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(57) ABSTRACT 

Featured are DNA molecules, expression vectors, and host 
cells useful for creation of immunoglobulins, as Well as 
novel immunoglobulin molecules termed monobodies. 
Additionally provided are methods of production of immu 
noglobulins, including monobodies, as Well as methods of 
using the disclosed immunoglobulin and monobody con 
structs, expression vectors and host cells containing DNA 
encoding molecules for production of immunoglobulin and 
monobody proteins. 
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IMMUNOGLOBULIN DNA CASSETTE 
MOLECULES, MONOBODY CONSTRUCTS, 

METHODS OF PRODUCTION, AND METHODS OF 
USE THEREFOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/350,166, ?led Oct. 19, 2001, and 
US. Provisional Application No. 60/392,364, ?led Jun. 26, 
2002, the contents of Which are incorporated herein by this 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to immunoglobulin 
DNA cassette molecules, including novel constructs termed 
monobody constructs, as Well as methods for producing 
expression vectors and host cells containing DNA cassettes 
and capable of producing immunoglobulin and monobody 
molecules. More particularly, the invention relates to DNA 
cassette molecules useful for creating a variety of immuno 
globulin therapeutic molecules, including novel monobod 
ies, as Well as methods for producing and using such 
molecules. 

BACKGROUND OF THE INVENTION 

[0003] Immunoglobulins (Igs), or antibodies, as the main 
effectors of humoral immunity and endogenous modulators 
of the immune response, have proven to be valuable mol 
ecules in clinical applications such as diagnostic, therapeutic 
and prophylactic purposes, as Well as in research contexts. 
An immunoglobulin molecule is composed of four protein 
chains; tWo heavy and tWo light chains Which must be 
produced, associate and correctly fold to be effectively 
exported from the cell. The heavy and light chains are held 
together covalently through disul?de bonds. The heavy 
chains are also covalently linked via disul?de bonds in a 
base portion often referred to as the constant region. This 
constant region is also responsible for a given immunoglo 
bulin molecule being mutually recogniZable With certain 
sequences found at the surface of particular cells or factors. 
There are ?ve knoWn major classes of constant regions (IgG, 
IgM, IgA, IgD and IgE) Which determine the class, or 
effector function, of the immunoglobulin molecule. 

[0004] The cDNA of the heavy chain is composed of a 
leader sequence (a signal sequence) (approximately 57 
bp/19 aa) Which is removed upon maturation of the protein, 
a variable region, VH (approximately 350 bp/ 115 aa), and 
the constant region, CH (approximately 990 bp/330 aa). The 
cDNA of the light chain is composed of a leader sequence 
(approximately 66 bp/22 aa) Which is removed upon matu 
ration of the protein; a variable region, VK or V?» (approxi 
mately 350 bp/ 115 aa); and a constant region, CK or C7» 
(approximately 321 bp/ 107 aa). The light chains covalently 
bind to the N-terminal Y branches of the tWo heavy chains. 
The variable regions of the heavy and light chains, approxi 
mately 110-125 amino acids in length, confer speci?city of 
particular antigenic epitopes for a particular immunoglobu 
lin molecule. 

[0005] Although the antibody genes can be engineered to 
be expressed in bacteria and plants such as corn, effective 
expression of antibodies should be carried out using mam 
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malian systems in order to obtain ef?cient mammalian 
post-translational modi?cations and folding processes 
required for effective assembly and secretion of functional 
antibody molecules. Presently used methods for production 
of antibodies include in vivo immunization folloWed by 
collection and processing in order to obtain puri?ed anti 
body. HoWever, such methods are limited in that they may 
require large amounts of antigen to produce response, and 
they are time-consuming processes. Furthermore, antigen 
may not generate effective response in the animal, and 
generation of therapeutically useful antibodies is question 
able. Therefore the time and effort expended to produce 
antibodies using such present methods may not culminate in 
suf?cient antibody production. 

[0006] Additional methods for production of antibodies 
involve creation of expression systems for use in mamma 
lian cells lines, such as CHO or murine myeloma cell lines. 
See, McCalferty, 1., et al. Eds. Antibody Engineering, A 
Practical Approach. IRL Press, (1997). Present methods for 
development of antibody expression systems involve cre 
ation of a vector composed of a light chain ?anked by its 
promoter and a poly-adenylation (polyA) region in a plas 
mid. Also, a heavy chain vector composed of a heavy chain 
construct ?anked by a promoter and a polyA region is 
created. The promoter/inser‘t/polyA region of the heavy 
chain may then alternatively be combined into the light 
chain vector in order to create a single vector containing 
both heavy and light chain molecules. In these methods, 
genomic DNA or mRNA of a heavy or light chain is cloned 
into an expression vector for use in mammalian cell lines or 
transgenic animals. Another method of construction includes 
vectors Which are created Wherein a frameWork of the 
immunoglobulin chain (e.g., heavy chain sequence) is 
inserted prior to addition of particular variable sequences as 
desired, such as has been disclosed and described in US. 
Pat. No. 5,780,225. 

[0007] Currently utiliZed methods of production of immu 
noglobulin expression systems, hoWever, require multiple 
cloning steps resulting in production of only a single desired 
molecule. If alterations in speci?city (governed by the 
variable region) or effector function (governed by the con 
stant region) of the antibody are desired, re-assembly of a 
neW light and/or heavy chain vector, folloWed by re-assem 
bly of a ?nal combined vector is required. 

[0008] It thus Would be desirable to provide neW immu 
noglobulin molecule constructs useful as effectors of 
humoral immunity and modulators of immune responses, as 
Well as methods for effective production of such molecules. 
It Would be particularly desirable to provide such constructs 
and methods that Would facilitate production of antibodies 
having desired speci?city in comparison to methods of the 
prior art. It also Would be desirable to provide such con 
structs and methods that alloW for facilitated production of 
immunoglobulins having desired effector functions as com 
pared to those of the prior art. Such molecules and methods 
preferably Would be simple in construction and require 
straightforward assembly steps in order to obtain the desired 
immunoglobulins, thereby resulting in rapid generation of 
desired antibody molecules With comparatively little effort. 
Furthermore, development of a system resulting in large 
scale production in comparison to present methods Will be 
bene?cial for development and production of protein thera 
peutics. 
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SUMMARY OF THE INVENTION 

[0009] The present invention features antibody (immuno 
globulin) DNA cassette constructs useful for rapid, simple 
generation of desired immunoglobulin molecules. Addition 
ally provided are vectors and host cells comprising DNA 
cassette constructs of the invention, as Well as methods of 
using the constructs, vectors, and host cells for production of 
immunoglobulins. Compositions and methods encompassed 
in the present invention taken together comprise an antibody 
production and conversion system. 

[0010] In one embodiment of the invention a DNA cas 
sette construct comprises an immunoglobulin DNA cassette 
Wherein the immunoglobulin cassette is a light chain immu 
noglobulin cassette. In another embodiment of the invention, 
the immunoglobulin DNA cassette is a heavy chain immu 
noglobulin cassette. The immunoglobulin cassette prefer 
ably comprises an immunoglobulin leader sequence oper 
ably linked to a stable immunoglobulin domain region. In an 
additional aspect, a DNA cassette construct further com 
prises a transcriptional promoter region operably linked to 
the leader molecule. 

[0011] In another embodiment, the DNA cassette construct 
further comprises a poly-adenylation region operably linked 
to the stable immunoglobulin domain of the construct. 

[0012] Preferably, the operable linkage of the immunoglo 
bulin cassette comprises a cloning sequence, such as for 
example, a multiple cloning site, Wherein the sequence is 
available for addition of further immunoglobulin domains 
for production of a complete immunoglobulin molecule. 

[0013] In a speci?c embodiment of the invention, the 
DNA cassette molecule comprises an immunoglobulin 
leader sequence operably linked to an immunolglobulin 
constant region, Wherein the operable linkage betWeen the 
leader sequence and constant region includes a cloning 
sequence Wherein a desired immunoglobulin variable region 
may be inserted for production of a complete immunoglo 
bulin chain. In one aspect of the invention, the immunoglo 
bulin chain is a heavy chain immunoglobulin molecule. 

[0014] In another aspect of the invention, the immunoglo 
bulin chain is a light chain immunoglobulin molecule. In one 
aspect the light chain is a kappa (K) chain immunoglobulin. 
In another aspect, the light chain is a lambda (7») chain 
immunoglobulin. Preferred sequences of the immunoglobu 
lin cassettes include sequences shoWn in SEQ ID NO: 65, 
SEQ ID NO: 67, SEQ ID NO: 69, SEQ ID NO: 71, SEQ ID 
NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, 
SEQ ID NO: 81, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID 
NO: 70, SEQ ID NO: 72, SEQ ID NO: 74, SEQ ID NO: 76, 
SEQ ID NO: 78, SEQ ID NO: 80, SEQ ID NO: 82, or a 
sequence at least 85%, 90%, 95%, 99% or higher identical 
thereto. 

[0015] Further included in embodiments of the invention 
are expression vectors comprising immunoglobulin DNA 
cassette molecules. The expression vectors may comprise 
one or more immunoglobulin DNA cassette molecules. In 
one preferred aspect of the invention the expression vector 
comprises tWo immunoglobulin DNA cassette molecules, 
Wherein one of the DNA cassette molecules is a heavy chain 
immunoglobulin cassette and the second is a light chain 
immunoglobulin cassette. 
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[0016] In another preferred aspect of the invention, an 
expression vector comprises a single immunoglobulin DNA 
cassette molecule. The expression vector may comprise a 
light chain immunoglobulin DNA cassette molecule or a 
heavy chain immunoglobulin DNA cassette molecule. 

[0017] In additional aspects of the invention, preferred 
insert sequences for use in the DNA cassettes and vectors of 
the present invention are provided. The insert sequence may 
comprise any one of heavy or light chain variable domain 
immunoglobulin sequences, or heavy or light chain constant 
domain immunoglobulin sequences. Such preferred insert 
sequences can include nucleotide and/or protein sequences 
and can be selected from the group consisting of SEQ ID 
NO: 83, SEQ ID NO: 84, SEQ ID NO: 85, and SEQ ID NO: 
86, SEQ ID NO: 87, and SEQ ID NO: 88. 

[0018] Additionally provided are host cells and cell lines 
comprising immunoglobulin DNA cassette molecules and 
expression vectors of the invention, as Well as methods of 
using such host cells for production of antibodies. In aspects 
of the invention, host cells can consist of a bacterial cell, a 
yeast cell or a mammalian cell or cell line. In a particularly 
preferred embodiment, host cells are mammalian cells such 
as a lymphocytic cell line, CHO, or COS cells. 

[0019] In another embodiment of the invention, a DNA 
cassette construct comprises an immunoglobulin DNA cas 
sette Wherein the immunoglobulin cassette is a monobody 
cassette. The immunoglobulin monobody cassette prefer 
ably comprises an immunoglobulin leader sequence oper 
ably linked to a stable immunoglobulin hinge and constant 
domain regions. In an additional aspect, a DNA cassette 
construct further comprises a transcriptional promoter 
region operably linked to the leader molecule. 

[0020] In one aspect of the invention, the immunoglobulin 
DNA monobody cassette is a heavy chain monobody cas 
sette, Wherein the monobody molecule comprises an immu 
noglobulin heavy chain comprising leader sequence oper 
ably linked to an immunoglobulin heavy chain constant 
region attached to a hinge region, then further attached to a 
heavy chain constant region, Wherein the heavy chain con 
stant region comprises a IgG3 hinge and IgG3 CHl domains 
linked to IgGl CH2 and CH3 regions. Preferred sequences 
of the immunoglobulin cassettes include sequences shoWn in 
SEQ ID NO: 105, SEQ ID NO: 106, or a sequence at least 
85%, 90%, 95%, 99% or higher identical thereto. 

[0021] In another aspect of the invention, the immunoglo 
bulin DNA monobody cassette is a light chain monobody 
cassette, Wherein the DNA cassette molecule comprises an 
immunoglobulin leader sequence operably linked to a stable 
monobody region, Wherein the operable linkage betWeen the 
leader sequence and the stable monobody region includes a 
cloning sequence Wherein a desired immunoglobulin vari 
able region may be inserted for production of a complete 
extended immunoglobulin light chain molecule. In one 
aspect of the invention, the stable monobody region is a 
monobody cassette comprising an extended light chain 
comprising a leader sequence operably linked to an immu 
noglobulin light chain constant region attached via a linker 
sequence to a hinge region, then attached to a heavy chain 
constant region. In a preferred aspect, the hinge is an IgGl 
hinge. In another aspect, the heavy chain constant region 
comprises IgGl CH2 and CH3 domains. In still another 
aspect, the hinge is an IgG3 hinge. Preferred sequences of 
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the immunoglobulin cassettes include sequences shown in 
SEQ ID NO:107, SEQ ID NOzl08, SEQ ID NO:l09, SEQ 
ID NO:ll0, or a sequence at least 85%, 90%, 95%, 99% or 
higher identical thereto. 

[0022] In yet another aspect, the invention includes vec 
tors comprising a monobody cassette constructs. In one 
aspect, the invention comprises a vector comprising an 
extended light chain monobody cassette and a heavy chain 
monobody cassette. In a preferred embodiment, a monobody 
vector comprises, an extended light chain and a heavy chain 
monobody cassette, Wherein the extended light chain cas 
sette comprises a leader sequence operably linked to an 
immunoglobulin C kappa domain attached via a linker 
sequence to an IgG3 hinge and IgG1 CH2 and CH3 constant 
regions; and Wherein the heavy chain cassette comprises a a 
heavy chain leader sequence operably linked to a constant 
region, Wherein the heavy chain constant region comprises 
a IgG3 hinge and IgG3 CHl domains linked to IgGl CH2 
and CH3 regions. 

[0023] In another preferred embodiment, a monobody 
vector comprises, an extended light chain and a heavy chain 
monobody cassette, Wherein the extended light chain cas 
sette comprises a leader sequence operably linked to an 
immunoglobulin C kappa domain attached via a linker 
sequence to an IgGl hinge and IgG1 CH2 and CH3 
domains; and Wherein the heavy chain cassette comprises a 
leader sequence operably linked to a complete intact heavy 
chain constant region. 

[0024] Further, disclosed are methods of production of 
immunoglobulin DNA cassette molecules, as Well as meth 
ods for production of antibodies (Whether single antibodies 
or batteries of antibodies, as desired) utiliZing the immuno 
globulin DNA cassette molecules and expression vectors of 
the present invention. One preferred method includes pro 
duction of a battery of antibodies having identical antigen 
speci?city, With variable effector function. An additional 
preferred method includes production of a battery of anti 
bodies having identical elfector function, With variable anti 
gen speci?cities. 

[0025] Additionally disclosed are methods of production 
of immunoglobulin monobody molecules utiliZing the 
monobody cassette molecules and expression vectors of the 
present invention. 

[0026] Other aspects and embodiments of the invention 
are discussed infra. 

BRIEF DESCRIPTION OF THE FIGURES 

[0027] FIG. 1 depicts an antibody production and conver 
sion system. 

[0028] FIG. 2 depicts structure of antibody cassette mol 
ecules and insert molecules; 

[0029] FIG. 3 depicts construction of an antibody heavy 
chain cassette vector and the cloning process used to com 
bine the nVHL sequence With a heavy chain constant region 
in a single chain expression vector; 

[0030] FIG. 4 depicts construction of an antibody kappa 
chain cassette vector and the cloning process used to com 
bine the nVKL sequence With a CKappa light chain constant 
regions in a single chain expression vector; 
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[0031] FIG. 5 depicts construction of an antibody lambda 
chain cassette vector and the cloning process used to com 
bine the nVLL sequence With a CLambda light chain con 
stant region in a single chain expression vector; 

[0032] FIG. 6 depicts construction process for transfer of 
heavy chain cassettes and light chain cassettes into a single 
combination immunoglobulin DNA cassette vector. For cre 
ation of combined vectors, the heavy chain cassette, includ 
ing promoter, nVHL, IgG constant region and polyadeny 
lation region, can be cloned as a Bgl II/Bam HI fragment 
into the Barn HI site of the vector With the light chain 
cassette. Bgl II and Bam HI have cohesive ends and both 
sites are lost upon ligation. 

[0033] FIG. 7 depicts the structure of the complete com 
bination heavy and light chain immunoglobulin DNA cas 
sette antibody expression vector; 

[0034] FIG. 8 depicts the cloning process for incorpora 
tion of desired variable sequences (VH and VK) into the 
combination heavy and light chain immunoglobulin DNA 
cassette antibody expression vector; 

[0035] FIG. 9 depicts demonstrative results of antibody 
production levels of recombinant cells generated using the 
antibody production and conversion system of the present 
invention; 
[0036] FIG. 10 depicts proposed structure of monobody 
constructs in comparison With traditional antibody structure; 

[0037] FIG. 11 depicts structural constructs and compari 
son of hinge regions of proposed monobody constructs; 

[0038] FIG. 12 depicts construction of an antibody heavy 
chain cassette vector and the cloning process used to com 
bine the nVHL sequence With a heavy chain constant region 
in a single chain expression vector; 

[0039] FIG. 13 depicts construction of an antibody heavy 
chain cassette vector and the cloning process used to com 
bine the nVHL sequence With a heavy chain constant region 
in a single chain expression vector; and 

[0040] FIG. 14 depicts demonstrative results of mono 
body binding activity to monocytes expressing target anti 
gen lD9. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The present invention pertains to immunoglobulin 
DNA cassette molecules, including heavy chain immuno 
globulin DNA cassettes and a light chain immunoglobulin 
DNA cassettes useful for facilitated generation of immuno 
globulin proteins and antibody production. Additionally the 
invention pertains to DNA insert sequences for use in the 
DNA cassette system. 

[0042] Accordingly, various aspects of the invention relate 
to immunoglobulin DNA cassette molecules, nucleic acids 
comprising the aforesaid immunoglobulin cassette mol 
ecules, as Well as vectors and host cells containing the 
aforesaid nucleic acid sequences. Additional aspects of the 
invention relate to DNA insert sequences for use With the 
DNA cassette molecules. Methods of producing the afore 
said DNA cassette molecules, as Well as methods of using 
the DNA cassette molecules of the invention are also encom 
passed by the invention. The nucleic acid molecules, vec 
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tors, cells and methods described herein comprise an anti 
body production and conversion system of the present 
invention, depicted in FIG. 1. 

[0043] In order that the present invention may be more 
readily understood, certain terms are ?rst de?ned. Additional 
de?nitions are set forth throughout the detailed description. 

[0044] As used herein, the term “antibody” refers to a 
protein comprising at least one, and preferably tWo, heavy 
(H) chain variable regions (abbreviated herein as VH), and 
at least one and preferably tWo light (L) chain variable 
regions (abbreviated herein as VL). The antibody can further 
include heavy and light chain constant regions (abbreviated 
herein as CH and CL, respectively), to thereby form a heavy 
and light immunoglobulin chain, respectively. In one 
embodiment, the antibody is a tetramer of tWo heavy immu 
noglobulin chains and tWo light immunoglobulin chains. 

[0045] As used herein, the term “immunoglobulin” refers 
to a protein consisting of one or more polypeptides substan 
tially encoded by immunoglobulin genes. 

[0046] As used herein, “isotype” refers to the antibody 
class (e.g., lgM or lgGl) that is encoded by heavy chain 
constant region genes. 

[0047] The term “isolated nucleic acid”, as used herein is 
intended to refer to a nucleic acid molecule in Which the 
nucleotide sequences including DNA cassette molecules as 
described herein encoding an antibody or antibody portion 
are free of other nucleotide sequences encoding other anti 
bodies or antibody portions, Which other sequences may 
naturally ?ank the nucleic acid in human genomic DNA. A 
nucleic acid is “isolated” or “rendered substantially pure” 
When puri?ed aWay from other cellular components or other 
contaminants, e.g., other cellular nucleic acids or proteins, 
by standard techniques, including alkaline/SDS treatment, 
CsCl banding, column chromatography, agarose gel electro 
phoresis and others Well knoWn in the art. See, F. Ausubel, 
et al., ed. Current Protocols in Molecular Biology, Greene 
Publishing and Wiley Interscience, NeW York (1987). 

[0048] As used herein, “DNA cassette” refers to nucleic 
acid sequences Which have been constructed in such a Way 
so as to facilitate addition of the cassette to additional vector 
sequences. Additionally, the DNA cassettes of the invention 
facilitate incorporation of additional sequences in operable 
linkage With the prepared DNA cassette sequences for 
preparation of desired immunoglobulin sequences, e.g., in 
one or tWo cloning steps. 

[0049] A nucleic acid is “operably linked” When it is 
placed into a functional relationship With another nucleic 
acid sequence. For instance, a promoter or enhancer is 
operably linked to a coding sequence if it affects the tran 
scription of the sequence. With respect to transcription 
regulatory sequences, operably linked means that the DNA 
sequences being linked are contiguous and, Where necessary 
to join tWo protein coding regions, contiguous and in reading 
frame. 

[0050] The term “vector”, as used herein, is intended to 
refer to a nucleic acid molecule capable of transporting 
another nucleic acid to Which it has been linked. One type 
of vector is a “plasmid”, Which refers to a circular double 
stranded DNA loop into Which additional DNA segments 
may be ligated. 
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[0051] The term “recombinant host cell” (or simply “host 
cell”), as used herein, is intended to refer to a cell into Which 
a recombinant expression vector has been introduced. It 
should be understood that such terms are intended to refer 
not only to a particular subject cell, but to the progeny of 
such a cell. Because certain modi?cations may occur in 
succeeding generations due to either mutation or environ 
mental in?uences, such progeny may not, in fact, be iden 
tical to the parent cell, but are still included Within the scope 
of the terms “recombinant host cell” or “host cell” as used 
herein. 

[0052] As used herein, the term “substantially identical,” 
or “substantially homologous”) is used herein to refer to a 
?rst amino acid or nucleotide sequence that contains a 
suf?cient number of identical or equivalent (e.g., With a 
similar side chain, e.g., conserved amino acid substitutions) 
amino acid residues or nucleotides to a second amino acid or 
nucleotide sequence such that the ?rst and second amino 
acid or nucleotide sequences have similar activities. In the 
case of antibodies, the second antibody has the same speci 
?city and has at least 50% of the affinity of the same. 

[0053] As used herein, the term “assembly characteristics” 
refers to one or more of the folloWing properties: (1) dimer 
or tetramer formation; (2) percentage of properly folded 
antibody, e.g., formation of correct disul?de bonds; (3) 
binding af?nity and/or speci?city; (4) yield of functional 
antibody, as measured by, e.g., binding af?nity; or (5) high 
levels of antibody production, e.g., at least from about 10 
ug/ml, preferably, 100 ug/ml, more preferably 800 ug/ml, 
and yet more preferably 1.5 mg/ml or higher production 
levels. 

[0054] As used herein, “speci?c binding” refers to the 
property of the antibody: (1) to bind to a predetermined 
antigen With an affinity of at least l><l07 M_l, and (2) to 
preferentially bind to the predetermined antigen With an 
af?nity that is at least tWo-fold greater than its af?nity for 
binding to a non-speci?c antigen (e.g., BSA, casein) other 
than the predetermined antigen. The phrases “an antibody 
recognizing an antigen” and “an antibody speci?c for an 
antigen” are used interchangeably herein With the term “an 
antibody Which binds speci?cally to an antigen”. 

[0055] The term “glycosylation pattern” is de?ned as the 
pattern of carbohydrate units that are covalently attached to 
a protein, more speci?cally to an immunoglobulin protein. 
In some embodiments, the glycosylation pattern of an anti 
body produced using the present methods can be character 
iZed as being substantially similar to glycosylation patterns 
of naturally occurring antibodies. In other embodiments, the 
glycosylation pattern may be altered (e.g., reduced or 
increased) by recombinant or chemical methods. For 
example, residues Which are part of the N-glycosylation 
motif, Asn-X-Ser, Wherein X can be any amino acid residue 
except proline (e.g., asparagine residue at position 297 in the 
human IgG constant region) can be replaced, e.g., using 
mutagenesis techniques, With another amino acid that cannot 
be glycosylated, e.g., alanine. Such modi?ed constant 
regions have a reduced number of glycosylation sites, and in 
some embodiments, can be aglycosylated. 

[0056] The term “naturally-occurring” as used herein as 
applied to an object refers to the fact that an object can be 
found in nature. For example, a polypeptide (e.g., an anti 
body) or polynucleotide sequence that is present in an 



US 2006/0147445 A1 

organism (including viruses) that can be isolated from a 
source in nature and Which has not been intentionally 
modi?ed by man in the laboratory is naturally-occurring. 

[0057] The term “antigen-binding fragment” of an anti 
body (or simply “antibody portion,” or “fragment”), as used 
herein, refers to one or more fragments of a full-length 
antibody that retain the ability to speci?cally bind to an 
antigen. Examples of binding fragments encompassed 
Within the term “antigen-binding fragment” of an antibody 
include (i) a Fab fragment, a monovalent fragment consist 
ing of the VL, VH, CL and CH1 domains; (ii) a F(ab)2 
fragment, a bivalent fragment comprising tWo Fab frag 
ments linked by a disul?de bridge at the hinge region; (iii) 
a Fd fragment consisting of the VH and CH1 domains; (iv) 
a Fv fragment consisting of the VL and VH domains of a 
single arm of an antibody, (V) a dAb fragment (Ward et al., 
(1989) Nature 341:544-546), Which consists of a VH 
domain; and (vi) an isolated complementarity determining 
region (CDR). 
[0058] The terms “monoclonal antibody” or “monoclonal 
antibody composition” as used herein refer to a preparation 
of antibody molecules of single molecular composition. A 
monoclonal antibody composition displays a single binding 
speci?city and affinity for a particular epitope. 

[0059] As used herein, a “chimeric immunoglobulin heavy 
chain” refers to those immunoglobulin heavy chains having 
a portion of the immunoglobulin heavy chain, e.g., the 
variable region, at least 85%, preferably, 90%, 95%, 99% or 
more identical to a corresponding amino acid sequence in an 
immunoglobulin heavy chain from a particular species, or 
belonging to a particular antibody class or type, While the 
remaining segment of the immunoglobulin heavy chain 
(e. g., the constant region) being substantially identical to the 
corresponding amino acid sequence in another immunoglo 
bulin molecule. For example, the heavy chain variable 
region has a sequence substantially identical to the heavy 
chain variable region of an immunoglobulin from one spe 
cies (e.g., a “donor” immunoglobulin, e.g., a rodent immu 
noglobulin), While the constant region is substantially iden 
tical to the constant region of another species 
immunoglobulin (e.g., an “acceptor” immunoglobulin, e.g., 
a human immunoglobulin). 

[0060] As used herein, the term “humanized” or “CDR 
grafted” light chain variable region refers to an immuno 
globulin light chain comprising one or more CDR’s, or 
having an amino acid sequence Which differs by no more 
than 1 or 2 amino acid residues to a corresponding one or 
more CDR’s from one species, or antibody class or type, 
e.g., a “donor” immunoglobulin (e.g., a non-human (usually 
a mouse or rat) immunoglobulin, or an in vitro generated 
immunoglobulin); and a framework region having an amino 
acid sequence about 85% or higher, preferably 90%, 95%, 
99% or higher identical to a corresponding part of an 
acceptor immunoglobulin framework from a different spe 
cies, or antibody class or type, e.g., a naturally-occurring 
immunoglobulin frameWork (e.g., a human frameWork) or a 
consensus frameWork. 

[0061] Typically, the immunoglobulin providing the 
CDR’s is called the “donor” and the immunoglobulin pro 
viding the frameWork, e.g., an immunoglobulin DNA cas 
sette, is called the “acceptor.” In one embodiment, the donor 
immunoglobulin is a non-human (e.g., rodent), or an in vitro 
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generated immunoglobulin, e.g., an immunoglobulin gener 
ated by phage display. The acceptor frameWork is a natu 
rally-occurring (e.g., a human) frameWork or a consensus 
sequence, or a sequence about 85% or higher, preferably 
90%, 95%, 99% or higher identical thereto. 

[0062] The light chain variable region may have replace 
ments in only one or more of the CDR’s, and thus Will be 
referred to herein as a “CDR-grafted” light variable chain. In 
other embodiments, it may include frameWork substitutions, 
in addition to the CDR substitutions, Which Will be referred 
to herein as a “humanized” light chain variable region. 

[0063] A “hybrid antibody molecule” refers to an anti 
body, or an antigen-binding fragment thereof (e.g., a Fab, 
F(ab')2, Fv or a single chain Fv fragment), Which includes a 
humanized, or CDR-grafted, light chain variable region, and 
a chimeric heavy chain variable region. Each heavy and light 
chain variable region of a hybrid antibody may, optionally, 
include a corresponding constant, Which can be identical or 
similar (e.g., about 85% or higher, preferably 90%, 95%, 
99% or higher) to the acceptor constant regions (e.g., human 
immunoglobulin, or a constant region from yet another 
species, or antibody class or type). The term “hybrid anti 
body” or “hybrid antibody molecule” does not encompass a 
typical chimeric antibody, e.g., an antibody Whose light and 
heavy chains are obtained from immunoglobulin variable 
and constant region genes belonging to different species or 
class, or a typical humanized antibody, e.g., an antibody 
Whose light and heavy chain CDR’s belong to different 
species or class. 

[0064] In addition to the above discussion and the various 
references to existing literature teachings, reference is made 
to standard textbooks of molecular biology that contain 
de?nitions and methods and means for carrying out basic 
techniques encompassed by the present invention. See, for 
example, Maniatis, et al, Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, NeW York, 1982 
and the various references cited therein, and in particular, 
ColoWick et al., Methods in Enzymology Vol 152, Academic 
Press, Inc. (1987), the contents of Which are expressly 
incorporated herein by reference. 

[0065] As described beloW, the process makes use of 
techniques Which are knoWn to those of skill in the art and 
can be applied as described herein to produce and identify 
immunoglobulin molecules of desired antigenic speci?city 
or immunoglobulin molecules of desired effector function: 
the polymerase chain reaction (PCR), to amplify and clone 
either knoWn molecules encoding a desired immunoglobulin 
molecule, or diverse cDNAs encoding antibody mRNAs 
found in antibody-producing tissue; mutagenesis protocols 
to further increase the diversity of these cDNAs; gene 
transfer protocols to introduce immunoglobulin genes into 
cultured (prokaryotic and eukaryotic) cells for the purpose 
of expressing them; as Well as screening protocols to detect 
genes encoding antibodies of desired antigenic speci?city. 

[0066] Various aspects of the invention are described in 
further detail in the folloWing subsections. 

Production of Antibody Production and Conversion System 

[0067] Immunoglobulin DNA cassette molecules and 
immunoglobulin insert molecules can be generated using 
art-recognized techniques for producing nucleic acid mol 
ecules comprising portions of immunoglobulin chains, as 


































































































































