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(57) ABSTRACT 

Compositions, methods, and kits are provided for ef?ciently 
generating and screening humanized antibody With high 
af?nity against a speci?c antigen. The library of humanized 
antibody is generated by mutageniZing a chimeric antibody 
template that combines human antibody framework and 
antigen binding sites of a non-human antibody. Alterna 
tively, the library of humanized antibody is generated by 
grafting essential antigen-recognition segment(s) such as 
CDRs of the non-human antibody into the corresponding 
position(s) of each member of a human antibody library. 
This library of humanized antibody is then screened for high 
af?nity binding toWard a speci?c antigen in vivo in organism 
such as yeast or in vitro using techniques such as ribosome 
display or mRNA display. The overall process can be 
ef?ciently performed in a high throughput and automated 
manner, thus mimicking the natural process of antibody 
af?nity maturation. 
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Figure 1 CDRs in the variable regions of a non-human antibody 
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Figure 2 Graft of non-human CDRs into a human antibody framework 
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FIGURE 3 ~ 

Sequence of DP47 [SEQ ID NO: 1] 

GAGGTGCAGCTGTTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGACT 
CTCCTGTGCAGCCTCTGGA'ITCACC'I‘TTAGCAGCTATGCCATGAGCTGGGTCCGCCAGG 
CTCCAGGGAAGGGGCTGGAGTGGGTCTCAGCTATTAGTGGTAGTGGTGGTAGCACA'I‘AC 
TACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATTCCAAGAACACGCT 
GTATCTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTATATTACTGTGCGAAAG 
A 

Sequence of DPK22 [SEQ ID NO: 2] 

GAAATTGTGTTGACGCAGTCTCCAGGCACCC'I‘GTCTTTGTCTCCAGGGGAAAGAGCCAC 
CCTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCAGCTACTTAGCCTGGTACCAGCAGA 
AACCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCCAGCAGGGCCACTGGCATC 
CCAGACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACT 
GGAGCCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTAGCTCACCTCC 
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FIGURE 4 . 

A. Variable Regions of Mouse Monoclonal Anti-IL-8 Antibodv (Murine IL-8 Ab) 

Murine VH DNA Sequence [SEQ ID NO:4] : 

CAGGTCCAGTTGCAGCAGTCTGGAGC'I'GAGTCGGTAAGGCCTGGGACTTCAGTGAAGATATCCTGC 
AAGGCTTCTGGCTACACCTTCACTAACTACTGGCTAGGT'I‘GGGTAAAGCAGAGGCCTGGACATGGA 
CTTGAGTGGA’I‘TGGAGATATTTACCCTGGAGGTGGTTATACTAACTACAATGAGAAGTTCAAGGAC 
AAGGCCACACTGACAACAGACACATCCTCCAGCACTGCCTACATGCAGCTCAGTAGCCTGACATCT 
GATGAC'I'CTGCTGTCTATTTCTGTGCAAGGGACTACGGTAGTAGGTACTACTTTGACTACTGGGGC 
CAAGGCACCACTCTCACAGTCTCCTCA 

Murine Va Amino Acid Sequence [SEQ ID NO : 5] : 

QVQLQQSGAESVRPGTSVKISCKASGYTFTNYWLGWVKQRPGHGLEWIGDIYPGGGYTNYNEKFK'DKATLT 
TDTSSSTAYMQLSSLTSDDSAVYFCARDYGSRYYFDYWGQGTTLTVSS 

Murine VI, DNA Sequence [SEQ ID_ NO:6] : 

GATATCCAGATGACACAGACTACATCCTCCCTGTCTGCCTCTC'I'GGGAGACAGAGTCACCATCAGTT 
GCAGGGCAAGTCAGGACATTAGCAATTTTTTAAAC'I'GGTATCAGCAGAAACCAGATGGAACTGTTAA 
ACTCCTGATCTAC'I‘ACACATCAAGATTACACTCAGGAG'I‘CCCATCAAGGTTCAGTGGCAGTGGGTCT 
GGAACAGATTATTCTCTCACCATTAGCAACCTGGAACAAGAAGATATTGCCACTTACTTTTGCCAAC 
AGGGTAACACGCTGTGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAACGG 

Murine VL Amino Acid Sequence [SEQ ID NO : 7] : 

DIQMTQT'I‘SSLSASLGDRV'I‘ISCRASQDISNFLNWYQQKPDGTVKLLIYYTSRLHSGVPSRFSGSGSGTDY 
SLTISNLEQEDIATYFCQQGNTLWTFGGGTKLEIKR 

B. Variable Regions of Human Antibodies That are Highlv Homologous to Murine 
IL-8 Ab 

Human Va Amino Acid Sequence of ‘Human antibody Kabat Entzy No: 037656 
[SEQ ID Nous]; 
QVQLLESGAELVRPGASVKISC‘KASGYAFSSSWMNWVKQRPGQGLEWIGRIYPGDGDTNYNGKFKEAATLT 
ADKSSSTAYMQLSSLTSV'DSAVYSCARSEYWGNYWAMDYWGQGTTVT 

Human Vb Amino Acid Sequence of Human antibody Kabat Entry No: 039682 
[SEQ ID NO:9] : 

DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKLLIYAASSLQSGVPSRFSGSGSGTDF 
TLTISSLQPEDFATYYCQQSYSTLTFGGGTKVEIKR 
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Figure 5A Alignment of VH of Murine IL-S Ab (HE-9647) and V" of a Human 
Antibody (Kabat Entry No: 037656) ' 

2 IE @ 2 E E H! 1 GLN GLN 46 GLU GLU 87 SER SER 

2 VAL VAL 47 TRP TR? 88 ALA ALA 
3 GLN GLN 4a ILE ILE 89 VAL VAL 
4 LEU LED 49 GLY GLY 90 TYR TYR 

5 LEU gln 50 ARG asp 
6 GLU 9111 51 ILE ILE‘. 
7 SER SEIR 52 vTam , TYR 
8 GLY GLY 52A \ 

9 ALA ALA ‘ 523 i r ' ‘ 

10 GLU GLU 7 52C 11 LEU ser '5 ' _ GLY 

l2 VAL VAL 54 . 7 ASP, ' gly 

55? ‘ GLY] GLY 
14 PRO PRO " 56-. tyr; 
l5 GLY GLY 57 THR THR 
16 ALA thr 58 AsN ASN 
17 513R~ SER 59 TYR TYR 
l8 VAL VAL 6O ASN ASN 
19 LYS LYS 61 GLY qlu 
20 62 LYS LYS 
21 63 PHE PHE. 
22 64 LYS LYS 
23 65 GLU asp 

24 66 ALA lys 
a H.257’ 67 ALA ALA 
‘25 _ 68 THR THR 

69 LED LEU 
23? 7o THR THR 

’ 29', 71 ALA thr 
3° 7 72 ASP ASP 

314 73 LYS thr 
32-. 74 SER SER 
33 75 SER SER 
34 76 SEER SER 
35 77 THR THR 
35A —-— —-— 78 ALA ALA 

35B ——— ——— 79 TYR TYR 

36 TRP TRP 80 MET MET 
37 VAL VAL 81 GLN GLN 
38 LYS LYS 82 L130 LEU 
39 GLN GLN 82A SEER SER 
40 ARG ARG 82B SER 55R 
41 PRO PRO 82C LEU LEU 
42 GLY GLY 83 'I‘HR THR 
43 GLN his 84 , SEIR SER 

44 GLY GLY 85 VAL asp 
45 LED LEU 86 - ASP AsP 

Chothia CDRs 
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Figure 5B Alignment of VL of Murine IL-8 Ab (HB-9647) and VL ofa Human 
Antibody (Kabat Entry No: 039682) ‘ 

E E M_u 2 BE E H_u M_“. 

1 ASP ASP 40 PRO PRO 85 THR 122 
2 ILE ILE 41 GLY asp 86 TYR TYR 
3 GLN GLN 42 LYS gly 87 TYR phe 
4 MET MET 43 ALA thr 88 CYS CYS 

5 THR THR 44 PRO val 89 GLN GLN 
6 GLN GLN 45 LYS LYS 90 gm Gm 
7 SER th: 46 LEU LEU ~ 91 353R gly 
8 PRO th: 47 LE0 LE0 _ 192 Tm asn 

9 SER SER 48 ILE ILE 3931 SEE {hr 
10 SER SER 49 TYR TYR ‘ 94" THR leu 

l1 LEU LEU 50 ALA ty: 95 LEU' trp 
l2 3BR 5BR 51 ALA thr 95A —,--- -—— 
13 ALA ALA 52 ' SER SER' ‘ 95B —-— —— 

l4 SER SER 53 SER arg ‘ 95c -—-' -- 

15 VAL 1911 54/ LEU 1' LEO 95D -—- ‘ -—— 

16 GLY GLY 55, GLN his 958 --4 '--_ 
17 ASP ' ASP 56' SEE - SER ' 95F ---~ - -- 

l8 ARG ARG 57 GLY GLY 96 --- " 

l9 VAL VAT-- 58 VAL VAL 97 THR THR 
20 THR THR 59 PRO PRO 98 PHE PHE 
21 ILE ILE 60 SER 58R 99 GLY GLY 
22 THR Ber 61 ARG ARG 100 GLY GLY 
23 CYS (3Y3 62 PHE PHE 101 GLY GLY 

24 63 SER SER 102 THR THR 
25 I 64 GLY GLY 103 LYS LYS 

26 1 65 SEER 5BR 104 VAL leu 

27 66 GLY GLY 105 GLU GLU 
' 27A: ' 67 SEER SEZR 106 ILE ILE 

27B ‘ 68 GLY GLY 106A --- --— 

27C 69 TI-IR THR 107 LYS LYS 
27D 70 ASP ASP 108 ARG ARG 
2.78 71 PHE tyr 
27F 72 THR set 

28 = 73 LE0 LE0 

29 Y 74 THR THE 

30.‘ 75 ILE 1LE 
31' - 76 SER SER 

32-1 77 SER asn , 

336- 78 LE0 LE0 
34"” 79 GLN glu 
35 TRP TRP 80 PRO gln 
36 TYR TYR 81 GLU GLU 
37 GLN GLN 82 ASP MP 
38 GLN GLN 83 PHE ile 
39 LYS LYS 84 ALA ALA 

ChOthia CDRs 



Patent Application Publication Apr. 8, 2004 Sheet 6 0f 13 US 2004/0067532 A1 

Figure 6 Cloning process for humanization of Ab by two-hybrid method 
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Figure 7 Humanization of antibody retaining non-human CDR3 
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Figure 8 Humanization by double chain Fab approach 
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FIGURE 9 
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FIGURE 10 
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Figure 11 Selection of Humanized Antibody Through Ribosome Display 
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Figure 12 Selection of Humanized Antibody Through mRNA Display 
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FIGURE 13 
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HIGH THROUGHPUT GENERATION AND 
AFFINITY MATURATION OF HUMANIZED 

ANTIBODY 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of US. 
Provisional Application No. 60/403,296 ?led Aug. 12, 2002, 
Which is hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to compositions, methods 
and kits for generating libraries of humaniZed antibodies for 
the screening of antibody With high af?nity toWard speci?c 
target antigens and reduced immunogenicity in human, and, 
more particularly, for generation and af?nity maturation of 
the humaniZed antibody in a high throughput and automated 
manner. 

[0004] 2. Description of Related Art 

[0005] Antibodies are a diverse class of molecules. 
Delves, P. J. (1997) “Antibody production: essential tech 
niques”, NeW York, John Wiley & Sons, pp. 90-113. It is 
estimated that even in the absence of antigen stimulation a 
human makes at least 1015 different antibody molecules—its 
Permian antibody repertoire. The antigen-binding sites of 
many antibodies can cross-react With a variety of related but 
different antigenic determinants, and the Permian repertoire 
is apparently large enough to ensure that there Will be an 
antigen-binding site to ?t almost any potential antigenic 
determinant, albeit With loW affinity. 

[0006] Structurally, antibodies or immunoglobulins (Igs) 
are composed of one or more Y-shaped units. For example, 
immunoglobulin G (IgG) has a molecular Weight of 150 kDa 
and consists of just one of these units. Typically, an antibody 
can be proteolytically cleaved by the proteinase papain into 
tWo identical Fab (fragment antigen binding) fragments and 
one Fc (fragment crystalliZable) fragment. Each Fab con 
tains one binding site for antigen, and the Fc portion of the 
antibodies mediates other aspects of the immune response. 

[0007] A typical antibody contains four polypeptides-tWo 
identical copies of a heavy chain and tWo copies of a 
light (L) chain, forming a general formula H2L2. Each L 
chain is attached to one H chain by a disul?de bond. The tWo 
H chains are also attached to each other by disul?de bonds. 
Papain cleaves N-terminal to the disul?de bonds that hold 
the H chains together. Each of the resulting Fabs consists of 
an entire L chain plus the N-terminal half of an H chain; the 
Fc is composed of the C-terminal halves of tWo H chains. 
Pepsin cleaves at numerous sites C-terminal to the inter-H 
disul?de bonds, resulting in the formation of a divalent 
fragment [F(ab‘)] and many small fragments of the Fc 
portion. IgG heavy chains contain one N-terminal variable 
(VH) plus three C-terminal constant (CH1, CH2 and CH3) 
regions. Light chains contain one N-terminal variable (VI) 
and one C-terminal constant (CL) region each. The different 
variable and constant regions of either heavy or light chains 
are of roughly equal length (about 110 amino residues per 
region). Fabs consist of one VL, VH, CH1, and CL region 
each. The VL and VH portions contain hypervariable seg 
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ments (complementarity-determining regions or CDR) that 
form the antibody combining site. 

[0008] The VL and VH portions of a monoclonal antibody 
have also been linked by a synthetic linker to form a single 
chain protein (scFv) Which retains the same speci?city and 
af?nity for the antigen as the monoclonal antibody itself. 
Bird, R. E., et al. (1988) “Single-chain antigen-binding 
proteins” Science 242:423-426. A typical scFv is a recom 
binant polypeptide composed of a VL tethered to a VH by a 
designed peptide, such as (Gly4-Ser)3, that links the car 
boxyl terminus of the VL to the amino terminus of the VH 
sequence. The construction of the DNA sequence encoding 
a scFv can be achieved by using a universal primer encoding 
the (Gly4-Ser)3 linker by polymerase chain reactions (PCR). 
Lake, D. F., et al. (1995) “Generation of diverse single-chain 
proteins using a universal (Gly4-Ser)3 encoding oligonucle 
otide” Biotechniques 19:700-702. 

[0009] The mammalian immune system has evolved 
unique genetic mechanisms that enable it to generate an 
almost unlimited number of different light and heavy chains 
in a remarkably economical Way by joining separate gene 
segments together before they are transcribed. For each type 
of Ig chain—K light chains, A light chains, and heavy 
chain—there is a separate pool of gene segments from Which 
a single peptide chain is eventually synthesiZed. Each pool 
is on a different chromosome and usually contains a large 
number of gene segments encoding the V region of an Ig 
chain and a smaller number of gene segments encoding the 
C region. During B cell development a complete coding 
sequence for each of the tWo Ig chains to be synthesiZed is 
assembled by site-speci?c genetic recombination, bringing 
together the entire coding sequences for a V region and the 
coding sequence for a C region. In addition, the V region of 
a light chain is encoded by a DNA sequence assembled from 
tWo gene segments—a V gene segment and short joining or 
J gene segment. The V region of a heavy chain is encoded 
by a DNA sequence assembled from three gene segments—a 
V gene segment, a J gene segment and a diversity or D 
segment. 

[0010] The large number of inherited V, J and D gene 
segments available for encoding Ig chains makes a substan 
tial contribution on its oWn to antibody diversity, but the 
combinatorial joining of these segments greatly increases 
this contribution. Further, imprecise joining of gene seg 
ments and somatic mutations introduced during the V-D-J 
segment joining at the pre-B cell stage greatly increases the 
diversity of the V regions. 

[0011] After immuniZation against an antigen, a mammal 
goes through a process knoWn as affinity maturation to 
produce antibodies With higher af?nity toWard the antigen. 
Such antigen-driven somatic hypermutation ?ne-tunes anti 
body responses to a given antigen, presumably due to the 
accumulation of point mutations speci?cally in both heavy 
and light-chain V region coding sequences and a selected 
expansion of high-affinity antibody-bearing B cell clones. 

[0012] Great efforts have been made to mimic such a 
natural maturation of antibodies against various antigens, 
especially antigens associated With diseases such as autoim 
mune diseases, cancer, AIDS and asthma. In particular, 
phage display technology has been used extensively to 
generate large libraries of antibody fragments by exploiting 
the capability of bacteriophage to express and display bio 
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logically functional protein molecule on its surface. Com 
binatorial libraries of antibodies have been generated in 
bacteriophage lambda expression systems Which may be 
screened as bacteriophage plaques or as colonies of lysogens 
(Huse et al. (1989) Science 246: 1275; Caton and KoproWski 
(1990) Proc. Natl. Acad. Sci. (USA) 87: 6450; Mullinax et 
al (1990) Proc. Natl. Acad. Sci. (USA) 87: 8095; Persson 
et al. (1991) Proc. Natl. Acad. Sci. (USA) 88: 2432). 
Various embodiments of bacteriophage antibody display 
libraries and lambda phage expression libraries have been 
described (Kang et al. (1991) Proc. Natl. Acad. Sci. (USA) 
88: 4363; Clackson et al. (1991) Nature 352: 624; McCaf 
ferty et al. (1990) Nature 348: 552; Burton et al. (1991) Proc. 
Natl. Acad. Sci. (USA) 88: 10134; Hoogenboom et al. 
(1991) Nucleic Acids Res. 19: 4133; Chang et al. (1991) J. 
Immunol. 147: 3610; Breitling et al. (1991) Gene 104: 147; 
Marks et al. (1991) J. Mol. Biol. 222: 581; Barbas et al. 
(1992) Proc. Natl. Acad. Sci. (USA) 89: 4457; Hawkins 
and Winter (1992) J. Immunol. 22: 867; Marks et al. (1992) 
Biotechnology 10: 779; Marks et al. (1992) J. Biol. Chem. 
267: 16007; LoWman et al (1991) Biochemistry 30: 10832; 
Lerner et al. (1992) Science 258: 1313). Also see revieW by 
Rader, C. and Barbas, C. F. (1997) “Phage display of 
combinatorial antibody libraries” Curr. Opin. Biotechnol. 
8:503-508. 

[0013] Various scFv libraries displayed on bacteriophage 
coat proteins have been described. Marks et al. (1992) 
Biotechnology 10: 779; Winter G and Milstein C (1991) 
Nature 349: 293; Clackson et al. (1991) op.cit.; Marks et al. 
(1991) J. Mol. Biol. 222: 581; Chaudhary et al. (1990) Proc. 
Natl. Acad. Sci. (USA) 87: 1066; ChisWell et al. (1992) 
TIBTECH 10: 80; and Huston et al. (1988) Proc. Natl. Acad. 
Sci. (USA) 85: 5879. 

[0014] Generally, a phage library is created by inserting a 
library of a random oligonucleotide or a cDNA library 
encoding antibody fragment such as VL and VH into gene 3 
of M13 or fd phage. Each inserted gene is expressed at the 
N-terminal of the gene 3 product, a minor coat protein of the 
phage. As a result, peptide libraries that contain diverse 
peptides can be constructed. The phage library is then 
af?nity screened against immobiliZed target molecule of 
interest, such as an antigen, and speci?cally bound phages 
are recovered and ampli?ed by infection into Escherichia 
coli host cells. Typically, the target molecule of interest such 
as a receptor (e.g., polypeptide, carbohydrate, glycoprotein, 
nucleic acid) is immobiliZed by covalent linkage to a chro 
matography resin to enrich for reactive phage by affinity 
chromatography) and/or labeled for screen plaques or 
colony lifts. This procedure is called biopanning. Finally, 
ampli?ed phages can be sequenced for deduction of the 
speci?c peptide sequences. During the inherent nature of 
phage display, the antibodies displayed on the surface of the 
phage may not adopt its native conformation under such in 
vitro selection conditions as in a mammalian system. In 
addition, bacteria do not readily process, assemble, or 
express/secrete functional antibodies. 

[0015] Transgenic animals such as mice have been used to 
generate fully human antibodies by using the XENOM 
OUSETM technology developed by companies such as 
Abgenix, Inc., Fremont, Calif. and Medarex, Inc. Annan 
dale, N.J. Strains of mice are engineered by suppressing 
mouse antibody gene expression and functionally replacing 
it With human antibody gene expression. This technology 
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utiliZes the natural poWer of the mouse immune system in 
surveillance and af?nity maturation to produce a broad 
repertoire of high af?nity antibodies. HoWever, the breeding 
of such strains of transgenic mice and selection of high 
af?nity antibodies can take a long period of time. Further, the 
antigen against Which the pool of the human antibody is 
selected has to be recogniZed by the mouse as a foreign 
antigen in order to mount immune response; antibodies 
against a target antigen that does not have immunogenicity 
in a mouse may not be able selected by using this technol 
ogy. In addition, there may be a regulatory issue regarding 
the use of transgenic animals, such as transgenic goats 
(developed by GenZyme Transgenics, Framingham, Mass.) 
and chickens (developed by GeneWorks, Inc., Ann Arbor, 
Mich.), to produce antibody, as Well as safety issues con 
cerning containment of transgenic animals infected With 
recombinant viral vectors. 

[0016] Antibodies and antibody fragments have also been 
produced in transgenic plants. Plants, such as corn plants 
(developed by Integrated Protein Technologies, St. Louis, 
Mo.), are transformed With vectors carrying antibody genes, 
Which results in stable integration of these foreign genes into 
the plant genome. In comparison, most microorganisms 
transformed With plasmids can lose the plasmids during a 
prolonged fermentation. Transgenenic plant may be used as 
a cheaper means to produce antibody in large scales. HoW 
ever, due to the long groWth circles of plants screening for 
antibody With high binding af?nity toWard a target antigen 
may not be ef?cient and feasible for high throughput screen 
ing in plants. 

[0017] Currently, the most ef?cient Way of generation of 
non-human antibody With high speci?city and affinity is 
through using the hybridoma technology to produce mono 
clonal antibody against a speci?c antigen. The hybridoma 
technology invented by Milstein and Kohler revolutioniZed 
the industry of mass producing “custom-built” antibodies in 
vitro. Basically, a hybridoma is generated by fusing rodent 
antibody producing cells With immortal tumor cells (myelo 
mas) from the bone marroW of mice. A hybridoma has the 
cancer cell’s ability to reproduce almost inde?nitely, as Well 
as the immune cell’s ability to secrete antibodies. The 
hybridomas producing antibodies of a determined antigen 
speci?city and required af?nity Were selected, expand in 
clonal siZe and mass-produce antibodies of a single type, i.e. 
monoclonal antibodies. 

[0018] Compared to polyclonal antibodies produced from 
the serum of animals, monoclonal antibody generated in 
hybridoma is superior in terms of antigen selectivity, speci 
?city and binding affinity. OWing to these superior advan 
tages associated With monoclonal antibodies, they have been 
hailed as “magic bullets” that could be used to speci?cally 
target diseased cells or tissues. 

[0019] Although monoclonal antibodies (mAbs) gener 
ated from hybridoma technology have proved to be 
immensely useful scienti?c research and diagnostic tools, 
they have had a limited success in human therapy. Although 
murine antibodies had exquisite speci?city for therapeutic 
targets, they did not alWays trigger the appropriate human 
effector’s systems of complement and Fc receptors. More 
importantly, the major limitation in the clinical use of rodent 
monoclonal antibodies is an antiglobulin response during 
therapy. Miller et al. (1983) Blood 62:988-995; and Schroff 
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et al. (1985) Cancer Res. 54:879-885. The patient’s immune 
system normally cuts short the therapeutic WindoW, as 
murine antibodies are recognized by a human anti-mouse 
antibody immune response Similar to serum 
therapy Where antisera used to neutralize pathogen in acute 
diseases and also prophylactically leads to “serum sickness”, 
the patient treated With rodent mAbs in multiple doses 
invariably raises an immune response to the mAbs, mani 
festing similar symptoms to serum sickness and violent 
enough to endanger life. This response can occur Within tWo 
Weeks of the initiation of treatment and precludes long-term 
therapy. Efforts have been made to raise human mAbs 
against therapeutic targets through immortaliZation of 
human antibody-producing cells. The endeavors face vari 
ous practical and ethical problems, such as the dif?culties 
With preparation of human hybridomas that are unstable and 
secrete loW levels of mAbs of the IgM class With loW 
af?nity. 

[0020] To produce therapeutic antibodies With high bind 
ing af?nity, reduced immunogenicity (HAMA response), 
increased half-life in the human body and adequate recruit 
ment of effectors functions (i.e. the ability to summon help 
from the body’s oWn natural defense), people in the art have 
combined the techniques of monoclonal antibody produc 
tion and recombinant DNA technology to overcome the 
problem associated With rodent monoclonal antibodies. 
Besides direct generation of fully human antibody as 
described above, another popular approach is to humaniZe 
rodent monoclonal antibody. 

[0021] The technique of rodent antibody humaniZation 
takes advantage of the modular nature of antibody functions. 
It is based on the assumption that it’s possible to convert a 
rodent, e.g., mouse, monoclonal antibody into one that has 
some human segments but still retains its original antigen 
binding speci?city. Such a chimeric antibody is humaniZed 
in a sense that the mainframe of the antibody has human 
sequence Whereas the antigen binding site have sequences 
derived from the counterparts of the mouse monoclonal 
antibody. 

[0022] Initially, the mouse Fc fragment Was replaced With 
a human sequence because the mouse Fc functions poorly as 
an effector of immunological responses in humans; and it is 
also the most likely fragment to elicit the production of 
human antibodies. To diminish immunogenicity and to intro 
duce human Fc effector capabilities, the DNA coding 
sequences for the Fv regions of both the light and heavy 
chains of a human immunoglobulin Were substituted for the 
FvDNA sequences for the light and heavy chains from a 
speci?c mouse monoclonal antibody. LoBuglio et al. (1989) 
Proc. Natl. Acad. Sci. USA 86:4220-4224. This replacement 
of Fv coding regions can be accomplished by using oligo 
nucleotides and in vitro DNA replication or by using sub 
clonal segments. The DNA constructs for both chimeric 
chains Were cloned into an expression vector and transfected 
into cultured B lymphocytes from Which the chimeric anti 
body Was collected. 

[0023] Later the humaniZing of mouse and rat monoclonal 
antibodies has been taken one step further than the formation 
of chimeric molecule described above by substituting into 
human antibodies on the CDRs of the rodent antibodies, a 
process called “CDR grafting”. Queen et al. (1989) Proc. 
Natl. Acad. Sci. USA 86: 10029-10033. It Was believed that 
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such a “reshaped” human antibodies have antigen binding 
af?nities similar to those of the original rodent monoclonal 
antibodies and yet has a reduced immunogenicity When used 
as a therapeutic agent in the clinic. Currently, CDR grafting 
is the most frequently used strategy for the humaniZation of 
murine mAbs. In this approach the siX CDR loops compris 
ing the antigen-binding site of the murine mAb are grafted 
into corresponding human frameWork regions. HoWever 
pure CDR-grafting often yields humaniZed antibodies With 
much loWer af?nity (Jones et al. (1986) Nature 321:522 
525), in some instances as much as 10-fold or more, espe 
cially When the antigen is a protein (Verhoeyen et al. (1988) 
Science 239:1534-1536). Such an antibody With reduced 
af?nity is undesirable in that 1) more of the humaniZed 
antibody Would have to be administered into a patient at 
higher cost and greater risk of adverse effects; 2) loWer 
af?nity antibody may have poorer biological functions, such 
as complement lysis, antibody-dependent cellular cytotoX 
icity, or virus neutraliZation. Riechmann et al. (1988) Nature 
332: 323-327. 

[0024] To search for humaniZed antibody With higher 
af?nity, Queen et al. have used computer modeling softWare 
to guide the humaniZation of promising murine antibodies. 
US. Pat. No. 5,693,762. The structure of a speci?c antibody 
is predicted based on computer modeling and the feW key 
amino acids in the frameWork are predicted to be necessary 
to retain the shape, and thus the binding speci?city, of the 
CDRs. These feW key murine amino acids are substituted 
into a human antibody frameWork along With the murine 
CDRs. As a result, the humaniZed antibody includes about 
90% human sequence. The humaniZed antibody designed by 
computer modeling is tested for antigen binding. Experi 
mental results such as binding affinity are fed back to the 
computer modeling process to ?ne-tune the structure of the 
humaniZed antibody. The redesigned antibody can then be 
tested for improved biological functions. Such a reiterate 
?ne tuning process can be labor intensive and unpredictable. 

SUMMARY OF THE INVENTION 

[0025] The present invention provides compositions, 
methods, and kits for ef?ciently generating and screening 
humaniZed antibody With high af?nity against a speci?c 
antigen. One feature of the present invention is that a library 
of humaniZed antibody is generated by mutageniZing a 
chimeric antibody template that combines human antibody 
frameWork and antigen binding sites of a non-human anti 
body. 
[0026] Alternatively, the library of humaniZed antibody is 
generated by grafting essential antigen-recognition seg 
ment(s) of the non-human antibody into the corresponding 
position(s) of each member of a human antibody library. 
This library of humaniZed antibody is then screened for high 
af?nity binding toWard a speci?c antigen in vivo in organism 
such as yeast or in vitro using techniques such as ribosome 
display or mRNA display. 

[0027] The speci?c antigen used in the screening can be 
the one against Which the non-human antibody is originally 
elicited, or an antigen With similar structural features or 
biological function. In addition, the library of humaniZed 
antibody may be used in screening for high affinity antibody 
against an antigen that is structurally and/or functionally 
different from the antigen against Which the non-human 
antibody is originally elicited. 
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[0028] These selection processes can be performed to 
select antibody having higher affinity in antigen binding but 
loWer immunogenecity than rodent monoclonal antibody. 
The overall process can be efficiently performed in a high 
throughput and automated manner, thus mimicking the 
natural process of antibody af?nity maturation. 

BRIEF DESCRIPTION OF FIGURES 

[0029] FIG. 1 illustrates the variable regions of the heavy 
chain and light chain of a non-human antibody to be 
humaniZed. The CDR regions betWeen the framework of this 
antibody are labeled as CDR1, CDR2, and CDR3 sequen 
tially from the N-terminus to the C-terminus. 

[0030] FIG. 2 illustrates an example of a chimeric anti 
body having non-human CDRs 1-3 grafted into a human 
antibody framework. 

[0031] FIG. 3 shoWs the DNA sequences of a consensus 
VH (DP47) and a consensus VL (DPK22) of human antibody 
germine sequences. 

[0032] FIG. 4A shoWs the DNA and amino acid 
sequences of VH and VL of a mouse monoclonal anti 
interleukin-8 antibody (Murine IL-8 Ab). 

[0033] FIG. 4B shoWs the amino acid sequences of VH of 
human antibody Kabat Entry No: 037656 and VL of human 
antibody Kabat Entry No: 039682 Which share high 
sequence homology to VH and VL of Murine IL-8 Ab in FIG. 
4A, respectively. 

[0034] FIG. 5A shoWs alignment of VH of murine IL-8 Ab 
shoWn in FIG. 4A and VH of human antibody Kabat Entry 
No: 037656 shoWn in FIG. 4B. 

[0035] FIG. 5B shoWs alignment of VL of murine IL-8 Ab 
shoWn in FIG. 4A and VL of human antibody Kabat Entry 
No: 039682 shoWn in FIG. 4B. 

[0036] FIG. 6 illustrates an embodiment of the method for 
generating, expressing, and screening in yeast a library of 
humaniZed antibody into Which the CDRs of non-human 
antibody are grafted. 

[0037] FIG. 7 illustrates an embodiment of the method for 
generating, expressing, and screening in yeast a library of 
humaniZed antibody into Which CDR3 of non-human anti 
body is grafted. 

[0038] FIG. 8 illustrates an embodiment of the method for 
generating, expressing, and screening in yeast a library of 
fully human antibody, Which is directed by VH of a non 
human antibody. 

[0039] FIG. 9 illustrates an embodiment of the method for 
selecting humaniZed single-chain antibody (scFv) against a 
target protein in a tWo-hybrid system Where the expression 
vectors carrying the AD and BD domains are co-transformed 
or sequentially transformed into yeast. 

[0040] FIG. 10 illustrates an embodiment of the method 
for selecting humaniZed single-chain antibody (scFv) 
against a target protein in a tWo-hybrid system Where the 
expression vectors carrying the AD and BD domains are 
introduced into diploid yeast cells via mating betWeen tWo 
haploid yeast strains of opposite mating types. 

[0041] FIG. 11 illustrates an embodiment of the method 
for selecting humaniZed antibody against a target antigen 
through ribosome display. 
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[0042] FIG. 12 illustrates an embodiment of the method 
for selecting humaniZed antibody against a target antigen 
through mRNA display. 

[0043] FIG. 13 illustrates an embodiment of the method 
used for mutagenesis and further screening of the clones 
selected from a primary screening of the humaniZed anti 
body in yeast. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] The present invention provides novel methods for 
efficiently generating and screening humaniZed antibody 
With high affinity against a speci?c antigen. Compared to 
approaches that use stepWise tailoring and designing of 
individual humaniZed antibody in silicon (i.e. computer 
modeling), the humaniZation process according to the 
present invention is performed in vitro or in vivo and 
screened directly against the target antigen. Therefore, the 
present approach is more robust and more directly mimics 
the natural process of antibody af?nity maturation in verte 
brates. By using the methods of the present invention, 
non-human antibody can be humaniZed not only Without 
loss in antigen-binding affinity but also With improved 
affinity and other biological functions. The Whole process of 
antibody humaniZation and affinity maturation can be per 
formed in a high throughput manner. 

[0045] In one aspect of the present invention, a method is 
provided for humaniZing a non-human antibody by 
mutagenesis. The method comprises: constructing a chi 
meric antibody sequence by combining a human antibody 
frameWork sequence With one or more non-human antibody 
segments that are essential for affinity binding to a target 
antigen against Which the non-human antibody is elicited; 
mutageniZing the chimeric antibody sequence to produce a 
library of humaniZed antibody sequences. 

[0046] In another aspect of the present invention, a 
method is provided for humaniZing a non-human antibody 
by grafting non-human antibody segments into a library of 
human antibody sequences. The method comprises: grafting 
one or more non-human antibody segments into a library of 
human antibody frameWork sequences to produce a library 
of humaniZed antibody sequences. The non-human antibody 
segments grafted are essential for affinity binding to a target 
antigen against Which the non-human antibody is elicited. 

[0047] The library of humaniZed antibody sequences are 
expressed in vitro or in vivo to produce a library of human 
iZed antibodies Which can be screened for high affinity bind 
to a target antigen. In one embodiment, the library of 
humaniZed antibody sequences is expressed in vivo and 
screened against the target antigen in yeast, preferably in a 
yeast tWo-hybrid system. In another embodiment, the library 
of humaniZed antibody sequences is expressed and screened 
in vitro against the target antigen, preferably by ribosome 
display. 
[0048] It should be noted that the speci?c antigen used in 
the screening can be the one against Which the non-human 
antibody is originally elicited, or an antigen With similar 
structural features or biological function. 

[0049] These selection processes can be performed to 
select antibody having higher affinity in antigen binding but 
loWer immunogenecity than rodent monoclonal antibody. In 
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contrast to the approach using computer modeling of indi 
vidually humanized antibody and subsequent experimental 
screening, the overall process of the present invention can be 
ef?ciently performed in a high throughput and automated 
manner, thus mimicking the natural process of antibody 
af?nity maturation. 

[0050] The present invention provides methods for pro 
ducing and screening humaniZed antibody With high affinity 
and speci?city. The methods are ef?cient, comprehensive 
and complementary. 

[0051] First, the method of producing and screening an 
antibody library in yeast is an efficient and economical Way 
to screen for humaniZed antibodies in a much shorter period 
of time. In addition, production of the library of humaniZed 
antibody sequence can be carried out in a high throughput 
manner in yeast by exploiting the intrinsic genetic property 
of yeast—homologous recombination at an extremely high 
level of ef?ciency. This process Will be described in details 
in Section 2 beloW. 

[0052] The fast proliferation rate of yeast cells and ease of 
handling makes a process of “molecular evolution” dramati 
cally shorter than the natural process of antibody affinity 
maturation in a mammal. Therefore, humaniZed antibody 
repertoire can be produced and screened directly in yeast 
cells at a much loWer cost and higher ef?ciency than prior 
processes such as the painstaking, stepWise “humaniZation” 
of monoclonal murine antibodies isolated by using the 
conventional hybridoma technology (a “protein redesign”) 
or the XENOMOUSETM technology. 

[0053] According to the “protein redesign” approach, 
murine monoclonal antibodies of desired antigen speci?city 
are modi?ed or “humanized” in vitro in an attempt to 
reshape the murine antibody to resemble more closely its 
human counterpart While retaining the original antigen 
binding speci?city. Riechmann et al. (1988) Nature 3321323 
327. This humaniZation demands extensive, systematic and 
reiterate computer engineering and experimental validation 
of the murine antibody, Which could take months, if not 
years. In addition, this approach can bear the risk of empiri 
cal guessing or Wrong prediction based on sequence com 
parison and structural modeling. 

[0054] In comparison, by using the method of the present 
invention, humaniZed antibodies With perhaps even higher 
af?nity to a speci?ed antigen than the original non-human 
antibody can be screened and isolated directly from yeast 
cells Without going through reiterate site-by-site computer 
engineering and experimental validation. The library of 
humaniZed antibody can diversi?ed by site-directed or ran 
dom mutagenesis and directly screened against the target 
antigen in vivo in yeast or via ribosome display in vitro. The 
selected humaniZed antibody can be further mutageniZed 
and screened again for higher af?nity binder to the same 
target antigen. This reiterate process mimics the natural 
process of antibody maturation in vertebrates. 

[0055] Further, by using the method of the present inven 
tion, many requisite steps in the traditional construction of 
cDNA libraries can be eliminated. For example, the time 
consuming and labor-intensive steps of ligation and reclon 
ing of cDNA libraries into expression vectors can be elimi 
nated by direct recombination or “gap-?lling” in yeast 
through general homologous recombination and/or site 
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speci?c recombination. Throughout the Whole process of 
humaniZed antibody library construction, the DNA frag 
ments encoding antibody heavy chain and light chain are 
directly incorporated into a lineariZed yeast expression vec 
tor via homologous recombination Without the recourse to 
extensive recloning. 

[0056] Moreover, the library of humaniZed antibody can 
also be screened against an array of antigens to identify 
those Which bind to a speci?c antigen in the array With the 
highest af?nity. 
[0057] In addition, by using the method of present inven 
tions, multiple humaniZed antibody may be selected against 
the same target antigen. In clinical therapeutic applications, 
if the one of these antibodies elicits an anti-idiotypic 
response in the patient, another one from the same group of 
antibodies can be used to substitute the idiotypic one, thus 
alloWing the therapy to continue Without ablating the thera 
peutic efficacy. 
[0058] Second, the methods are more comprehensive than 
the XENOMOUSETM technology. The XENOMOUSETM 
technology has been used to generate fully human antibodies 
With high af?nity by creating strains of transgenic mice that 
produce human antibodies While suppressing the endog 
enous murine Ig heavy- and light-chain loci. HoWever, the 
breeding of such strains of transgenic mice and selection of 
high af?nity antibodies can take a long period of time. The 
antigen against Which the pool of the human antibody is 
selected has to be recogniZed by the mouse as a foreign 
antigen in order to mount immune response; and antibodies 
against a target antigen that does not have immunogenicity 
in a mouse may not be able to be selected by using this 
technology. 
[0059] In contrast, by using the method of the present 
invention, libraries of humaniZed antibody can not only be 
generated in yeast cells more ef?ciently and economically, 
but also be screened against virtually any protein or peptide 
target regardless of its immunogenicity. According to the 
present invention, any protein/peptide target can be 
expressed as a fusion protein With a DNA-binding domain 
(or an activation domain) of a transcription activator and 
selected against the library of antibody in a yeast-2-hybrid 
system. 

[0060] Third, the methods provided by the present inven 
tion are complementary. On one hand, a yeast tWo-hybrid 
system can be used to screen for high af?nity humaniZed 
antibody against any protein antigen expressed intracellu 
larly. On the other hand, a ribosome display method can be 
used to display the library of humaniZed antibody on the 
surface of ribosomes and screened for virtually any ligand. 
Since the ribosome display is performed by in vitro trans 
lation of mRNA encoding the library of humaniZed antibody 
in a cell lysate, the library of humaniZed antibody bound to 
the ribosomes can be screened against any ligand immobi 
liZed on a substrate. The immobiliZed ligand can be a small 
molecule, a peptide, a protein, and a nucleic acid. 

[0061] The preferred embodiments of the methods for 
generation and affinity maturation of humaniZed antibody 
are described as folloWs. 

[0062] 1. Generation of a Library of HumaniZed Antibody 

[0063] The present invention provides methods for gen 
erating a library of humaniZed antibody that can be used for 
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screening for antibody with high af?nity toward a speci?c 
antigen. The humanized antibodies in the library contain a 
human framework and essential antigen binding segment(s) 
derived from a non-human antibody, such as a mouse or rat 

antibody. The following are examples of how to generate 
such a library of humaniZed antibody 

[0064] 1) Construction of a library of humaniZed anti 
body by creating a chimeric antibody by grafting 
essential antigen recognition segments of a non-human 
antibody into a single human antibody framework, and 
mutageniZing the chimeric antibody 

[0065] In this embodiment, the library of humaniZed anti 
body sequences is constructed by grafting sequences encod 
ing essential antigen-bind segments (e.g., CDRs) of a non 
human antibody (e.g., a mouse monoclonal antibody) into 
the sequence encoding a single human antibody framework. 
Through this grafting process, a chimeric antibody sequence 
is created to encode a chimeric antibody including both 
human and non-human antibody sequences. The chimeric 
antibody sequence is mutageniZed to produce a library of 
humaniZed antibody sequences. 

[0066] FIG. 1 illustrates the variable regions of the heavy 
chain and light chain of a non-human antibody. As illustrated 
by FIG. 1, the segments that most likely determine the 
antigen-binding af?nity of the non-human antibody are CDR 
regions, including CDR 1, CDR2, and CDR3 located in the 
variable regions of the heavy chain and light chain. The rest 
of the sequences of the variable regions of the heavy chain 
and light chain constitute the framework sequences of the 
antibody. 
[0067] FIG. 2 illustrates the variable regions of the heavy 
chain and light chain of a chimeric antibody. The sequences 
encoding the CDR regions of a non-human antibody (as 
shown in FIG. 1) are grafted into the variables regions of a 
human antibody by replacing the human CDRs in their 
corresponding positions. As a result, a chimeric antibody 
sequence is created, including both human and non-human 
antibody sequences. 

[0068] In this chimeric antibody the human antibody 
framework sequence serves as a framework to accommodate 

the non-human CDRs and provides structural support for 
global folding of the antibody structure. The human frame 
work sequence may be chosen based on various criteria. 

[0069] For example, a ?xed human antibody framework 
sequence may be used to provide the structural support for 
the chimeric antibody. In this case, a single vector containing 
the chosen human antibody framework can be created to 
accept all non-human CDRs, generating humaniZed anti 
bodies with similar expression and performance. 

[0070] The ?xed human antibody framework sequence 
may be derived from natural human antibodies, such as 
framework “NEW” (Saul F Aet al. “Preliminary re?nement 
and structural analysis of the Fab fragment from human 
immunoglobulin NEW at 2.0 A resolution”! Biol Chem 
(1978) 253(2): 585-597; and Riechmann et al. “Reshaping 
human antibodies for therapy.”Nature (1988) 332: 323-327) 
for the heavy chain and framework “REI” (Epp et al. 
“Crystal and molecular structure of a dimer composed of the 
variable portions of the Bence-Jones protein REI.”Eur J 
Biochem. (1974) 45(2):513-524; and Riechmann et al. 
“Reshaping human antibodies for therapy.”Nature (1988) 
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332: 323-327) for the light chain. Although these human 
antibodies are well characteriZed, using the frameworks 
from particular human antibodies for humaniZation may run 
a risk of somatic mutation that creates immunogenic 
epitopes. 
[0071] In a preferred embodiment, the frameworks from 
human antibody consensus sequences where idiosyncratic 
somatic mutations have been “evened out” are used to 
provide the human antibody frameworks of the present 
invention. Kabat et al. “Sequences of Proteins of Immuno 
logical Interest” Fifth Edition. (1991) NIH Publication No. 
91-3242; and Kolbinger F, Saldanha J, Hardman N and 
Bendig M “HumaniZation of a mouse anti-human IgE anti 
body: a potential therapeutic for IgE-mediated allergie 
s”Pr0t. Engng. (1993) 6: 971-980. 

[0072] In another preferred embodiment, the human 
framework sequence is derived from consensus human 
germline sequences. Human antibodies are assembled from 
51 different functional VH germ line genes and 70 different 
functional VL segments (40 VK and 30 V9»). However, one 
VH (DP47, its DNA SEQ ID NO: 1) and one VK (DPK22, 
its DNA SEQ ID NO: 2) dominate the functional repertoire 
(Kirkham, P. M. et al. (1992) EMBO J. 11:603-609). FIG. 3 
shows the DNA sequences of DP47 and DPK22. 

[0073] These two germ line gene segments are used as 
frameworks for CDR grafting. The gene sequences are 
examined for all possible restriction endonuclease sites, 
which could be introduced without changing the correspond 
ing amino acid sequences. Cleavage sites are chosen that are 
located close to the CDR and framework borders and are 
unique. The resulting gene fragments are assembled from 
overlapping oligonucleotides on alternating strands by over 
lap-extension PCR. By cloning these synthesiZed gene frag 
ments into appropriate vectors, two modular cassettes are 
generated into which any either heavy chain or light chain 
CDRs can be easily inserted. The donor CDRs will be 
individually ampli?ed by PCR using primers that introduce 
restriction sites compatible to those in the framework cas 
settes. The CDRs will then be grafted into the frameworks 
by restriction digestion and ligation. 
[0074] For example, mouse monoclonal antibody against 
interleukin-8 (Murine IL-8 Ab, ATCC No: HB-9647, 
Yoshimura et al. (1989) “Three forms of monocyte-derived 
neutrophil chemotactic factor (MDNCF) distinguished by 
different lengths of the amino-terminal sequence” Mol. 
Immunol. 26: 87-93; and Sylvester et al. (1990) “Secretion 
of neutrophil attractant/activation protein by lipopolysac 
charide-stimulated lung macrophages determined by both 
enZyme-linked immunosorbent assay and N-terminal 
sequence analysis” Am. Rev. Respir. Dis. 141: 683-688.) 
may be humaniZed by grafting its CDR regions into a human 
antibody framework such as DP47 for heavy chain and 
DPK22 for light chain, respectively. FIG. 4A shows the 
DNA and amino acid sequences of VH and VL of Murine 
IL-8 Ab (murine VH: DNA [SEQ ID NO: 4] and protein 
[SEQ ID NO: 5]; and murine VL: DNA[SEQ ID NO: 6] and 
protein [SEQ ID NO: 7]. The resulting chimeric antibody 
may be mutageniZed throughout the variable region to 
produce a library of humaniZed antibodies which are then 
screened for antibodies with high affinity toward a speci?c 
target, such as IL-8. 

[0075] Alternatively, the CDRs of the non-human anti 
body may be grafted into a human framework through a 






































