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(57) ABSTRACT 

Dominant negative alleles of human mismatch repair genes 
can be used to generate hypermutable cells and organisms. 
By introducing these genes into cells and transgenic ani 
mals, neW cell lines and animal varieties With novel and 
useful properties can be prepared more ef?ciently than by 
relying on the natural rate of mutation. These methods are 
useful for generating genetic diversity Within immunoglo 
bulin genes directed against an antigen of interest to produce 
altered antibodies With enhanced biochemical activity. 
Moreover, these methods are useful for generating antibody 
producing cells With increased level of antibody production. 
The invention also provides methods for increasing the 
effector function of monoclonal antibodies and monoclonal 

29, 2003. antibodies With increased effector function. 
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ANTIBODIES AND METHODS FOR GENERATING 
GENETICALLY ALTERED ANTIBODIES WITH 

ENHANCED EFFECTOR FUNCTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This claims the bene?t of US. Provisional Appli 
cation 60/491,310, ?led Jul. 29, 2003, the entire contents of 
Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The invention is related to the area of antibody 
effector function and cellular production. In particular, it is 
related to the ?eld of mutagenesis. 

BACKGROUND OF THE INVENTION 

[0003] The use of antibodies to block the activity of 
foreign and/or endogenous polypeptides provides an effec 
tive and selective strategy for treating the underlying cause 
of disease. For example, monoclonal antibodies (MAb), 
such as the FDA-approved ReoPro (Glaser, V. (1996) “Can 
ReoPro repolish tarnished monoclonal therapeutics?”Nat. 
Biotechnol. 14:1216-1217), an anti-platelet MAb from Cen 
tocor; Herceptin (Weiner, L. M. (1999) “Monoclonal anti 
body therapy of cancer”Semin. Oncol. 26:43-51), an anti 
Her2/neu MAb from Genentech; and Synagis (SaeZ-Llorens, 
X. E., et al. (1998) “Safety and pharmacokinetics of an 
intramuscular humaniZed monoclonal antibody to respira 
tory syncytial virus in premature infants and infants With 
bronchopulmonary dysplasia”Pea'iat. Infect. Dis. J. 17:787 
791), an anti-respiratory syncytial virus MAb produced by 
Medimmune, have been used as effective therapeutics. 

[0004] Standard methods for generating MAbs against 
candidate protein targets are knoWn by those skilled in the 
art. Brie?y, rodents such as mice or rats are injected With a 
puri?ed antigen in the presence of adjuvant to generate an 
immune response (Shield, C. F., et al. (1996) Acost-effective 
analysis of OKT3 induction therapy in cadaveric kidney 
transplantation. Am. J. Kidney Dis. 27:855-864). Rodents 
With positive immune sera are sacri?ced and splenocytes are 
isolated. Isolated splenocytes are fused to melanomas to 
produce immortaliZed cell lines that are then screened for 
antibody production. Positive lines are isolated and charac 
teriZed for antibody production. The direct use of rodent 
MAbs as human therapeutic agents Were confounded by the 
fact that human anti-rodent antibody (HARA) responses 
occurred in a signi?cant number of patients treated With the 
rodent-derived antibody (KhaZaeli, M. B., et al., (1994) 
Human immune response to monoclonal antibodies. J. 
Immunother. 15:42-52). In order to circumvent the problem 
of HARA, the grafting of the complementarity determining 
regions (CDRs), Which are the critical motifs found Within 
the heavy and light chain variable regions of the immuno 
globulin (Ig) subunits making up the antigen binding 
domain, onto a human antibody backbone found these 
chimeric molecules are able to retain their binding activity 
to antigen While lacking the HARA response (Emery, S. C., 
and Harris, W. J. “Strategies for humaniZing antibodies” In: 

ANTIBODY ENGINEERING C.A.K. Borrebaeck Oxford University Press, NY. 1995. pp. 159-183). A com 

mon problem that exists during the “humaniZation” of 
rodent-derived MAbs (referred to hereon as HAb) is the loss 
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of binding af?nity due to conformational changes in the 
3-dimensional structure of the CDR domain upon grafting 
onto the human Ig backbone (US. Pat. No. 5,530,101 to 
Queen et al.). To overcome this problem, additional HAb 
vectors usually need to be engineered by inserting or delet 
ing additional amino acid residues Within the frameWork 
region and/or Within the CDR coding region itself in order 
to recreate high af?nity HAbs (US. Pat. No. 5,530,101 to 
Queen et al.). This process is a very time consuming 
procedure that involves the use of expensive computer 
modeling programs to predict changes that may lead to a 
high af?nity HAb. In some instances, the af?nity of the HAb 
is never restored to that of the MAb, rendering them of little 
therapeutic use. 

[0005] Another problem that exists in antibody engineer 
ing is the generation of stable, high yielding producer cell 
lines that are required for manufacturing of the molecule for 
clinical materials. Several strategies have been adopted in 
standard practice by those skilled in the art to circumvent 
this problem. One method is the use of Chinese Hamster 
Ovary (CHO) cells transfected With exogenous Ig fusion 
genes containing the grafted human light and heavy chains 
to produce Whole antibodies or single chain antibodies, 
Which are a chimeric molecule containing both light and 
heavy chains that form an antigen-binding polypeptide 
(Reff, M. E. (1993) High-level production of recombinant 
immunoglobulins in mammalian cells. Curr Opin. Biotech 
n0l. 4:573-576). Another method employs the use of human 
lymphocytes derived from transgenic mice containing a 
human grafted immune system or transgenic mice contain 
ing a human Ig gene repertoire. Yet another method employs 
the use of monkeys to produce primate MAbs, Which have 
been reported to lack a human anti-monkey response (Neu 
berger, M., and Gruggermann, M. (1997) Monoclonal anti 
bodies. Mice perform a human repertoire. Nature 386:25 
26). In all cases, the generation of a cell line that is capable 
of generating suf?cient amounts of high affinity antibody 
poses a major limitation for producing suf?cient materials 
for clinical studies. Because of these limitations, the utility 
of other recombinant systems such as plants are currently 
being explored as systems that Will lead to the stable, 
high-level production of humaniZed antibodies (Fiedler, U., 
and Conrad, U. (1995) High-level production and long-term 
storage of engineered antibodies in transgenic tobacco 
seeds. Bio/Technology 13:1090-1093). 
[0006] Still another aspect of antibody function is the 
effector mechanisms of the Mab. One of many possible Ways 
to increase effector function of antibodies is via changes in 
glycosylation. This topic has been recently revieWed by 
Ruju Who summariZed the proposed importance of the 
oligosaccharides found on human IgGs With their degree of 
effector function (Raju, T S. BioProcess International April 
2003. 44-53). According to Wright and Morrison, the micro 
heterogeneity of human IgG oligosaccharides can affect 
biological functions such as complement dependent cyto 
toxicty (CDC) and antibody-dependent cytotoxicity 
(ADCC), binding to various Fc receptors, and binding to 
C1q protein (Wright A. Morrison S L. TIBTECH 1997, 15 
26-32). It is Well documented that glycosylation patterns of 
antibodies can differ depending on the producing cell and the 
cell culture conditions (Raju, T S. BioProcess International 
April 2003. 44-53). Such differences can lead to changes in 
both effector function and pharmacokinetics (Israel E J, 
Wilsker D F, Hayes K C, Schoenfeld D, Simister N E. 
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Immunology. 1996 December;89(4):573-578; NeWkirk M 
M, Novick J, Stevenson M M, Fournier Mi, Apostolakos P. 
Clin. Exp. 1996 November;106(2):259-64). Differences in 
effector function may be related to the IgGs ability to bind 
to the Fcy receptors (FcyRs) on the effector cells. Shields, et 
al., have shoWn that IgG1 With variants in amino acid 
sequence that have improved binding to FcyR can exhibit up 
to 100% enhanced ADCC using human effector cells 
(Shields R L, Namenuk A K, Hong K, Meng Y G, Rae J, 
Briggs J, Xie D, Lai J, Stadlen A, Li B, Fox J A, Presta L G. 
J Biol Chem. 2001 Mar. 2;276(9):6591-604). While these 
variants include changes in amino acids not found at the 
binding interface, both the nature of the sugar component as 
Well as its structural pattern may also contribute to the 
differences seen. In addition, the presence or absence of 
fucose in the oligosaccharide component of an IgG1 can 
improve binding and ADCC (Shields R L, Lai J, Keck R, 
O’Connell L Y, Hong K, Meng Y G, Weikert S H, Presta L 
G. J Biol Chem. 2002 Jul. 26;277(30):26733-40). An IgG1 
that lacked a fucosylated carbohydrate linked to Asn297 
exhibited normal receptor binding to the Fcy receptor. In 
contrast, binding to the FcyRIIA receptor Was improved 50% 
and accompanied by enhanced ADCC, especially at loWer 
antibody concentrations. 

[0007] Work by ShinkaWa, et al., demonstrated that an 
antibody to the human IL-5 receptor produced in a rat 
hybridoma shoWed more than 50% higher ADCC When 
compared to the antibody produced in Chinese hamster 
ovary cells (CHO)(ShinkaWa T, Nakamura K, Yaman N, 
Shoji-Hosaka E, Kanda Y, Sakurada M, Uchida K, AnaZaWa 
H, Satoh M, Yamasaki M, Hanai N, Shitara K. J Biol Chem. 
2003 Jan. 31;278(5):3466-73). Monosaccharide composi 
tion and oligosaccharide pro?ling shoWed that the rat hybri 
doma-produced IgG1 had a loWer content of fucose than the 
CHO-produced protein. The authors concluded that the lack 
of fucosylation of an IgG1 has a critical role in enhancement 
of ADCC activity. 

[0008] A different approach Was taken by Umana, et al., 
Who changed the glycosylation pattern of chCE7, a chimeric 
IgG1 anti-neuroblastoma antibody (Umana P. Jean-Mairet J, 
Moudry R, AmstutZ H, Bailey J E. Nat Biotechnol. 1999 
February; 17(2): 176-80). Using tetracycline, they regulated 
the activity of a glycosyltransferase enZyme (GnTIII) Which 
bisects oligosaccharides that have been implicated in ADCC 
activity. The ADCC activity of the parent antibody Was 
barely above background level. Measurement of ADCC 
activity of the chCE7 produced at different tetracycline 
levels shoWed an optimal range of GnTIII expression for 
maximal chCE7 in vitro ADCC activity. This activity cor 
related With the level of constant region-associated, bisected 
complex oligosaccharide. NeWly optimiZed variants exhib 
ited substantial ADCC activity. 

[0009] A method for generating diverse antibody 
sequences Within the variable domain that results in HAbs 
and MAbs With high binding af?nities to antigens Would be 
useful for the creation of more potent therapeutic and 
diagnostic reagents respectively. Moreover, the generation 
of randomly altered nucleotide and polypeptide residues 
throughout an entire antibody molecule Will result in neW 
reagents that are less antigenic and/or have bene?cial phar 
macokinetic properties. The invention described herein is 
directed to the use of random genetic mutation throughout 
an antibody structure in vivo by blocking the endogenous 
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mismatch repair (MMR) activity of a host cell producing 
immunoglobulins that encode biochemically active antibod 
ies. The invention also relates to methods for repeated in 
vivo genetic alterations and selection for antibodies With 
enhanced binding and pharmacokinetic pro?les. The meth 
ods of the invention may be used to enhance the effector 
function of the antibodies. 

[0010] In addition, the ability to develop genetically 
altered host cells that are capable of secreting increased 
amounts of antibody Will also provide a valuable method for 
creating cell hosts for product development. The invention 
described herein is directed to the creation of genetically 
altered cell hosts With increased antibody production via the 
blockade of MMR. 

[0011] The invention facilitates the generation of antibod 
ies With enhanced effector function and the production of 
cell lines With elevated levels of antibody production. Other 
advantages of the present invention are described in the 
examples and ?gures described herein. 

SUMMARY OF THE INVENTION 

[0012] The invention provides methods for generating 
genetically altered antibodies (including single chain mol 
ecules) and antibody producing cell hosts in vitro and in 
vivo, Whereby the antibody possesses a desired biochemical 
property(s), such as, but not limited to, increased antigen 
binding, increased gene expression, enhanced effector func 
tion and/or enhanced extracellular secretion by the cell host. 
One method for identifying antibodies With increased bind 
ing activity or cells With increased antibody production is 
through the screening of MMR defective antibody produc 
ing cell clones that produce molecules With enhanced bind 
ing properties, enhanced effector function such as (but not 
limited to) antibody-dependent cellular cytotoxicity 
(ADCC), or clones that have been genetically altered to 
produce enhanced amounts of antibody product. 

[0013] The antibody producing cells suitable for use in the 
invention include, but are not limited to rodent, primate, or 
human hybridomas or lymphoblastoids; mammalian cells 
transfected With and expressing exogenous Ig subunits or 
chimeric single chain molecules; plant cells, yeast or bac 
teria transfected With and expressing exogenous Ig subunits 
or chimeric single chain molecules. 

[0014] Thus, the invention provides methods for making 
hypermutable antibody-producing cells by introducing a 
polynucleotide comprising a dominant negative allele of a 
mismatch repair gene into cells that are capable of producing 
antibodies. The cells that are capable of producing antibod 
ies include cells that naturally produce antibodies, and cells 
that are engineered to produce antibodies through the intro 
duction of immunoglobulin encoding sequences. Conve 
niently, the introduction of polynucleotide sequences into 
cells is accomplished by transfection. 

[0015] The invention also provides methods of making 
hypermutable antibody producing cells by introducing a 
dominant negative mismatch repair (MMR) gene such as 
PMS2 (preferably human PMS2), MLH1, PMS1, MSH1, or 
MSH2 into cells that are capable of producing antibodies. 
The dominant negative allele of a mismatch repair gene may 
be a truncation mutation of a mismatch repair gene (pref 
erably a truncation mutation at codon 134, or a thymidine at 
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nucleotide 424 of Wild-type PMS2). The invention also 
provides methods in Which mismatch repair gene activity is 
suppressed. This may be accomplished, for example, using 
antisense molecules directed against the mismatch repair 
gene or transcripts. 

[0016] Other embodiments of the invention provide meth 
ods for making a hypermutable antibody producing cells by 
introducing a polynucleotide comprising a dominant nega 
tive allele of a mismatch repair gene into fertilized eggs of 
animals. These methods may also include subsequently 
implanting the eggs into pseudo-pregnant females Whereby 
the fertilized eggs develop into a mature transgenic animal. 
The mismatch repair genes may include, for example, PMS2 
(preferably human PMS2), MLH1, PMS1, MSH1, or 
MSH2. The dominant negative allele of a mismatch repair 
gene may be a truncation mutation of a mismatch repair gene 
(preferably a truncation mutation at codon 134, or a thymi 
dine at nucleotide 424 of Wild-type PMS2). 

[0017] The invention further provides homogeneous com 
positions of cultured, hypermutable, mammalian cells that 
are capable of producing antibodies and contain a dominant 
negative allele of a mismatch repair gene. The mismatch 
repair genes may include, for example, PMS2 (preferably 
human PMS2), MLHI, PMS1, MSH1, or MSH2. The domi 
nant negative allele of a mismatch repair gene may be a 
truncation mutation of a mismatch repair gene (preferably a 
truncation mutation at codon 134, or a thymidine at nucle 
otide 424 of Wild-type PMS2). The cells of the culture may 
contain PMS2, (preferably human PMS2), MLH1, or PMS1; 
or express a human mutL homolog, or the ?rst 133 amino 
acids of hPMS2. 

[0018] The invention further provides methods for gener 
ating a mutation in an immunoglobulin gene of interest by 
culturing an immunoglobulin producing cell selected for an 
immunoglobulin of interest Wherein the cell contains a 
dominant negative allele of a mismatch repair gene. The 
properties of the immunoglobulin produced from the cells 
can be assayed to ascertain Whether the immunoglobulin 
gene harbors a mutation. The assay may be directed to 
analyZing a polynucleotide encoding the immunoglobulin, 
or may be directed to the immunoglobulin polypeptide itself. 

[0019] The invention also provides methods for generat 
ing a mutation in a gene affecting antibody production in an 
antibody-producing cell by culturing the cell expressing a 
dominant negative allele of a mismatch repair gene, and 
testing the cell to determine Whether the cell harbors muta 
tions Within the gene of interest, such that a neW biochemical 
feature (e.g., over-expression and/or secretion of immuno 
globulin products) is generated. The testing may include 
analysis of the steady state expression of the immunoglo 
bulin gene of interest, and/or analysis of the amount of 
secreted protein encoded by the immunoglobulin gene of 
interest. The invention also embraces prokaryotic and 
eukaryotic transgenic cells made by this process, including 
cells from rodents, non-human primates and humans. 

[0020] Other aspects of the invention encompass methods 
of reversibly altering the hypermutability of an antibody 
producing cell, in Which an inducible vector containing a 
dominant negative allele of a mismatch repair gene operably 
linked to an inducible promoter is introduced into an anti 
body-producing cell. The cell is treated With an inducing 
agent to express the dominant negative mismatch repair 
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gene (Which can be PMS2 (preferably human PMS2), 
MLH1, or PMS1). Alternatively, the cell may be induced to 
express a human mutL homolog or the ?rst 133 amino acids 
of hPMS2. In another embodiment, the cells may be ren 
dered capable of producing antibodies by co-transfecting a 
preselected immunoglobulin gene of interest. The immuno 
globulin genes of the hypermutable cells, or the proteins 
produced by these methods may be analyZed for desired 
properties, and induction may be stopped such that the 
genetic stability of the host cell is restored. 

[0021] The invention also embraces methods of producing 
genetically altered antibodies by transfecting a polynucle 
otide encoding an immunoglobulin protein into a cell con 
taining a dominant negative mismatch repair gene (either 
naturally or in Which the dominant negative mismatch repair 
gene Was introduced into the cell), culturing the cell to alloW 
the immunoglobulin gene to become mutated and produce a 
mutant immunoglobulin, screening for a desirable property 
of said mutant immunoglobulin protein, isolating the poly 
nucleotide molecule encoding the selected mutant immuno 
globulin possessing the desired property, and transfecting 
said mutant polynucleotide into a genetically stable cell, 
such that the mutant antibody is consistently produced 
Without further genetic alteration. The dominant negative 
mismatch repair gene may be PMS2 (preferably human 
PMS2), MLH1, or PMS1. Alternatively, the cell may 
express a human mutL homolog or the ?rst 133 amino acids 
of hPMS2. 

[0022] The invention further provides methods for gener 
ating genetically altered cell lines that express enhanced 
amounts of an antigen binding polypeptide. These antigen 
binding polypeptides may be, for example, immunoglobu 
lins. The methods of the invention also include methods for 
generating genetically altered cell lines that secrete 
enhanced amounts of an antigen binding polypeptide. The 
cell lines are rendered hypermutable by dominant negative 
mismatch repair genes that provide an enhanced rate of 
genetic hypermutation in a cell producing antigen-binding 
polypeptides such as antibodies. Such cells include, but are 
not limited to hybridomas. Expression of enhanced amounts 
of antigen binding polypeptides may be through enhanced 
transcription or translation of the polynucleotides encoding 
the antigen binding polypeptides, or through the enhanced 
secretion of the antigen binding polypeptides, for example. 
[0023] Methods are also provided for creating genetically 
altered antibodies in vivo by blocking the MMR activity of 
the cell host, or by transfecting genes encoding for immu 
noglobulin in a MMR defective cell host. 

[0024] Antibodies With increased binding properties to an 
antigen due to genetic changes Within the variable domain 
are provided in methods of the invention that block endog 
enous MMR of the cell host. Antibodies With increased 
binding properties to an antigen due to genetic changes 
Within the CDR regions Within the light and/or heavy chains 
are also provided in methods of the invention that block 
endogenous MMR of the cell host. 

[0025] The invention provides methods of creating geneti 
cally altered antibodies in MMR defective Ab producer cell 
lines With enhanced pharmacokinetic properties in host 
organisms including but not limited to rodents, primates, and 
man. 

[0026] These and other aspects of the invention are pro 
vided by one or more of the embodiments described beloW. 



US 2005/0054048 A1 

In one embodiment of the invention, a method for making an 
antibody producing cell line hypermutable is provided. A 
polynucleotide encoding a dominant negative allele of a 
MMR gene is introduced into an antibody-producing cell. 
The cell becomes hypermutable as a result of the introduc 
tion of the gene. 

[0027] In another embodiment of the invention, a method 
is provided for introducing a mutation into an endogenous 
gene encoding for an immunoglobulin polypeptide or a 
single chain antibody. A polynucleotide encoding a domi 
nant negative allele of a MMR gene is introduced into a cell. 
The cell becomes hypermutable as a result of the introduc 
tion and expression of the MMR gene allele. The cell further 
comprises an immunoglobulin gene of interest. The cell is 
groWn and tested to determine Whether the gene encoding 
for an immunoglobulin or a single chain antibody of interest 
harbors a mutation. In another aspect of the invention, the 
gene encoding the mutated immunoglobulin polypeptide or 
single chain antibody may be isolated and expressed in a 
genetically stable cell. In a preferred embodiment, the 
mutated antibody is screened for at least one desirable 
property such as, but not limited to, enhanced binding 
characteristics. 

[0028] In another embodiment of the invention, a gene or 
set of genes encoding for lg light and heavy chains or a 
combination therein are introduced into a mammalian cell 
host that is MMR defective. The cell is groWn, and clones 
are analyZed for antibodies With enhanced binding charac 
teristics. 

[0029] In another embodiment of the invention, a method 
is provided for producing neW phenotypes of a cell. A 
polynucleotide encoding a dominant negative allele of a 
MMR gene is introduced into a cell. The cell becomes 
hypermutable as a result of the introduction of the gene. The 
cell is groWn. The cell is tested for the expression of neW 
phenotypes Where the phenotype is enhanced secretion of a 
polypeptide. 
[0030] The invention also provides antibodies having 
increased af?nity for antigen comprising immunoglobulin 
molecules Wherein a substitution has been made for at least 
one amino acid in the variable domain of the heavy and/or 
light chain. In some embodiments, the substitution is in a 
position Wherein the parental amino acid in that position is 
an amino acid With a non-polar side chain. In some embodi 
ments the parental amino acid is substituted With a different 
amino acid that has a non-polar side chain. In other embodi 
ments, the parental amino acid is replaced With a proline or 
hydroxyproline. In some embodiments, the substitution(s) 
are made in the framework regions of the heavy and/or light 
chain variable domains. In some embodiments, the substi 
tution(s) are made Within the ?rst framework region of the 
heavy chain. In some embodiments, the substitution(s) are 
made Within the second frameWork region of the light chain. 
In some embodiments, the substitutions are made Within the 
?rst frameWork region of the heavy chain and the second 
frameWork region of the light chain. In some embodiments, 
a substitution is made at position 6 of the ?rst frameWork 
region of the heavy chain as shoWn in SEQ ID NO: 18. In 
some embodiments a substitution is made at position 22 of 
the second frameWork region of the light chain as shoWn in 
SEQ ID NO:21. For the speci?c position mutations, in some 
embodiments the amino acid substitution is a proline or 
hydroxyproline. 
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[0031] The invention also provides methods for increasing 
the affinity of an antibody for an antigen comprising sub 
stituting an amino acid Within the variable domain of the 
heavy or light chain of the subject antibody With another 
amino acid having a non-polar side chain. In some embodi 
ments, a proline is substituted for the original amino acid at 
the position. In some embodiments, proline is used to 
substitute for another amino acid having a non-polar side 
chain. In some embodiments alanine and/or leucine is 
replaced by proline. In certain embodiments, the amino acid 
in position 6 of the ?rst frameWork region of the heavy chain 
of the antibody as shoWn in SEQ ID NO: 18 is replaced With 
a proline. In other embodiments, the amino acid in position 
22 of the second frameWork region of the light chain 
variable domain as shoWn in SEQ ID NO:21 is replaced With 
proline. The invention also provides antibodies produced by 
these methods. 

[0032] The antibodies produced in the invention may be 
made using the process of the invention Wherein a dominant 
negative allele of a mismatch repair gene is introduced into 
the antibody producing cell and the cell becomes hypermut 
able as described more fully herein. Alternatively, one may 
disrupt mismatch repair using chemical inhibitors of mis 
match repair, such as using anthracene and/or its derivatives 
as described in PCT Publication No. WO 02/054856, pub 
lished Jul. 18, 2002, Which is speci?cally incorporated 
herein in its entirety. The cells treated With the chemicals 
that disrupt mismatch repair or Which express a dominant 
negative mismatch repair gene become hypermutable. The 
antibodies produced by the hypermutable cells are screened 
for increased af?nity, and those antibodies comprising the 
amino acid substitutions described above display increased 
af?nity for antigen. The cells producing the antibodies Which 
have the increased af?nity and the molecular characteristics 
described herein may be rendered genetically stable again by 
WithdraWing the chemical inhibitor, or by rendering the cells 
genetically stable through the inactivation of the expression 
of the dominant negative allele. For example, a dominant 
negative allele that it under the control of an inducible 
promoter may be inactivated by WithdraWing the inducer. 
Alternatively, the dominant negative allele may be knocked 
out, or a CRE-LOX expression system may be used Whereby 
the dominant negative allele is spliced from the genome 
once the cells containing a genetically diverse immunoglo 
bulin has been established. 

[0033] In other embodiments, one of skill in the art may 
use any knoWn method of introducing mutations into pro 
teins and selecting for antibodies having higher af?nity With 
the amino acid substitutions described above. Methods of 
introducing mutations may be random, such as chemical 
mutagenesis, or may be speci?c, such as site-directed 
mutagenesis. Methods for random and speci?c mutagenesis 
are Well-knoWn in the art and include, but are not limited to, 
for example, chemical mutagenesis (e.g., using such chemi 
cals as methane sulfonate, dimethyl sulfonate, O6-methyl 
benZadine, methylnitrosourea (MNU), and ethylnitrosourea 
(ENU)); oligonucleotide-mediated site-directed mutagen 
esis; alanine scanning; and PCR mutagenesis (see, for 
example, Kunkel et al. (1991) Methods Enzymol. 2041125 
139), site-directed mutagenesis; Crameri et al. (1995) Bio 
Techniques 18(2):194-196, cassette mutagenesis; and 
Haught et al. (1994) BioTechniques 16(1):47-48, restriction 
selection mutagenesis). 
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[0034] These and other embodiments of the invention 
provide the art With methods that can generate enhanced 
mutability in cells and animals as Well as providing cells and 
animals harboring potentially useful mutations for the large 
scale production of high af?nity antibodies With bene?cial 
pharmacokinetic pro?les. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1. Hybridoma cells stably expressing PMS2 
and PMS134 MMR genes. ShoWn is steady state mRNA 
expression of MMR genes transfected into a murine hybri 
doma cell line. Stable expression Was found after 3 months 
of continuous groWth. The (—) lanes represent negative 
controls Where no reverse transcriptase Was added, and the 
(+) lanes represent samples reverse transcribed and PCR 
ampli?ed for the MMR genes and an internal housekeeping 
gene as a control. 

[0036] FIG. 2. Creation of genetically hypermutable 
hybridoma cells. Dominant negative MMR gene alleles 
Were expressed in cells expressing a MMR-sensitive 
reporter gene. Dominant negative alleles such as PMS134 
and the expression of MMR genes from other species results 
in antibody producer cells With a hyperrnutable phenotype 
that can be used to produce genetically altered immunoglo 
bulin genes With enhanced biochemical features as Well as 
lines With increased Ig expression and/or secretion. Values 
shoWn represent the amount of converted CPRG substrate 
Which is re?ective of the amount of function of [3-galactosi 
dase contained Within the cell from genetic alterations 
Within the pCAR-OF reporter gene. Higher amounts of 
[3-galactosidase activity re?ect a higher mutation rate due to 
defective MMR. 

[0037] FIG. 3. Screening method for identifying anti 
body-producing cells containing antibodies With increased 
binding activity and/or increased expression/secretion 
[0038] FIG. 4. Generation of a genetically altered anti 
body With an increased binding activity. ShoWn are ELISA 
values from 96-well plates, screened for antibodies speci?c 
to hIgE. TWo clones With a high binding value Were found 
in HB134 cultures. 

[0039] FIG. 5. Sequence alteration Within variable chain 
of an antibody (a mutation Within the light chain variable 
region in MMR-defective HB134 antibody producer cells). 
ArroWs indicate the nucleotide at Which a mutation occurred 
in a subset of cells from a clone derived from HB 134 cells. 
Panel A: The change results in a Thr to Ser change Within the 
light chain variable region. The coding sequence is in the 
antisense direction. Panel B: The change results in a Pro to 
Leu change Within the light chain variable region. 

[0040] FIG. 6. Generation of MMR-defective clones With 
enhanced steady state Ig protein levels. A Western blot of 
heavy chain immunoglobulins from HB134 clones With high 
levels of MAb (>500 ngs/ml) Within the conditioned 
medium shoWs that a subset of clones express higher steady 
state levels of immunoglobulins (Ig). The H36 cell line Was 
used as a control to measure steady state levels in the 
parental strain. Lane 1: ?broblast cells (negative control); 
Lane 2: H36 cell; Lane 3: HB134 clone With elevated MAb 
levels; Lane 4: HB134 clone With elevated MAb levels; 
Lane 5: HB 134 clone With elevated MAb levels. 

[0041] FIG. 7. MORAb-003 is able to induce cytotoxicity 
in human ovarian tumor cells mediated by normal human 
PBMCs. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0042] Methods have been discovered for developing 
hypermutable antibody-producing cells by taking advantage 
of the conserved mismatch repair (MMR) process of host 
cells. Dominant negative alleles of such genes, When intro 
duced into cells or transgenic animals, increase the rate of 
spontaneous mutations by reducing the effectiveness of 
DNA repair and thereby render the cells or animals hyper 
mutable. Hypermutable cells or animals can then be utiliZed 
to develop neW mutations in a gene of interest. Blocking 
MMR in antibody-producing cells such as but not limited to: 
hybridomas; mammalian cells transfected With genes encod 
ing for lg light and heavy chains; mammalian cells trans 
fected With genes encoding for single chain antibodies; 
eukaryotic cells transfected With Ig genes, can enhance the 
rate of mutation Within these cells leading to clones that have 
enhanced antibody production and/or cells containing 
genetically altered antibodies With enhanced biochemical 
properties such as increased antigen binding. The process of 
MMR, also called mismatch proofreading, is carried out by 
protein complexes in cells ranging from bacteria to mam 
malian cells. A MMR gene is a gene that encodes for one of 
the proteins of such a mismatch repair complex. Although 
not Wanting to be bound by any particular theory of mecha 
nism of action, a MMR complex is believed to detect 
distortions of the DNA helix resulting from non-comple 
mentary pairing of nucleotide bases. The non-complemen 
tary base on the neWer DNA strand is excised, and the 
excised base is replaced With the appropriate base, Which is 
complementary to the older DNA strand. In this Way, cells 
eliminate many mutations that occur as a result of mistakes 
in DNA replication. 

[0043] Dominant negative alleles cause a MMR defective 
phenotype even in the presence of a Wild-type allele in the 
same cell. An example of a dominant negative allele of a 
MMR gene is the human gene hPMS2-134, Which carries a 
truncating mutation at codon 134 (SEQ ID NO:15). The 
mutation causes the product of this gene to abnormally 
terminate at the position of the 134th amino acid, resulting 
in a shortened polypeptide containing the N-terminal 133 
amino acids. Such a mutation causes an increase in the rate 
of mutations, Which accumulate in cells after DNA replica 
tion. Expression of a dominant negative allele of a mismatch 
repair gene results in impairment of mismatch repair activ 
ity, even in the presence of the Wild-type allele. Any allele 
Which produces such effect can be used in this invention. 
Dominant negative alleles of a MMR gene can be obtained 
from the cells of humans, animals, yeast, bacteria, or other 
organisms. Such alleles can be identi?ed by screening cells 
for defective MMR activity. Cells from animals or humans 
With cancer can be screened for defective mismatch repair. 
Cells from colon cancer patients may be particularly useful. 
Genomic DNA, cDNA, or mRNA from any cell encoding a 
MMR protein can be analyZed for variations from the Wild 
type sequence. Dominant negative alleles of a MMR gene 
can also be created arti?cially, for example, by producing 
variants of the hPMS2-134 allele or other MMR genes. 
Various techniques of site-directed mutagenesis can be used. 
The suitability of such alleles, Whether natural or arti?cial, 
for use in generating hypermutable cells or animals can be 
evaluated by testing the mismatch repair activity caused by 
the allele in the presence of one or more Wild-type alleles, 
to determine if it is a dominant negative allele. 
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[0044] Acell or an animal into Which a dominant negative 
allele of a mismatch repair gene has been introduced Will 
become hypermutable. This means that the spontaneous 
mutation rate of such cells or animals is elevated compared 
to cells or animals Without such alleles. The degree of 
elevation of the spontaneous mutation rate can be at least 

2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold, 200-fold, 
500-fold, or 1000-fold that of the normal cell or animal. The 
use of chemical mutagens such as but limited to methane 

sulfonate, dimethyl sulfonate, 06-methyl benZadine, MNU, 
ENU, etc. can be used in MMR defective cells to increase 
the rates an additional 10 to 100 fold that of the MMR 
de?ciency itself. 

[0045] According to one aspect of the invention, a poly 
nucleotide encoding for a dominant negative form of a 
MMR protein is introduced into a cell. The gene can be any 
dominant negative allele encoding a protein, Which is part of 
a MMR complex, for example, PMS2, PMSl, MLHl, or 
MSH2. The dominant negative allele can be naturally occur 
ring or made in the laboratory. The polynucleotide can be in 
the form of genomic DNA, cDNA, RNA, or a chemically 
synthesiZed polynucleotide. 

[0046] The polynucleotide can be cloned into an expres 
sion vector containing a constitutively active promoter seg 
ment (such as but not limited to CMV, SV40, Elongation 
Factor or LTR sequences) or to inducible promoter 
sequences such as the steroid inducible pIND vector (Invit 
rogen), Where the expression of the dominant negative 
MMR gene can be regulated. The polynucleotide can be 
introduced into the cell by transfection. 

[0047] According to another aspect of the invention, an 
immunoglobulin (Ig) gene, a set of Ig genes or a chimeric 
gene containing Whole or parts of an Ig gene can be 
transfected into MMR-de?cient cell hosts, the cell is groWn 
and screened for clones containing genetically altered Ig 
genes With neW biochemical features. MMR defective cells 
may be of human, primates, mammals, rodent, plant, yeast 
or of the prokaryotic kingdom. The mutated gene encoding 
the Ig With neW biochemical features may be isolated from 
the respective clones and introduced into genetically stable 
cells (i.e., cells With normal MMR) to provide clones that 
consistently produce Ig With the neW biochemical features. 
The method of isolating the Ig gene encoding Ig With neW 
biochemical features may be any method knoWn in the art. 
Introduction of the isolated polynucleotide encoding the Ig 
With neW biochemical features may also be performed using 
any method knoWn in the art, including, but not limited to 
transfection of an expression vector containing the poly 
nucleotide encoding the Ig With neW biochemical features. 
As an alternative to transfecting an Ig gene, a set of Ig genes 
or a chimeric gene containing Whole or parts of an Ig gene 
into an MMR de?cient host cell, such Ig genes may be 
transfected simultaneously With a gene encoding a dominant 
negative mismatch repair gene into a genetically stable cell 
to render the cell hypermutable. 

[0048] Transfection is any process Whereby a polynucle 
otide is introduced into a cell. The process of transfection 
can be carried out in a living animal, e.g., using a vector for 
gene therapy, or it can be carried out in vitro, e.g., using a 
suspension of one or more isolated cells in culture. The cell 
can be any type of eukaryotic cell, including, for example, 
cells isolated from humans or other primates, mammals or 
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other vertebrates, invertebrates, and single celled organisms 
such as protoZoa, yeast, or bacteria. 

[0049] In general, transfection Will be carried out using a 
suspension of cells, or a single cell, but other methods can 
also be applied as long as a sufficient fraction of the treated 
cells or tissue incorporates the polynucleotide so as to alloW 
transfected cells to be groWn and utiliZed. The protein 
product of the polynucleotide may be transiently or stably 
expressed in the cell. Techniques for transfection are Well 
knoWn. Available techniques for introducing polynucle 
otides include but are not limited to electroporation, trans 
duction, cell fusion, the use of calcium chloride, and pack 
aging of the polynucleotide together With lipid for fusion 
With the cells of interest. Once a cell has been transfected 
With the MMR gene, the cell can be groWn and reproduced 
in culture. If the transfection is stable, such that the gene is 
expressed at a consistent level for many cell generations, 
then a cell line results. 

[0050] An isolated cell is a cell obtained from a tissue of 
humans or animals by mechanically separating out indi 
vidual cells and transferring them to a suitable cell culture 
medium, either With or Without pretreatment of the tissue 
With enZymes, e.g., collagenase or trypsin. Such isolated 
cells are typically cultured in the absence of other types of 
cells. Cells selected for the introduction of a dominant 
negative allele of a mismatch repair gene may be derived 
from a eukaryotic organism in the form of a primary cell 
culture or an immortalized cell line, or may be derived from 
suspensions of single-celled organisms. 

[0051] Apolynucleotide encoding for a dominant negative 
form of a MMR protein can be introduced into the genome 
of an animal by producing a transgenic animal. The animal 
can be any species for Which suitable techniques are avail 
able to produce transgenic animals. For example, transgenic 
animals can be prepared from domestic livestock, e.g., 
bovine, sWine, sheep, goats, horses, etc.; from animals used 
for the production of recombinant proteins, e.g., bovine, 
swim, or goats that express a recombinant polypeptide in 
their milk; or experimental animals for research or product 
testing, e.g., mice, rats, guinea pigs, hamsters, rabbits, etc. 
Cell lines that are determined to be MMR defective can then 
be used as a source for producing genetically altered immu 
noglobulin genes in vitro by introducing Whole, intact 
immunoglobulin genes and/or chimeric genes encoding for 
single chain antibodies into MMR defective cells from any 
tissue of the MMR defective animal. 

[0052] Once a transfected cell line or a colony of trans 
genic animals has been produced, it can be used to generate 
neW mutations in one or more gene(s) of interest. A gene of 
interest can be any gene naturally possessed by the cell line 
or transgenic animal or introduced into the cell line or 
transgenic animal. An advantage of using such cells or 
animals to induce mutations is that the cell or animal need 
not be exposed to mutagenic chemicals or radiation, Which 
may have secondary harmful effects, both on the object of 
the exposure and on the Workers. HoWever, chemical 
mutagens may be used in combination With MMR de? 
ciency, Which renders such mutagens less toxic due to an 
undetermined mechanism. Hypermutable animals can then 
be bred and selected for those producing genetically variable 
B-cells that may be isolated and cloned to identify neW cell 
lines that are useful for producing genetically variable cells. 
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Once a neW trait is identi?ed, the dominant negative MMR 
gene allele can be removed by directly knocking out the 
allele by technologies used by those skilled in the art or by 
breeding to mates lacking the dominant negative allele to 
select for offspring With a desired trait and a stable genome. 
Another alternative is to use a CRE-LOX expression system, 
Whereby the dominant negative allele is spliced from the 
animal genome once an animal containing a genetically 
diverse immunoglobulin pro?le has been established. Yet 
another alternative is the use of inducible vectors such as the 
steroid induced pIND (Invitrogen) or pMAM (Clonetech) 
vectors Which express exogenous genes in the presence of 
corticosteroids. 

[0053] Mutations can be detected by analyZing for alter 
ations in the genotype of the cells or animals, for example 
by examining the sequence of genomic DNA, cDNA, mes 
senger RNA, or amino acids associated With the gene of 
interest. Mutations can also be detected by screening for the 
production of antibody titers. A mutant polypeptide can be 
detected by identifying alterations in electrophoretic mobil 
ity, spectroscopic properties, or other physical or structural 
characteristics of a protein encoded by a mutant gene. One 
can also screen for altered function of the protein in situ, in 
isolated form, or in model systems. One can screen for 
alteration of any property of the cell or animal associated 
With the function of the gene of interest, such as but not 
limited to lg secretion. 

[0054] Cells expressing the dominant negative alleles can 
be “cured” in that the dominant negative allele can be turned 
off, if inducible, eliminated from the cell, and the like such 
that the cells become genetically stable once more and no 
longer accumulate mutations at the abnormally high rate. 
The polynucleotide can be cloned into an expression vector 
containing constitutively active promoter segment (such as 
but not limited to CMV, SV40, Elongation Factor or LTR 
sequences) or to inducible promoter sequences such as the 
steroid inducible pIND vector Where the expression of the 
dominant negative mismatch repair gene can be regulated. 
The cDNA is introduced into the cell by transfection. Upon 
identi?cation of the desired phenotype or trait the organism 
can then be genetically stabiliZed. 

[0055] Examples of mismatch repair proteins and nucleic 
acid sequences include mouse PMS2 (SEQ ID NOs:5 and 6), 
human PMS2 (SEQ ID NOs:7 and 8), human PMS1 (SEQ 
ID NOs:9 and 10), human MSH2 (SEQ ID NOs: 11 and 12), 
human MLH1 (SEQ ID NOs:13 and 14), and human PMS2 
134 (SEQ ID NOs:15 and 16). 

[0056] Mutant antibodies shoWing increased affinity for 
antigen Were sequenced and compared to the sequence of the 
Wild-type (WT) H36 parental antibody. It has been discov 
ered that alterations of amino acids to proline has the effect 
of increasing af?nity for antigen When introduced into the 
variable region of either the light chain or heavy chain of the 
immunoglobulin molecule. While not Wishing to be bound 
by any particular theory of operation, it is believed that the 
prolines introduce a localiZed area of rigidity and lend 
stability to the immunoglobulin molecule, particularly to the 
regions around the antigen combining sites. 

[0057] Thus, the invention provides for a method to 
increase the af?nity of antibodies comprising replacing 
amino acids of the variable domain heavy and/or light chain 
With proline or hydroxyproline (collectively referred to as 
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“proline”). In some embodiments, the substitution of pro 
lines is in the heavy chain variable domain. In some embodi 
ments, the substitution of prolines is in the light chain 
variable domain. In other embodiments, the substitution of 
proline is in both the heavy chain and the light chain of the 
variable domain of the immunoglobulin molecule. In some 
embodiments, the proline substitutes for another amino acid 
having a non-polar sidechain (e.g., glycine, alanine, valine, 
leucine, isoleucine, phenylalanine, methionine, tryptophan 
and cysteine). In some embodiments, further exchanges of 
amino acids having non-polar sidechains With other amino 
acids having non-polar sidechains may also confer increased 
af?nity of the antibody for the antigen. In some embodi 
ments, the amino acid substitutions are in a frameWork 
region of the heavy chain. In other embodiments, the amino 
acid substitutions are in a frameWork region of the light 
chain. 

[0058] In other embodiments, the amino acid substitutions 
are in a frameWork region of both the heavy and light chain. 
In some embodiments, the amino acid substitutions are in 
the ?rst frameWork region (PR1) of the heavy chain. In other 
embodiments, the amino acid substitution is in the second 
frameWork region (PR2) of the heavy chain. In other 
embodiments, the amino acid substitution is in the third 
frameWork region (PR3) of the heavy chain. In other 
embodiments, the amino acid substitution is in the fourth 
frameWork region (PR4) of the heavy chain. In some 
embodiments, the amino acid substitutions are in the ?rst 
frameWork region (PR1) of the light chain. In other embodi 
ments, the amino acid substitution is in the second frame 
Work region (PR2) of the light chain. In other embodiments, 
the amino acid substitution is in the third frameWork region 
(PR3) of the light chain. In other embodiments, the amino 
acid substitution is in the fourth frameWork region (PR4) of 
the light chain. 

[0059] In certain embodiments of the invention, a proline 
substitutes for an alanine at position 6 of SEQ ID NO:18. In 
other embodiments, proline substitutes for alanine at posi 
tion 6 of SEQ ID NO: 18 and the glycine at position 9 of 
SEQ ID NO:18, and/or the lysine at position 10 of SEQ ID 
NO:18 is substituted With an amino acid having a non-polar 
side chain (preferably, valine and arginine, respectively). In 
other embodiments, proline substitutes for leucine at posi 
tion 22 of SEQ ID NO:21. 

[0060] The recent clinical and commercial success of 
anticancer antibodies, such as rituximab (Rituxan) and tras 
tuZumab (Herceptin) and small molecule signal transduction 
inhibitors such as imatinib mesylate, (Gleevec or STI-571), 
has created great interest in “targeted” therapeutics for 
hematopoietic malignancies and solid tumors. In compari 
son to small molecule cytotoxic agents it is hoped that these 
approaches Will result in loWer toxicity While maintaining or 
increasing the therapeutic ef?cacy. 

[0061] Antibodies conjugated to radionuclides, drugs or 
toxins have intrinsic speci?city due to their speci?c antigen 
binding. The degree of speci?city is dependent on the 
relative speci?city of the antigen on the targeted tumor. The 
conjugated toxic component complicates the approach since 
the radionuclide is irradiating normal tissues during the 
duration of its circulation (prolonged for a humaniZed anti 
body) and drugs and toxins can be detached from the 
antibody by enZymatic and non-enZymatic mechanism, thus 
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delivering the toxin to normal tissue. In addition, the pres 
ence of the conjugate can result in the body recognizing the 
complex as foreign With the resulting uptake into organs of 
clearance such as the liver. 

[0062] Previous attempts at maximizing the therapeutic 
potential of monoclonal antibodies have mostly focused on 
improving the af?nity and avidity of binding to the targeted 
antigen. The method of the invention alloWs for the maxi 
miZation of ef?cacy of an unconjugated antibody. It is an 
object of the invention to generate improved monoclonal 
antibodies (e.g., humaniZed antibodies) by producing and 
assaying molecules With increases in the effector function 
(Fc) of the protein, regardless of the mechanisms behind the 
increases. These neW molecules could then target human 
tumors and have enhanced potency for tumor cell killing. 
The resulting product Would be expected to function at a 
loWer dose, Without an increase in toxicity, thus increasing 
its therapeutic WindoW. In addition, many previous studies 
have shoWn that the accretion of an antibody into a tumor is 
relatively loW (Sands, H. CancerResearch (Suppl) 1990, 50: 
809s-813s). An increase in effector ftunction could result in 
an increased therapeutic ef?cacy thus alloWing a humaniZed 
monoclonal antibody to have a therapeutic effect at the 
accretion rates found in human tumors. 

[0063] The method of the invention can enhance the 
effector function of monoclonal antibodies, including, but 
not limited to those currently in development for the treat 
ment of cancer. Glycosylation is only one of many Ways in 
Which antibody effector function can be manipulated. The 
technology is ideally suited for this study since it can yield 
a more potent antibody that has minimal changes in amino 
acid sequence, in the glycosylation pattern and/or in other 
knoWn and unknoWn mechanisms. These changes may arise 
due to genetic changes in the DNA resulting in the amino 
acid sequence of the immunoglobulin molecule itself, or in 
the cellular machinery that controls the sequence or nature 
of the post translational pattern. 

[0064] The method of the invention may be used to 
enhance properties of antibodies, including, but not limited 
to, rodent antibodies against therapeutic targets, and chimer 
iZed and humaniZed versions thereof. One such antibody, 
referred to as MORAb-03, binds to a cell surface adult-type, 
high-af?nity folate-binding glycoprotein antigen (designated 
MORAb-03 antigen) of normal placenta and gestational 
choriocarcinomas. Expression pro?les shoW that MORAb 
03 antigen has a restricted distribution in normal tissues, 
being expressed primarily in a subset of simple epithelia 
(Rettig W J, Cordon-Cardo C, Koulos J P, LeWis J L Jr, 
Oettgen H F, Old U. Int] Cancer. 1985 Apr. 15;35(4):469 
75; Coney L R, Tomassetti A, Carayannopoulos L, Frasca V, 
Kamen B A, Colnaghi M I, ZuraWski V R Jr. Cancer Res. 
1991 Nov. 15;51(22):6125-32) and fresh froZen sections of 
human pancreas, proximal kidney tubules, and bronchi. The 
distribution of MORAb-03 antigen Was further determined 
by immunohistochemical analysis of 150 tumor cell lines 
and normal cell cultures as Well as on primary tumor tissues 
using a MORAb-03-antigen speci?c mouse derived mono 
clonal antibody (L-26). MORAb-03 antigen Was found 
expressed on all cultured choriocarcinomas and teratocarci 
nomas. Immunohistochemistry of primary tumors found 
MORAb-03 antigen expression in a signi?cant number of 
ovarian tumors and over 400 tumors of other histological 
types (Garin-Chesa P, Campbell I, Saigo P E, LeWis J L Jr, 
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Old U, Rettig W J. Am J Pathol. 1993 February; 142(2) 
:557-67). Ovarian carcinomas derived from coelomic epi 
thelium shoWed the most consistent and strongest immun 
ostaining With the MORAb-03 antibody, With 52 of 5 6 cases 
being MORAb-03 positive. MORAb-03 antigen Was not 
detected in normal fetal or adult ovary; hoWever, it Was 
found present in the lining epithelia in a subset of benign 
ovarian cysts. 

[0065] The method of the invention may be used to 
develop a production line that produces an antibody that can 
meet the therapeutic and manufacturing requirements (i.e., 
high affinity and production) speci?ed by the current indus 
try standards. The method of the invention is suitable for 
application to mAbs generated using standard murine hybri 
doma techniques. In some embodiments, murine comple 
mentary determining regions (CDRs) are grafted into a 
human IgG1k backbone, and the light and heavy chain 
cDNAs are transfected into NSO cells, resulting in the 
generation of an antibody production system knoWn in the 
industry as “transfectoma.” The process of grafting the 
CDRs into a human immunoglobulin sequence is called 
“humaniZation.” Unfortunately, the transfectoma line pro 
duced the MORAb-03 at a rate of less than 1 pg/cell/day and 
the humaniZation process had led to a reduction of the 
af?nity, noW in the micromolar range. The method of the 
invention enabled successful production of an optimiZed, 
humaniZed MORAb-03 antibody With acceptable antigen 
binding activity (loW nanomolar dissociation constant) and 
production rates (>10 pg/cell/day). ADCC assays using 
human ovarian cancer cells as target and peripheral blood 
mononuclear cells (PBMCs) as effector cells shoWed that 
200 ng/ml of MORAb-03 produced in N50 cells Was able to 
mediate the lysis of 44% of target cells, Whereas lysis 
mediated by the control IgG1 antibody Was only 6% (FIG. 
7). In contrast, the same concentration of MORAb-03 pro 
duced in CHO cells mediated the lysis of 32% of target cells, 
a reduction of 27% (paired T test=0.0008) (FIG. 4). Multiple 
independent ADCC assays have shoWn a similar trend, 
Where MORAb-03 CHO produced in cells shoWed a reduc 
tion in activity as high as 50% compared to MORAb-03 
produced in N50 cells. CHO is a standard host cell line 
recogniZed by the FDA and is Well characteriZed by contract 
manufacturing organiZations. Among its strengths are the 
robustness and stability of its groWth, its adaptability to 
different manufacturing schemes and serum-free media, and 
its high ef?ciency and reproducibility of antibody produc 
tion. A CHO line producing MORAb-03 With ADCC activ 
ity similar to or higher than NSO cell-produced MORAb-03 
Will be an extremely valuable manufacturing asset for the 
production of a therapeutic anti-cancer biologic. The method 
of the invention may be applied to the cell lines producing 
MORAb-03 in order to identify variants producing antibod 
ies With enhanced ADCC activity. 

[0066] In summary, the MORAb-03 antigen is a glyco 
protein Whose expression is highly restricted in normal 
tissues and highly expressed in a large portion of ovarian 
tumors. The antibody is capable of inducing ADCC thus 
making it an excellent drug candidate for the treatment of 
ovarian of cancer. 

[0067] For further information on the background of the 
invention the folloWing references may be consulted, each 
of Which is incorporated herein by reference in its entirety: 
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[0101] The above disclosure generally describes the 
present invention. A more complete understanding can be 
obtained by reference to the folloWing speci?c examples 
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Which are provided herein for purposes of illustration only, 
and are not intended to limit the scope of the invention. 

EXAMPLE I 

Stable Expression of Dominant Negative MMR 
Genes in Hybridoma Cells 

[0102] It has been previously shoWn by Nicolaides et al. 
(Nicolaides et al. (1998) A Naturally Occurring hPMS2 
Mutation Can Confer a Dominant Negative Mutator Phe 
notype Mol. Cell. Biol. 18:1635-1641) that the expression of 
a dominant negative allele in an otherWise MMR pro?cient 
cell could render these host cells MMR de?cient. The 
creation of MMR de?cient cells can lead to the generation 
of genetic alterations throughout the entire genome of a host 
organisms offspring, yielding a population of genetically 
altered offspring or siblings that may produce biochemicals 
With altered properties. This patent application teaches of the 
use of dominant negative MMR genes in antibody-produc 
ing cells, including but not limited to rodent hybridomas, 
human hybridomas, chimeric rodent cells producing human 
immunoglobulin gene products, human cells expressing 
immunoglobulin genes, mammalian cells producing single 
chain antibodies, and prokaryotic cells producing mamma 
lian immunoglobulin genes or chimeric immunoglobulin 
molecules such as those contained Within single-chain anti 
bodies. The cell expression systems described above that are 
used to produce antibodies are Well knoWn by those skilled 
in the art of antibody therapeutics. 

[0103] To demonstrate the ability to create MMR defec 
tive hybridomas using dominant negative alleles of MMR 
genes, We ?rst transfected a mouse hybridoma cell line that 
is knoWn to produce an antibody directed against the human 
IgE protein With an expression vector containing the human 
PMS2 (cell line referred to as HBPMS2), the previously 
published dominant negative PMS2 mutant referred herein 
as PMS134 (cell line referred to as HB134), or With no insert 
(cell line referred to as HBvec). The results shoWed that the 
PMS 134 mutant could indeed exert a robust dominant 
negative effect, resulting in biochemical and genetic mani 
festations of MMR de?ciency. Unexpected Was the ?nding 
that the full length PMS2 also resulted in a loWer MMR 
activity While no effect Was seen in cells containing the 
empty vector. Abrief description of the methods is provided 
beloW. 

[0104] The MMR pro?cient mouse H36 hybridoma cell 
line Was transfected With various hPMS2 expression plas 
mids plus reporter constructs for assessing MMR activity. 
The MMR genes Were cloned into the pEF expression 
vector, Which contains the elongation factor promoter 
upstream of the cloning site folloWed by a mammalian 
polyadenylation signal. This vector also contains the NEOr 
gene that alloWs for selection of cells retaining this plasmid. 
Brie?y, cells Were transfected With 1 pg of each vector using 
polyliposomes folloWing the manufacturer’s protocol (Life 
Technologies). Cells Were then selected in 0.5 mg/ml of 
G418 for 10 days and G418 resistant cells Were pooled 
together to analyZe for gene expression. The pEF construct 
contains an intron that separates the exon 1 of the EF gene 
from exon 2, Which is juxtaposed to the 5‘ end of the 
polylinker cloning site. This alloWs for a rapid reverse 
transcriptase polymerase chain reaction (RT-PCR) screen for 
cells expressing the spliced products. At day 17, 100,000 
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cells Were isolated and their RNA extracted using the triZol 
method as previously described (Nicolaides N. C., KinZler, 
K. W., and Vogelstein, 8. (1995) Analysis of the 5‘ region of 
PMS2 reveals heterogeneous transcripts and a novel over 
lapping gene. Genomics 29:329-334). RNAs Were reverse 
transcribed using Superscript II (Life Technologies) and 
PCR ampli?ed using a sense primer located in exon 1 of the 
EF gene (5‘-ttt cgc aac ggg ttt gcc g-3‘) (SEQ ID NO:23) and 
an antisense primer (5‘-gtt tca gag tta agc ctt cg-3‘) (SEQ ID 
NO:24) centered at nt 283 of the published human PMS2 
cDNA, Which Will detect both the full length as Well as the 
PMS 134 gene expression. Reactions Were carried out using 
buffers and conditions as previously described (Nicolaides, 
N. C., et al. (1995) Genomic organiZation of the human 
PMS2 gene family. Genomics 30:195-206), using the fol 
loWing ampli?cation parameters: 940 C. for 30 sec, 520 C. 
for 2 min, 72° C. for 2 min, for 30 cycles. Reactions Were 
analyZed on agarose gels. FIG. 1 shoWs a representative 
example of PMS expression in stably transduced H36 cells. 

[0105] Expression of the protein encoded by these genes 
Were con?rmed via Western blot using a polyclonal antibody 
directed to the ?rst 20 amino acids located in the N-terminus 
of the protein folloWing the procedures previously described 
(data not shoWn) (Nicolaides et al. (1998) A Naturally 
Occurring hPMS2 Mutation Can Confer a Dominant Nega 
tive Mutator Phenotype. Mol. Cell. Biol. 18:1635-1641). 

EXAMPLE 2 

hPMS134 Causes a Defect in MMR Activity and 
Hypermutability in Hybridoma Cells 

[0106] Ahallmark of MMR de?ciency is the generation of 
unstable microsatellite repeats in the genome of host cells. 
This phenotype is referred to as microsatellite instability 
(MI) (Modrich, P. (1994) Mismatch repair, genetic stability, 
and cancer. Science 266:1959-1960; Palombo, E, et al. 
(1994) Mismatch repair and cancer. Nature 36:4 17). MI 
consists of deletions and/or insertions Within repetitive 
mono-, di-, and/or tri-nucleotide repetitive sequences 
throughout the entire genome of a host cell. Extensive 
genetic analyses of eukaryotic cells have found that the only 
biochemical defect that is capable of producing MI is 
defective MMR (Strand, M., et al. (1993) DestabiliZation of 
tracts of simple repetitive DNA in yeast by mutations 
affecting DNA mismatch repair. Nature 365 :274-276; Peru 
cho, M. (1996) Cancer of the microsatellite mutator pheno 
type. Biol Chem. 377:675-684; Eshleman J. R., and 
MarkoWitZ, S. D. (1996) Mismatch repair defects in human 
carcinogenesis. Hum. Mol. Genet. 5:1489-494). In light of 
this unique feature that defective MMR has on promoting 
MI, it is noW used as a biochemical marker to survey for lack 
of MMR activity Within host cells (Perucho, M. (1996) 
Cancer of the microsatellite mutator phenotype. Biol Chem. 
377:675-684; Eshleman J. R., and MarkoWitZ, S. D. (1996) 
Mismatch repair defects in human carcinogenesis. Hum. 
Mol. Genet. 5 :1489-494; Liu, T., et al. (2000) Microsatellite 
instability as a predictor of a mutation in a DNA mismatch 
repair gene in familial colorectal cancer. Genes Chromo 
somes Cancer 27:17-25). 

[0107] A method used to detect MMR de?ciency in 
eukaryotic cells is to employ a reporter gene that has a 
polynucleotide repeat inserted Within the coding region that 
disrupts its reading frame due to a frameshift. In the case 
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Where MMR is defective, the reporter gene Will acquire 
random mutations (i.e., insertions and/or deletions) Within 
the polynucleotide repeat yielding clones that contain a 
reporter With an open reading frame. We have employed the 
use of an MMR-sensitive reporter gene to measure for MMR 

activity in HBvec, HBPMS2, and HBPMS 134 cells. The 
reporter construct used the pCAR-OF, Which contains a 
hygromycin resistance (HYG) gene plus a [3-galactosidase 
gene containing a 29 bp out-of-frame poly-CA tract at the 5‘ 
end of its coding region. The pCAR-OF reporter Would not 
generate [3-galactosidase activity unless a frame-restoring 
mutation (i.e., insertion or deletion) arose folloWing trans 
fection. HBvec, HBPMS2, and HB 134 cells Were each 
transfected With pCAR-OF vector in duplicate reactions 
folloWing the protocol described in Example 1. Cells Were 
selected in 0.5 mg/ml G418 and 0.5 mg/ml HYG to select for 
cells retaining both the MMR effector and the pCAR-OF 
reporter plasmids. All cultures transfected With the pCAR 
vector resulted in a similar number of HYG/G418 resistant 
cells. Cultures Were then expanded and tested for [3-galac 
tosidase activity in situ as Well as by biochemical analysis of 
cell extracts. For in situ analysis, 100,000 cells Were har 
vested and ?xed in 1% gluteraldehyde, Washed in phosphate 
buffered saline solution and incubated in 1 ml of X-gal 
substrate solution [0.15 M NaCl, 1 mM MgCl2, 3.3 mM 
K4Fe(CN)6, 3.3 mM K3Fe(CN)6, 0.2% X-Gal] in 24 Well 
plates for 2 hours at 37° C. Reactions Were stopped in 500 
mM sodium bicarbonate solution and transferred to micro 
scope slides for analysis. Three ?elds of 200 cells each Were 
counted for blue ([3-galactosidase positive cells) or White 
([3-galactosidase negative cells) to assess for MMR inacti 
vation. Table 1 shoWs the results from these studies. While 
no [3-galactosidase positive cells Were observed in HBvec 
cells, 10% of the cells per ?eld Were [3-galactosidase positive 
in HB 134 cultures and 2% of the cells per ?eld Were 
[3-galactosidase positive in HBPMS2 cultures. 

[0108] Cell extracts Were prepared from the above cultures 
to measure [3-galactosidase using a quantitative biochemical 
assay as previously described (Nicolaides et al. (1998) A 
Naturally Occurring hPMS2 Mutation Can Confer a Domi 
nant Negative Mutator Phenotype Mol. Cell. Biol. 18:1635 
1641; Nicolaides, N. C., et al. (1992) The Jun family 
members, c-JUN and JUND, transactivate the human c-myb 
promoter via an Ap1 like element. J. Biol. Chem. 
267:19665-19672). Brie?y, 100,000 cells Were collected, 
centrifuged and resuspended in 200 uls of 0.25M Tris, pH 
8.0. Cells Were lysed by freeZe/thaWing three times and 
supernatants collected after microfugation at 14,000 rpms to 
remove cell debris. Protein content Was determined by 
spectrophotometric analysis at OD28O. For biochemical 
assays, 20 pg of protein Was added to buffer containing 45 
mM 2-mercaptoethanol, 1 mM MgCl2, 0.1 M NaPO4 and 0.6 
mg/ml Chlorophenol red-[3-D-gaIactopyranoside (CPRG, 
Boehringer Mannheim). Reactions Were incubated for 1 
hour, terminated by the addition of 0.5 M Na2CO3, and 
analyZed by spectrophotometry at 576 nm. H36 cell lysates 
Were used to subtract out background. FIG. 2 shoWs the 
[3-galactosidase activity in extracts from the various cell 
lines. As shoWn, the HB 134 cells produced the highest 
amount of [3-galactosidase, While no activity Was found in 
the HBvec cells containing the pCAR-OF. These data dem 
onstrate the ability to generate MMR defective hybridoma 
cells using dominant negative MMR gene alleles. 
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TABLE 1 

[5-galactosidase expression of HBvec, HBPMS2 and HB134 cells 
transfected With pCAR-OF reporter vectors. Cells Were transfected 
With the pCAR-OF [5-galactosidase reporter plasmid. Transfected 

cells Were selected in hygromycin and G418, expanded and stained 
With X-gal solution to measure for [5-galactosidase activity (blue 

colored cells). 3 ?elds of 200 cells each Were analyzed by microscopy. 
The results beloW represent the mean +/— standard deviation 

of these experiment 

Cell line Number Blue Cells 

HBvec 0 +/— 0 
HBPMS2 4 +/— 1 
HB134 20 +/— 3 

EXAMPLE 3 

Screening Strategy to Identify Hybridoma Clones 
Producing Antibodies With Higher Binding 
Af?nities and/or Increased Immunoglobulin 

Production. 

[0109] An application of the methods presented Within this 
document is the use of MMR de?cient hybridomas or other 
immunoglobulin producing cells to create genetic alterations 
Within an immunoglobulin gene that Will yield antibodies 
With altered biochemical properties. An illustration of this 
application is demonstrated Within this example Whereby the 
HB134 hybridoma (Example 1), Which is a MMR-defective 
cell line that produces an anti-human immunoglobulin type 
E (hIgE) MAb, is groWn for 20 generations and clones are 
isolated in 96-Well plates and screened for hIgE binding. 
FIG. 3 outlines the screening procedure to identify clones 
that produce high af?nity MAbs, Which is presumed to be 
due to an alteration Within the light or heavy chain variable 
region of the protein. The assay employs the use of a plate 
EnZyme Linked Immunosorbant Assay (ELISA) to screen 
for clones that produce high-af?nity MAbs. 96-Well plates 
containing single cells from HBvec or HB134 pools are 
groWn for 9 days in groWth medium (RPMI 1640 plus 10% 
fetal bovine serum) plus 0.5 mg/ml G418 to ensure clones 
retain the expression vector. After 9 days, plates are screened 
using an hIgE plate ELISA, Whereby a 96 Well plate is 
coated With 50 uls of a 1 pig/ml hIgE solution for 4 hours at 
4° C. Plates are Washed 3 times in calcium and magnesium 
free phosphate buffered saline solution (PBS—/—) and 
blocked in 100 uls of PBS—/— With 5% dry milk for 1 hour 
at room temperature. Wells are rinsed and incubated With 
100 uls of a PBS solution containing a 1:5 dilution of 
conditioned medium from each cell clone for 2 hours. Plates 
are then Washed 3 times With PBS_/_ and incubated for 1 
hour at room temperature With 50 uls of a PBS_/_ solution 
containing 1:3000 dilution of a sheep anti-mouse horse 
radish peroxidase (HRP) conjugated secondary antibody. 
Plates are then Washed 3 times With PBS_/_ and incubated 
With 50 uls of TMB-HRP substrate (BioRad) for 15 minutes 
at room temperature to detect amount of antibody produced 
by each clone. Reactions are stopped by adding 50 uls of 500 
mM sodium bicarbonate and analyZed by OD at 415 nm 
using a BioRad plate reader. Clones exhibiting an enhanced 
signal over background cells (H36 control cells) are then 
isolated and expanded into 10 ml cultures for additional 
characteriZation and con?rmation of ELISA data in triplicate 
experiments. ELISAs are also performed on conditioned 




























































