

( Ba s ic ) 

Priority Data ( CC No Dat e ) : US 2 9 0 9 7 5  ( 8 8 1 2 2 8 ) ; us 3 1 0 2 5 2  ( 8 9 0 2 1 3 ) 
Applicat ions ( CC , No , Date ) : WO 8 9US 5 8 5 7 ( 8 9 1 2 2 8 ) ; JP 9 0 5 0 3 6 7 7  ( 8 9 1 2 2 8 } ; ZA 

8 9 9 9 5 6  ( 8 9 1 2 2 8 )  
Language : Engl ish ; German 
EP and / or WO Cited Patents : 7 . Jnl . Ref ; EP 2 3 9 4 0 0 ; GB 2 18 8 9 4 1 ;  US 4 8 1 6 5 6 7 ; 

WO 8 9 0 1 7 8 3  
Des ignated States 

(Nat iona l ) : AT ; AU ; BB ; BG ; BR ; CH ; DE ; DK ; FI ; GB ; HU ; JP ; KP ; KR ; LK ; LU 
; MC ; MG ; MW ;  NL ; NO ; RO ; SD ; SE ; SU 

(Reg iona l ) : AT ; BE ; CH ; DE ; ES ; FR ; GB ; IT ; LU ; NL ; OA ; SE 
F i l ing Deta i l s : JP0 4 5 0 2 4 0 8 Based on WO 9 0 0 7 8 6 1  
Abstract ( Ba s i c ) : WO 9 0 07 8 6 1  

Compsn . compr ises a pure human- like immunoglobu l i n  ( I g )  which ( a )  
reacts speci f ica l ly w ith p55 Tac protei n  and/ or ( b )  inhibits bind i ng of 
human inter leukin-2 ( IL-2 ) to its receptor . Also new are ( 1 )  human- l ike 
Ig having 2 pa irs of l ight /heavy cha ins and able to react specif ica l ly 
with an epitope o f  a human IL-2 receptor w ith a f f inity at least 1 0  
power 8 per mo le , the cha ins inc luding complementari ly determg . regions 
( *CDR* ' s ) and human- l ike framework regions ( FR ' s ) , the * CDR* ' s  being 
from d i fferent Ig molecules than FR ' s ;  ( 2 )  *humani sed* Ig ( hig) which 
can b i nd to IL-2 receptors and conta in at least one *CDR* from ant i-Tac 
*anti body * i n  a human- l ike FR contg . at least one amino acid from the 
ant i-Tac * antibody* ; ( 3 )  nuc leic acid encoding for human - l ike FR and at 
least one murine *CDR* , and ( 4 )  cel ls transfected with nuc l e i c  acid . 

USE/ADVANTAGE - hIG are not sign i f i cantly immunogeni c  i n  humans ;  
are eas i ly and economica l ly produced , and have a longer ha l f - l i fe i n  
vivo than mouse * antibodies* . They are useful ( opt . when attached t o  a 
cytotoxic agent , for treatment of T-ce l l  mediated d i sorders , e . g .  gra ft 
or transplant rej ection , and auto immune d i seases . LIG can also be used 
in vitro for T-ce l l  typ ing ; isolation of IL-2 receptor bear ing ce l l s , 
vacc ine prodn . ,  etc . @ ( 5 2 pp Dwg . No . 0 / 1 0 ) @ 

Abstract ( EP ) : 9 14 2  EP 4 5 1 2 1 6  
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Compsn . compri ses a pure human- l ike immunoglobu l in ( Ig )  whi ch ( a )  
reacts speci fica l ly with p55 Tac protein and/or ( b )  inhibits binding of 
human interleukin-2 ( IL-2 ) to its receptor . Also new are ( 1 ) human l ike 
Ig having 2 pairs of l ight/heavy chains and able to react spec if ica l ly 
with an ep itope of a human IL-2 receptor with affi nity at l east 10 
power 8 per mole , the chains including complementarily determg . regions 
( *CDR* ' s ) and human-l ike framework regions ( FR ' s )  the *CDR* ' s  being 
from d i fferent Ig molecules than FR ' s .  ( 2 )  *humani s ed *  IG ( hig)  which 
can bind to IL-2 receptors and contain at least one *CDR* from anti-Tac 
*antibody* in a numan-l ike FR contg . at l esdt one amino acid from the · 
anti-Tac *antibody * , ( 3 )  nucleic acid encoding for human- l ike FR and at 
least one murine * CDR* , and ( 4 )  cells transfected with nucl e ic acid . 

USE/ADVANTAGE - hIG are not s igni f i cant ly immunogenic i n  humans , 
are easi ly and economica l ly produced , and have a longer hal f - l i fe in 
vivo than mouse * antibod i es * . They are useful ( opt . when attached to a 
cytotoxi c  agent , for treatment of T-ce l l  mediated disorder s , e . g .  graft 
or transplant rej ection , and autoimmune diseases , LIG can also be used 
in vitro for T-ce l l  typing , i solation of IL-2 receptor bearing cells , 
vaccine prodn etc . 

Derwent Clas s : B 0 4 ; 016 ; 
Int Pat Class : A6 1K-0 3 9 / 3 9 ; CO?K- 0 07 / 1 0 ;  CO?K-01 3 / 00 ; CO?K-0 1 5 / 14 ; 

C12N- 0 0 5 / 1 0 ;  C12N-007 / 0 l ; C12N-015 / 0 0 ; C12P-02 1 / 0 8  
? 
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?et cost off 

COST = OFF . 
? set hi * 

HILIGHT set on a s  ' * '  
Hil ight option is not ava ilable in f i le ( s )  3 9 9 . 
? show f i les 
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( COPR . ESP BV/ EM 1 9 9 2 } -
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1 6  HUMANIZED ( } ANTIBODIES/TI 

3 3 2 2 9 S  ANTIBODIES ! FROM 1 5 5  
2 2 5 3  IMMUNOGLOBULIN VARIABLE REGION ! FROM 1 5 5  
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1 6  S 4  AND ( HUMAN I Z ?  OR HUMANIS? ) 
6 3 6 S 2 3  ANTIBOD? FROM 5 , 7 3 , 3 9 9  
1 6 5 4 6 9  IMMUNOGLOBULIN 

4 1 S 3 0  IG 
1 1 3 4 6 2  VARIABLE 
3 9 2 4 4 S  REGION 

S 6 2  ( IMMUNOGLOBULIN OR IG) ( W) VARIABLE { W ) REGION 
6 0 4  CDR 

6 7 9 9 1  COMPLEMENTARY 
1 1 2 6 4 6  DETERMINING 

6 3  COMPLEMENTARY (W} DETERMINING 
1 9 0 4  HYPERVARIABLE 

3 9 2 4 4 8  REGION 
7 4 7  ( COMPLEMENTARY (W) DETERMINING O R  HYPERVARIABLE ) ( W ) REGION 

4 2 8 7 7 8  ANTIBODY 
1 4 6 9 12 6 RELATED 

6 2 3 7 5 5  BINDING 
5 4 4 3 4 4  S ITE? ? 

0 ANTIBODY (W) RELATED (W) BINDING (W) S ITE? ? 
2 1 6 1  ( IMMUNOGLOBULIN OR I G ) ( ) VARIABLE ( ) REGION OR CDR OR { COMPLE

MENTARY ( ) DETERMINING OR HYPERVARIABLE ) ( ) REGI ON OR ANTI BODY ( ) R
ELATED ( } BINDING ( ) S ITE? ? FROM 5 , 7 3 , 3 9 9  

8 9 7  S S  AND S 2 6 
1 8  S2 7 AND ( SS OR S 6 )  
3 4  S2 S OR S7 
2 1  RD ( unique items } 
2 1  S ort S 3 0 /ALL/PY , D 

_ _  a 
3 16 5  COMPLEMENTARITY /<fa'�.� 2 0 05 8 1 3  DETERMIN? 

5 2 4 9 2 7  REGION 
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1 2  COMPLEMENTARITY ( ) DETERMIN? ( ) REGION -AND ' { S S  O R  S 6 ) AND S S  
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4 0 / 7 / 1 ( Item 1 from f i le : 5 )  
9 0 8 1 7 8 0  BIOS I S  Number : 9 3 0 6 6 7 8 0  

DEVELOPMENT O F  *HUMANI ZED* BISPECIFIC *ANTIBODIES* REACTIVE WITH 
CYTOTOXIC LYMPHOCYTES AND TUMOR CELLS OVEREXPRESSING THE HER2 PROTOONCOGENE 

SHALABY M R ;  SHEPARD H M ;  PRESTA L ;  RODRIGUES M L ;  BEVERLEY P C L ;  
FELDMANN M ;  CARTER P 

DEP . CELL BIOL . , GENENTECH , INC . , 4 6 0  POINT SAN BRUNO BOULEVARD , SOUTH 
SAN FRANCISCO , CALIF .  9 4 08 0 .  

J EXP MED 1 7 5  ( 1 ) . 199 2 . 2 17 -2 2 6 . CODEN : JEMEA 
Ful l  Journal Titl e :  Journal of Experimental Medi c ine 
Language : ENGLISH 
The HER2 protooncogene encodes a 1 8 5 -kD transmembrane 

phosphoglycoprotein , human epidermal growth factor receptor 2 (p18 5HER2 ) ,  
whose amp l i fied expres s i on on the cel l  surface can lead to mal ignant 
transformation . Overexpression of HER2 /pl85HER2 i s  strong ly correlated with 
progress ion of human ovarian and breast carcinomas . Recent studi e s  have 
shown that human T cel l s  can be targeted with bispec if ic * antibody* to 
react against human tumor cells in vitro . We have developed a bispecific 
F ( ab ' ) 2  * antibody* molecule consisting of a *humani zed* arm with a 
speci f icity to 18 5HER2 l inked to another arm derived from a murine anti -CD3 
monocl onal * antibody* that we have c loned from UCHTl hybridoma . The 
antigen-binding loops for the ant i -CD3 were instal led in the context of 
human var iable region framework res idues , thus forming a fully *humani z ed* 
BsF ( ab ' ) 2  fragment . Additional variants were produced by replacement of 
amino acid res idues l ocated in l ight chain *compl ementar ity* *determin ing* 

*region* 2 and heavy chain framework region 3 of the *humani z ed* anti-CD3 
arm . Flow cytometry analysi s  showed that the bispec i f ic F ( ab ' ) 2  molecules 
can bind specifi ca l ly to cel l s  overexpres sing p18 5HER2 and to normal human 
peripheral blood mononuclear cel ls bearing the CD3 surface marker . In 
add itional exper iments , the presence/ of bi spec i f ic F ( ab ' ) 2  caused up to 
fourfold enhancement i n  the cytotoxic act ivities of human T cel l s  against 
tumor cells overexpress ing pl8 5HER2 as determined by a 5 1Cr release assay . 
These bispeci f  ic molecules have a potentia l use a s  therapeutic agents for 
the treatment of cancer . 

4 0 / 7 / 2  ( Item 2 from f i le : 3 9 9 )  
1 17 0 6 8 3 6 6  CA : 117 ( 7 ) 6 8 3 6 6p PATENT 
Chimeric and complementarity-determin ing region-grafted 

ant i-carcinoembryonic antigen antibodies and their production 
INVENTOR ( AUTHOR) :  Ada i r , John Robert ; Bodmer , Mark Wi l l i am ; Mountain , 

Andrew ; Owens , Raymond John 
LOCATION : UK ,  
ASSIGNEE : Cel ltech Ltd . 
PATENT : PCT I nternational ; WO 9 2 0 1 0 5 9  Al DATE : 9 2 0 1 2 3  
APPLICATION : WO 9 1GB1 1 0 8  ( 9 10 7 0 5 ) *GB 9 0 14 9 3 2  ( 90 0 7 0 5 )  *WO 9 0GB2 0 17 

( 9 0 12 2 1 } 
PAGES : 7 0  pp . CODEN : PIXXD2 LANGUAGE :  English CLASS : C 1 2 P -0 2 1 / 0 8A ;  

A61K-0 3 9 / 3 9 5B ;  C12N-015 / 1 3 B ;  C07K- 0 1 5 / 2 8B DESIGNATED COUNTRIES : AT ; AU ; BB 
i BG ; BR ; CA ; CH ; cs ; DE ; DK ; ES ; FI ; GB ; HU ; JP ; KP ; KR ; LK ; LU ; MC ; MG ; 
MN ;  MW ;  NL ; NO ; PL; RO ; SD ; S E ;  SU ; US DESIGNATED REGIONAL : AT ; BE ; BF ; BJ 
; CF ; CG ; CH ; CI ; CM ; DE ; DK ; ES ; FR ; GA ; GB ; GN ; GR ; IT ; LU ; ML ; MR ;  NL ; 
SE ; SN ; TD ; TG 

SECTION : 
CA2 1 5 0 0 3  Immunochemistry 

IDENTIFIERS : carcinoembryonic antigen humani z ed chimeric antibody , 
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complementar ity detg region grafted antibody CEA , cloning DNA humani z ed 
antibody CEA 

DESCRIPTORS : 
Antibodies , monoclonal . . •  

A5B7 murine , to carc inoembryoni c  antigen , i n  humani z ed antibody prodn . 
Animal cel l l ine • • .  

CHO L7 6 1  h ,  humani z ed anti-carcinoembryonic antigen ant ibody 
recombinant prodn . in 

Deoxyribonucleic acid s equences • • •  

for antibody variable regions in humani z ed anti-carcinoembryonic 
antigen antibody prodn . 

Genet ic vectors • . •  Mo lecular c loning . . •  

for humaniz ed ant i-carcinoembryonic antigen antibody prodn . 
Diagnosis . • •  Therapeutics • • .  

humani z ed anti-carcinoembryoni c  antigen antibodies for 
Escherichia c o l i  . • .  

humani z ed ant i-carcinoembryonic antigen antibody fragment recombinant 
prodn . in 

Animal cel l l ine , CHO-Kl • • •  Animal ce ll l ine , cos- 1  • . •  Bacteria • • .  

humani z ed anti-carcinoembryonic antigen antibody recombinant prodn . i n  
Mammal • . •  

humani z ed ant i-carcinoembryoni c  antigen antibody recombinant prodn . i n  
c e l l s  o f  

Immunoglobu l ins , fusion products • . •  

humani z ed ,  prodn . of 
Antibodies • • •  

humani z ed ,  to carcinoembryonic antigen 
Immunoglobul ins • • •  

in humani zed anti-carcinoembryonic antigen antibody prodn . 
Protein sequences • • .  

of antibody variable regions in humani z ed anti- carcinoembryoni c  ant igen 
antibody prodn . 

Plasmid and E i isme • . .  

pAL4 3 ,  for humani z ed anti-carcinoembryonic antigen antibody prodn . 
Plasmid and Episome • . •  

pAL4 4 ,  for humani z ed anti -carcinoembryonic ant igen antibody prodn . 
Plasmid and Episome . . •  

pAL4 5 ,  for humani zed anti -carc inoembryonic antigen antibody prodn . 
Plasmid and Episome • • •  

pAL4 6 ,  for humani zed anti -carc inoembryonic antigen antibody prodn . 
Plasmid and Episome . . .  

pAL5 3 ,  for humani zed anti-carc inoembryonic antigen antibody prodn . 
Plasmid and Episome • • •  

pAL5 4 ,  for humani zed anti-carcinoembryonic antigen antibody prodn . 
Genetic vectors • • •  

pEE6hCMV gpt , for humani z ed anti-carc inoembryonic antigen antibody 
prodn . 

Plasmid and Episome • • •  

pHMC19 , for humani z ed ant i-carcinoembryonic antigen antibody prodn . 
Plasmid and Episome . • •  

pHMCJ O ,  for humani z ed ant i-carcinoembryonic antigen antibody prodn . 
Plasmid and Epi s ome . . .  

pHMCJ l ,  for humani z ed anti -carcinoembryonic antigen antibody prodn . 
Plasmid and Episome . . •  

pHMC4 3 ,  for humani z ed anti -carcinoembryonic antigen antibody prodn . 
Plasmid and Episome . . •  

pHMC4 4 ,  for humani z ed ant i-carcinoembryoni c  antigen antibody prodn . 
Genetic vectors • • •  

pMRR0 2 8 , for humani z ed anti-carc inoembryonic antigen ant ibody fragment 
prodn . 
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.Geneti c  vectors . . .  
pMRR04 5 , for humani z ed ant i-carcinoembryonic ant igen antibody fragment 
prodn . 

CAS REGISTRY NUMBERS : 
142 6 6 1 - 5 3 -8 14 2 6 61 - 5 4 - 9  14 2 6 6 1- 5 5 - 0  14 2 6 6 1- 5 6 - 1  1 4 2 6 6 1- 5 7 - 2  

14 2 6 6 1- 5 8 - 3  amino acid s equence of , humani zed ant i -carcinoembryon ic 
antigen anti body prodn . in relation to 

142 6 6 2 - 6 9 -9 14 2 6 6 2 -7 0 -2 14 2 66 2 -7 1 - 3  14 2 6 6 2 - 7 2 - 4  14 2 66 2 -8 1- 5  
14 2 66 2 - 8 2 - 6  nucl eot ide s equence of , humani z ed ant i-carcinoembryonic 
antigen anti body prodn . in relation to 

Copyright 1 9 9 2  by the American Chemical Society 

4 0 / 7 / 3 ( Item 3 from f i le : 5 )  
8 5 9 9 1 3 1 BIOSIS Number : 9 2 0 6 4 1 3 1 

IMMUNOGLOBULIN *COMPLEMENTARITY*-*DETERMINING* *REGION* GRAFTING BY 
RECOMBINANT POLYMERASE CHAIN REACTION TO GENERATE *HUMANI ZED* MONOCLONAL 
*ANTIBODIES* 

LEWIS A P ;  CROWE J S 
DEP . CELL BIOLOGY , WELLCOME RES . LAB . , LANGLEY COURT , BECKENHAM , KENT , 

BR3 JBS UK . 
GENE (AMST ) 10 1 ( 2 ) . 1 9 9 1 .  2 97 - 3 02 . CODEN : GENED 
Full Journa l Title : GENE (Amsterdam) 
Language :  ENGLISH 
We describe an approach to rapidly generate *humanised* monoclonal 

*antibodies* by grafti ng rodent complementar ity-determining regions into 
human immunoglobulin frameworks us ing recombinant polymerase chain reaction 
( PCR) methodology . The approach was app l ied to gra fting a rat 
*complementar ity * -*determining* *reg i on* onto a human framework and 
amp lifying the ent ire *humani sed* heavy chain . . The terminal 
oli godeoxyribonucleotide primers i ncorporated restriction s ites to al l ow 
forced clonign into plasmid vectors for sequencirrg::and expres s ion .  No 
nucleotide errors were introduced i nto the 1 4 6 3 -bp sequence even after 
sequential appl ications of PCR . � 

4 0 / 7 / 4  ( Item 4 from f ile : 5 )  
7 9 1 2 2 6 9  BIOSIS Number : 4 0 113 2 6 9 

CONSTRUCTION OF *HUMANI ZED* *ANTIBODI ES *  AND:__TESTING IN PRIMATES 
QUEEN c ;  co M S ;  DESCHAMPS M ;  WHITLEY R ;  BENJAMIN w; HAKIMI J 
PROTEIN DESIGN LAB . INC . , 2 3 7 5  GARCIA AVE . , MQUNTAIN VIEW ,  CALIF . 9 4 04 3 . 
MEETING ON MONOCLONAL ANTIBODIES HELD AT THE 2 0TH ANNUAL MEETING OF THE 

KEYSTONE SYMPOSIA ON MOLECULAR AND CELLULAR BIOLQ_G,Y_,-DENVER , COLORADO , USA , 
MARCH 10-16 , 19 9 1 .  J CELL BIOCHEM SUPPL -1y(PABT �) . 1 9 9 1 �· 13 7 .  CODEN : 
JCBSD ' 

Language : ENGLISH 

4 0 / 7 / 5  ( Item 5 from f i le : 5 )  
7 4 0 0 9 8 7  BIOSIS Number : 8 9 0 5 2 0 0 6  

-· ------... 

A *HUMANI ZED* *ANTIBODY* THAT BINDS TO THE INTERLEUKIN 2 RECEPTOR 
QUEEN C ;  SCHNEIDER W P ;  SELICK H E ;  PAYNE P W ;  LANDOLFI N F ;  DUNCAN J F ;  

AVDALOVI C  N M ;  LEVITT M ;  JUNGHANS R P ;  WALDMANN T A 
PROTEIN DESIGN LABS . ,  3 1 8 1  PORTER DRIVE , PALO ALTO , CALIF .  9 4 3 04 . 
PROC NATL ACAD SCI U S  A 8 6  ( 2 4 ) . 1 98 9 . 1 0 0 2 9 - 1 0 0 3 3 . CODEN : PNASA 
Full Journal T itle : Proceed ings of the National Academy of S ciences of 

the United States of America 
Language : ENGLISH 
The ant i -Tac monoclonal *antibody* is known to bind to the p 5 5  cha in of 

the human i nterleukin 2 receptor and to inhibit pro l iferation of T ce l ls by 
blocking interleukin 2 binding . However , use of anti-Tac as an 
immunosuppressant drug would be impaired by the human immune response 
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against thi s  mur ine *antibody* . We have therefore constructed a " 
*humani z ed * "  * antibody* by combin ing the complementarity-determining 
regions ( CDRs ) of the anti-Tac *anti body* with human framework and constant 
reg ions . The human framework regions were chosen to maxim i z e  homology with 
the anti -Tac * ant ibody* sequence . In addition , a computer model of murine 
anti-Tac was used to identi fy several amino acids which , whi l e  outside the 
CDRs , are l ikely to interact with the CDRs or antigen . These mouse amino 
acids were also retained in the *humani zed* *antibody* . The *humani zed* 

anti-Tac *antibody* has an aff inity for p55 of 3 . times . 109 M-1 , about 
1 / 3  that of mur ine ant i -Tac . 

4 0 / 7 / 6  ( Item 6 from f i le : 3 9 9 )  
1 1 3 1 7 0 3 1 6  CA : 1 1 3 ( 19 ) 1 7 0 3 1 6b PATENT 
Recombinant antibodies to Campath-1 antigen , containing foreign 

complementarity determining region ( s ) , and the ir use in immunosuppres sion 
and cancer therapy 

INVENTOR ( AUTHOR) : Wa ldmann , Herman ; Clark , Michael Rona ld ; Winter , 
Gregory Paul ; Riechmann , Lutz -----

LOCATION : UK ,  
ASS IGNEE : Medical Research Counci l  
PATENT : PCT International ; WO 8 9 0 7 4 5 2 A l  DATE : 8 9 0 8 2 4  
APPLICATION : WO 8 9 GB 1 1 3  ( 8 9 0 2 1 0 )  *GB 8 8 3 2 2 8  ( 8 8 0 2 12 )  *GB 8 8 4 4 6 4  ( 8 8 0 2 2 5 )  
PAGES : 6 1  pp . CODEN : PIXXD2 LANGUAGE :  Eng l i sh CLASS : A6 1K-0 3 9 / 3 9 5A ; 

C12N-0 15 / 0 0B DESIGNATED COUNTRIES : AU ; DK ; JP ; US 
SECTION : 

CA2 1 5 0 0 3  Immunochemistry 
CA2 0 1XXX Pharmacology 
CA2 0 3 XXX Biochemical Genetics 

IDENTIFIERS : chimeric ant ibody Campath 1 antigen , lymphoma neoplasm 
inhibitor Campath lH antibody 

DESCRIPTORS : 
Rat • • •  

complementarity detg . regions of , in recombi nant antibody to Campath-1 
antigen 

Immunogl obulins , G2 . . .  Immunoglobul ins , G3 . . .  Immunoglobu l ins , G4 • . .  

const . domains of human , in recombinant antibody contg . complementarity 
detg . regions to Campath- 1 antigen 

Lymphocyte • • •  

depletion of , in human , by recombinant human anti body contg . foreign 
comp lementarity detg . regions to Campath-1 antigen 

Gene and Geneti c  element , animal , synthetic . . .  
for humani z ed l i ght chain variable region , construction of , in prodn . 
of recombinant human antibody contg . rat compl ementarity detg . regions 
to Campath-1 ant igen 

Protein sequences • • •  

of I gG2 a YTH 3 4 . 5  HL heavy and l ight chain vari able doma ins , of rat 
Deoxyribonucleic acid sequences , IgG2 a-specifying • • .  

of rat 
Antigens , CAMPATH- 1  • • .  

recombinant antibodies to , foreign complementarity detg . regions in 
Immunosuppressants . • .  Neoplasm inhibitors . . .  Neoplasm i nhibitors , lymphoma 

recombinant antibody contg . fore ign complementarity detg . regions to 
Campath-1 antigen as 

Gene and Genetic e l ement , an imal • • •  

recombinant , for ant i-campath-1 antigen anti body of human , s equences 
encoding rat complementary detg . regions in 

Immunoglobulins , G2 a • • .  

recombinant human ant i body to Campath-1 antigen contg . complementary 
detg . regions of rat 
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. Leukemia , B-cell • . •  

recombinant human antibody to Campath-1 antigen k i l ling l eukemia ce l ls 
of 

Antibodies • • .  

recombinant , to Campath- 1 ant igen , foreign compl ementarity detg . 
regions in 

Immunoglobul ins , Gl • • .  Immunoglobul ins , G  • . •  Immunoglobul ins , M  • • .  

recombinant , to Campath-1 antigen , foreign complementary detg . regions 
in 

CAS REGI STRY NUMBERS : 
12 9 7 11 - 4 0 - 6  amino acid sequence encoded by HuVLLYS gene 
1 2 9 7 1 1 - 4 1 - 7  amino a c i d  sequence encoded by syntheti c  HuVLLYS . degree . gene 
1 2 9 7 1 1 - 0 1 - 9  1 2 9 7 1 1 - 0 2 - 0  c l oning and nucleotide s equence of , o f  human and 

rat 
1 2 9 7 1 1 - 1 9 - 9  1 2 9 7 1 1 - 2 0 - 2  c loni ng and nuc leotide s equence of , of rat 
1 2 8 0 9 6 - 0 6 -0 1 2 8 0 96 - 0 7 - 1  1 2 8 0 9 6-08-2 12 8 09 6 - 0 9 - 3  1 2 8 0 9 6 - 1 0 - 6  

12 8 0 9 6 - 1 1-7 complementarity detg . region of rat YTH 3 4 . 5  HL , human 
recombinant antibody contg . , Campath-1 antigen binding by 

1 2 9 7 1 1-56-4 heavy cha in var iable region of human contg . rat 
complementarity detg . regions , recombinant antibody contg . ,  Campath-1 
antigen binding by 

1 2 9 7 1 1 - 6 0 - 0  heavy cha in variable region of rat YTH 3 4 . 5  HL , recombinant 
antibody contg . ,  Campath-1 antigen binding by 

1 2 9 7 1 0 - 8 6 - 7 P  HuVLLYS gene , prepn . of , in prepn . o f  recombinant human 
antibody contg . rat complementarity detg . regions to Campath-1 anti gen 

1 2 9 7 1 1 - 5 9 - 7  l ight chain var iable region of human contg . rat 
complementarity detg . regions , recombinant antibody contg . , Campath- 1 
antigen b inding by 

1 2 9 7 1 1 - 6 1 - 1  l ight cha in variable region of rat YTH 3 4 . 5  HL , recombinant 
antibody contg . , Campath- 1 ant igen binding by 

1 2 7 8 59 - 2 1-6P 1 2 7 8 59 -2 3 -8 P  1 2 7 8 5 9 -2 4 -9 P  1 2 7 8 5 9 - 2 6-lP 1 2 7 8 5 9 - 6 2 -5P 
12 7 8 5 9 -7 0 -5P 1 2 7 8 5 9 - 7 2 -7 P  1 2 7 8 5 9 - 79 - 4 P  1 2 7 8 5 9 - 8 2 -9P 1 2 7 8 59 - 9 2 - lP 
1 2 7 8 5 9 - 9 3 - 2 P  1 2 7 8 5 9 - 9 4 - 3 P  1 2 7 8 5 9 - 99 - 8 P  1 2 7 8 6 0 - 0 l-9P 1 2 7 8 6 0 -02 -0P 
12 7 8 6 0 - 0 3 - l P  1 2 7 8 6 0 - 0 4 - 2 P  1 2 9 9 2 4- 5 7 -8P 1 2 9 9 2 4 -59 -0P prepn . of , in 
gene synthesi s  for recombinant human antibody contg . rat 
complementarity detg . regions to Campath-1 antigen 

1 2 9 7 11-57-5 1 2 9 7 1 1 - 5 8 - 6  recombinant human antibody contg . ,  Campath-1 
antigen binding by 

1 2 9 7 10-9 1-4P syntheti c  gene HuVLLYS . degree . ,  prepn . of , in prepn . of 
recombinant human antibody contg . rat complementary detg . regions to 
Campath-1 antigen 

Copyri ght 1 9 9 2  by the American Chemical Society 
?b3 5 1 , 3 5 0  

1 5sep92 1 0 : 2 6 : 2 6 User 2 0 9 19 7  Sess ion D 1 2 7 . 2  

SYSTEM : OS - DIALOG OneSearch 
'f-i-le-JS-1_ :Qg!'.went _Wor ld. _Pa t�nt.s -;,Index La test 
'-- -- --19 8 1+ ; DW=92 2 7 , UA=9 2 14 , UM=914 3 

* *FILE3 5 1 :  Formats 3 2 , 3 3 , 3 5 , 3 7 & 3 9  d i splay the new ' Expanded ' Patent 
Family tab�<;>�_ UD:::=.9-2 1 6._ and greater . For more info . type ?NEWS 3 5 1  
'F-4:-l"e- -::rs;© : Derwent-World Patents I ndex ·� - --

--f9 6J- 1 9 8 0 ,  EQUIVALENTS THRU DW=9 2 2 7  
* *FILE3 5 0 : Formats 3 2 , 3 3 , 3 5 , 3 7 & 3 9  di splay the new ' Expanded ' Patent 

Fami ly table for UD=9 2 1 9 a�d greater . For more info . type ? NEWS 3 5 0  

Set Items Description 

?ds 
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Set 
S l  
S 2  

S 3  

Items Description 
2 2  ANTIBOD? AND ( HUMANIS? OR HUMANI Z ? )  

8 S l  AND ( CDR OR ( IG OR IMMUNOGLOBULIN) ( ) VARIABLE ( ) REGION OR 
HYPERVARIABLE ( ) REGION ) 

S4 
css--

0 S l  AND COMPLEMENTARITY ( ) DETERMIN? ( ) REGION 
3 S l  AND COMPLEMENT? ( ) DETERMIN? ( ) REGION 

_ r�-r� -oR Af-lf9rr-=-� - ,.. ?t5/ 7 / l  

5 / 7 / 1  ( Item 1 from f i l e : 3 5 1 )  
007 8 2 0 2 9 1  WPI Ace No : 8 9 - 08 5 40 3 / 1 1 
XRAM Ace No : C8 9 - 0 3 7 9 0 5 

Recombinant *humanis ed* * antibody* specif ic for TAG-7 2 - having 
complementarity determining regions of var iable domains from mouse 
*antibody* and the rema inder from human immunoglobu l i n  

Patent Assignee : ( CELL-) CELLTECH LTD 
Author ( Inventor ) : BOOMER M W ; ADAIR J R; WHITTLE N R 
Number of Patents : 0 0 1  
Patent Family : 

cc Number Kind Date Week 
WO 8 9 0 1 7 8 3  A 8 9 03 09 8 9 1 1  ( Ba s i c )  

Priority Data ( CC N o  Date) : WO 8 8GB7 3 1  ( 8 8 09 0 5 ) ; G B  8 7 2 08 3 3  ( 8 7 0 9 0 4 ) 
Language : Eng l i sh � 
EP and / or WO Cited Patents : No . SR . Pub ; 4 . Jnl . REF 
Des ignated States 

(Nationa l ) : AU ; DK ; FI ; HU ; JP ; KR ; NO ; RO ; SU ; US 
( Regional ) :  AT ; BE ; CH ; DE ; FR ; GB ; IT ; LU ; NL ; SE 

Abstract ( Bas i c ) : WO 8 9 0 17 8 3  
A *humanised* *antibody* molecule (HAM) i s  c l a imed having 

speci f icity f or the TAG-7 2 ant igen and having an antigen bind ing s ite 
in which at least the * complementary* *determining* * region* ( CDRs ) o 
the variable domains are der ived from the mouse monoc lonal * antibodie * 
(MAb ) B 7 2 . 3  and the remai ning i'mmunoglobulin-derived parts o f  the HAM 
are derived from a human immunoglobulin . 

USE/ADVANTAGE - *Humani sing * the B 7 2 . 3  MAb doe s  not advers e ly 
affect its binding act ivity and thi s  produces a HAM which i s  useful i 
both therapy and d iagnosi s  of certain carcinoma s , e . g .  s o l id tumours 
express ing TAG- 7 2 . @ ( 4 9pp Dwg . No . 0/ 13 ) @ 

Derwent Class : B04 ; D16 ; 
Int Pat Class : AG lK-03 9 / 3 9 ; C12N-0 15/ 0 0 ; C12P-02 1 / 0 0  
? s  compl ement? ( ) determin? (w) region? ? 

Processing 
Processing 
Processing 

2 7 4 3 1  
2 3 4 2 8 5  
1 2 4 9 68 

S6 2 3  
? c  1 and 6 

? 

2 2  
2 3  

S7 10 

? c  7 not ( 2  or 4 )  

COMPLEMENT? 
DETERMIN? 
REGION? ? 
COMPLEMENT? ( ) DETERMIN? (W) REGION? ? 

1 
6 
1 AND 6 
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S S  
?t8 / 7 / 1- 3  

1 0  7 
8 2 
3 4 
3 7 NOT ( 2  OR 4 )  

8 / 7 / 1  ( Item 1 from f il e : 3 5 1 )  
0 0 9 0 0 4 8 4 2  WPI Ace No : 9 2 - 1 3 2 13 9 / 1 6  
XRAM Ace No : C9 2 - 0 6 1 8 9 2  

*Humanisat ion* o f  * antibodies* binding t o  human CD4 antigen - by 
mutat i on of framework-encoding regions of DNA encoding var iable domain 
of rat or mouse *antibody* chain 

Patent Ass ignee : ( GORM/ ) GORMAN S D 
Author ( Inventor ) : CLARK M R ; COBBOLD S P ; GORMAN S D ; WALDMANN H 
Number of Patents : 0 0 1  
Number of Countries : 0 1 8  
Patent Fam i ly : 

cc Number 
WO 9 2 05 2 7 4  

Kind 
A 

Date 
9 2 04 02 

Week 
9 2 1 6  ( Ba s i c )  

Priority Data ( CC N o  Date ) : G B  9 0 2 0 2 8 2  ( 9 0 0 9 1 7 ) 
Appl ications ( CC , No , Date) : WO 9 1GB15 7 8  ( 9 1 0 9 1 6 )  
Language : Eng l i sh 
EP and / or WO C ited Patents : 7 . Jnl . Ref ; EP 3 2 84 04 ; EP 3 65 2 0 9 ; EP 4 0 3 1 5 6 ; WO 

9 0 0 7 8 6 1 ;  WO 9 10 74 9 2 ; WO 9 10 99 6 6 ; WO 9 1 0 9 9 67 
Designated States 

(National ) :  AU ; CA ; JP ; KR ; US 
( Regiona l ) : AT ; BE ; CH ; D E ;  DK ; ES ; FR ; GB ; GR ; I T ; LU ; NL ; S E  

Abstract ( Ba s i c ) : WO 9 2 05 2 7 4  A 
*Complementarity* *determining* *regions* ( CDRs ) o f  the var iable 

domain o f  the * antibody* chain are derived from a f irst mamma l i an 
species and the framework of the variable domain and any constant 
domains of the Ab chain are derived from a second different mammal i an 
species ; compri s ing ( a) mutating the framework-encoding regions of DNA 
encoding a variable domai n  of the f irst mammal ian Ab chain such that it 
encodes the framework derived from the s econd species ; and ( b) 
express ing the Ab cha in using this mutated DNA . 

The process specif ically compr ises : ( i )  determining 
nucleotide and predicted aminoacid s equence of a variable domain of a 
selected Ab chain of the f irst species ; ( i i )  determining the Ab 
framework to which the framework of thi s  domain i s  to be altered ; ( ii i )  
mutating framework-encoding regions o f  DNA encodi ng thi s  variable 
domain such that the mutated region encodes the. framework determined in 
( i i ) ; ( iv )  l inking mutated DNA to DNA encoding a constant domai n  of the 
second species and cloning the DNA into an expres s ion vector ; and ( v) 
introduci ng express ion vector into a compatible host cel l  and culturing 
it to expres s  Ab chain . 

USE/ADVANTAGE - Altered Abs is prepd . ,  used to *humanise* an 
Ab , typically a monoc lonal Ab and , e . g . a rat or mouse Ab . The 
resulting Ab retains the ant igen binding capab i lities of the Ab from 
which it i s  derived . Reshaped CD4 Ab i s  used to i nduce tolerance 
against an antigen . Used to al leviate auto immune d iseases e . g .  
rheumatoid arthritis , and to prevent graft rej ection . 0 / 1 3  

Derwent Class : B04 ; D 1 6 ; 
Int Pat Class : A61K- 0 3 9 / 3 9 ; C12N-015 / 13 ; C12P-0 2 1 / 0 8  

8 / 7 / 2  
008 7 1 2 9 64 

( Item 2 from f i le : 3 5 1 )  
WPI Ace No : 9 1 - 2 1 6 9 8 3 / 3 0  
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l 

· XRAM Ace No : C9 1-09 4 1 7 7  
� � Prodn . of *humanised* recombinant inununoglobulin - includi ng polymerase 

chai n  reaction amp l ification of mur ine * antibody* light and heavy cha in 
variable portions 

Patent Assignee : (MERI ) MERCK & CO INC 
Author ( Inventor ) : LAW M F ; MARK G E ; WILLIAMSON A R  
Number of Patents : 0 0 2  
Patent Fam i ly : 

CC Number Kind Date Week 
EP 4 3 8 3 1 0  A 9 1 0 7 2 4  9 1 3 0  ( Bas i c )  
CA 2 03 4 5 5 3  A 9 10 7 2 0  9 1 3 9  

Priority Data ( CC No Date ) : US 6 2 7 4 2 3  ( 9 0 1 2 2 0 ) ; us 4 67 7 0 0  { 9 00 1 1 9 ) 
Applications ( CC , No , Date) : EP 9 13 0 0 3 6 2  ( 9 10 1 1 7 ) 
Language : Eng lish 
EP and/or WO Cited Patents : EP 2 3 9 4 0 0 ; WO 8 9 0 1 78 3 ; 1 . Jnl . REF 
Des ignated States 

( Regiona l ) : CH ; DE ; FR ; GB ; IT ; LI ; NL 
Abstract ( Ba s i c ) : EP 4 3 8 3 10 

Method for producing a *humani sed* recombinant immunoglobulin 
compr ises : ( a )  prepg . polymerase chain reaction ( PCR) pr imers to 
amp l i fy the variable portion of the l ight and heavy chai n  of a murine 
*antibody* which binds to a predef ined antigen ; (b) using the primers 
to amp l i fy the var iable portions of both heavy and l ight chains and 
sequenc ing the resulting nucleotide chains ; ( c )  determining the murine 
*complementary* *determining* *regi ons* of the heavy and l ight chains ; 
( d )  selecting human var iable heavy and l ight cha in frameworks which 
show a high degree of ami no acid s imi larity with the var iable heavy and 
l ight cha in framework of the murine immunogl obu l i n ;  ( e )  s e lect ing human 
constant heavy and light cha in frameworks ;  ( f )  grafting the murine 
*complementary* *determining *  *regions* of ( c )  to the human framework 
regi ons of ( e ) ; ( g )  incorporating the complete DNA s equence for the 
*humanised *  recombinant immunoglobulin i nto an appropriate expres s i on 
vector ; ( h )  transfecting host cel ls with the vector ; ( i )  growing the 
transf ected ce l l s  in an environment in whi ch the *humanised* 
recombinant immunoglobu l in i s  expressed ; and ( j )  col lecting the 
immunoglobulin . 

A PCR method for the s imultaneous synthes i s  and assembly of at 
least 4 deoxyo l igonucleotides is a lso claimed . 

USE/ADVANTAGE - The *humani sed* recombinant immunoglobulins are 
weakly immunogenic or non- immunogenic when admin . to humans , and may be 
used as therapeutic agents . Recombinant human ant i -CD18 *antibodies* or 
active fragments which bind to the CD18 antigen of l eukocytes can be 
used to i nhibit inf lux of the leukocytes into a s ite of inflammat ion or 
tissue l iable to become inflamed following influx . @ ( 7 8pp Dwg . No . 0 / 3 8 ) @ 

Derwent Class : B04 ; D 1 6 ; 
Int Pat Class : C12N- 0 15 / 13 ; C l 2 P-02 1 / 0 8 ; C12Q-00 1 / 68 

8 / 7 / 3  ( Item 3 from f il e : 3 5 1 )  
0 07 2 7 5 8 0 4 WPI Ace No : 8 7 -2 7 2 8 1 1 / 3 9  
XRAM Ace No : C8 7 -1 1 5 8 2 5  

Recombinant a ltered *antibodies* 
*determining* *regions* replaced 
different spec i f i c ity 

Patent Assignee : ( WINT/ ) WINTER G p 
Author ( Inventor ) : WINTER G P  
Number of Patents : 0 0 4  
Patent Fami ly : 

CC Number 
EP 2 3 94 0 0  
GB 2 1 8 8 6 3 8  

Kind 
A 
A 

Date 
8 7 0 9 3 0  
8 7 10 0 7  

- having *complementar ity* 
with thos e  from *antibody* of 

Week 
8 7 3 9  
8 7 4 0  

( Bas i c )  

-
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' Jp 6 2 2 9 6 8 9 0  A 8 7 1 2 2 4  8 8 0 6  
G B  2 18 8 6 3 8  B 9 0 0 5 2 3  9 0 2 1  

Prior ity Data ( CC No Date ) : GB 8 6 7 67 9  ( 8 6 0 3 2 7 ) ; GB 8 7 7 2 5 2  ( 8 7 0 3 2 6 )  
Appl ications ( CC , No , Date ) : EP 8 7 3 0 2 6 2 0 ( 8 7 0 3 2 6 ) ; JP 8 7 7 3 9 8 0  ( 8 7 0 3 2 7 )  
Language : Eng l i sh 
EP and/ or WO C ited Patents : A3 . • •  8 9 1 4 ; 3 . Jn l . REF 
Designated States 

( Regiona l ) : AT ; BE ; CH ; D E ; E S ; FR ; GB ; GR ; I T ; LI ; LU ; NL ; S E  
Abstract ( Ba s ic ) : EP 2 3 9 4 0 0  

An a ltered * antibody* i n  whi ch a t  least parts o f  the 
* comp l ementary* * determining* *regions* ( CDRs ) in the l ight or heavy 
cha in variable domains have been replaced by analogous parts o f  CDRs 
from an * antibody* of d i fferent spec i f i c ity i s  new . 

The a ltered *antibody* can be produced by ( a )  prepg . a f irst 
repl i cable expres s ion vector inc luding a suitable promoter operably 
l inked to a DNA s equence whi ch encodes at least a variable domai n  o f  an 
Ig heavy or l ight cha i n , the variable doma in c ompri s i ng framework 
regions from a f irst * antibody * and CDRs compri s ing at l ea s t  parts of 
the CDRs from a second * antibody* o f  d i fferent spec i f i ci ty , ( b )  i f  
neces sary , prepg . a second rep l icable express ion vector including a 
suitable promoter operably l i nked to a DNA s equence wh ich encodes at 
least the var iable domain o f  a complementary Ig l ight or h eavy cha i n ,  
.( c )  transforming a c e l l  l ine w ith the f irst o r  both prepd . vectors and 
( d )  culturirg the trans formed cel l l ine to produce the a ltered 
* antibody * . 

USE/ADVANTAGE - The method i s  used for ' ' *humani s ing* ' '  non-human 
monoc l onal * ant ibod i e s *  ( MAbs ) e . g .  CDRs from mouse MAb can be 
part i a l ly or tota l ly grafted i nto the framework reg i ons of a human MAb , 
wh ich i s  then produced in quant ity by a suitable ce l l  l ine . Only the 
CDRs of the * ant ibody* w i l l  be f ore ign to the body and th i s  should 
minimis e  s ide e f f ects if used f or human therapy . @ ( 4 lpp Dwg . No . 0 / 8 ) @ 
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DATE MAILED: 

I �  

X Thia appllcatlon hu -. examined �slve to communication flied on �3 Cj � Tiils acllon Is made final. 

A lhoftened statulory period for response to Ihle acllon la 881 to expire .3 month(a), days from the date of thla letter. 
FaUure IO reapond within the period for response wlll cause the application to become abandoned. 35 .S.C. 133 

Part I THE FOLLOWING ATTACHMENT(8) ARE PART OF THIS ACTION: 

Noflce of R- Cited by Examiner, PT0-892. 2. 0 Notice re Patent Drawing, PT0-948. 
Notice of Art Ctted by Applicant, PT0-1449. �f � 4. 0 Noflce ol lnlormal Paten1 Appllcatlon, Form PT0-152. 
Information on How to Ellact Drawing Changea, PT0-1474. 15. 0 ----------------

Part 0 IUMllARY OF ACTION 

� Qa!ms _______ .:..f_-_ _.I....:�::;..... ________________ are pending In the appllcallon. 

Of the above, claims __ _,_14__,_ _ _,_/_.l,..._ ____________ are withdrawn from consideration. 

a. 0 Clal;,,•----------------------------- heve been cancelled. 

a. 0 Clalm&--------------------"'--------- ere allowed . 

4. � Clslma -----l-!-::...!/_,_._ ______ -,,-�·-' __________ ere rejacled. / e. 0 Clelm• --------------..,.-''-------------- are Objected to. 

•L 0 Clalms are aubject to restriction or electlon requirement. ......... . / f.\O Thia ai)Pllcatlon h8'1 been flied with lnfO"'al drawlnga under 37 C.F.R. 1.85 which are acceptable !or examlnaJlon purpoaea. 

a. G Form.d drawlnga are required �se to this Office action. 
I �---- ..... -.,,,,. ., , r .->  -/" 
, · t. D The corrected or sublt1tdla drewlngs have been rac:elved on . Under 37 C.F.R. 1.84 these drawings are 0 acoeptable:O not acceptable (see explanation or Notice "' Patent �wing, PT0-948). 

10. 0 The proposed mdltional or.aubstltuta aheel(•) of drawings. flied °" ------ has (have) been 0 approved by the 
examiner. D disapproved by the D"81"!11ner (see explenatlon). 

tt. D The PfoPoaed drewlng correction, flied on ------- has been 0 approved. 0 dlaapproved (see explenatk>n). 

12. 0 Acknowledgment la made of the clalm for priority under U.S.C. 119. The certified copy haa 0 been received 0 no1 been recalved 
0 _, filed ln perent appllcallon, NflaJ no. --------- ; filed on _______________ _ 

11. 0 · Since Ihle appllcetlcn appear& to be In conc:111on ror allowance axoept for formal matters, Proaecullon aa to the merlta la closed In 
· accordance with the practloe under Ex parte Quayle, 1935 C.D . .11; 453 o .. G .... 213. 
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