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S The present” invention relates to humanized
antibodies and binding proteins thereof, capable of binding
to T cells exhibiting particular variable beta chains, and
particularly those subpopulations expressing human V8 5.2
and/or 5.3, and VB 8.1. The present invention also relates

10 to the preparation of such antibodies, to pharmaceutical
compositions containing them, and therapeutic utilization of
the antibodies, specifically in autoimmune diseases.

T cells play a pivotal role in the differentiation
and regulation of effector mechanisms within the immune

15 system (Paul et al., (1987) Science 195:1293-1300). The co-
recognition of antigen and major histocompatibility
molecules by a T cell must be specific and precisely
regulated, since improper immune regulation fosters
autoimmunity. Several laboratories have studied diseases in

20 which there appears to be improper immune regqulation, such
as autoimmunity, and some forms of immunodeficiency, and
have implicated T cells in the pathogenesis of such
diseases.

- Several situations exist where there have been

25 reported a clonal or oligoclonal expansion of a particular
T cell receptor composition. The most obvious examples are
in conditions of malignancy which have resulted in a T cell
leukemia or lymphoma. In situations of T cell leukemias or
lymphomas, the T cell receptorlacts as a unique tumor marker

30 since the T cell receptor is stably rearranged and presented
on the surface of the cell. Another situation where a
particular T cell receptor composition is implicated is in
the recipient of an organ graft whose T lymphocytes have T
cell receptors making them aggressive against the MHC

35 molecules of the donor individual, as for instance the donor
of a bone marrow graft.

More importantly, several groups have reported
selective T cell antigen receptor V region gene usage in
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Sarcoidosis (Grunwald et al., (1992) Eur. J. Immunol.
22:129). In Kawasaki disease, the preferential expansion of
VB 2 and VB8 8 T cells was noted at the onset of disease (Abe
et al,, (1992) Proc. Natl. Acad. Sci. USA 89:4066).
Rheumatoid arthritis has also been extensively
studied in this regard. Several investigators have noted
preferential expansion of subsets of T cells, as for
instance: DerSimonian et al., (1993) J. Exp. Med. 177:1623
(preferential expansion of Va 12.1 bearing T cells in CD8+
peripheral blood T lymphocytes); Stamenkovic et al., (1988)
Proc. Natl. Acad. Sci. USA 85:1179 (synovial membrane-
infiltrating T cells grown in IL2 were oligoclonal by
southern blot analysis); Paliard et al., (1991) Science
253:34 (hypothesized that a Superantigen activated VA 14+ T
cells, including autoreactive T cells which expand clonally
and migrate to the synovial fluid of rheumatoid arthritis
patients); Howell et al., (1991) Proc. Natl. Acad. Sci. UsA
88:10921 (noted in particular VB8 3, 14, and 17 T cell V
region gene usage in IL 2R+ cells from synovial fluid of
rheumatoid arthritis patients); Uematsu et al., Proc. Natl.
Acad: Sci. USA 88:8534 (showed oligoclonal T cell V region
gene usage in synovial fluid T cells of a single RA
individual); and International Patent Application No.
W090/06758 (implicating VB 3, 9, and 10 in RA). .
Inflammatory bowel disease has also been
extensively studied. Several groups have noted expanded T
cell populations or preferential T cell receptor V region
gene usage as for instance: Posnett et al., (1990) J. Clin.
Invest. 85:1770; Spencer et al., (1991) J. Clin. Pathol.
44:915; Trejjdosiewicz et al., (1991) Clin. Exp. Immunol.
84:440; and Van Xerckhove et al., (1992) J. Exp. Med.
175:57. Still others have reported preferential T cell V
gene usage in Mycobacterium leprae (van Shooten et al.,
{1992) Proc. Natl. Acad. Sci. USA 89:11244; Wang et al.,
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inflammatory tissue has been found in association with
several autoimmune diseases, including Crohn’s Disease

5 (Posnett et al., (1990) J. Clin. Invest. 85:1770-1776),
Kawasaki Disease (Abe et al., (1992) Proc. Natl. Acad. Sci.
USA 89:4066-4070 and Abe et al., (1993) J. Exp. Med.
177:791-796) and rheumatoid arthritis (Brennan et al.,
(1988) Clin. Exp. Immunol. 73:417-423).

10 Multiple Sclerosis (MS) 1is another autoimmune
disease that has been intensively studied. MS is an immune
mediated disease characterized by central nervous system
mononuclear cell infiltration and demyelination. Although
the pathogenesis of MS is unknown, both genetic and

15 environmental factors have been implicated in the disease
process. Major elements of the genetic predisposition
include an association of disease with particular class II
major histocompatibility complex (MHC) haplotypes, in
particular HLA-DR21 and DQwl (Terasaid et al., (1976)

20 Science 1933:1245-1247; Ho et al., (1982) Immunogenetics
15:509-517; Spielman et al., (1982) Epidemiol. Rev. 4:45-65;
Francis et al., (1986) Lancet 1:211; Elian et al., (1987)
Disease Markers 5:89-99; Urban et al., (1988) Cell 54:577-~
592, Vandenbark et al., (1989) Nature 341:541-544: Howell et

25 al., (1989) Science 246:668-670). .

| It has been shown that T cells isolated from the
cerebrospinal fluid of patients suffering from MS utilize a
limited set of V region genes. The demonstration of in-vivo
activated myelin basic protein specific T cells in MS

30 patients implicates MBP reactive T cells in the pathogenesis
of the disease (Wucherpfennig et al., (1990) Science
248:1016-1019). When the TCR V8 usage of MBP reactive T
cell lines is determined via polymerase chain reaction (PCR)
amplification of cDNA with T cell receptor VA primers,

35 preferential usage of a limited number of V8 genes has been
found (Wucherpfennig et al., (1990) (supra) - VB 17 and to
a lesser extent VB 12 are frequently used in the recognition
of the immunodominant region of the human autoantigen MBP);
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staining has shown that V8 5.2 and/or 5.3 are predominantly
utilized by the myelin basic protein (MBP) specific T cells
isolated from MS patients compared with control (Oksenberg
et al., (1993) (supra) (rearranged VB 5.2 genes were
detected in the brains of patients with a certain HLA
phenotype) and Kotzin et al. (1991) Proc. Natl. Acad. Sci.
USA 88:9196 (a bias for use of the 8 chain variable'region
5.2 and to a lesser extent VA 6.1 was seen among MBP
specific clones from patients with MS).

Currently, no effective treatment for MS is known.
(Harrison’s Principles of Internal Medicine, 12th ed. Wilson
et al., McGraw Hill, Inc. 1991). Therapeutic efforts are
directed toward amelioration of the acute episode,
prevention of relapses or progression of the disease, and
relief of symptoms. '

However, expression of the mouse VB 8.2 variable
region gene has been found to correlate with experimental
allergic encephalomyelitis (EAE), a mouse model of human MS.
It has been demonstrated that treatment with mouse VB 8.2
specific mAb can both prevent and reduce the disease (Acha-
Orbea et al., (1988) Cell 54:263 and Urban et al., (1988)
Cell 54:577). Thus, there is a great need to devélop an
antibody or "antibody-like" molécule, suitable for treatment
of this disease.

Antibodies typically comprise two heavy chains
linked together by disulfide bonds and a light chain
associated with the N-terminal end of each heavy chain.
Each heavy chain has at its N-terminal end a variable domain
followed by a constant domain at its other end. Each light
chain also has at its N-terminal end a variable domain
followed by a constant domain. The variable domains of each
pair of light and heavy chains form the antigen binding
site. The variable domains on the light and heavy chains

t al 1991)
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conserved, connected by three complementarity determining
regions (CDRs). The four framework regions adopt somewhat

5 of a beta-sheet conformation and the CDRs form loops
connecting the beta-sheet construction. The CDRs are held
in close proximity by the framework regions and contribute
to the formation of the antigen binding site. CDRs and
framework regions of antibodies may be determined by

10 reference to the Kabat numbering system (Kabat et al.,
(1987) "Sequences of Proteins of Immunological Interest", US
Dept. of Health and Human Services, US Government Printing

Office) in conjunction with x-ray crystallography, as set
forth in W091/09967.

15 In order to produce an antibody which can target
a specific antigen, the procedure of Kohler and Milstein
(Kohler et al., (1976) Nature 256:495-497) is usually used.
This generally involves immunising a mouse with the antigen,
fusing spleen cells from the immunised mouse with mouse

20 myeloma cells and selecting from the hybridomas thus
produced one or more hybridomas which secrete a monoclonal
antibody specific for the target antigen.

It would be desirable to use such mAbs in therapy.
However, such mAbs are essentially of murine origin and are

25 therefore themselves antigenic in humans. If such mAbs are
administered repeatedly to a human, the human’s immune
system mounts a response to the mouse mAb, thus rendering it
ineffective.

It has therefore been proposed, originally by

30 Wwinter and his coworkers (see, for instance, Reichmann et
al., (1988) Nature 332:323-327 and Verhoeyen et al., (1988)
Science 239:1534-1536) that the CDRs of a mouse mAb should
be grafted onto a human framework to produce a CDR-grafted
antibody having the binding propertiés of the donor mouse

35 mAb and the human compatibility of the acceptor human
framework.

However, the function of an antibody molecule is
dependent on its three dimensional structure, which in turn
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retain the approprlate three dimensional structure necessary
5 to foster binding activity. Moreover, a change in the DNA
sequence coding for the antibody may affect the ability of
the cell containing the DNA sequence to express, secrete or
assemble the antibody. The exact residues comprising CDRs
are difficult to define and do not necessarily correspond to
10 all the residues in the hypervariable regions, as defined by’
the Kabat numbering system. There are also critical
framework residues which are important in positioning the
CDRs for interaction with antigen or which are involved in
interactions between the heavy and light chains. It may be
15 necessary to alter certain framework residues so that they
correspond to the donor residues at certain positions,
rendering the CDR-grafted antibody 1less “"human" in
character.
There have been published various proposals for
20 identifying the CDR and framework residues which need to be
changed to donor residues in order to produce a useful CDR-
grafted antibody (see, for instance, Queen et al.,
W090/07861; Kurrle et al., EP-A-0 403 156; Adair et al.,
W091/09967; Queen et al., W092/11018; and Bendig et al.,
25 W092/01568) . It emerges from these documents that the
production of a wuseful CDR-grafted antibody in any
particular case is not straightforward.
Despite the problems which are inherent in
attempting to produce a specific CDR-grafted antibody, in a
30 preferred embodiment, the present inventors have succeeded
in producing a CDR-grafted antibody based on human framework
regions and having an antigen binding site specific for
variable beta <chain regions peculiar to certain
subpopulations of T cells. surprisingly, the humanized
35 antibodies of the invention demonstrate as good or better

binding affinity to target T cells when compared to their
murine prototypes. The currently claimed antibodies or
parts thereof offer the further advantage of being less
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S The present invention is directed to humanized
antibodies having a selective binding specificity for
certain T cell subpopulations, which antibodies are highly
sensitive in their binding to these subpopulations, and
demonstrate specificity and affinity in that binding,

10 comparable with, if not better than, that of the protype
mAbs from which a substantial portion of their CDR regions

are derived. The present invention is also directed to
methods of preparation of such humanized antibodies,
utilizing novel c¢DNA encoding certain hypervariable and
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15 framework residues and graftiﬁq these into human heavy chain
and human 1light chain frameworks. Further embodiments
include pharmaceutical compositions and therapeutic methods
of using these antibodies.

In one particularly preferred embodiment, the

20 mouse mAb, 16G8, which recognizes human VB 8.1, was
humanized by CDR grafting certain CDR and select framework
residues from the murine mAb into KOL heavy chain and REIL
light chain frameworks. The cDNAs encoding humanized heavy
(IgGl) and light (K) chains in mammalian cell expression

25 vectors with Neo and DHFR selection markers, respectively,
were tranfected into a DHFR-~ Chinese hamster fibroblast
(CHO) cell line followed by selection and amplification.
The humanized mAb secreted, designated "TM29", maintains the
specificity for human TCR VB 8.1 with affinity comparable to

30 that of the prototype mouse mAb (16G8). The antibodies of
the invention have demonstrated that humanization of anti-
TCR antibodies can be accomplished while maintaining the
correct subset specificity and affinity.

Other embodiments of the invention include the use

35 of these humanized antibodies as a therapeutic agent for
treatment of human autoimmune disease, and particularly
Crohn’s disease.

In another particularly preferred embodiment of
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encoding humanized heavy (IgGl) and light (K) chains in
5 mammalian cell expression vectors with Neo and DHFR
selection markers, respectively, were transfected into a
DHFR- Chinese hamster fibroblast (CHO) cell line followed by
selection and amplification. The humanized mAb that was
secreted was designated "TM27", and maintains specificity
10 for human TCR VB 5.2 and 5.3 with affinity comparable to, if
not better than, that of the prototype mouse mAb (TM23).
Other embodiments of the invention include the use of TM27
as a therapeutic agent for treatment of human MS.

15 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts various variable 1light chain
sequences and heavy chain sequences for TM27:
_ Figure 2 depicts various variable light chain
20 sequences and heavy chain sequences for TM29;
Figure 3 depicts the results of a competition
assay comparing I'M27L/NSO and TM27L/CHO with 4H11; and
Figure 4 depicts a Scatchard plot of the
experiment shown in Figure 3.
25 |
DETAILED DESCRIPTION OF THE INVENTION
Certain definitions used in the context of the
description of the invention are set forth as follows.
In the present application, the term "antibedy" is
30 used to describe Igs or any fragments thereof, light chain
or heavy chain monomers or dimers, and single chain
antibodies, such as a single chain Fvs in which the heavy
and light chain variable domains are joined by a peptide
linker, whether natural or produced by recombinant DNA
35 technology or otherwise, provided that the antibody includes ‘
at least one antigen binding site. The remainder of the |
antibody need not comprise only Ig-derived protein {
sequences. For instance, a gene may be constructed in which
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5 The term "binding protein" as used herein refers
to a construct having a particular amino acid sequence

derived from an antibody or combination of antibodies, said

.. sequence sterically configured in such a manner as to form

' at least one antigen binding site.

10 The abbreviation "mAb"™ is used to indicate a
monoclonal antibody as produced by a hybridoma or derivative
cell line.

The term "recombinant antibody" is used ¢to
describe an antibody produced by a process involving the use

15 of recombinant DNA technology.

The term "CDR" or "complementarity determining
region" refers to those portions of an antibody’s heavy
chain or light chain variable regions juxtapositioned in
three-dimensional space to form an antigen binding surface.

20 The term "chimeric antibody" is used to describe
an antibody in which the variable domains as a whole are
derived from an antibody from a first mammalian species and
have been fused onto at least one constant domain from an
antibody from a different mammalian species.

25 . The term "CDR-grafted" is used to describe an
antibody or portion thereof in which the CDRs are
substantially derived from an antibody from a first

. mammalian species, grafted into a variable framework regions
substantially derived from a second mammalian species.

30 Certain select amino acids in said framework regions may
also be derived from said first mammalian species.

The term "hybrid antibody" is used to describe a
protein comprising at least the binding portion of an Ig
attached by peptide linkage to a least part of another

35 protein. It will be appreciated that certain skilled
workers may also use the word "chimeric" to describe such
constructs, but in the present specification such constructs
are referred to as hybrid antibodies and the term chimeric
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heavy chaiR§ree, of its CDRs in one or both of the variable domains
S derived from an antibody from a first species, it being
understood that this may involve certain select framework

amino acids in conjunction with certain hypervariable amino

acid sequences. The remaining Ig-derived parts of the
antibody being derived from one or more different
10 antibodies. The variable domains may be made by use of
recombinant DNA technology or by peptide synthesis.
"Expression vector" includes vectors which are
capable of expressing DNA sequences contained therein, i.e.
the coding sequences are operably linked to other sequences
15 capable of effecting their expression. A useful, but not
always necessary (i.e. insect <cells), element of an
effective expression vector is a marker encoding sequence,
i.e. a sequence encoding a vector sequence which results in
a phenotypic property (e.g. neomycin resistance, methionine
20 sulfoximine resistance or tryptophan prototrophy) of the
cells containing the protein which permits those cells to be
readily identified. 1In sum, "expression vector" is given a
functional definition and any DNA sequence which is capable
of effecting expression of a specified contained DNA code is
25 included in this term as it is applied to the specified
sequence. As at present, such vectors are frequently in the
form of plasmids. Thus "plasmid" and "expression vector" are
often used interchangeably. However, the invention. is
intended to include such other forms of expression vectors
30 which serve equivalent functions and which may, from time to
time, become known in the art, including retroviruses,
adenoviruses, in vitro systems (Baranov et al., (1989) Gene
84:2:463) and the like.
As stated previously, the DNA sequences will be
35 expressed in host cells after the sequences have been
operably 1linked to (i.e. positioned to ensure the
functioning of) an expression control sequence. These
expression vectors are typically replicable in the host
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have been transformed with. vectors constructed using
recombinant DNA techniques. By virtue of this
transformation, the host cell is able to produce the desired
product in useful guantities, rather than in lesser amounts,
or more commonly, in less than detectable amounts, as one
would expect to be produced by the untransformed host. The
antibody and binding proteins of the present invention may
be produced by a recombinant host cell in quantities useful
to carry out additional experimentation or in commercialy
acceptable quantities, such as about 100 grams or more.

In descriptions of processes for isolation of
antibodies or binding proteins thereof from recombinant
hosts, the terms "cell" and "cell culture" are used
interchangeably to denote the source of antibody unless it
is clearly specified otherwise. 1In other words, recovery
from the "“cells" may mean either from spun down whole cells,
or from the cell culture.containing both the medium and the
suspended cells, or, additionally, as is possib;e in the
case of myeloma cell lines, from ascites culture.

The humanized antibodies or binding proteins
thereof of the present invention have amino acid sequences
that comprise all or a portion of its CDRs substantially
derived from a monoclonal antibody having a specificity for
a select subpopﬁlation of T cellé, and particularly the V8
8.1 subpopulation or the V8 5.2/5.3 subpopulation. 1In the
preferred embodiments, the monoclonal antibody is murine in
origin. The framework amino acid sequence of the variable
domains of the antibodies or portions thereof |is
substantially human in origin in the preferred embodiments,
hence the term "humanized antibody®. This "humanization" is
believed to be useful in reducing the immunogenicity of the
antibody when administered therapeutically to human
patients. Preferred for use herein are the NEWM or KOL
human framework regions for the heavy chain, and REI human
framework regions for the light chain. Certain select

in conjunction with x-ray
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Any portion of the humanized antibodies (hence,
the broad definition of the term antibody) made in
accordance with the present teachings 1is within the
contemplation of the present invention, as long as binding

10 specificity and affinity for select subpopulations of T
cells is maintained. Thus, binding proteins derived from
said antibodies are clearly within the scope of the
invention, as are other fragments that maintain these
capabilities, at least to a degree suitable for therapeutic

15 use, as described below.

One skilled in the art may test the binding
parameters of various constructs made following the
teachings herein through the use of conventional binding
assays conducted with specific T cells or T cell receptor

20 proteins exhibiting the select variable region that is
targeted. For example, competition binding assays with
prototype mAbs, binding to various cell lines, Scatchard
analyses and the like may be performed and compared to
results obtained with prototype mAbs. Alternatively, one

25 may resort to various animal model systems, such as those
described below, or clinical trial studies to assess the
therapeutic effectiveness of the constructs made in
accordance with the invention, it being understood that a
construct may be a very suitable therapeutic agent even when

30 its binding pattern to target antigen differs from that of
the prototype mAb.

In particularly preferred embodiments, the amino
acid sequence of the humanized antibody or binding protein
thereof comprises all or a portion of a variable light chain

35 selected from the following group:
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101 TKLQIT 106

TM 27 light chain
1 DIQMTQSPSSLSASVGDRVTITCSASQGISNYLNWYQQTPGKAPKLLIYY 50
51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQYSKLPRTFGQ 100
101 GTKLQIT 107

alone or in combination with all or a portion of a variable
heavy chain selected from the following group:

TM 29 heavy chain
1 EVQLVESGGGVVQPGRSLRLSCSSSGFTFSNFGMHWVRQAPGKGLEWVAY 50
51 ISSGSSTIYYADTLKGRFTISRDNSKNTLFLQMDSLRPEDTGVYFCARRG 100
101 EGAMDYWGQGTPVTVSS 117

TM 27 heavy chain

1 QVQLQESGPGLVRPSQTLSLTCTVSGFSLTAYGVNWVRQPPGRGLEWVGM 50 -

51 IWGDGNTDYNSALKSRVTMLKDTSKNQKSLRLSSVTAADTAVYYCARDRV 100
101 TATLYAMDYWGQGSLVTVSS 120

Select framework residues in the vicinity of the
individual CDRs are important to the support of the three-
dimensional conformation of the CDRs (Foote and Winter,
(1992) J. Mol. Biol. 224:487-499). Thus, in certain
preferred embodiments, modified heavy chains were designed.
In the first at residues 66 to 69 inclusive and 73, the
murine sequence Leu-Ser-Ile-Ser (66~69) and Asp (73) are
substituted for the human counterparts.

In other preferred embodiments, murine residues
valine and phenylaline are provided at positions 78 and 79,
respectively, or murine arginine is provided at position 92.

Figure 1 exemplifies these substitutions, showing
the CDRs in bold and underlining. These preferred antibody
constructs (including binding proteins thereof) bind to V8
5.2/5.3.
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demonstrate that residue 75 may be the murine proline
residue, or that residues 88, 89 and 91 may be alanine,
methionine or tyrosine respectively. These antibody
constructs and binding proteins thereof bind V8 8.1 T cells
and are more fully depicted in Figure 2.

Particularly preferred for use herein are CDR-
grafted antibodies consisting essentially of the TM27 light
chain in conjunction with the TM27 heavy chain, wherein
residue 48 is either murine leucine or isoleucine. Also
particularly preferred are COR-grafted antibodies consisting
essentially of the TM29 light chain in conjunction with the
TM29 heavy chain.

The humanized antibodies or binding proteins
thereof of the present invention may be produced by a
variety of techniques, with expression in transfected cells,
such as yeast, insect, CHO or myeloma cells, being
preferred. Most preferably, the host cell is a CHO host
cell.

To design a CDR-grafted antibody or a binding
protein thereof in accordance with the present invention, it
is first necessary to ascertain the variable domain sequence
of an antibody having the desired binding properties.
Suitable source cells for such DNA sequences include avian,
mammalian or other vertebrate sources such as chickens,
mice, rats and rabbits, and preferably mice. The variable
domain sequences (Vy and V) may be determined from heavy
and light chain cDNA, synthesized from the respeétive mRNA
by techniques generally known to the art. The hypervariable
regions may then be determined using the Kabat method
(supra). The CDRs may be determined by structural analysis
using X-ray crystallography or molecular modelling
techniques. Composite CDRs may then be constructed
containing all the residues <corresponding to the
hypervariable regions, along with certain select residues

er

to
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5 constant domains and remaining framework residues. The
latter portions may be based on human antibodies of
different classes.
Constant domains may be selected to have desired
effector functions appropriate to the intended use of the

10 antibody so constructed. For example, human IgG isotypes,
IgG, and IgG, are effective for complement fixation and cell
mediated lysis. For other purposes, other isotypes, such as
IgG, and IgG,, or other classes, such as IgM and IgE, may be
more suitable.

15 For human therapy, it is particularly desirable to
use human isotypes, to minimize antiglobulin responses
during therapy. Human constant domain DNA sequences,
preferably in conjunction with their variable domain
framework regions can be prepared in accordance with well-

20 known procedures. An example of this is CAMPATH 1H
available from Burroughs Wellcome Ltd.

' In accordance with preferred embodiments of the
present invention, certain CDR-grafted antibodies are
provided which contain select alterations to the human-like

25 framework region (in other words, outside of the CDRs of the
variable domains), resulting in a CDR-grafted antibody with
satisfactory binding affinity. Such binding affinity is
preferably from about 10°.M' to about 102.M' and is more
preferably at least about 10°.M'. Most preferably the

30 binding affinity is about equal to or greater than that of
the prototype antibody (in preferred instances, this
prototype antibody would be murine).

In constructing the CDR-grafted antibodies of the
present invention, the V, and/or V, gene segments may be

35 altered by mutagenesis. One skilled in the art will also
understand that various other nucleotides coding for amino
acid residues or sequences contained in the Fc portion or
other areas of the antibody may be altered in like manner
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deletion or nonconservative substitution of a limited number
of various nucleotides or the conservative substitution of
5 many nucleotides, provided that the proper reading frame is

maintained.

Substitutions, deletions, insertions or any
2 subcombination may be used to arrive at a final construct.
' Since there are 64 possible codon sequences but only twenty
10 known amino acids, the genetic code is degenerate in the
sense that different codons may yield the same amino acid.
However, the code is precise for each amino acid. Thus,
there is at least one codon for each amino acid, i.e. each
codon yields a single amino acid and no other. It will be
15 apparent that, during translation, the proper reading frame
must be maintained in order to obtain the proper amino acid

sequence in the polypeptide ultimately produced.
Techniques for additions, deletions or
substitutions at predetermined amino acid sites having a
20 known sequence are well known. Exemplary techniques include
oligonucleotide-mediated site-directed mutagenesis and the

PCR.

Oligonucleotide site-directed mutagenesis 1in
essence involves hybridizing an oligonucleotide coding for
25 a desired mutation with a single strand of DNA containing
the region to be mutated and using the single strand as’a

template for extension of the oligonucleotide to produce a

strand containing the mutation. 'This technique, in various

forms, is described in Zoller and Smith, (1982) Nuc. Acids

30 Res. 10:6487, Norris et al., (1983) Nuc. Acids Res. 11:5103,

. Zoller and Smith, (1984) DNA 3:479, Kramer et al., (1982)
Nuc. Acids Res. 10:6475.

PCR in essence involves exponentially amplifying

DNA in vitro using sequence-specific oligonucleotides. The

35 oligonucleotides can incorporate sequence alterations if
desired. The PCR technique is described in Mullis and
Foloona, (1987), Meth. Enz. 155:335. Examples of

mutagenesis using PCR are described in Higuchi et al.,
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affinit®y conparabl e t @he nucleotide sequences of the present invention,
capable of ultimately expressing the desired antibodies, or
binding proteins thereof, can be formed from a variety of
different polynucleotides (genomic DNA, cDNA, RNA or _
synthetic oligonucleotides). At present, it is preferred }
10 that the polynucleotide sequence comprises a fusion of cDNA ‘
and genomic DNA. The polynuclectide sequence may encode

o

various Ig components (e.g. V, J, D, and C domains). They
may be constructed by a variety of different techniques.
Joining appropriate genomic and cDNA sequences is presently

15 the most common method of production, but cDNA sequences may
also be utilized (see EP-A-0 239 400 and Reichmann et al.,
(1988) Nature 332:323.)

Certain suitable expression vectors and host cells
are described in US-A-4 816 567.

20 The vectors and methods disclosed herein are
suitable for use in host cells over a wide range of
prokaryotic and eukaryotic organisms.

In general, of course, prokaryotes are preferred
for cloning of DNA sequences for constructing the vectors

25 useful in the invention. For example, various E. coli
plasmid cloning vectors are particularly useful, such as the
Bluescript M13 vectors available from Stratagene, San Diego,
California; pUCl19c, Genbank Accession # VB0026, PBR322
(described below) and the like. These examples are, of

30 course, intended to be illustrative rather than limiting.

Prokaryotes may also be used for expression. The
aforementioned E. coli strains, bacilli such as Bacillus
subtilis, and other enterobacteriaceae, such as Salmonella
typhimurium or Serratia marcescens and various Pseudomonas

35 species may be used.

In general, plasmid vectors'containing replicon
and control sequences which are derived from species
compatible with the host cell are used in connection with
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site as well as marking sequences which are capable of
providing phenotypic.selection in transformed cells. For
example, E. coli is typically transformed using one of the :

5 many derivatives of pBR322, a plasmid derived from an E. 5
coli species (Bolivar et al., (1977) Gene 2:95.) pBR322 i
contains genes for ampicillin and tetracycline resistance ?
and thus provides easy means for identifying transformed ‘
cells. ‘The pBR322 plasmid, its descendants or other

10 microbial plasmids may also contain, or be modified to _| ;

contain, promoters which can be used by the microbial )

organism for the expression of recombinant proteins. Those

promoters commonly used in recombinant DNA construction

include lactose promoter systems (Chang et al., (1978)

15 Nature 275:615; Itakura et al., (1978) Science 198:1056;

Goedell et al., (1979) Nature 281:544) and tryptophan (trp)

promoter systems (Goedel; et al., (1980) Nuc. Acids Res.

8:4057) and EP~-A-0 036 776. While these are the most

commonly wused, other microbial éromoters have been

20 discovered and utilized, and details concerning their

nucleotide sequences have been published, enabling a skilled

worker to ligate them functionally into plasmid vectors
(Siebenlist et al., (1980) Cell 20:269).

In addition to prokaryotes, eukaryotic microbes,

25 such as yeast cultures, may also be used. Saccharomyces

cerevisiae, or common baker’s yeast, is the most commonly

used among eukaryotic microorganisms, although a number of

other strains are commonly available. For expression in

Saccharomyces, the plasmid YRp7, for example, (Stinchcomb et

30 al., (1979) Nature 282:39; Kingsman et al., (1979) Gene

7:141; Tschemper et al., (1980) Gene 19:157) is commonly

used. This plasmid already contains the trpl gene which

provides a selection marker for a mutant strain of yeast

lacking the ability to grow in tryptophan, for example ATCC

35 No. 44076 or PEP4-1 (Jones, (1977) Genetics 8:85:12). The

presence of the trpl lesion as a characteristic of the yeast

host cell genome than provides an effective environment for

detecting transformation by growth in the absence of
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phosphate dehydrogenase, hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose-6-phosphate isomerase, 3-
phosphoglycerate mutase, pyruvate kinase, triosephosphate
isomerase, phosphoglucose isomerase and glucokinase (Hess et
al., (1968) J. Adv. Enzyme Reg. 7:149; Holland et al.,
(1978) Biochemistry 17:4900.) In constructing suitable
expression plasmids, the termination sequences associated
with these genes are also ligated into the expression vector
3/ of the sequence desired to be expressed to provide
polyadenylation of the mRNA and termination. Other
promoters, which have the additional advantage of
transcription controlled by growth conditions, are the
promoter regions for alcohol dehydrogenase 2, isocytochrome
C, acid phosphatase, degradative enzymes associated with
nitrogen metabolism and the aforementioned glyceraldehyde-3-
phosphate dehydrogenase, an enzyme responsible for maltose
and éalactose utilization. Any plasmid vector containing a
yeast compatible promoter, origin of replication and
termination sequences is suitable.

In addition to microqrganisms, cultures of cells
derived from multicellular organisms may also be used as
hosts. In principle, any such cell culture is workable,
whether from a vertebrate or an invertebrate organism.
However, to date, interest has been greatest in vertebrate
cells, and propagation of vertebrate cells in culture
(tissue culture) has become a routine procedure in recent
years (Kruse and Patterson, (1973), Tissue Culture, Academic
Press). Examples'of such useful host cell lines are VERO,
HeLa, Chinese hamster ovary (CHO), W138, BHK, C0OS-7, MDCK
and myeloma and gs myeloma (available from Celltech, Slough,
U.K.)} cell lines. Expression vectors for such cells may
include (if necessary) an appropriate origin of replication,
as well as a promoter located in front of the gene to be
expressed, along with any necessary ribosome binding sites,
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in which For uUse 1n mammalian cells, the control functions

on the expression vectors are often provided by viral
5 material. For example, commonly used promoters are derived
from human cytomegalovirus (HCMV), polyoma virus, adenovirus
2 and, most frequently, simian virus 40 (SV40). The early
and late promoters of SV40 virus are particularly useful

because both are obtained easily from the virus as a
10 fragment which also contains the SV40 viral origin of
replication (Fiers et al., (1978) Nature 273:113). Further,
it is also possible, and often desirable, to utilize
promoter or control sequences normally associated with the
desired gene sequence, provided such control sequences are
15 compatible with the host cell system.
‘An origin of replication may be provided either by
construction of the vector to include an exogenous origin,
such as may be derived from SV40 or other viral (e.g.
polyoma virus, adenovirus, VSV or BPV) source, or may be
20 provided by the host cell chromosomal replication mechanism.
If the vector is integrated into the host cell chromosome,
the latter is often sufficient.
The vectors ¢ontaining the DNA segments of
interest {e.g. the heavy and light chain encoding sequences
25 and expression control sequences) can be transferred into
the host cell by well-known methods, which vary depending on
the type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells,
whereas calcium phosphate treatment, lipofection or
30 electroporation may be used for other cellular hosts
- (Maniatis et al., (1990) Molecular Cloning: A Laboratory
Manual, 2nd Edition, Cold Spring Harbor Press).
Once expressed, the constructs of the present
invention can be purified according to standard procedures

3s of the art, including ammonium sulfate precipitation,
affinity columns, column chromatography and gel
electrophoresis (Scopes, (1982) Protein Purification,

Springer Verlag, NY). Binding affinities of the constructs
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i ndi cate a nonocl onal antibody as produced by a hybridona or
derivative ce39 ¢xXpxessed may be ascertained by techniques known to the

art, as more fully exemplified in the example section of
this specification.

Substantially pure CDR-grafted antibodies or
binding proteins thereof of at least 90 to 95% homogeneity
are preferred, and 98 to 99% or more homogeneity is most
preferred for pharmaceutical uses. Once purified, partially
or to homogeneity as desired, the COR-grafted antibodies may

then be used diagnostically or therapeutically (including

extracorporeally) or in developing and performing aséay
procedures, immunofluorescent stainings and the 1like
(Lefkovite and Pernis, (1979 and 1981) Immunological
Methods, Volumes I and II, Academic Press, NY).

The CDR-grafted antibodies or binding proteins
thereof of the present invention will typically find use in
treating T cell mediated disorders. For example, typical
disease states suitable for treatment include autoimmune
diseases, such as Type 1 diabetes, mnultiple sclerosis,
rheumatoid arthritis, systemic lupus erythematosus, Crohn’s
disease and myasthenia gravis.

Therapeutic use of the T cell antibodies of the
invention is premised upon the correlation between a
specific immune related disease and the preferential
expression of a particular T cell antigen receptor V region
gene product or the expanded usage of a particular T cell
antigen receptor V gene. The T cell antigen receptor V
regions are useful in part because it is possible to
regulate the immune response in an individual by specific
therapeutic intervention utilizing the T cell antigen
receptor. Specifically, the presence or expression of a
particular variable region locus has been shown to correlate
with particular immune-related disorders. By determining
the particular V region loci associated with a particular
immune disorder, one can treat the individual by inhibiting
the attack by the T cells carrying the particular V region.

The term treatment in the instant invention is
meant to include the situations of "prevention",
"suppression" or "treatment" of the disease. "“Prevention"




term "reccmdmnant__kantl body" is used to describe amggmt8body0 frd@dced by
process |nvoI EE t he use“‘ ﬁ#reconbl nant DNA technol ogy. The term " COR'

r "conpl enent ar BedHif reglon refers to those —H-ors—of
nti body's heav M £ chain variabl e regi ons | quﬂ!avpﬁiéHQ‘io?igéEm
is u

t hree- di mensi on m an @R igen binding surface. TREPLAGER
"chimeric anti body” descri be an anti body in wiarthrthe vari abl e
dormai ns as a whole are derived from an antibody froma first manmalian

speci es and have bgen f .ont o Ieast one,constant domain from an
ant i body*TYON&° cﬂ “Pé‘r’e#t“&d‘rﬂ% §p85?§§°t’rﬁ% TUPRAS KHreRy RELQK]" i s
used to tiesthe bimductimn Mdyheodlpeameon Thesgofor nexdmgle | hin @ are
subst antd i dy1 %défledsitorg@&@ﬁwp%ﬂr&@&a {oH o "RPRId UL SRECT €S,

grafted into a variable framewrk regions
composition prior to injection of the encephalitogen that

5 induces the disease results in "prevention" of the disease.
“"Suppression" involves administration of the
composition after the inductive event but prior to the

- clinical appearance of the disease. Again, using the EAE
exanmple, successful administration of a protective

10 composition after injection of the encephalitogen, but prior
to the appearance of neurological symptoms comprises
"suppression" of the disease.

"Treatment" involves administration of the

protective composition after the appearance of the disease.

15 In the EAE example, successful administration of a

protective composition after injection of the encephalitogen

and after clinical signs have developed comprises
“treatment” of the disease.

Animal model systems which can be used to screen
20 the effectiveness of the antibodies or binding proteins
thereof in protecting égainst or treating the disease are
available. Systemic lupus erythematosus (SLE) is tested in
susceptible mice as disclosed by Knight et al., (1978)
J.Exp. Med. 147:1653 and Reinersten et al., (1978) New Eng.
25 J. Med. 299:515. Myasthenia Gravis (MG) is tested in SJL/J
female mice by inducing the disease with soluble AChR
protein from another species as described in Lindstrom et
al., (1988) Adv. Immunol. 42:233-284. Arthritis is induced
in a susceptible strain of mice by injection of Type II
30 collagen as described by Stuart et al., (1984) Ann. Rev.
Immunol. 42:233-284. Adjuvant arthritis is induced in
susceptible rats by injection of mycobacterial heat shock
protein as described by Van Eden et al., (1988) Nature
331:171-173. Thyroiditis is induced in mice by
35 administration of thyroglobulin as described by Maron et
al., (1980) J. Exp. Med. 152:1115-1120. Insulin dependent
diabetes mellitus (IDDM) occurs naturally or can be induced |

in certain strains of mice such as those described by
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the demyelinating disease is induced by administration of
myelin basic protein as described by Paterson, (1986)
Textbook of Immunopathology (Mischer et al., eds.) Grune and
Stratton, New York, pp 179-213; McFarlin et al., (1973)
Science 179:478-480: and Satoh et al., (1987) J.Immunol.
138:179-184.

The CDR-grafted antibodies or binding proteins
thereof of the present invention may also be used in
with other antibodies, particularly mAbs
reactive with other markers on human cells responsible for
the diseases.

combination

suitable T cell markers can
into the so-called "Clusters of
as named by the First International
Leukocyte Differentiation Workshop (Bernhard et al., (1984)
Leukocyte Typing, Springer Verlag, NY.

Generally, the present CDR-grafted antibodies or
binding proteins will be utilized in purified form together
with pharmacologically appropriaﬁe carriers.
these

For example,
include those grouped
Differentiation,"”

Typically,

carriers include aqueous ~or alcocholic/aqueous

solutions, emulsions or suspensions, including saline and

buffered media. Parenteral vehicles include sodium chloride
solution, Ringer’s dextrose, dextrose and sodium chloride
and lactated Ringer’s. Suitable physiologically acceptable
adjuvants, if necessary to keep the complex in suspension,
chosen from thickeners

may be such as

carboxymethylcellulose, polyvinylpyrrolidone, gelatin and
alginates.

Intravenous vehicles include fluid and nutrient
replenishers and electrolyte replenishers, such as those
based on Ringer’s dextrose. Preservatives and other
additives, such as antimicrobials, antioxidants, chelating
agents and inert gases, can also be present (Mack, (1982)
Remington’s Pharmaceutical Sciences, 16th Edition).

The constructs of the present invention may be
separately administered

conjunction with other agents.

used as compositions or in

These can include various




ffrst species, i Yod that this may i nvol ve_certai-A—3ete
frarrewoPk am no ction wit}y certain hyper AHIRIBHEE arﬁ’\%g%
equences. The derived parts of the anti Qody bBEht.f\ﬁ@rl ved
fromone or nore dlfferent antlbodles The variable d rs— ey be nade
by use of reconbi nant DNA technol ogy or by peptide synthesis. "Expression

vector" mclnmtamotﬂretmpaauﬂq:ﬂrags capetblag @w@w;s&s%% m@%o& atess
cont ai ned t e es ar era i nked t.0
sequences cg%; al?ﬂodi‘l ef’Fecf3 %PQ%%,& (%xp g‘E‘PBﬂg°§?‘B§ef ﬁ%arweﬁﬁtlcéllways.
necessary (|°°é‘9qsr?§e‘(9c“scé7laﬂs}n°é‘ll‘éﬁémocdﬁtaari@f bécvavioes prgssionic/eet or i s

a marker ene:cmhe’tg agRMMSNGA, cbn§undt $8AUSIER @{E’%ﬂlg;zaaf\ﬁeeg AheIpIUGAEE
whi ch r§sul 5

10

15

20

25

30

35
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domai ns derived froman anti body froma

e

'ﬂkndlng proteins thereof of the present invention, or
even combinations of constructs according to the present
invention and CDR-grafted antibodies having different
specificities.

The route of administration of pharmaceutical
compositions according to the invention may be any of those
commonly known to those of ordinary skill in the art. For
therapy, including without limitation immunotherapy, the
CDR-grafted antibodies or binding proteins thereof of the
invention can be administered to any patient in accordance
with standard techniques. The administration can be by any
appropriate mode, including parenterally, intravenously,
intramuscularly, intraperitoneally, or also, appropriately,
by direct infusion with a catheter. The dosage and
frequency of administration will depend on the age, sex and
condition of the patient, concurrent administration of other
drugs, counter indications and other parameters to be taken
into account by the clinician.

The constructs of this invention <can be
lyophilized for storage and reconstituted in a suitable
carrier prior to use. This technique has been shown to be
effective with conventional immunoglobulins and art-known
lyophilization and reconstitution techniques can be
employed. It will be appreciated by those skilled in the
art that 1lyophilization and reconstitution can lead to
varying degrees of antibody activity loss (e.g. with

" conventional immunoglobulins, IgM antibodies tend to have

greater activity loss than IgG antibodies) and that use
levels may have to be adjusted to compensate.

The compositions containing the present CDR~-
grafted antibodies or a cocktail thereof can be administered
for prophylactic and/or therapeutic treatments. 1In certain
therapeutic applications, an adequate amount to accomplish
at least partial inhibition, suppression, modulation,

%alkefS
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0.005 to 5.0 mg of COR-grafted antibody or binding protein
" thereof per kilogram of body weight, with doses of 0.05 to
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2.0 mg/kg/dose being more commonly used. For prophylactic
applications, compositions containing the present constructs

10 or cocktails thereof may also be administered in similar or
slightly lower dosages.

A composition containing a construct according to
the present invention may be utilized in prophylactic and
therapeutic settings to aid in the alteration, inactivation,

15 killing or removal of a select T cell target population in
a mammal.

In another embodiment, the constructs described
herein may be used extracorporeally or in vitro selectively
to kill, deplete or otherwise effectively remove the target

20 cell population from a heterogenous collection of cells.
Blood from the mammal may be combined extracorporeally with
the CDR-grafted antibodies or binding proteins thereof
whereby the undesired cells are killed or otherwise removed
from the blood for return to the mammal in accordance with

25 standard techniques.
In addition to the therapeutic uses, the
constructs will find use in other settings. In one

embodiment, the present antibodies or binding proteins are
useful in an investigational setting. The T cell receptor
30 binding proteins or antibodies of the invention are also
useful in structural and functional studies regarding the T
cell receptor. Besides serving as substrates or binding
domains for specific forms of T cell receptors, these
antibody constructs may serve as tools for the investigation
35 of conformational studies to approximate the native
configurations of various portions of the T cell receptor.
In yet another embodiment, the T cell antibodies or binding
proteins thereof can be used as diagnostic probes. In one

e eema



exprgssed in host cells after the sequences have been operab#,?{?i nked, tog 38 7
(i. positioned to ensure the functioning of) an expression J trol

seqgyence. These expression vectors are typically replicable in the host
orgfni sns either as episones or as an integral part of t

"Recombi nant host cells" refers to cel R§ which have|FténSHERhSH S

wi tfh vectors constructed using recombi nant DNA techniqles. REPLACEBy

Vi ftue of this transformation, the host cell is able to produce the

degired product .in yseful guantitjes, rather than in | esser anmpupts, or
re commonly, FReFEES ﬁﬂﬂ°§éf‘§8#ab§%€ SAOFTEYCtEsc b e wpargeakptRYeR bR
pyfoduced by themayt bensisedned determlihéng the amount or the presence of a

certain T cell V region subfamily in a biological sample.
One such assay is described in Rittershaus - W092/08981,
5 published May 26, 1992 entitled "Therapeutic and Diagnostic
Methods Using Total Leukocyte Surface Antigens". As such,
the present invention provides for methods for diagnosing an
immune related disease, such as MS, based on detecting the
specific subset of T cell antigen receptor in a biological

10 sample.

The CDR-grafted antibodies or their binding proteins
may be labelled in accordance with techniques known to the
art. The constructs are also suitable for other in vivo
purposes. For example, they can be used for selective cell

15 treatment of peripheral blood cells where it is desired to
eliminate only target T lymphocytes or similarly in cell
culture to eliminate unwanted T lymphocytes.

The following Examples are intended to more
specifically describe certain aspects of the present

20 invention but are not to be considered limitative thereof.

The——
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f.r . . . 1 Q4
nti body and binding proteins of the present invention ﬁg§mbe_pr6dhgéhagy a
reconmbi nant host cell in quantities useful to carry out addlLlonth o
experinmentation or in comercialy acceptable quantities, Such—as—abon
grams or nore. In descriptions of procggses for isolatio Eﬂkéﬁﬁﬁﬁ&iﬁﬁé§égy

bi ndi ng proteins thereof fromrecombinant hosts, the terns "celREPLAWP "cel |
culture"” are used interchangeably to denote the source of —antibody unless
it is clearly specified otherwise. |In other words, recovery fromthe

"cells" neixampke el t her from spun down whole cells, or fromthe cell
culture containing both the nmedium and the suspended cells, or,

addi tional | as is possible in the case of nyeloma cell lines, from
ascites<uﬁ%%ﬂe? sﬁﬂﬁ#ﬁﬁﬁnﬁ%éﬁ”ﬂhtibodies or binding proteins thereof of

the presert. i N\BALB /N hiwe RETBO idiuthiZRAUIEES ¢t CREREI SQuRehiQ 2
portign ofgdyfss c¥¥§esuﬁﬁﬁgﬂiialk3nce intraperitoneally and twice
intravenously).
2. Spleen cells were harvested from these mice and fused
with mouse myeloma immortalizing cell line P3XS53AGS8.653.
3. Selection of appropriate clones was accomplished in
10 HAT media.

4. Screening of the clones so selected for appropriate
binding was accomplished by immunoprecipitation of
radiolabelled HPB-ALL.
S. Subcloning was accomplished by limiting dilution.

15 6. Specificity was checked by PBL stimulation and CD3
modulation studies.
7. A Hybridoma secreting appropriate antibody was
designated 4H11.
8. RNA was obtained from this clone and mRNA isolated.

20 CDNA to the mRNA was prepared.
9. The cDNA was sequenced and checked for accuracy.
10. The isolated cDNAs (H and K) were cloned into
M13 vectors. :
11. Select human framework regions were introduced

25 through mutagenesis, as exemplified in Example 2.
12. Humanized antibodies (~1 mg each) were purified from
NSO transfectants for preliminary evaluation.

Five different TM27’s have been made:

30 TM27L: with Leucine at position 48 of heavy chain.
TM271: with isoleucine at position 48 of heavy chain.
TM27.1: with KS to VF (78-79) changes.
™27.2: with VTML/T to LSIS/N (66-69/73) changes.
T™M27.3: with V to R (92) changes.

mm——
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Certain selec

anti-human TCR (T cell receptor) VB8 5.2/5.3 monoclonal
antibody (TM23) and to generate a humanized antibody
expressing cell line suitable for process development. The
humanized anti-TCR V8 5.2/5.3 monoclonal antibody is TM27.

Murine Antibody

The 4H11 hybridoma was developed by fusion of a
mouse myeloma cell line, P3X63AG8.653, to spleen cells from
Balb/c mice immunized with the T cell leukemia cell line
HPB-ALL. The hybridoma expresses the monoclonal antibody
TM23 with specificity to the human T cell receptor (TCR) VS
5.2 and 5.3. The isotype is IgG2a / kappa.

Humanization

The c¢cDNA encoding the heavy and light chains of
TM23 was isolated from the 4H1ll cDNA library constructed
using mouse IgG2a and kappa specific 3’ end primers. The
cDNA clones isolated were confirmed by DNA sequencing and
internal amino acid seqguencing. The CDRs (complementarity
determining regions) of the heavy and light chains were
identified according to the alignment of conserved mouse
framework sequences. The L, V, (D), J (L, leader; V,
variable; D, diversity; J, joining) DNA fragments were
isolated using PCR and cloned into CHO cell expression
vectors, pTCSLC«DHFR and pTCSLCglNecAp, which carried human
kappa and 1gGl constant region cDNA, respectively, for mouse
V / human C chimeric antibody expression.

. Based on the comparison of amino acid sequences
deduced from cDNA clones, the TM23 heavy chain was found to
belong to Kabat subgroup IB. The Vk sequence was found to
belong to Kabat Vx V. Therefore, the human NEWM and REI
frameworks were chosen for humanization of heavy and light
chain respectively. The rearranged V(D)J fragments (except
part of S’ V and 3’ J) were cloned, into M13 vectors which
carried leader and intron sequences in genomic

EMEAggred for use hereln are the NEVWM or KOL human fr anewor k

hunman

| i ght
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frgmework residues are nmaintained as nmurine, rather than h . Th&s I S
befi eved necessary to achieve the appropriate three-di oﬂaﬁ /00387
stfucturing of the nolecule, and to thereby increase binding specificity
and affinity for the specific T cell subset. Any porti on~ef—the—husanized.
anti bodi es (hence, the broad definition 4t the term antipbdiG)SifEdeHAS BEEN
accordance with the present teachings is within the contlenpl aREBDAGHD t he
present invention, as long as binding specificity and affimty for-setect
subpopul ations_of T cells is _naingained  Thus i ndin rotein rived
from sai d an??th?‘éEagi‘%“u ey erﬁﬁ%% hecgéﬁgﬁtﬁf Bﬁgmf“ﬁﬁent%'f'gﬁ,o)gs are
ot her fragnemessthactsuni ntain these capabilities, at |least to a degree
suitable for therapeutic use, as described below. One skilled in the art
may test the binding )

Myeloma Expression .-

5 After construction of CDR-grafted V(D)J regions by
mnutagenesis, the DNA fragments were cloned into myeloma
expression vectors, which carried the constant region of
human kappa and IgGl, respectively. Five humanized heavy
chains with various mutations were constructed. Each of the

10 five heavy chain constructs was co-transfected with a
humanized 1light chain into NSO myeloma cell 1line.

Humanized antibodies were purified from culture supernatants

of the expanded human IgGl/x positive transfectants for
evaluation. The results indicated that TM27L, with the

15 least mouse amino acid sequences, stained VB 5.3 T cells as
well as the other humanized versions, if not better. TM27L
was therefore chosen for further development and was
designated as TM27.

20 c Ce xpressio
The heavy and light chain leader and V regions of
TM27 were isolated from myeloma constructs by PCR for
cloning in cDNA configuration into CHO cell expression
systems, pTCSLCglNeocAp (heavy) and pTCSLCxkDHFR (li~ht) as
25 described above. The CHO cell transfectants were selected
and human IgGl/x positive cells were cloned. One of the
highest producers, TM27L-662-35, was expanded for cell
banking and small scale humanized Ab preparation. The CHO
expressed TM27 antibody has been characterized throughout
30 the progress of the project and is comparable with that from
nyeloma cell lines and the parental TM23. Concurrently, CHO
cell clones were subjected to amplification and cloning to
increase antibody expression and demonstrate suitability of
the strain for productivity improvement.

——
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human T cell leukemia HPB-ALL cells (3 x 10’) obtained from
Dr. Michael Brenner (Harvard Medical School} was mixed with
complete Freund’s adjuvant and injected intréperitoneally
(i.p.) into a BALB/c mouse. After 5 weeks, the mouse was
boosted with 3 x 10’ cells in saline on 3 consecutive days,
first i.p. and then twice intravenously (i.v.).

Fusion of Spleen Cells with P3X63AG8.653

The fusion was done by established techniques
three day after the final i.v. boost. The spleen cells, in
5-fold excess, were fused with P3X63Ag8.653 cells (a mouse
myeloma, non-Ig secreting line derived from BALB/c mouse,
ATCC CRL 1580) using 50% polyethylene glycol 1500 (BDH,
Dorset, England).

HAT Selection of Fused Cells

The fused cells were plated in 96~-well plates with
2 x 10° BALB/c thymocytes per well as feeders and selected
in RPMI-1640 media containing 15% FBS (fetal bovine serum)
and HAT (6 mM hypoxanthine, 50 mM aminopterin and 2 mM
thymidine). The cells were incubated in humidified air with
5% CO, at 37° C.

Screening of ﬁybridoma .
After 13 - 14 days, the wells with growth were
screened by both ELISA and immunoprecipitation of
B1-radio~-labeled HPB~ALL cells. Under the conditions of
immunoprecipitation, CD3 molecules are dissociated from the
TCR a and B8 chains. The hybridomas which reacted with
HPB-ALL were expanded into T-75 flasks for further cloning.

Cloning of Hybridomas of Interest
Hybridomas with the specificity for HPB-ALL TCAR
(T cell antigen receptor) were cloned by limiting dilution.

™
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cell/well. The best growing colony with the highest
productivity was chosen for repeating the above procedure
twice. One of the final colonies after these two additional
rounds of selection, 4H11l, was identified. The mAb
expressed by clone 4H11l immunoprecipated molecules identical
to the TCR a and § chains precipitated with the 8 F1 mAb,
which reacts with constant region of TCR 8 chain. The
result suggested that this mAb had the specificity to TCR 8
chain expressed on the HPB-ALL T cells. The antibody was
called TM23 for convenience.

Characterization of Monoclonal Antibody from Hybridoma 4H11,
TM23

Isotyping of TM23 mAbs was performed using a
commercially available kit (Zymed, South San Francisco, CA).
The results indicated that it is a mouse 1gG2a/« isotype.

To confirm the anti-TCR reactivity of the TM23
mAb, it was screened for its ability to comodulate the CD3
molecule from the surface of HPB-ALL cells. Previous
studies have shown that mAbs to either the a or § chain of
TCR can comodulate CD3 from the cell surface when cells are
preincubated with the anti-TCR mAbs. When HPB-ALL cells
were preincubated with TM23, a significant decrease in
reactivity with the anti-CD3 mAb Leu-4 was seen when
compared to the Leu-4 reactivity seen in untreated cells.

Normal human PBL (peripheral blood lymphocyte) was
tested for reactivity with TM23. From 1.6% to 3.0% of the
PBL T cells studied reacted with TM23. This result is
typical of results obtained with several other mAbs which
have been shown to react with specific V region
determinants.

To determine if TM23 binds to the same epitope as
1C1, a mAb which reacts with human V8 5.2 and 5.3
subfamilies (Boylston, et al., 1986 J. Immunol. 137:741),
the ability of one mAb to block the binding of the other was
studied. When HPB~ALL cells were first incubated with TM23,
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5 To further assess whether TM23 and 1C1 have
similar reactivities, PBL lines were derived by stimulating
with the other mAb. Each line was then examined for
reactivity with each mAb. When a PBL line was established
by stimulation with TM23, both 1C1 and 4H11l reacted with a

10 similar percentage of cells. The same is true of a 1C1
stimulated PBL line.

Growing of 4H1i1 Cell Culture
The 4H1ll1 clone TM23.1 7-31-91 was grown and
15 expanded in DMEM/F12 media (1:1) plus 1% fetal calf serunm,
100 u/ml Penicillin, 100 u/ml Streptomycin and 12.5 mM
glutamine.

Preparation of cDNA Encoding TM23 Heavy and Light Chains
20 _ About 10 4H11 cells were isolated by
centrifugation and washed once with ice cold PBS. Total RNA
was prepared using Promega RNAgents Total RNA Isolation Kit
(Promega, Cat # 25110). Poly (A)* RNA was prepared using
Promega PolyATract mRNA Isolation System (Promega Cat #
25 25200). The mouse IgG2a and x specific cDNA library was
prepared using the BRL SuperScript Kit (BRL Cat # 82Y8SA)
with the IgG2a primer _
5’ ATATGCGGCCGCTCATTTACCCGGAGTCCGGGAGAAGCTCTTAGT 3/
and x primer
30 5/ ATATGCGGCCGCTTAACACTCATTCCTGTTGAAGCTCTTGACAAT 3/. .

The two primers contain Xho I restriction enzyme
sites and sequences complementary to the 3’ ends of mouse
IgG2a and «x coding regions, respectively. The cDNA was
cloned into plasﬁid pPSPORT, supplied in the Kit, and

35 transformed into E. coli DH5a competent cells by
electroporation. Plasmid clones carrying the right size

inserts were selected for sequencing.
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AROMITIR




: fer prefeﬁﬂggmgqpo | ments, murine residues valine aﬂﬂ“ﬁhenyl%Jlne are
¥ ded at pos o . respectively, or nurine arginine is
i ded at pos aE mime 1 exenplifies these substifutions.-s
th¢ CDRs in bol ng. These greferred anti oﬂmquﬂstﬁﬂéiﬁEEN
(1fcluding bindlng protelns thereof) bind to [err]” 5. HCHLKEHBE
prieferred anti bodi es and binding proteins thereof are “v.ucu trerer N by
pdi fi cati on of heavy chains at residues 23 and 24. At these positions,

87

the nmurine ctdattificatiogueficeDNA Llaomes BratadirigedM26t Heavgosadruigst

denonstrate gRatnpgesi due 75 may be the nurine proline residue, or that

resi dues 88, 89 and 91 may be al ani ne,

10

15

20

25

30

35

The  mini-prep plasmid DNA with inserts of the
right size (light chain clones # 1, 6, 19, 20, 25 and 26;
heavy chain clones # 4, 9, 11, 15, 22 and 34) were subjected
to double stranded DNA sequencing using the Sequencing Kit
(USB Cat # 70770) which has a T7 primer S’ to the DNA
inserts. The sequences of light chain clones # 6, 20, and
25 and heavy chain clone # 34 indicated that they were mouse
Ig clones. Light chain clones # 6, 20 and 25 had identical
sequences and # 6 had a point mutation and was a
nonfunctional clone. Clones # 20 and 34 were sequenced
using «

5’ GACATTGATGTCTTTGGGGTAGAAGTTGTT 3’

and IgG2a

5’ GGTCACTGGCTCAGGGAAATAACCCTTGAC 3’

constant region specific primers. Again, the results
indicated that clone # 6 was a non-functional clone and
clones # 20 and 34 were the right clones for light and heavy
chain respectively. The c¢DNA and amino acid sequences
deduced from the two clones are shown in Fig. 1.

Due to N-terminal blocking, micro-amino acid
sequencing was performed from CNBr cleaved peptide fragments
isolated from polyacrylamide gels. The internal V region
amino acid sequences obtained from this process were
consistent with that deduced from cDNA sequences. The
results confirmed that the cDNA clones isolated were the
ones encoding TM23 heavy and light chain.

The CDRs of the heavy and light chains were
identified according to the method of Kabat and Wu (supra)
and are highlighted and underlined in Figure 1.

PCR Isolation of V Region DNA of H and L Chains and DNA
Sequencing

‘PRODUCTION OF CHIMERIC TM23 ANTIBODY

Isolation of Murine VH DNA and NK DNA
The TM23 heavy and light chain variable regions
were adapted for insertion into expression vectors. The
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cells, bei ngHpBAE®rred. Mst preferably, the host cell is a CHO host cell
(5’ AGGTSMARCTGCAGSAGTCWGG 3’)
5 which contains a site for the.restriction enzyme PstIl and
VH1FOR
5’ TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG 3/
which contains likewise a BsStEII site. M stands for C or A,
S stands for C or G, R stands for A or G and W stands for A

10 or T. These sites were thereby introduced at the 5’ and 3’
ends respectively of TM23VH DNA. The amplified DNA was cut
with PstI and BstEII and ligated into the PstI and BstEII
sites of double-stranded replicative (RF) form DNA of the
vector M13 VHPCR1l, cut with the same enzymes.

15 M13 VHPCR1 is an M13 phage vector derived from
M13-HuVHNP (Jones et al., (1986) Nature 321:522-525) and
contains an immunoglobulin promoter, signal sequence and
appropriate splice sites (Orlandi et al., (1989) Proc. Natl.
Acad. Sci. USA 86:3833-3837).

20 ) The ligated DNA was transformed into competent
E.coli strain TGl (K12, a(lac-pro), supE, thi, hsd D5 (F’
tra D36, pro**?*, lacoO?, lacZ M15]. Single-stranded DNA was
prepared from the recombinant phage plaques obtained.

The DNA sequence coding for the TM23 murine VK was

25 amplified from TM23MuVK.MuCK by PCR using oligonucleotide
primers VK1BACK
5’ GACATCCAGCTGACCCAGTCTCCA 3/
which contains a Pvull site and VK1FOR
5’ GTTAGATCTCCAGCTTGGTCCC 3/

30 which contains a BglII site in conjunction with two
overlapping internal primers designed to remove the HindIII
site in CDR3, oligo 943
57 CCGAGGAAGTTTACTATACTG 3/,
and oligo 944

35 5’ CAGTATAGTAAACTTCCTCGG 3’

(Horton et al, (1990). PvulIl and BglII sites were thereby
introduced at the 5’ and 3/ ends of TM23 VK DNA. The
amplified DNA was digested with Pvull and BgllI and ligated
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hypervari abl e regions, YAHHPHY h covtRdns sthectsamsi dreMoter, signal
5 sequence and splice sites as M13 VHPCR1 (Orlandi et al,
{1989).

The ligated DNA was transformed into E.coli TG1
and single-stranded DNA prepared from the recombinant phage
plagques obtained.

10 : PCR products of the correct size, 359 base pairs’
(bp) for VH and 288 bp for VK were obtained. The VH DNA was
inserted into the vector M13VHPCR1 to give M13 TM23MuVH.
The VK DNA was inserted into the vector M13VKPCR1 to give
M13 TM23MuVK.

15
-} rmation o Sequences

It was confirmed that the correct DNA sequences
had been cloned and that no spuriocus mutations had been
introduced by the PCR. The sequence of single-stranded M13

20 phage DNA of the entire 823 base pair (bp) VH region
including the promoter, signal sequence, splice sites and 57
and 3’ untranslated sequences was obtained by the dideoxy
method (Sanger et al, 1977) using T7 DNA polymerase or
Sequenase.

25 The sequence of single-stranded M13 phage DNA of
the entire 630 base pair (bp) VK region including the signal
sequence, splice sites and 5’ and 3’ untranslated sequences
was obtained by the dideoxy method, as above.

DNA clones with the desired sequence for TM23 VH

30 adapted for insertion in the expression vector were
identified. One of these, #2, was selected for further

. work. The introduction of the requisite restriction sites
necessary for insertion of VH into the expression vector
resulted in 1 amino acid change at the N-terminus; lysine

35 (K) at position 5 to glutamine (G) and one change at the C-
terminus, serine (S) at position 108 to threonine (T).

DNA clones with the desired sequence for TM23 VK
adapted for insertion in the expression vector were

det erm ned from heavy and |ight chain cDNA, synthesized fromt he respective
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removal of the Hind III site, but the introduction of the

requisite restriction sites necessary for insertion of VK
5 into the expression vector resulted in three amino acid

changes at the N-terminus; methionine (M) at position 4 to

leucine (L), threonine (T) at position 7 to serine (S) and

threonine (T) at position 8 to proline (P), and one change

at the C-terminus, valine (V) at position 105 to glutamine
10 (E), due to the primers used.

Cloning of V region DNA Fragments into Mi13 Vector
Transfer of the cloned murine variable region to
expression vectors containing human constant region genes
15 for subsequent expression of the antibody in mammalian cells
was accomplished.

Selection of IgG Isotype for Humanization
Human IgGl isotype was chosen for TM27 for the
20 following reasons:
1. IgGl has the capability of mediating both ADCC (antibody
dependent cell cytotoxicity) and CDC (complement dependent

cytotoxicity). Therefore, it may be more effective 1in
down-regulating V8 5.2/5.3 T cells; and
25 2. IgGl has been used more often in Ab humanization.

Human Framework Selection for CDR Graft
PRODUCTION OF HUMANISED TM23 ANTIBODY
Design of Humanised TM23 Variable Region Sequences
30 Selection of human framework sequences to receive
the TM23 CDRs and determination of essential murine residues
that must be substituted in the human framework was carried
out. Computer assisted comparisons of the amino acid
sequences of TM23 VH and VK were made both with the known
35 sequences of other murine antibodies and human antibody VH
and VK sequences.
The program ALLIGN from DNASTAR Ltd, London W13
9BL, UK, was used, run on a Compaq 386 processor. AALIGN
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The alignments produced were then examined paying
particular attention to factors such as the length of the
CDRs and residues believed to be critical in supporting the
conformation of the CDRs, for example positions 71 and 94
and residues close to the CDRs (Tramontano et al, (1990);
Foote and Winter, (1992)).

Comparison with consensus sequences for the Kabat
subgroups assigned the TM23 murine VH to Kabat subgroup VK
V. There are no amino acid sequences which are unsual for
these subgroups in the TM23 frameworks.

The human antibodies NEWM and REI provided the
framework sequences for VH and VK respectively. For VH, in
addition to the CDRs, the murine residues at 27 to 30
inclusive and 71 were used. These framework residues are
thought to be important in supporting the conformation of
the CDRs (Foote and Winter, (1992)). Residue 71 may fix the
relative dispositions of CDR1 and CDR2, according to whether
there is a bulky side chain (lysine or arginine) or a
smaller side chain (valine or alanine) present (Tramontano
et al., (1990). Therefore valine 71 in NEWM VH was replaced
with lysine as in TM23 VH. Residues 27 to 30 form part of
the structural, rather than hypervariable, antigen-binding
loop as defined by Chothia and Lesk (1987). Framework
residues 47 to 49 may also be important for antibody
structure (Foote and Winter, (1992)). Therefore two
alternative humanised heavy chains were constructed: one
with isoleucine (I) at position 48 as in NEWM; and one with
leucine (L) at position 48 so that residues 47 to 49 from
the murine VH were preserved. A comparison of the murine VH
sequence with the humanised version is shown in Example 2.
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sequence with the humanlsed version is also shown in Example
2.

Description of Mammalian Expression Vector pTCSNeo

The plasmid pTCSNeo contains a unique Xho I
cloning site into which genes of interest are inserted.
Transcription of the inserted gene is driven by the
regulatory sequences consisting of A SV40 enhancer upstream
of the adenovirus 2 major late promoter (Ad2 MLP). The Ad2
MLP is itself located upstream of the adenovirus tripartite
leader. The inserted gene is flanked by a polyadenylation
signal from murine immunoglobulin kappa (Igx) at the 3’ end.
Mammalian selection is conferred by the neomycin resistance
gene (Neo). The plasmid also provides the bacterial origin
of replication and g-lactamase gene (Amp’).

Construction of Expression Vector pTCSLNeo

Two complementary oligonucleotides with the
sequences: anti-sense,
5/ CGACATCGATGATATCGAATTCGCGGCCGCCAGCTGGGGCCCTCTAGAC 3’
and sense,
5’ CGAGTCTAGAGGGCCCCAGCTGGCGGCCGCGAATTCGATATCATCGATG 37
were reannealed and ligated to pTCSNeo which had been
digested with XhoI and filled in with dT. The resulting
plasmid, pTCSLNeo, with the polylinker consisting of
multiple restriction enzymatic sites in the orientation of
5’ Xhol / Xbal / Apal / Pvull / Notl / EcoRI / EcoRV / Clal
3/, is convenient for inserting the gene of interest for
expression. The neo' gene can be changed to other selection
marker genes as well.

Construction of Expression Vector pTCSLDHFR'

The neo’ gene in pTCSLNeo was removed by digestion
with the restriction enzyme HindIII and BamHI and religated
with the murine mutant DHFR (dihydofolate reductase) (DHFR')
gene fragment generated by HindIII and BamHI digestion of
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5 The plasmid pSV184 AH-Neo/DNS-V«Cx (obtained from
Dr. Lee Herzenberg, Stanford University Medical School - see
Thesis of Jeffery Dangl, page 48-67) is a mouse V and human

C chimeric construct in which the rearranged «x chain V-J
region gene segment isolated from a Dansyl Chloride specific

10 murine hybridoma was fused to a human genomic C, fragment
(pSV184AH-Neo-C,.

Isolation of the human kappa chain constant region by the
PCR method.

15 Using the undigested plasmid pSV184AH -~
Neo/DNS-V«kCk (pSVHuk) which contains the human kappa chain
constant region, PCR was performed with two primers (one
forward, one reverse) to isolate the constant region. The
oligomers (primers) were obtained from Operon. The PCR

20 reaction reagents were from the GeneAmp DNA amplification
reagent kit with AmpliTaq (Perkin-Elmer Cetus) The PCR -
reactions were set up in three different concentrations of
Mg?*. Aliquots of the PCR products were analyzed on a 1%
agarose gel. The PCR product from the first sample of Mg?*

25 (concentration 1.5 mM) was chosen. The primers, which flank
the C region, were designed to contain restriction enzyme

PP

sites for cloning purposes. Thus, the amplified DNA was
digested with EcoRI (at the 3’ end). The site at the 5’ end
(Pvull) was not digested. The digested DNA fragment was

30 then run on a 1% agarose gel and the 300 bp band excised.
The DNA was extracted from the gel and a small aliquot was
analyzed on a 1% agarose gel to determine quality and to
estimate gquantity. The 300 bp band appeared to be clean and
the total amount of DNA estimated to be ~140 ng.
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in constant region was inserted into the vector pBS KS*,
which had been digested with Sma I and EcoR I, using T4 DNA
ligase. This ligation mixture was used to transform E. coli
DHS5a competent cells. Single colonies were picked and used
to inoculate 24 liquid cultures. DNA was prepared from each
of the cultures. Each DNA sample was digested with Pvu II
(5’ end of C,) and EcoR I (3’ end of C), and analyzed on a N
2% agarose gel. Due to difficulty in separating the lower
range bands (300 bp), the DNA samples were digested with
PvulIl only. After analysis on a 2% agarose gel, 19 out of
24 were correct for C, insert. Samples #1 - 5 (of the 19
correct samples)} were chosen to be sequenced, using T7 and
T3 primers (sequences in the vector flanking the insert).
Other sequencing reagents were from the Sequenase Version
2.0 kit (UsSB). Sample #5 proved to have correct sequence
for the human kappa chain constant region.

‘Human kappa chain constant region cloned into the mammalian
expression vector pTCSLDHFR* to become PTCSLC,DHFR*.

The human kappa chain constant region was isolated
from the pBS KS vector (Sample #5) using Pvull and EcoRI
restriction enzymes. However, due to the previous problem
of band separation, a second digest was performed with the
construct pBS/Human C,. The second digest involved EcoRI
and Xbal (located 5’ to the Pvull site) yielding a fragment
~300 bp. This fragment was then gel purified and subjected
to a Pvull digest, to remove the remaining small fragment of
vector at the 5’ end of the C,. This final fragment was gel
purified and then analyzed on a 1% agarose gel for quality
and to estimate quantity. The C, DNA appeared to be a clean
band at ~-280 bp and thé total quantity estimated to be ~135
ng.

Due to the existence of three EcoRI sites in the
expression vector, pTCSLDHFR*, it was determined that
cloning into the Pvull site only would be best. Since the
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sequence conprises a fusion of ¢
fragment. The repaired, blunt-ended C, DNA was ligated to
the pTCSLDHFR* vector which had been Pvull digested and
5 phosphatase-treated (using calf intestinal phosphatase).
This ligation mixture was used to transform E. coli DHSa
competent cells. Single colonies were picked and used to
inoculate 24 liquid cultures. DNA was prepared from each.
All DNA samples were digested with Pvull and HindIII, and
10 analyzed on a 1% agarose gel. It was determined that five
samples, out of 24, contained the C_  insert in the correct

orientation. Sample #7 was chosen for continuation.

Replacement of the mutant DHFR* gene with the wild type DHFR
15 gene.
For the expression of the vector pTCSLCDHFR* in
CHO (dhfr’) DUX B1ll cells, the DHFR* gene was replaced with
the DHFR gene. DNA from pTCSLCDHFR* sample #7 as well as
pSV2-DHFR (plasmid obtained from Dr. Paul Berg, Department
20 of Biochemistry, Stanford University Medical School) was
digested with restriction enzymes HindIII and BglII to
isolate the respective gene fragments. Upon analysis, it
was determined that an additional BglIl site in the
PTCSLC,DHFR* vector removed a portion of the polyA site
25 also, which would interfere with the vector function.
Therefore, the digests were repeated using HindIII and
BamHI. The (DHFR*)pTCSLC, portion of the vector was
treated with phosphatase. Then both the isolated fragments
(PTCSLC, and DHFR) were gel purified and analyzed on a 1%
30 agarose gel for quality and to estimate quantity. Both
bands appeared to be clean and estimated to be of similar
concentration, ~40-50 ng/ml. The DHFR gene was ligated to
the PpTCSLC, vector using T4 DNA ligase. The 1ligation
mixture was used to transform E. coli DH5a competent cells.
35 Single colonies were picked and used to inoculate 24 liquid
cultures. DNA was prepared from each. The DNA was analyzed
by restriction enzyme digestion with HindIII and BamHI.
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5 in vitro Mutagenesis to Construct CDR Grafted V Regions
with Human Framework
Construction of Humanized Varjable Genes
- - A humanized VH gene was constructed by site-directed
' mutagenesis of M13 VHPCR1 template, which comprises a

10 synthetic VH gene with the framework regions of the human
myeloma protein NEWM (see Jones et al, 1986). Single

stranded template DNA was prepared from M13 VHPCR1 grown in
a dut’, ung’ E.coli strain RZ1032 so that the template DNA
contained wuracil in place of thymine. Mutagenic

i5 oligonucleotide primers were synthesised to encode the TM23
CDRs and approximately 15 bp of perfectly matched flanking
sequence on either side. If the TM23 CDR sequence matched
the template sequence shorter oligonucleotide primers were
used. The primers used were CDR1

20 5’ TGGCTGTCTCACCCAGTTTACACCATAGGCGGTTAATGAGAAGCCAGACACGG 37,
CDR2
57 TGCTGGTGTCCTTTCAGCATTGTCACTCTGGATTTGAGAGCTGAATTATAGTCT
GTATTTCCATCACCCCATATCATTCCAKUGCCACTCAAGACC 37,
and CDR3

25 5’ CCAGTAGTCCATAGCATAGAGGGTAGCCGTAACCCTATCTCTTG
CACAATAATAG 3/,
The oligonucleotide primer for CDR was extended at the 3’
end to include the required residues at positions 27 to 30.
A mixed oligonucleotide was made for CDR2, extended at the

30 3’ end of the CDR with either G or T at base number 402 of
the VH providing 2 alternative codons such that position 48
of the VH became either L or I. The oligonucleotides (10
pmol of each) were phosphorylated with 5 units of T4
polynuclectide kinase in a total volume of 50 ul at 37°C for

35 1 hour. 1 pmol of each mutagenic primer and 1 pmol of the
M13 sequencing primer 3/ to the V gene were annealed to 0.5
ug of template in a total volume of 20 ul by heating to 90°C
for 30 seconds, rapidly cooling to 70°C and slowly to 37°C.
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E. coli strains, baC|II| such as BaC|IPus subtilis, ang otﬁeﬁEP B
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and various Pseudononas species may be used. In general, plasm d vectors
cont ai ni ng'rhepdlm@me@ctaﬁnﬁuwIwe&%maaﬁeéxt\@héédaerrfa Ci%'a\é%é t;&em SRECi es
Conpat'blea&ﬁig1£neo?0§5 BﬁA p%&%mggggelQn&oggegkkoylgase, 1ncubated
at room temperature for 1 hour. The uracil-containing
template DNA was removed by treating the DNA with 1 unit of
5 uracil DNA glycosylase at 37°C for 1 hour, leaving the
mutated strand intact. This DNA was amplified by PCR then
analysed by agarose gel electrophoresis to check that DNA of
the correct size had been produced. The DNA was cut with
HindIII and BamHI and ligated into the HindIII and BamHI
10 sites of M13mpl9.

Similarly, the reshaped TM23 VK gene (TM23HuVK) was
constructed by mutagenesis of an M13 phage template which
comprises the DNA sequence of a VK gene with the framework
regions of the human Bence-Jones protein REI. This was

15 derived from M13 VKPCR1l which was used in the construction
of the chimeric light chain, with the Pwvull and Bcll
restriction enzyme sites used for cloning removed. The
primers used were CDR1 5
TCTGCTTGGTACCAGTTTAAATAATTGCTAATGCCCTGACTT

20 GCACTACAGGTGATGGTC 37/,

CDR2

5/ TCTGCTTGGCACACCTGAGTGTAAACTTGATGTGTAGTAGATCAGCAGCTT 3/,
and CDR3

5/ CCCTTGGCCGAACGTCCGAGGAAGTTTACTATACTGCTGGCAGTAGTAG 37.

25 PCR products of the expected size, 823 bp for both
VHs and 620 bp for VK were obtained and cloned into the
M14mpl9 vector.

30 Verification of Humanized Variable Region DNA Sequences

It was confirmed that the required CDRs had been
inserted, that no spurious changes had occurred and that the
correct humanized VH and VK genes had been constructed. The
complete variable regions were sequenced by the dideoxy

35 method using T7 DNA polymerase or Sequenase. The sequences
obtained were compared to the designed sequences. Clones
giving the expected sequence for the two VHs were selected.
These clones were named M13 TM23NMVH and M13 TM23NMVHL. A
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Vactors
onin Humanized TM23 Variable Regions into Expression

Vectors)

The cloned humanized variable regions were
transferred to expression vectors containing human constant
region genes for subsequent expression of the antibody in
mammlian cells. The two humanized VH genes were isolated
from M13 TM23NMVH and M13 TM23NMVHL as HindIII to BamHl
fragments and ligated into the HindIII and BamHI sites of
the heavy chain expression vector, pSvVgpt.HulgGl.

The humanized VK gene was isolated from Mi13
TM23HuVK as a HindIII to BamHI fragment and ligated into the
HindIII and BamHI sites of the light chain expression vector
pSVhvg.HucCK.,

Restriction enzyme analysis showed that the two
alternative humanized VHs were correctly inserted into the
heavy chain vector to give the plasmids
pPSVgptTM23NMVH.HulgGl and pSVgptNMVHL.HulIgG1.

Likewise, the humanized VK was correctly inserted
into the 1light chain vector to give the plasmid
PSVhygTM23HuVK.HuCK.

Co-transfection of H and L Chains Constructs into NSO Cells
Cotransfection of Humanized Heavy and Light Chain Genes

Humanized expression plasmids were transferred to
the mammalian cell lines, NSO and P3-~8.653F8879.

The humanized expression plasmids were
cotransfected into NSO and P3-8.653F8879 cells using the
same procedure as for the chimeric expression plasmids

The two humanized heavy chain plasmids,
pSVgptTM23NMVH.HulgGl and pSVgptNMVHL.HuIgGl were each
cotransfected with the humanized 1light chain plasmid,
PSVhygTM23HUVK.HuCK to produce cell lines expressing two
alternative humanized antibodies, TM23HuVH/HuVK and

22, a plasmid derived fr§myanchrtolys BEEN
Gene 2495.) PpBR322 cortalﬁgigggﬁﬁgfor
anpicillin and tetracycline resistance and thus provi des '

or
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5 These hybrid antibodies provide important tools to locate
the cause of any binding defect to either the heavy chain or
the light chain in the humanized antibody.
Fourteen days after the transfection colonies of
NSO cells were visible for all the various plasmid
10 combinations. Only one single colony of P3-8.653F8879 cells
was obtained from all the plates seeded and these were
therefore discarded.

Selection of Human IgGl/kappa Positive Clones
15 Selecti or Cells Producing Human Antibod
NSO cell 1lines producing humanized and hybrid
chimeric/humanized antibodies were isolated. Samples of
supernatant from wells containing cell colonies were
screened by ELISA.

20 TM23HuVH/HuVK:-NSO cells from 4 wells were
selected in which the culture supernatant gave the highest
readings in the ELISA; DS, D10, Cé6 and E1l1l. Well D5
contained 2 visible colonies, the other wells ocne. However,
the cell lines produced from these are not necessarily

25 clonal. Cell lines from these wells were cultured and
frozen in liquid nitrogen as TM23HuVH/HuVK DS, D10, C6 and
Ell.

TM23HuVHL/HuVK:~- NSC cells from 4 wells were
selected in which the culture supernatant gave the highest

30 readings in the ELISA; B2, B7, D8 and E9. Well E9 contained
2 Visible colonies, the other wells one. However, the cell
lines produced from these are not necessarily clonal. Cell
lines from these wells were cultured and frozen in liquid
nitrogen as TM23HuVHL/HuVK B2, B7, D8 and E9.

35 TM23HuVH/MuVK:~- NSO cells from 4 wells were
selected in which the culture supernatant gave the highest
readings in the ELISA; D9, E6, F10 and Gl10. Wells F19 and
G1l0 contained 2 visible coionies, the other wells one.

'
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phosphogl ycerate mu nasé, triosephos
cultured and frozen in liquid nltrogen as TM23HuVH/MuVK D9,

E6, F10 and G10. E
5 TM23HuUVHL/MuVKL:~ NSO cells from 4 wells were
selected in which the ‘culture supernatant gave the highest
readings in the ELISA; B8, C6, D2 and D8. Wells Cé6 and D8
contained 2 visible colonies, the other wells one. However,
the cell lines produced from these are not necessarily

10 clonal. Cell lines from these wells were cultured and :
frozen in liquid nitrogen as TM23HuVHL/MuVK B8, C6, D2 and %
D8. '

TM23MuVH/HuVK:- NSO cells from 4 wells were

selected in which the culture supernatant gave the highest

15 readings in the ELISA; B9, G4, G6 and Gll. All wells
contained at least 4 visible colonies. The cell lines

produced from these are not necessarily clonal. Cell lines
from these wells were cultured and frozen in liquid nitrogen
as TM23MuVH/HuVK B9, G4, G6 and G1l1l.

20
First Strand cDNA Synthesis for CHO Cell Expression

Preparation of Cytoplasmic RNA

RNA was prepared for reverse transcription. A

25 vial of NSO TM23 HuVHL/HuVK cells was recovered from liquid
nitrogen by thawing rapidly at 37°C. The cells were
gradually diluted with 10 ml of Dulbecco’s Modified Eagle’s
Medium/Ham’s F12 (DMEM/F12) supplemented with antibiotigcs

and 5% gamma globulin free fetal bovine serum (GG-free FBS).

30 The cells were centrifuged at 1500 rpm for S minutes, the
medium removed and resuspended in 20 ml of fresh medium in

a 75 cm? flask. The culture was expanded to 30 ml in a 175

cm? flask. Actively growing cells were harvested by
centrifugation and washed 3 times with cold phosphate

35 buffered saline (PBS). Cytoplasmic RNA was prepared from
the cells by the method of Favoloro et al, (1980}). A total
of 350 ug of cytoplasmic RNA was obtained.
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triphosphates (dNTPs), 15 units of ribonuclease inhibitor
(Pharmacia RNAguard) and 25 pM of oligonucleotide primer.
The primers were oligo 1109 for VH 5/
GGGGAAGACCGATGGGCCCTTGGTGGAGGCTGAGGAGACGGTGACC 37
and oligo 1095 for VK
S’ AGATTTCAGCTGCTCATCAGATGGCGGGAAGATGAAGACAGATGG 37.
The reactions were heated to 70°C for 10 minutes then
coolled slowly to 37°C. 100 units of Moloney Murine
Leukemia Virus Reverse Transcriptase was added and the
reactions incubated at 37°C for 30 minutes.

The cDNAs were amplified by PCR using the primers
above in conjunction with oligo 1096 for VH
5/ GCCGCTCGAGCCTCACCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAG 3
and oligo 1094 for VK
5’ GCCGCTCGAGCCTCACCATGGGATGGAGCTGTATCATCCTCTTCTT
GGTAGCAACAGCTACAGGTGTCCACTCCGACATCCAGATGACCCAGAG 3.
The PCR products were checked by agarose gel electrophoresis
and were of the expected size (approximately 450 base pairs)
and the DNA bands were purified from the gel.

Restriction Enzyme Digestions

The PCR products were digested for cloning into
CHO vectors. The VH PCR product was digested with XhoI and
Apal. The VK PCR product was digested with Xhol and PvuII.
Samples of the digested DNAs were electrophoresed on a 0.8%
agarose gel. Bands of the expected size, 450 base pairs,
were seen. '

Isolate V regions (V, [TCS and S} and V, [S]}) from cDNA by
PCR amplification VvV, [TCS]

First étrand cDNA samples of TM27 V, and TM27 V,,
as well as oligonucleotide primers used for amplification of
these molecules by PCR, were obtained. PCR using the TM27
Vu cDNA with appropriate primers was performed using Taq

r

B
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5 Transfection of COS Cells with pSR1Neo4H11l (light) and
pBJ14H11 (Heavy) for C Region cDNA Isolation

The mammalian expression vector pSR1Neo and PBJ1

are derivatives of pcDL-SRa296 (Takebe, et al., (1988) Mol.

Cell. Biol. 8:466) as described in Lin, et al., (1990)

10 Science 249:677 in which a Xhol site located between the SRa

promoter and the SV40 polyadenylation site has been replaced

for convenient gene cloning by a polylinker that contains

the following restriction sites: 5’ Xhol / Xbal / SfiI /

NotI / EcoRI / EcoRV / HindIII / ClaI 3’. 1In the pSR1Neo,

15 a neomycin resistance gene was inserted between the

ampicillin resistance gene and the SRa promoter. The cDNA

encoding leader and V-D-J region of TM23 heavy chain was

first fused to the genomic heavy chain constant region

followed by insertion into the Xhol and NotI cut pBJ1 vector
20 to generate pBJ14H11 (heavy). Similarly, the light chain
CDNA encoding leader and V-J was first fused to genomic «
fragment followed by insertion into XhoI / NotI cut pSR1Neo
to generate pSR1Neo4H1l (lighf). The two plasmids, pBJ14H11l
(heavy) and pSR1Neo4Hll (light) were then co-transfected
25 into COS-7 cells (a SV40 transformed African green monkey
kidney cell line, ATCC CRL 1651) for transient expression.

Isolation of Human IgGl Constant Region
Human IgGl constant region cDNA was prepared from

30 - poly(A)* RNA isolated from transfected COS cells by PCR
using IgGl constant region primers: forward primer
5/ GCGTGACAAGGGCCCATCGGTCTTCCCCCTGGCACCCTC 37
and reverse primer
5’ GCGTGACAAGAATTCTCATTTACCCGGAGACAGGGAGAGGCTCTT 3/.

35 The PCR constant region DNA fragment with EcoRI at 3’ end
(flanking the coding region) and Apal at the 5’ end (in the
coding region) was cloned into pBS KS” plasmid for
subcloning and sequencing. The entire constant region was
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correct sequence was then subcloned into plasmid pTCSLNeo to
generate pTCSLCglNeo.

Construction of Plasmid pTCSLCgiNeo

The IgG1lCgl clone with the correct éequence in pBS
KS* was cut out using the restriction enzymes EcoRI and Apal
and ligated into PTCSNeo digested with the same enzymes.

The resulting plasmid, pTCSLCglNeo, was used for further |

modification to generate pTCSLCgNeoApa'.

Elimination of Apal site in PTCSLC .1Neo to generate
PTCSLC,1NeoApa’

The pTCSLC,1Neo CHO expression vector contains two
sites for the restriction enzyme Apal: one site located
within the polylinker region used for insertion of cloned
fragments; the other site located just 3’ to the neo’ gene.
In order to simplify subsequent cloning steps, the Apal site
near neo’ was eliminated. PTCSLC,1Neo was partially digested
with ApaI; a small aliquot was run on an agarose gel to
check for presence of linear molecules (i.e. plasmids cut at
only one of the two Apal sites. The digested material was
then treated with T4 DNA polymerase, which selectively
removes the single-strand extensions left by Apal without
digesting double-strand DNA. Plasmids were then
recircularized by 1ligation and transformed into HB101l
cémpetent E. coli cells. Thirty transformants were picked
and used to inoculate liquid cultures. DNA was prepared
from each culture, digested with Apal and run on agarose
gels. Unfortunately, plasmid DNA was degraded in these
digests. Apal digests were repeated on 21 of the 30
samples. Two isolates (# 4 and 12) appeared to be linearized
by Apal while all others were cut at two sites. The two
candidate clones were then digested with Apal and HindIII to
determine which Apal site was present. 1In this test, the
Apal site 3’ to neo’ in PpTCSLC,1NeoApa’ isolate #12 was
eliminated, as desired. Additional restriction digests were
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PTCSLCglNeoApa’, Respectively.

Clone the TM27 V, fragment into pTCSLC,DHFR

The cDONA for the kappa chain V region for TM27 had
been gel purified and digested with the appropriate
restriction enzymes. A small aliquot of the DNA sample was
analyzed on a 1% agarose gel to estimate quantity and to
verify the quality. An extra (contaminating) band was
observed at ~800 bp the concentration was estimated at 1.25
ng/ml. The V region was ligated to the pTCSLCDHFR vector
which had been digested with restriction enzymes XhoI and
Pvull and phosphatase~treated. The ligation mixture was
used to .transform E. colli DHSa competent cells. Yield of
transformant colonies was very low. Single colonies were
picked and used to inoculate twelve liquid cultures. DNA
was prepared from each, digested with XhoI and Pvull and

analyzed on a 1% agarose gel. There were two positive
samples, #3 and #4. Each of the positive samples was
sequenced.

Clone TM27 V,, fragment into pTCSLC ,1NeoApa

The PCR product corresponding to the V, region of
TM27 was gel-purified and digested with the appropriate
restriction enzymes (Xhol and Apal). However, since it had
been noted that the Apal digestion may not have been
complete, this digestion was repeated. A small aliquot was
analyzed on an agarose gel to estimate gquantity and to
verify the gquality. The concentration of the band
corresponding to the V, region was estimated at 0.4 ng/ml.
As in the case of the V, fragment, an extra band was
observed at ~800 bp, suggesting that the purity of this
material was also not as expected. The V, region was
ligated to the pTCSLC,1NecApa’ vector, which had been
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transform E. coli DHSa competent cells. Very few
transformants were recovered. Six colonies were picked and
5 used to inoculate 1liquid cultures. Miniprep DNA was
prepared from each, digested with XhoI and EcoRI, and
analyzed on agarose gels. One candidate clone was recovered
from the first ligation, pTCSLHuV,4HC,1NecApa (isolate #6).
In order to obtain more candidate clones (in case the single
10 isolate #6 failed to contain the correct sequence in
subsequent tests) additional ligations were set up using 1)
the V, PCR product, repurified on low melting point agarose
to remove the high-molecular-weight contaminating band and
2) a V4 PCR product synthesized using cDNA and primers.
15 From these ligation reactions, eight additional
transformants were analyzed and five candidate clones

recovered: isolates #9, 10, 11, 12, and 14.

Sequence cloned V regiéns on both strands to confirm
20 expected DNA sequence
Primers designed to facilitate DNA sequencing
analysis of V regions inserted in the pTCSLC,1NeoApa and
PTCSLC.DHFR vectors were obtained from Operon Research. The
forward primer was located within pTCS vector sequences and
25 was used for sequencing V inserts in both pTCSLC.1NeoApa' and
PTCSLC,DHFR vectors. Reverse primers were situated within
the C, or C,1 sequences, and used for sequencing V, and V,
inserts, respectively.

30 Double strand sequencing of the human kappa chain V region
The two samples from TM23 (#3 and #4) were

sequenced for both strands. The reverse strand was
sequenced entirely, through the restriction enzyme sites (3’

- 57; Pvull - Xhol) using the primer HUCKSPR. The forward

35 strand sequence was determined using two different primers,
PTCSFOR and PTCSFWD. Full length seguence through the
restriction enzyme sites {8’ = 3/; ¥Xhol - Pvull) was
obtained by combining the sequences yielded from each of the
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I ncl udi ng extraco I n dev Foping and perfo ff
procedur es, immnofluorescent stainings and the |ike (Ldfkovi® ' L
(1979 and 1981) I munol ogi cal Methods, Volunmes | and I1, adem c Press,
NY). The 3 kst ed | PPdi&s QF BbRdi teins, thereof of the present
I nventi onCyB\n?Il?\ ?ygi cgla%gé??nd use i,lra? ??ggtgls%gﬁ%%ﬁeer?e .Pa%%opﬁ%%'?‘gers.
For exanpl éN EPgi earvard estangs,wdd oy agonet ixpsalivast wish ehthereot

aut oi mmunetHiespaimerssochbasudype d slqleicing MethoRl €nse! £1 D6V Fates
rneunat of dsBERNdchiptes MU © oS WAETELOSS: RO pHlERsg, 2
5 have correct sequence in this area. Both samples #3 and #4

appeared to have correct sequence, with sample #4 chosen to
be used for mammalian cell transfection.

Double strand sequencing of the T™27 gamma chain V region.

10 ' The Vy fragments of pTCSLHuV,4HC,1NeoApa’ (isolates
#6 and 9) were sequenced completely on both strands. The
humanized V, fragment of isolate #6 matched the expected
sequence through the coding region. There was a single base
pair substitution (C to T) at position -2 (relative to

15 initiating ATG), which was not expected to affect
expression. The V, fragmént of isolate #9 contained two
substitutions in the coding region. The four additional
candidate clones were not sequenced.

20 Co-transfect COS and CHO cells with TM27 and CONTROL
plasmids
Recipient cells were CHO dhfr DUX Bll and COS-~1.
The CHO DUX Bll cell line was obtained from Biogen Inc. For
CHO transfection, five micrograms of the TM27 plasmids
25 PTCSLHuV, 4HC DHFR (isolate #4), pTCSLHuUV,4HC,1NecApa’ (isolate
#6), and the vactors pTCSLDHFRApa and pTCSLNeoApa was
linearized by digestion with the restriction enzyme AatII.
The TM27-containing plasmids (labelled “TM27L") were
co-precipitated in ethanol and resuspended in H,0.
30 Similarly, the vector plasmids (labelled "CONTROLY) were
co-precipitated and resuspended in H,0. Each of the
co-precipitated plasmids were transfected into 10’ CHO cells
by electroporation, using a BioRad Gene Pulser at 250 V and
960 mF. Transfected cells were then grown in a Minimal
35 Essential Medium (aMEM) supplemented with thymidine,
adenosine and deoxyadenosine (non-selective media) for two
days prior to selection.




erapeutic use of the T cell antibodies of the i nvenf’CHIR i%l‘pfeen?sﬁe%?upon
he correl ati on between a specific imune rel ated di sease and the
Ipreferential expression of a particular T cell antigen receptor V region
gene product or the expanded usage of particular T cel —mn-t cpenT HAGERHEN

V gene. The T cell antigen receptor regi ons are usef I'n &qut%@gcause
It is possible to regulate the imune response in an i ndiu
therapeutic intervention utilizing the T cell antigen receptor.

Specifically, the prﬁépnegsortremrf@%&u% ,Of £ e {4234 P me/ a6 F aBh@ykegi On
| ocus has 'ﬁﬁﬁ s g cor eJ at eovm%ﬂa%)ar i cul ar i mmune-rel ated di sorders.
By deterni g th T)’&’r 'if"r i S F&EEcrCaT Ed'e\ﬁl?l’rtétﬁgrtlf’cul ar
i Mmune di sethianol oard caasusmdemem Nidiowi dupdlasini dsnlvielviet itrgnsifecaedack by
the T cell gn€araYing 4ige ESETEEYIET bY L98LRPoporBEILRT M TLGALFRA,N the

I nstant invention is
5 cells were grown in Dulbecco’s Modified Eagle Medium (DMEM)

for three days, then supernatants harvested for assays.

Analyze supernatants of COS transfectants by human IgGi
ELISA and staining '

10 Production of human IgG by COS cells was measured
by human IgGl ELISA on cell culture supernatants.
Microtiter plates were coated with mouse anti-human IgGl Fc
antibody in PBS and blocked in blocking buffer (1% BSA in
PBS). Supernatants were added 1in 100 ul samples;

15 appropriate dilutions in blocking buffer were assayed as
necessary. Captured IgG was detected with horseradish
peroxidase~conjugated goat anti-~-human Igx antibody and OPD
(o-phenylenediamine). Supernatants from TM27L-transfected
COS cells showed levels of 95 ng/ml human IgG. Human IgG

20 from CONTROL-transfected COS cells was undetectable. Flow
cytometry was performed on supernatants from
TM27L-transfected coSs cells, concentrated ~6~-fold.

Intensity of staining on HPB cells, as indicated by mean
channel fluoresence, was about 9-fold lower than that

25 obtained with purified TM27L (purified from NSO cells) at
~2.5 mg/ml. On Jurkat cells, staining was at background
level.

Selection of CHO transfectants

30 CHO transfectants were placed under selection in
aMEM media lacking nucleotide supplements (to select DHFR"
on pTCSLHuUV,4HCDHFR) and containing Geneticin (G418: to
select neo’ on pTCSLHuV, 4HC,1NeoApa’). Cells were plated at
2.0 x 10° cells/ml in 24-well plates.
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Ant to include the situations of "prevention"PCTABySgh dsBiloh® %or
treatnment” of the disease. "Prevention” 22 invol ves adm ni stration of
the protective conposition prior to the induction of the disease. Thus, for
exanple, in the aninmal nodel, EAE, sucgcgssful adm nistration..Qf
protective conposition prior to injection of the encephgf topyen HASABEEN
i nduces the disease results in "prevention"” of the di qease. ¢ SuggDessio

i nvol ves admi nistration of the conposition after the itndustiye-
prior t0 tRNRafyed GUpe+RALANBBCHOT cibe 1Ha AN taA3 by URLRER! TGEAE
exanpl e, su cessqu adm nistration of a protecti've conposition after
I nj ection BFIfAe encephal i togen, but prior

After 12 days in selective media, supernatants

from confluent wells were harvested and assayed by human

5 IgGl/x ELISA. Concentrations in TM27L supernatants ranged
from 182 - 236 ng/ml. Most were >200 ng/ml. Human IgGl/«
was undetectable in CONTROL supernatants. Cells from twelve
high-producing TM27 wells were expanded intoc T25 flasks.
Single vials were frozen as backup cultures and stored under

10 liquid nitrogen. Cells from two CONTROL wells were also
expanded to T25 flasks and frozen.

First limiting-dilution plating of CHO transfectants
The four highest-producing wells were selected for

15 limiting-dilution plating in 96-well plates: wells #1B1
{232.6 ng/ml), 106 (233.3 ng/ml), 2B2 (235.5 ng/ml) and 2C1
{236.0 ng/ml). For each well, three plates were established
in selective media: one at 1 cell/well and two at 0.5
cell/well.

20 Supernatants from the first round of cloning were
screened by human IgGl/x ELISA. Cells from 90
high-producing wells were expanded to 24-well plates and
allowed to grow to confluency. Supernatants of 12 of these
cultures were assayed by human IgGl/x ELISA and by flow

25 cytometry. Concentrations in the human IgGl/« ELISA ranged ;
from 211-1048 ng/ml. All samples stained HPB cells (mean .
channel fluoresence ranged from 46.5 to 169.9) and did not

stain Jurkat cells. The six highest-producing clones were
expanded and frozen (as backups) in 1liquid nitrogen. Of

30 these, the two highest-producing clones (1B1-C7 and 2B2-H9)
were selected to continue into subsequent rounds of cloning.

Two primary cultures of CONTROL constructs were

also placed through one round of limiting-dilution plating ;
in 96-well plates. One clone of each was selected and

35 expanded. Supernatants were assayed and shown to give no
detectable signal on the human IgGl/x ELISA (page 640-83).
Cells were frozen and are stored in liquid nitrogen.
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to e appear ance of neurol ogi cal synptons conpri ses "supﬂﬂ@&sﬁoﬁ“ §:0 387
ase. "Treatnent" I nvolves admnistration of the protective
osition after the appearance of the disease. In the EAE exanpl.e,

sugcessful adm nistration of a protecti ve conposi tion afjtwyz, igHFET i BEEN |
the encephalitogen and after clinical >8igns have dqvelopﬁgmjgggprlse>
"treatnent" of the disease. Aninmal nodel systens whi ch cer—bBe—usea—+o

screen the effectiveness of the antibodies or binding protelns t hereof in

protecting a E&kx% U:eaiﬂmdéae AURRAYS A8 AP dA & %S%EK%B' us

eryt hemat osus ested i.n susceptible mce as |sc ose ht et
al ., (1978) ¥ °dNb3“r}¥f°563§“and Rei nersten et al., (1978) New Eng. J.

Med. 299:515. Mast henitwoGpariimary/Mchlkareesies1i andlbbd) f eEPbCeRbERALY

inducing the ;di $84%¢ Wd oSl Ssd¥ iR ient material for TM27 antibody

S purification. The cells were expanded to 2L roller bottles

and adapted to lower serum concentration (via T25 in 10%

serum -> T75 in 10% serum =-> 3 X T75 in 5% serum =-> 3 X 2L

bottles in 1% serum) (page 640-24). The 2L bottles were

established on day 1, and fed (by replacing 1/2 volume with

10 fresh media with 1% serum) on days 2, 5 and 8. First

harvest was on day 10, second on day 12 and third on day 15.

Harvested supernatants were spun and stored at -20°C until
purification.

is Purification of antibody on Protein A column
Supernatants from the 2B2 cultures were pooled
(total volume of 2.7 liters) and filtered through a 0.22
micron nylon membrane. Human IgGl ELISA indicated that the
total amount of starting material was 1090 mg. Antibody was
20 purified on a Prosep~-A (Protein A) column, eluted with 0.1M
citrate at pH 5.0, 4.0 and 3.0. Eluates were dialyzed into
PBS. Amounts of purified antibody in the eluted fractions
were measured by human IgGl ELISA. The pH 3.0 fraction
contained most of the purified antibody, while a small
25 amount was found in the pH 4.0 fraction. The human IgG1l
ELISA was repeated to obtain more precise concentration
measurements Total yield of TM27 (pH 3.0 plus pH 4.0
fractions) was 960 mg. .

30 Protein-A Purification of Antibodies from NSO Transfectant
Culture Supernatant _

The antibodies from NSO transfectant culture

supernatants were purified on a Protein A column
substantially as described above.

is Sheet Has Been Reilaced
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|nJect|o B | agen as described by Stuart et a
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The  TM27 mAb purified from the <culture
supernatants of NSO transfectants using Protein A column
chromatography was used to stain HPB-ALL cells (Vg3 5.2) and
Jurkat (V8 8.1) cells as a negative control in comparison
with mouse mAb, TM23, and chimeric TM27. TM27 stained
positively on HPB-ALL but not Jurkat.

To determine the specificity of TM27, normal PBL
T cells were stained with TM27 in comparison with TM23 mAb.
Both the TM27 and TM23 mAbs stained ~ 3.0 % of total human
PBL T cells. A competition assay was set up in which a
fixed concentration of FITC labeled TM23 mAb was added to
various concentrations of unlabeled 4H1l or TM27 mAb. The
antibody mixtures were then used to stain HBP-ALL cells.
Both the unlabeled TM23 and TM27 blocked staining by the
FITC labeled TM23. To determine whether TM27 can comodulate
with CD3 antigen, HPB-ALL cells were incubated with various
concentration of TM27 or TM23 mAb overnight and then stained
with anti-CD3 mAb. The results indicated that TM27 as well
as TM23 could cause the endocytosis of TCR/CD3 complex.

A Scatchard analysis was performed to measure the
binding affinity of TM27 on HPB-ALL cells. In both the
Scatchard and competition (with TM23 mAb) assay, the results
indicated that TM27? maintained approximately the same
affinity (K& = 2.0 x 10* M'), and could compete well with
4H11 mAb. _

Comparison of TM27L/NSO and TM27L/CHO in a
competition assay with 4H11 was also performed and the
results are depicted in Figure 3. A Scatchard analysis was
performed and the results are depicted in Figure 4.

Second limitinq-dilution plating of CHO transfectants

A limiting-dilution plating was set up as above.
Wells were screened on the human IgGl ELISA. Cells from six
wells of each (1B1-C7 and 2B2-H9) were expanded to 24-well
plates and assayed - by human IgGl ELISA. The two
highest-producing clones from each were expanded and frozen

EAE
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and@at serves as a nodel for MS in human. In this nodel, ROWkB d&ny ¢l 0nasigng
di sgase i s induced by adm nistration of. myelin basic protein as described

by fLat erson

Gryne and Stratton, New York, pp 179-213; Farlin et{ @ “61978%S$ﬁf8

179: 478- 480:

CDR-grafted antibodies or binding proteins thereof of
may al so be used in conbination with other antibodies,

(1986) Textbook of | munopathol ogy (M scher et_al ... eds)

and Satoh et al., (1987) J.I nol . 138:{79- 184JLID%D
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Leukocyte D'fferentlatlon Wor kshop (Bernhard et al., (1984)
Leukocyte TyprﬂﬂrdSﬁihfgfﬁgsﬁqi@@ioﬁhﬁlaginq of CHO transfectants

A limiting-dilution plating was set up as above.
Wells were screened on the human IgGl ELISA. Cells from six
wells of each (1B1-C7 and 2B2-H9) were expanded to 24-well
plates and assayed by human IgGl ELISA. The three
highest-producing clones from each were expanded to T25
flasks and frozen in liquid nitrogen. A single clone from
each was expanded to a T75 flask. At this time, Geneticin
was dropped from the media, thus removing seletion for neo”.
Selection for DHFR was retained. Supernatants were assayed
by human IgGl ELISA. The 1B1-C7 clone produced 4.69 mg/10°
cells/day. The 2B2-H9 clone produced 2.65 mg/10°cells/day.
The C7 isolate was therefore chosen as the final clone and
the H9 isolate was designated as an alternate clone.

Preparation of frozen cell stocks

The final clone chosen above was expanded to five
T225 flasks to provide a sufficient number of cells to
establish a bank of frozen cell stocks. Cells were
harvested from these flasks and pooled. The pooled
suspension contained 98.3% viable cells. The total viable
cell count was 1.58 X 10", sufficient to prepare the desired
number of 72 vials at 2 x 10% cells/vial. Cells were frozen
and labelled "TM27L-662-35". 1In addition, the alternate H9
clone was expanded to one T225 flask to establish a small
frozen cell bank. Cells harvested from this flask were
97.3% viable. The suspension contained sufficient cells to
prepare 9.7 vials at 2 x 10* cells/vial (page 662-89).
Cells were frozen in liquid nitrogen and 1labelled as
“TM27L-662-89"
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to be. 88% by trypan blue staining. A confluent culture
grown from this vial was tested for mycoplasma contamination
using a Bionique Testing Laboratories kit. The test
detected no contamination. 1In addition, one vial of frozen
cell stock TM27L-662-89 was thawed. Cell viability was
determined to be 93.8% by trypan blue staining. A confluent
culture grown from this vial was tested for mycoplasma
contamination as above. The test detected no contamination.
Both cultures were expanded to T75 flasks and cell culture
supernatants assayed by human IgGl ELISA. The TM27L-662-35
clone produced 3.24 ug/10° cells/day, and the TM27L-662-89
clone produced 2.52 ug/10° cells/day ) In a second assay,
TM27L-662-35 produced 3.03 ug/10* cells/day, and
TM27L-662-89 produced 2.74 ug/l0%cells/day.

EXpression of TM27L-662-35 to roller bottle scale for
antibody purification

The TM27L-662-35 culture was expanded in order to
produce sufficient material for TM27L antibody purification.
The cells were expanded to 2L roller bottles and adapted to
lower serum concentration (via T25 in 10% serum to T75 in
10% serum to 3 x T75 in 5% serum to 3 x 2L bottles in 1%
serum). The 2L bottles were established on day 1 and fed
(by replacing 1/2 volume with fresh media with 1% serum) on
days 2, 5, 7 and 9. First harvest was on day 12, second on
day 14 and third on day 16. Harvested supernatants were
spun, filtered and stored at -70°C until purification.

Purification of antibody on Protein A column

‘Supernatants from the TM27L-662-35 cultures were
pooled for a total volume of 5.1 liters. Antibody was bound
to a Prosep-A (Protein A) column and eluted with 0.1 M
citrate at pH 5.0 and 3.0. The pH 3.0 eluate was dialyzed
into PBS. Amounts of purified antibody in the starting




¥its and inert gases, can also be present (Mack, (1982)PFdRi fgtondd 387
grmaceutical Sciences, 16th Edition)-. The constructs of the present

yention may be used as separately adnini stered co -
cdnj unction with other agents. These can_include varioupTHIZ SHEET HAS BEEN
i munot her apeutic drugs, such as cyl cospdtine, methotrexpte, HREPLABERIin or
cisplatinun1 and i nmunot oxi ns. Pharnaceuti cal conpositio '
"cocktail s" of various cytotoxic or other agents in conjunction with the

CDR-grafted qugdppd{ eﬁ%ﬂf RN ARG NeLeal aétlflrtee&) r thugng&

i nvention, or even conbl natli ons of constructs accor o0th pre

i nventi on antBEDRSIPRA t e EldhRA bodiTe haPling i Pf er%lfﬂc%ml f icsintiagned

approximately 3.9 mg of antibody in 25 ml. The material was
concentrated on a Centriprep-30 concentrator (Amicon) and

5 the human IgGl/ kappa ELISA was repeated. Total yield of
TM27L was ~3.2 mg at 1.6 mg/ml,

Primary characterization of purified antibody
Flow cytometry was performed on -~2.5 mg of

10 material from each of the pH 3.0 and pH 4.0 fractions and -

TM27 purified from NSO cells. Intensity of staining on HPB

cells, as indicated by mean channel fluorescence, was

measured as follows: 283.46 for the pH 1.0 fraction; 321.98

for the pH 4.0 fraction; 506.79 for NSO-derived TM27. On
15 Jurkat cells, staining was at background level for all

samples.

Example 2

20 Sequences of CDR Grafted TM27 Antibodies Compared to Human
Framework Cassettes

T™M27 Vi

25 1 DIQMTQSPSSLSASVGDRVTITCSASQGISNYLNWYQQTPGKAPKLLIYY 50

REI === Q D=IK === =E
TM23 TT ==L S K=DGTV======
WAL ====s==s=s==s========= R===S===== S====K= A

30 51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQYSKLPRTFGQI00

REI =N=QA SssossossETSTESSsTs=SEs QS==Y====
TM23 =SL===N=E====s=====c===c===== G
WAL As==Q===T===s=s=====F=L S=========T= l====

35 101 GTKLQIT 107
REl ======= e

TM23 ===VE=K Sheet Has Been Re laced
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,%e route of admnistration of pharmaceutical conpositimsgagcordprpgs %g.the
nventi on nmay be any of those comonly known to those of ordinary sk

the art. For therapy, including without |imtation inmunotherapy, the
CDR-grafted anti bodies or binding proteins thereof of the invention ca be
adm nistered to any patient in accord®¥e wth standagd TE H@gqui
adm ni stration can be by any appropriate node, includi éh g?
i ntravenously, intranuscularly, intraperitoneally, or lal so, "hip] rln e y,
by direct 4#?L€aon with a catheter. The dosage an frequency of
admi ni str at depend on the age, sex and condition of the patient,
concurrent adm nistration of other drugs, counter indications and other
parameters 4 0 I tructs of
P o i ant] Gve “”dﬁcanb SR .zg?”f‘&?%ff@?%&@@%ﬁ?%ﬁsaé??%mzsa 'n a
sui t abl e NEWM === =STFSNDYYT==============

5 TM23 K=== A===S== === ==K L==

HIL ==K=VGA=G=V=Q=GRS=RIS=IA===TFSN==MH====A==K====VAV

51 IWGDGNTDYNSALKSRVTMLKDTSKNOKSLRLSSVTAADTAVYYCARDRV100

. NEWM VFYH=TS=DTTPLR LV==========ss=sc===s=z===== NLI
10 TM23 ================ LSIS==N==S=VF=KMN=LQTD===R=
HIL ==YN=S=Y=GDSV=G=F=ISR=N==RTIYMZ===LRTE===V======pp
R
101 TATLYAMDYWGQGSLVTYSS 120
NEWM AGCIDV  ========V==
15 T™M23 ====T§==
HIL IL=AFSF======VL==V==

* HuVHL has L AT #48

20 TM27L with Leucine at position 48 of heavy chain.
TM271 with Isoleucine at position 48 of heavy chain.
TM27.1 with KS to VF (78-79) changes.

TM27.2 with VTML/T to LSIS/N (66-69/73) changes.
TM27.3 with V to R (92) changes.

25

Example 3

Scatchard Analysis of TM23

Exp Kd Receptors/cell
30 617:096 3.27e-8 M 3.04eS

617:115 2.30e-8 M 2.43e5

617:119 2.46e-8 M 2.46e5

Mean -
35 Kd = 2.52 ($0.67)e~-8 M

This smd ‘h
Receptors/cell = 2.64e5 \\ \\\




ler prior to use. This techni que has been shown to Rkepgffegt) |
cohventional i nmmunogl obulins and art-known |yophilizati ogmgnc?eg / 4% \gnat?
jconstitution techni ques can be enployed. It will be appreciated by those
skilled in the art that I|yophilization and reconstitution can lead to
varyi ng degrees of antibody activity lossl (e.g. with conventiona
I mmunogl obul ins, 1gMantibodies tend to have greater ad i 4dpq$$AS BEEN [ 9G
anti bodi es) and that use levels may have to be adjusted | Yo . T

: ..f.Iactlc and/ or therapeutic treatnents
In certain therapeutlc appllcatlons an adequate anount to acconplish at

| east partlaéxﬁnhlbltlon skgpre55|on,lnxggégéég%s/cell

613:78 1.48e-8 M 3.31le4
5 613:82 1.14e-8 M 2.47e4
Mean

"Kd = 1.31(%0.24}e-8 M

10 Receptors/cell = 2.89%e4

Example 4

Summa of Work on TM27
15 T™™271 (48) in COS/CHO:

* cDNA was prepared from the CDR-grafted V regions in HSO
producing line, amplified by PCR, sequenced.
* DNA fragments were cloned into pTCSLNeo in CcDNA
configuration.

20 * The plasmid was co-transfected with pTCSLDHFRTM27x into
CoS and CHO.
* Positive ELISA results of human IgGl/x expression from

COS cell supernatant indicated that the plasmids constructs
were good.

25 * CHO cell transfectants were selected, expanded and
cloned. The cells were frozen in LN, after one cloning.

—_—
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I¥i 1 1ing, or some other measurable parameter, of a pFBaci b 80 387
cted cells is defined as a "therapeutically-effective dose". Anopunts
£ded to achieve this dosage will depend upon the sevepty—of ﬁ e
afdd the general state of the patient's @g immne systeﬂHﬁJSHgén@AglﬁbE;
Ange from 0.005 to 5.0 ng of CDR-grafted antibody or b} ndi nfREPLACER |
t hereof per kil ogram of body wei ght, with doses of 0.05"t’0"‘2"‘0“‘ﬁﬁ7"|2§7"d'6'§'é
-bei ng nore commonly used. For prophylactic applications, conpositions
contai ni ng tBeamplecdht constructs or cocktails thereof may al so be

adm ni st er eyMING i AP IS ESUENCE HATA IDRNEvERO FHRE -1 68C @HR@S! L1 On cont ai ni ng
a construct according to the present Tnventron may be utillized in

pr ophyl act i CEANE t eutic settings to aid in the alteration,
i nactivation, 10 20 30 40 50
5 * * * * *

TTRAP RSSHS VISTE HRPLT MDSRL NLVFL VLILK GVQCD VQLVE SGGGL

60 70 80 20 100
* * * * *

10 VQPGG SRKLS CAASG FTFSN FGMHW VRQAP DKGLE WVAYI SSGSS TIYYA.

110 120 130 140 150
* . * * %* *

DTLKG RFTIS RDNPK NTLFL QMTSL RSEDT AMYYC ARRGE GAMDY WGQGT
15 '

160 170
* *

SVTVS SAKTT PPSVY PLAPG

\
This gp, T

MI/I/MIIW//IWM




Ting or renoval of a select T cell target popul ation PCTI8 réafvall.0 B8 7
afiot her enbodi nent, the constructs described herein may be used
extracorporeally or in vitro selectively to kill, deplete or otherw se
gffectively renove the target cell population froma hete*egtuuu :
collection of cells. Blood fromthe manfdl may be conbiAé&Heﬁﬁﬁéz ?gﬁ*
with the CDR-grafted antibodi es or binding proteins therleof - wREP
undesired cells are killed or otherw se renoved from thettood for return
to the mamMmakchi agggﬂdance with standard techniques. In addition to the
t herapeutic uses e constructs wll find use in other settings.

I n one enbodi nent, the present antibodies or binding proteins are useful in
an investigational setbing. The Bocell recepigr bindinggapyoteins orgg

anti bodies of the invgntion are g]so

* * *
5 ISQGT KFKYT MDFQV QIFSF LLISI SVVMS RGENV LTQSP AIMSA SLGEK

60 70 80 90 100
* * * * *

VTMSC RASSS VNYIY WYQQK SDASP KLWIY YTSNL APGVP TRFSG SGSGN

10
110 120 130 140 150
% * * * *
SYSLT ISSME GEDAA TYYCQ QFTSS PFTFG SGTKL EIKRA DAAPT VSIFP
15 153
*
PSS
PROTEIN SEQUENCING DATA:
20

H=DVQLVE?GGGLVQPG

L=ENVLTQ

25 Example 6

SUMMARY OF WORK ON TM29
* Hybridomas were prepared substantially as in Example 1
and cDNA (depicted in Example 5) was isolated. .
_ * Isolated cDNAs (H and «) (from the 16G8 hybridoma) were
30 cloned into M13 vectors.
* Human framework (VHy, /VKg;) was introduced through
mutagenesis.
* CDR-grafted V - regions were cloned into myeloma
expression vectors.
35 * Humanized antibodies (~1 mg each) were purified from

NSO transfectants for preliminary evaluation.
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y-*ul in structur and functional studies regarding th ed l; §ecgnt
B¥si des servi ngji. B@lwefd bi ndi ng donmai ns for spe?quBg forgns % élj'r7

céll receptors, constructs may serve as tools for the
i.nvestigation of studigg to approxi
confi gurations of var| ous portlons of the T cell recept|ofHIZISHE&HARBE
embodi nent, the T cell antibodies or binding proteins tlher eoREEALHE use
as diagnostlc probes. In one 26 specific enbodi nent,—theTonstructs o
t he presentFoumwehif Deremty TM2USedhave dedenr maderg t he anount or the presence
of a certaifyT,gell V region subfamly in a biological sanple. One such
assay is described in Rittershaus - W92/ 08981,

T™M29.1 with SS to AA (23-24) changes.

TM27.2 with S to P (75) change.

5 TM27.3 with GV/F to AM/Y (92-93/95) changes.

DETAILED EXPERIMENTATION - TM29
Isolation of the human kappa chain constant region by the
PCR method.

10 Using the undigested plasmld
pSV184DH-Neo/DNS-V.C, (pSVHuK which contains the human
kappa chain constant region) PCR was performed with two
primers (one forward, one reverse) to isolate the constant
region. The oligomers (primers) were obtained from

15 Operon. The PCR reaction reagents were from the GeneAmp
DNA amplification reagent kit with AmpliTaq (Perkin-Elmer
Cetus). The PCR reactions were set up in three different
concentrations of Mg’*. Aliquots of the PCR products were
analyzed on a 1% agarose gel. The PCR product from the

20 first sample of Mg?* (concentration 1.5 mM) was chosen.
The primers, which flank the C region, were designed
containing restriction enzyme sites for cloning purposes.
Thus, the amplified DNA was digested with EcoRI (at the 3’
end). The site at the 5’ end (Pvull) was not digested.

25 The digested DNA fragment was then run on a 1% agarose gel
and the 300 bp band excised. The DNA was extracted from
the gel and a small aliquot was analyzed on a 1% agarose
gel to determine guality and to estimate quantity. The
300 bp band appeared to be clean and the total amount of

30 DNA estimated to be ~140 ng.
Human kappa chain constant region cloned into the pBS Ks *
vector and sequenced.

The EcoR I -digested DNA fragment of the human

35 kappa chain constant region was inserted into the vector
pBS KS*, which had been digested with Sma I and EcoR I,
using T4 DNA ligase. This ligation mixture was used to
transform E. coli DHSa competent cells. Single colonies




% i shed May 26, 1992 entitled "Therapeutic and Di agnosPCHIBVER hotld Ldihy
jotal Leukocyte Surface Antigens". As such, the present invention provides
for nethods for diagnosing an i mune rel ated di sease, such—as—Me—based—oh

detecting the specific subset of T cellc antigen receptor nTl'HutSHﬂF&dMSaBEEN
sanpl e. The CDR-grafted anti bodies or t$2i r bi-ndi ng proteijns maREBLACED '

| abel I ed in accordance with techni ques known to the art. e TOoNnsrTucrs
are also suitable for other in vivo purposes. For exanple, they can be used

Igr iSeLnECtltW@réleéict:ﬁé&aéﬁ@ﬂlséﬂ wriwﬁdt$|ﬂ?Q1tﬁl|dscWIQth'st i pngesired
cl i m nat o UFABIRERPAE 9 R ARG o] FEL YT e HAEES XA SPARdRded 1 0
nore speci fwasldigeesed ibwititePtalh Speoid af Q heapd eBeoRI | (Wengndn but are
not to be cgpsdergdyl hphhgbe¥eoh"s" $9f agarose gel. Due to
5 difficulty in separating the lower range bands (300 bp),
the DNA samples were digested with Pvull only. After
analysis on a 2% agarose gel, 19 out of 24 were correct
- for C, insert. Samples #1 - 5 (of the 19 correct samples)
' were chosen to be sequenced, using T7 and T3 primers
10 (sequences in the vector flanking the insert). Other
sequencing reagents were from the Sequenase Version 2.0
kit (USB). Sample #5 proved to have correct sequence for
the human kappa chain constant region.

15 Human kappa chain constant region cloned into the
mammalian expression vector - PTCSLDHFR# to become
PTCSLC,DHFR+.

The human kappa chain constant region was
isolated from the pBS KS+ vector (Sample #5) using PvuIl
20 and EcoRI restriction enzymes. However, due to the
previous problem of band separation, a second digest was
performed with the construct pBS/Human C,.. The second
digest involved EcoRI and XbaIl (located 5’ to Pvull site)
yielding a fragment ~300 bp. This fragment was then gel
25 purified and subjected to a Pvull digest, to remove the
remaining small fragment of vector at the 5’ end of the
C.. This final fragment was gel purified and then
analyzed on a 1% agarose gel fof quality anq to estimate
quantity. The C,Z DNA appeared to be a clean band at ~280
30 bp and the total guantity estimated to be ~135 ng.

Due to the existence of three EcoRI sites in the
expression vector, pTCSLDHFR*, it was determined that
cloning into the Pvull site only would be best. Since the
C, DNA was prepared Pvull - EcoRI, the EcoRI end was

35 repaired (to form blunt end) using Klenow fragment. The
repaired, blunt-ended C, DNA was ligated to the pTCSLDHFR¥*
vector which had been Pvull digested and phosphatase .. .
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_ CEMENT SHEET Exanple 1 TX27 - SYNOPSIS OF WORK | . P@MBBc i €6 were ‘!;
Inized with the T cell leukemia cell line HPB-All (once
infraperitoneally and tw ce intravenously). 2. Spleen cells were

hgrvested fromthese mice and fused witpgnouse nyel oma i f-a
| i ne P3X53AGB. 653. 3. Sel ection of apgroprl ate cl ones an QHEFT"QAS%C?EN

HAT nedi a. 4. Screening of the clones so selected for aj
was acconpl i shed by i nmmunoprecipitation of radiol abellea HPB-ALL.
treated (using calf intestinal phosphatase). This

ligation mixture was used to transform E. coli DH5a
competent cells. Single colonies were picked and used to
inoculate 24 liquid cultures. DNA was prepared from each.
S All DNA samples were digested with PvuIl and HindIII, and
analyzed on a 1% agarose gel. It was determined that five
samples, out of 24, contained the C, insert in the correct

. orientation. Sample #7 was chosen for continuation.

10 Replacement of the mutant DHFR* gene with the wild type

DHFR gene. '
For the expression of the vector pTCSLCxDHFR* in

CHO(dhfr’)DUX B1l1 cells, the DHFR* gene was replaced with
the DHFR gene. DNA from pTCSLC DHFR* sample #7 as well as

15 pSV2-DHFR (plasmid obtained from Dr. Paul Berg, Department
of Biochemistry, Stanford University Medical School) was
digested with restriction enzymes HindIII and BglII, to
isolate the respective gene fragments. Upon analysis, it
was determined that an additional BgllI site in the

20 pTCSLC,DHFR* vector removed a portion of the polyA site
also, which would interfere with the vector function.
Therefore, the digests were repeated using HindIII and
BamHI. The {(DHFR*)pTCSLC, portion of the. vector was
treated with phosphatase. Then both the isolated

25 fragments (pTCSLC, and DHFR) were gel purified, and
analyzed on a 1% agarose gel for quality and to estimate
quantity. Both bands appeared to be clean and estimated
to be of similar concentration,'~40-50 ng/ml. The DHFR
gene was ligated to the pTCSLC, vector using T4 DNA

30 ligase. The ligation mixture was used to transform E.
coli DH5a competent cells. Single colonies were picked
and used to inoculate 24 liguid cultures. DNA was
prepared from each. The DNA was analyzed by restriction
enzyme digestion with HindIII and BamHI. From 24

35 cultures, 23 had the correct bands indicating the
insertion of the DHFR gene into the pTCSLC, vector.

Sample #22 was selected for further use. T T T e
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5. % Subcl oning was acconplished by liniting dilution. 6. pC@ped #ifciftd ShE

cheécked by PBL stﬂ?ﬁﬁk@ﬂﬁﬁBamdﬁ d nodul ation studies. 7. A Hybri doma

secreting appropri s designated 4H11. 8. | s1a) AT
fromthis clone and mllt@rgl . CDNA to the nRNA was p J@r%;ﬁggﬁn %‘
o M _and

cDNA was sequenced and checke or accuracy. 10. The isol dted

X) were cloned into ML3 vectors. 11. Select human framework regi ons were
i ntroduced t hrough mutagenesis, as exenplified in Exanple 2. 12. Humani zed

anti bodi es (clofitngathp PEREiPHLAEeEhimam DD ' AL fi-'lgiofu?r' o
prelimnary gval é!on. Five ?éﬁé Rt TM27' s have been nade: ﬁg%t
with Leuci ne*B® g@ i YPGho% P §§§ ¢hai n.
The cDNA for the kappa chain V region for 16G8
had been gel purified and digested with the appropriate
5 restriction enzymes. A small aliquot of the DNA sample
was analyzed on a 1% agarose gel to estimate quantity and
to verify the quality. An extra (contaminating) band was
observed at ~800 bp and the concentration was estimated at
1.25 ng/ml. The V region was ligated to the pTCSLCDHFR
10 vector, which had been digested with restriction enzymes
XhoIl and PvulIl and phosphatase-treated. The ligation
mixture was used to transform E. coli DHSa competent
cells. Yield of transformant colonies was very low.
Single colonies were picked and used to inoculate twelve
15 ligquid cultures. DNA was prepared from each, digested
with Xhol and Pvull and analyzed on a 1% agarose gel.
There were four positive samples: #1, #4, #7 and #10.
Each of the positive samples was sequenced. The PCR
isolated TM29 gamma chain V region was cloned into the CHO
20 vector pTCSLCglNeoApa'. '

Double strand sequencing of the human kappa chain Vv
region.
The four samples from 16G8 (#1, #4, #7 and #10)
25 were sequenced for both strands. The reverse strand was
sequenced entirely, through the restriction enzyme sites
(3’ - 57; Pvull - Xhol) using the primer HUCKSPR. Both
samples #1 and #4 appeared to have correct sequence,
sample #7 did not sequence, and sample #10 had the wrong
30 sequence. For samples #1 and #4, the forward strand
sequence was determined using two different primers,
PTCSFOR and PTCSFWD. Full length sequence through the
restriction enzyme sites (5’ - 3/; Xhol - Pvull) was
obtained by combining the sequences yielded from each of
35 the primers. A small area of compression was seen to be
present in the forward strands which was not resolved with
either of the primers or by using a sequencing method that
alleviates such compressions. However, the reverse




#le?l: with isoleucine at position 48 of heavy chain. PCNIB7.9 4 / O 3H8 IS
to VF (78-79) changes. TM7. 2: wth VTML/T to LSIS/N (67-70/73) changes.

T™MR7. 3:
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with Vto R (92) changes. 28 DETAI LED EXPERI MENTAL DESCRI PTI ON
SUMVARY The aimof this project was todgimani ze a nuri ne fgnti=trurer—+cR—(
cell receptor) [err] 5.2/5.3 monocl onal antibody (TM23) 4 Hki§H§EBBA§ﬂEEN
humani zed anti body expressing cell line suitable for progess

The huneni zed anti-TCR [err] 5.2/5.3 nonocl onal antibody I's TMZ7.—NOTTTE
Ant i body

FCRALT

FbAGBBeNt .

strands proved to have correct sequence in this area.
Both samples #1 and #4 appeared to have correct sequence,
with sample #4 chosen to be used for mammalian cell
transfection.

Co-transfection of TM29 light and heavy chain plasmids
into COS and CHO cells. .

Both Cos-1 and CHO(dhfr)DUX Bll cells were used
in the co-transfection of TM29 light and heavy chain
plasmids. The CHO DUX Bll cell line was obtained from
Biogen, Inc. and originally was derived by Dr. Lawrence
Chaisin (Columbia University).

For the Cos-1 cell transfection, 5 mg of each
undigested TM29 plasmid (pTCSLHuV,16GC,DHFR and
pTCSLHUV,16GC,1NeoApa’; TM29-4 and TM29-26, respectively)
was precipitated in ethanol and resuspended in H,0 at a 1
mg/ml concentration. The plasmids were then
co-transfected into 3.8 x 10° cells by electroporation,
using a BioRad Gene Pulser at 250V, 960 mFD. The
transfected cells were resuspended in Dulbecco’s Modified
Eagle’s medium (DMEM) and placed in culture for three
days. Control vector plasmids (pTCSLDHFRApa' and
pTCSLNeoApa’) were prepared and co-transfected similarly
to the TM29 plasmids. The subsequent transfected cells
were resuspended and cultured similarly to the TM29
transfected Cos cells.

For the CHO DUX Bll cell transfection, S mg of
each TM29 plasmid (as above) was'digested with the
restriction enzyme AatIl to yield a linear fragment of
DNA, precipitated in ethanol and resuspended in H0 at a 1
mg/ml concentration. The plasmids were then
co-transfected into 5 x 10* cells by electroporation, as
above. The transfected cells were resuspended in a
Minimal Essential medium (aMEM) supplemented with
thymidine, adenosine and deoxyadenosine (non-selective
medium) and placed in culture for three days. Control

vector plasmids (as above) were prepared and
This Sheet Has Been Re‘ilaced
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Th&F4H11 hybri doma was devel oped by fusion of a nouse nyel ontCTdRI # 4i/n€0 387
P3X63AG8. 653, to spleen cells fromBalb/c mce inmunized with the T cel

| eykem a cell |ine HPB-ALL. The hybri doma expresses the nonocl onal anti bod
TM23 with specificity to the human T cellsgeceptor (TCR éﬁéﬁ
The isotype is Ig&a / kappa. Humani zati on” The cDNA encodi &~tﬁ,§ne%@§ and
| i ght chains of TM23 was isolated fromthe 4H11 cDNA |ibrgry c %ﬁWE%‘@d
usi ng nouse | g&a and kappa specific 3' end priners. The cDNA cl ones

| sol ated ver ec§opfaRSPEcHya R¥in SRAHEH CE& AN ArMIY & NAdm i8N0 gl d
sequencing. _T. ' '

he CDRs | t ty, det ] f the h
and 11 ght CchaPHRSSRVERF (ERARTRE SLCH L T IR SR TR ANt ChiOERdad”
mouse framewoskmibapkyices. the TIN29  txansféited QHQ delddnr; V, variable; D,
diversity; J, joining) DNA fragnments were

5 Analysis of TM29 transfected Cos cell supernatant by human
1gG, ELISA.

After three days in culture, the TM29
transfected Cos cells appeared to be confluent.
Therefore, the supernatant was collected and the cells

10 were discarded. Human IgG production by the cells was
determined from the culture supernatant using the human
IgG,, ELISA. The supernatant IgG was captured by a mouse
anti-human IgG, Fc antibody, which had been coated on a
96-well plate, then detected by a horseradish

15 peroxidase-conjugated goat anti-human Igx antibody and
color development with o-phenylenediamine (OPD). The
supernatant IgG concentrations were determined by
comparing optical density measurements to a curve
generated by a purified human IgG,, antibody of known

20 caoncentration. The TM29 transfected Cos cell supernatant
yielded a human IgG concentration of 201.3 ng/ml. The
control DNA transfected Cos cell supernatant yielded a
human IgG concentration of 0 ng/ml.

25 Selection of TM29 transfected CHO cells.
After three days in culture, the TM29

transfected CHO cells appeared to be confluent.
Therefore, the cells were treated with 0.25% trypsin (in
Hank's Balanced Salt solution ) to dissociate them from

30 the culture flasks. The cells were collected, centrifuged
and the supernatant removed. The cell pellet was
resuspended in aMEM selection media at 2 x 10' cells/ml
and plated at 1 ml/well in a 24-well plate. The aMEM
selection media had a dual selection capability, lacking

35 nucleotide supplements and replacing FBS with dialyzed FBS
to select for DHFR* on pTCSLHuV,(16GCDHFR, and adding
Geneticin (G-418) to select for neo' on " ..
pTCSLHuV,16GC,1NecApa-. This Shees T
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i sol afed using RERLEN Qned into CHO cel | expression vector8CTi8 84/ 003587

pTCSUC err ] DHFR , wWhich carried human kappa and IgG
conszant regi on Eﬂﬁﬂﬂ

ely, for nouse V/ human C ] ngy
expressi on. Base i son of am ng aci d sequencds ggé dﬁi)
cDNA cl ones, the TM23 heavy chain was found to bel ong to Habat
The [err] sequence was found to belong to Kabat [err] V. Ther ef or e, the
human NEVWM and REI franeworks were chosen for humani zati on of heavy and

light chain redfakysis of THRY rteansdepsd/((HA) delagmpernatiaeDbydAuhaaf
5" V and 3 J) WY&, Bl addby M&%@/@@Q@ﬁt\yy ch carried | eader and

I ntron seqguences In enoni c
q After 14 days in selection media, TM29

transfected CHO cell supernatants were collected from each
5 well and assayed using the human IgG,x ELISA. The human
IgG concentration in the TM29 transfected CHO cell
supernatants ranged 144.6 ng/ml - 291.9 ng/ml, with an
average concentration of 240.5 ng/ml. The human'IgG
concentration in the control DNA transfected CHO cell
10 supernatants was 0 ng/ml.

Supernatants from the three highest producing
wells for the TM29 transfected CHO cells (2C3, 2c4, 2B6)
and one well for the control DNA transfected CHO cells
(3D4) were also assayed by flow cytometry. The three TM29

15 samples, 2C3, 2C4 and 2B6, stained Jurkat cells positively
(mean channel fluorescence ranged 186.61 - 290.01) and did
not stain HPB cells positively (mean channel fluorescence
ranged 11.77 - 13.82). The control sample, 3D4, did not
stain Jurkat cells positively (mean channel fluorescence

20 11.96).

Cloning of TM29 transfected CHO cells by limiting
dilution.
The three highest producing wells for the TM29

25 transfected CHO cells (2C3, 291.9 ng/ml; 2C4, 289.7 ng/ml;
2B6, 289.5 ng/ml) were chosen for cloning by limiting
dilution. For each of the wells, the cell concentrations
were diluted in aMEM selection media and plated at 2
cells/well, 1 cell/well, and 0.5 cell/well in 96-well

30 plates. Ten days after cloning, colony growth was
observed in numerous wells on each of the 0.5 cell/well
plates for 2C3, 2C4 and 2B6. Therefore, supernatants from
all wells from each of the 0.5 cell/well plates were
collected and assayed using the human IgG,x ELISA. All

35 wells that exhibited cell growth were positive in the
ELISA. A total of 24 of the highest producing wells (10
from 2C3, 14 from 2B6) were chosen for expansion into a
24-well plate and grown to confluency. Supernatants were
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nutagene5|s t he D re cloned into nyel ona expression vectors
which carried the m,% n of hu kappa and 1gGl, rp e§1_ ,.34«3 FE
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light chain into NSO nyel oma cell line. Hunanized anti bodies were
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chosen for féﬁﬁ&?“af%ﬂ%%(¥¥Eﬁntﬁgmgfwﬁhlqhest producing wells for the
5 TM29 transfected CHO clones (1C7, 1D9, 1G2, 2G1, 2G1o0,
2H2a) were then assayed by flow cytometry. All six
samples stained Jurkat cells positively (mean channel
- fluorescence ranged 313.68 - 356.87) and did not stain HPB
cells positively (mean channel fluorescence ranged 7.59 -
10 8.16). Each of the six samples was expanded to a 25 cm?
flask, frozen and stored under liquid nitrogen. The three
highest producing wells (2C3-1G2, 2C3-2G10, 2C3-2H2a) were
chosen for subcloning.
The one well for control DNA transfected CHO
15 cells (3D4) was cloned by limiting dilution similar to the
TM29 wells. By diluting the cell concentration 10-fold
lower than desired, no colony growth was observed ten days
after cloning. Therefore, a fresh culture was started
from a frozen vial (3D4). Cloning by limiting dilution
20 was repeated using this new culture. Sixteen days after
cloning, six of the most confluent wells from the 0.5
cell/well plates (1BS5, 1Cil1, 1D6, 2E7, 2F3, 2F9) were
chosen for expansion into a 24-well plate. Each well was
subsequently expanded to a 25 cm’ flask and then to a 75
25 cm’ flask and grown to confluency. Supernatants were
collected from each flask and assayed using the human
IgG,x ELISA. The human IgG concentration was 0 ng/ml.
Each flask was then frozen and §tored under liquid
nitrogen. '
30
Expansion of uncloned TM29 transfected CHO cell cultures
to roller bottle scale.
The three highest producing wells for the TM29
transfected CHO cells (2C3, 291.9 ng/ml; 2C4, 289.7
38 ng/ml; 2B6, 289.5 ng/ml) were also chosen for expansion
into 25 cm! flasks as uncloned cultures. At this time,
one vial of each of the TM29 cultures (as well as one vial
of the control DNA transfected CHO cell culture) was




desi #hat ed_as TM27. CHO Cel | Expression The heavy and |ight chBCHiB ehdet 00387
and regions of TM27 were isolated frommnyel oma constructs by PCR for

cloning in cDNA configuration into CHO cell expre55|03 systens

TCSLCgl Neo heav and pTCSLC err] DHFR (44 ght) as descyk

?:HO ccca:?l trgﬁmg ect a%% s were sel ected and hu-)man lgd /[err] ﬁﬁb f)HE/CT ggﬁﬁﬁﬂ
were cloned. One of the highest producers, TM27L-662-35, [was éﬂﬁhﬁ@e@ for
cell banking and small scal e humani zed Ab preparation. Th expressed
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Concurrenty, Qs R M editR W Wl Snan i 4 28 6 chip e oni ng
to increase antﬁ%ﬂ;ﬂ"@(p"r%s%? ofilasl,deashscultereuvasbekpanyded tdies sig ai n
for producti vitam® FRa8K8MALile decreasing the serum concentration in the
5 aMEM medium from 10% to 5%. Each of the 75 cm® flasks for
both 2C3 and 2B6 was then expanded to a 2L roller bottle.
All 3 75 cm’ flasks for 2C4 were frozen and stored under

liquid nitrogen. Once the cultures were in the roller
bottles, the serum concentration in the aMEM medium was
10 decreased again, from 5% to 1%. After nine days in
culture, the 2B6 bottles appeared to be confluent while
the 2C3 bottles appeared to be ~25% confluent. The
supernatants from all 2B6 and 2C3 bottles were collected
on Day 9 Day 14, and Day 16, after which the cells were
15 discarded. The collected supernatants were centrifuged
and stored at -20° C. An aliquot of each of the three
harvested supernatants for both 2B6 and 2C3 was assayed
using the human IgG,x ELISA. The total quantity of human
IgG for 2B6 was determined to be 820 mg; for 2C3, 1923 mng.
20
Subcloning of TM29 transfected CHO cell clones by limiting
dilution.
The three highest producing wells for the TM29
transfected CHO cell clones (2C3-1G2, 4.8 mg/ml; 2C3-2H2a,
25 4.1 mg/ml; 2C3-2G10, 4.0 mg/ml) Were chosen for subeloning
by limiting dilution. Fourteen days after subcloning,
colony growth was observed in numerous wells on each of
the 0.5 cell/well plates for 1G2, 2G10 and 2H2a.
Therefore, supernatants from those wells possessing colony
30 growth were collected and assayed using the human IgG«
ELISA. All wells exhibiting cell growth were positive in
the ELISA, yielding a cloning efficiency of 100%. A total
of 24 of the highest producing wells (2 from 2H2a, 5 from
2Glo, 17 from'ch) were chosen for expansion into a
35 24-well plate and grown to confluency. Supernatants were
collected from each well and assayed using the human IgG«
ELISA. The human IgG qgggggsgatlon ranged 1.2 mg/ml - 9.2
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The spl een cel
TM29 transfected CHO subclones (2G5, 2H12, 1H6, 2E9) were

also assayed by flow cytometry. All four samples stained

5 Jurkat cells positively (mean channel fluorescence ranged
211.51 - 292.45) and did not stain HPB cells positively
(mean channel fluorescence ranged 8.36 - 8.80). Each of
the four samples was expanded to a 25 cm?® flask.

r\rx-
A~ |

10 Second subcloning of TM29 transfected CHO cell clones by
limiting dilution.
The two best TM29 transfected CHO cell clones
(2C3-1G2-2G5 and 2C3-1G2-1H6), based on the combined
results of the ELISA and flow cytometry data, were chosen
15 for a second subcloning by limiting dilution. At this
time, one vial of each of the clones (as well as one vial
of each of 2C3-1G2-2H12 and 2C3-1G2-2E9) was frozen and
stored under liquid nitrogen. Twelve days after
subcloning, colony growth was observed in numerous wells
20 on each of the 0.5 cell/well plates for 2G5 and 1HS.
Therefore, supernatants from those wells possessing colony
growth were collected and assayed using the human IgG«
ELISA. All wells exhibiting cell growth were positive in
the ELISA, yielding a cloning efficiency of 100%. A total
25 of 24 of the highest producing wells (20 from 2G5, 4 from
1H6) were chosen for expansion into a 24-well plate
(#646-101) and grown to confluency. Supernatants were
collected from each well and assayed using the human IgG«
ELISA. Due to lost activity with the human IgG,x standard
30 used in the assay, the concentrations for the unknown
samples could not be determined. Therefore, the highest
producing wells were determined by optical density. The
six highest producing wells (5 from 2G5, 1 from 1H6) were
chosen for expansion into 25 cm’ flasks, then into 75 cm?
35 flasks and grown to confluency. Supernatants were
collected from each flask and assayed using the human
IgG,x ELISA. The human IgG concentration ranged 14.6
mg/ml - 21.2 mg/ml, with an average concentration of 18.6




d excess, were fused with P3X63Ag8. 653 cells (a nt{lHg ﬁy@Vo&w 3don-1g
-retlng l'ine derived from BALB/c nmpbuse, ATCC CRL 1580) using 50@6

pal yet hyl ene gl ycol 1500 (BDH, Dorset, England). HAT Sel e¢tiom ii
CelI's The fused cells were plated in 9Bswel | plates with :>T£z1~1§ EEN
thynocytes per well as feeders and selected in RPM-1640 npedi a ing_ -

15% FBS (fetal bovine serum) and HAT (6 mM hypoxanthine, 50 nNIan1nopterin
and 2 mMMthym dine). The cells were incubated in humdified air with 5% C02
at 37[err] ng/m3cr eSupaynarapysr fuomatnet eix 1Blasksl Ty he M2l s with

growt h wer grgaseeseda Buo Eﬁbbloﬁéés(\lsgndmi W‘PPV%JFUW#SD” I@f)
[err]I-radio- Iagﬁled HPB- ondi tions of

er
i munopr ec¥pFea SH,aﬁfﬁyﬁhlBXuFégwaF§t8W§EE%| {PTYh t hell six

samples stained Jurkat cells positively (mean channel

5 fluorescence ranged 304.51 - 383.00) and did not stain HPB
cell positively (mean channel fluorescence ranged 8.67 -
10.25).

Preparation of a frozen cell stock for the TM29
10 transfected CHO cell clone.

The TM29 transfected CHO cell clone chosen to
prepare a frozen cell stock was 2C3-1G2-1H6-2F5. This
clone was expanded from one 75 cm’® flask to five 225 cm?
flasks in order to provide a sufficient number of cells to

15 establish a frozen cell bank for research purposes. The
frozen cell bank was prepared following the SOP
TM81¥001.00. The cells were treated with trypsin,
collected from each flask and pooled. The pooled cell
suspension was found to contain 3.2 x 10" cells, with a

20 99% viability. Seventy-two vials were prepared, each
containing 2 x 10°® cells in a 1 ml volume. All vials for
the clone have been labelled TM29-646-132,

i il




T¥ and [err] chains. The. hybridomas which reacted wt hpgﬁg ALL wgrﬂe3 &7

exganded into T-75 flasks for further cloning. Coning of Hybridomas of

| nterest Hybridomas with the specificity for HPB-ALL TCAR (T.cell.
receptor) were cloned by limiting dilutiomn 31 Cel|'s fwpe gHatiedASBEEN
96 well culture plates with 2 fold serial dilutions of cell dqn34 BgEPangi n
from2 to 0.015 cell/well. The best grow ng col ony W th—t-he—highest
productivity was chosen for repeating the above procedure twice. One of the
final col oni eExample T hese two additional rounds of selection, 4HI11,

was identif '§éjquence-r£'eof PER P ASSLInbde At HTkk d%%ﬁegoo%tt%

nol ecul es identica

10

15

20

25

30

35

Framework Regions

TM29 VK

1 DIQMTOSPSSLSASVGDRVTITCRASSSVNYIYWYOOTPGKAPKLLIYYT 50
REI Q==QDIIK=LN= === ===EA
16G8 ENVL====AIM===L=EK==MS =KSDAS===W====
HIC E=VL====GTI=I=P=ERA==S====0==SSYIA====K==Q==R====GA

51 SNLAPGVPSRISCSGSGTDYTFTISSLQPEDIATYYCQQFTSSPFTFGQGT100

REI QA EETEsSsSsssSsSEEESSSRESss YQ=L=Y=======
16G8 T NS=SL====MEG==A ===========S==
HIC =SR=T=1=D========DF=[===RLE=X=F=V =YG===f======
101 KLQIT 106
REI =spm==ug

16G8 ==E=K

HIC =VE=K

TM29 VH

1 EVOLVESGGGVVOPGRSLRLSCSSSGFTFSNFGMHWVROAPGKGLEWVAY

KOL Qe========s====s==== IF=SYAsy======= I
16G8 D L====G=RK===AA== S=sssssm==ms=====osso=
WEA Q====D====L=E==G A== =AND=N======== LSF

51 ISSGSSTIYYADTLKGRFTISRONSKNTLFLOMDSLRPEDTGVYFCARRG

KOL =WDDG=DQH SV==== == D=
16G8 =P ===T===8S===AM=Y

WEA =GGSG== =SV NB S=Y===S==sA===A=YY== ==
101 EGAM DYWGOGTPVTVSS

KOL GHGFCSSASCFGP=============

16G8 ==== ==mzz== S -
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!the TCR a and [err] chains precipitated with the [err] BgmsAS Lwhi°c?1387
reacts with constant region of TCR [err] chain. The result suggested that
this mAb had the specificity to TCR [err] chain expressed on the HPB-ALL T
cells. The antibody was called TM23 for m@nveni ence. Charaﬁﬁerx thQQ;BEEN
Monocl onal Anti body from Hybri doma 4H11, TM23 |sotyping of N&%%a
performed using a commercially available kit (Zyned, Sout
CA). The results indicated that it is a nouse Ig&Ra/[err] isotype. To
confirmthe B9 - TCR reithithe \sesfuerneesTve ¥eb, veéusigms screened for its
ability to o?@gluiate $oen @8 wlgp%giimém%ggface of HPB-ALL cells.
he

Previ ous studies have shown_that_mAbs tqQ either a or [err] chain of TCR
can conodul at2 B froftthed B 1P sUF a3 cells are preincubated with
the anti-TCRrm2%Ws3 WheithiRB/ /8 [t AMAY (92-93/95) changes

5
Example 8
atchard An si mA
Scatchard analyses of TM29 and 16G8 antibodies
10 ‘were performed in three independent experiments. The
table below shows the Kd determined from each of the
experiments.
Exp. TM29 (Ka M) 16G8 (K4 .M")
15
1 1.45 x 107 2.86 x 10"
2 1.65 x 10° 2.65 x 10*
20 3 1.15 x 10" 2.44 x 10"
Mean 1.42 x 10" 2.65 x 10

—

Example 9 This Sheet Has Been Re
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Chimerics in C0OS and CHO:

* V(D)J region cDNAs were cloned into CHO cell
expression vectors, pTCSLNeo (H) and pTCSLDHFR (k) in cDNA
30 configuration.
* Expression plasmids were co-transfected into COS and
CHO.
* Ab concentration in supernatant from COS cells -~35
ng/ml.
35 * CHO cell transfectants were analyzed (by FACS and

ELISA), cloned once, and were amplified with MTX (20 nM,
100 nM and 500 nM).
* The antibody concentration from unamplified CHO cell




: : L : 34 /,00387
J!ge prei ncubated with TM23, a significant decrease in reagpp@lty with the

anti-CD3 mAb Leu-4 was seen when conpared to the Leu-4 reactivity seen
untreated cells. Normal human PBL (peripheral blood |ynpho Sy
for reactivity with TM23. From 1.6%to 58, 0% of the PBL T defvis Sgat'_'ugj}%_
.-.:.t. $ 4% :

regi on

reacted with TM23. This result is typical of results obta ned
ot her mAbs which have been shown to react wth speci
determ nants. To determine if TM23 binds to the sane epitope as ICl, a mAb
whi ch reactslohéd hasens[eg/hl 5. @ndnskHiBed uhirkdt issl (Bpdsitivelnt. al .,
1986 J. | I %& . é% Eggggil' 0 bl ock the binding of
t he ot hermgs?ﬁ |é%i]?ié‘1 déné - L"Lé%:é(el soﬁée}'r?el iTSf incubated with TM23,

Example 10

5 Expression of cChimerjc 16G8 in COS and CHO Cells
16G8 cChimeric
Light chain and heavy chain constructs contained
complete mouse V region with human constant region in the
same expression vectors used for CDR-grafted constructs:

10 PTCSDHFR link pTCSNeo link - the constructs had double
selection capability.

3

COS cell transfectants - ~ 35 ng/ml
CHO cell transfectants - 16 positive wells/54 wells
15 _
ng/ml corrected for volume
1Al 151.6
1A6 166.6
20 1B3 107.2
1B6 179.6
1D2 101.0
1D5 215.1 * 2.2 ug/ml
2A4 199.8
25 2B1 184.5
2B2 213.8 * 2.1 ug/ml
2B4 130.6
2C2 119.6
2C6 214.4 * 2.1 ug/ml
30 2D3 216.6 * 2.2 ug/ml
2D6 139.7
3Al 198.7
3a2 172.2
35 all expanded to 25 cm’ flasks “This Sheet 1y

s 2 il




t!. bi ndi ng of fl uorescein-conjugated | CL was i nhi bited. PBI8o,° finker? 23132

re incubated first with | d, the binding to TM23 was inhibited. This
result suggests that TM23 and 1Cl bind to the sanme or closely adjacent
epi topes. To further assess whether TM23,gnd | Cl have similar reactivities,
PBL Iines were derived by stinulating with the other |
then examned for reactivity with each mAb. Wen a PBL [ THE SHE  esd8BEENed
by stimulation with TM23, both 1Cl and 4Hl11l reacted with a sSiRHHMACED
percent age oExample. 11 The sane is true of a 1C sti nul &ted—PBE—tiTme:

G owi ng of 4 | 6 Luge hgudbll clone TM23.1 7-31-91 was grown and
expanded in : us 1% fetal calf serum 100 [err]/m
Penicillin, 100 [err]/m Streptonycin and 12.5 nM

TM29

5 TM29 in COS/CHO:

* cDNA was prepared from the CDR-grafted V regions in

NSO producing line, amplified by PRCR, sequenced.

* DNA fragments were cloned into pTCSLNeo (H) and

PTCSLDHFR (k) in cDNA configuration.

10 * Plasmids were co-transfected into COS and CHO.
* Supernatant from COS cells contains ~2 ug/ml Ab.
* CHO cell transfectants secreted -3 ug/ml Ab before

cloning and amplification, supernatant stained Jurkat

cells positively. Cell bank from the best unamplified Ab
i5 producer was prepared after three times of cloning.

* The CHO cell lines were amplified under various

concentration of MTX.

Example 12
20 Comparison of TM27L, TM27I and TM23 in 4H11-FITC
Competition Assay

Exp 1:
slope TM23

slope TM27L

slope TM23

.0 slope TM271I

This Sheet Has Been Re
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g!Etanine. Preparati on of cDNA Encodi ng TM23 Heavy and t Lha 0,

| O[err] 4H11 cells wer e | sol at ed by centrlfugaf¢®ﬁ é%é bgtkAﬁ nce
with ice cold PBS. Total RNA was prepared using Promega RNAgents Total RNA
Fsolation Kit (Pronmega, Cat # Z5110). B ly (A)+ RNA was prepared using
Pronmega Pol yATract mRNA Isol ation Syste (Pronega Cat | Zo?ﬂﬂjsqfqhﬁAﬁdﬁiﬂ
| g&a and K specific cDNA |library was prepared using the BRL SupersgeEDpt
Kit (BRL Cat | 82Y8SA) with the Ig&a primer 5
ATATGCEECCEE&ﬁAITTACCCGGAGTCCGGGAGAAGCTCTTAGT 3" and [err] primer 5"
ATATGCEECCGCTTAA %@ggTGTTGAAGCTCTTGACAAT 3'. The two prinmers contain
Xho | restrlctlon eﬁzy tes and sequences conplenentary to the 3' ends
of nouse Ig&RRa and [err] codi ng=regi dm82 respectively. The cDNA was

" slope TM27L

5
slope TM23

[
N
.
>
F-3

slope TM271

10 Compared with TM23, the values from both TM27L and TM271
are all <3 fold.

Example 13
TM27 Methotrexate Amplzflcatlon
15
Productivity (micrograms/10® cells/day)
Methotrexate Level (nM)
0 20 100 10-200 20-200
Cc7 *7/30 27 nd nd nd 265.8
20 *7/22 3.5 nd 19.2 14.7 34.2
7/6 2.6 nd nd 9.1 nd
6/25 2 4.8 4.5 nd nd
6/18 3 8.9 nd nd nd
25 H9 *7/30 22.7 nd nd nd 181.9
&7/22 3.9 nd 9.4 11.6 34.4
6/25 1.5 1.8 4.7 3.6 nd
6/18 1.8 1.5 nd nd nd

* No interassay comparison.

e

i




/i Ni

;“d into plasnmid pSPORT,
3 DH5a
cprrying the right size inserts were selected for sequencing.
|dentification of cDNA Cl ones Encodi ngggM23 heavy and Lig
-prep plasmd DNA with inserts of the right size (lig
1, 6, 19, 20, 25 and 26; heavy chain clones # 4, 9, 11, 1b
subj ected to doubl e stranded DNA sequenci ng using the Seq

conpet ent

supplied in the Kit,

cells

and tr

by electroporatlon

Cat # 70770htwhAiesshgsralativpr vednes'

i ght chain clones # 6, 20, and 25
that they were nouse

10

15

20

to the DNA inserts.

ppnigoraed; 0 gtog 7E.
Pl asm d cl ones

ﬂw&a&# ~C 1465 BEEM |

b, 22 raRd~34) wer g
renci-rmy Kt (USB
The sequences of

and heavy chain clone # 34 indicated

o 20 100 20-100 20-200

o) *7/30 1 nd nd nd 9.8

*7/22 1 nd 5.5 4.2 9.8

7/6 1 nd nd 3.5 nd

6/25 1 2.4 2.3 nd nd

6/18 1 3.0 nd nd nd
H9  *7/30 1 nd nd nd 8.0

*7/22 1 nd 2.4 3.0 8.8

6/25 1 1.2 3.1 2.4 nd

6/18 1 0.8 nd nd nd
Status

0 20 100 20-100

C7 8/11 fm fm,s,sf4 fm fm
H9 8/11 fm discard fm,s,f2 fm
Key fm = froze 1 tube mixed culture

s =

subculture by one limiting dilution

s* = first limiting dilution in progress

f# = froze one vial of each of # wells

This Sh

[t

e

;imw

20-200
fm,s*
fm,s*




I!él ones. Light chain clones # 6, 20 and 25 had identi cafygeduencest 3ril7#
6 thad a point nutation and was a nonfunctional cl one. Clones # 20 and 34

were sequenced using [err] 5 GACATTGATGICTTTGGGGTAGAAGITGIT 3' and | g&a
5" GGICACTGGCTCAGGGAAATAACCCTTGAC 3' constant region specific priners.

Again, the results indicated that clone®* 6 .was a non-fu -0 r@hggqmgﬂ
clones # 20 and 34 were the right_clones for-light and hepv ub%%i@”p@%

respectively. The cDNA and ami no acid seﬁuences deducedifrom

cl ones are shown in Fig. ms re“l t)l ocking, mcro-amno acid
sequenci ng was perforned frommum l u}‘

I de fragnments isolated from

pol yacryl ani 8&AZMSs. The i nternal reglon am no aci d sequences obt ai ned
fromthis process were

1. A humanized antibody or binding protein thereof

5 having an amino acid sequence that comprises all or a
portion of CDRs substantially derived from a monoclonal
antibody having a specificity for a select subpopulation

oo of T cells, in conjunction with select variable framework

| residues also derived from said monoclonal antibody, said

10 humanized antibody or binding protein thereof capable of
binding to said select subpopulations of T cells with a
binding affinity at least comparable to that exhibited by
said monoclonal antibody.

15 2. The humanized antibody or binding protein
thereof of claim 1 comprising all or a portion of the
following amino acid sequence:

TM27 VK
20

1 DIQMTQSP_SSLSASVGDRVTITCSASQGI SNYLNWYQQTPGKAPKLLIYY 50

51 TSSLHSGVPSRFSGSGSGTDYTFTI SSLQPEDIATYYCQQYSKLPRTFGQ 100
25 101 GTKLQIT 107

3. The humanized antibo@y or binding protein

thereof of claim 2 further comprising all or a portion of
the following segquence:

30
TM27 VH
1 QVOLQESGPGLVRPSQTLSLTCTVSGFSLTAYGVNWVROPPGRGLEWLGM 50
51 IWGDGNTDYNSALKSRVTMLKDTSKNQKSLRLSSVTAADTAVYYCARDRV 100
35

101 TATLYAMDYWGQGSLVTVSS 120 e,

This Sheet Has Been Replaced
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gnsi stent with that deduced from cDNA sequences. Thw l§s, gompiy gud
that the cDNA clones isolated were the ones encoding T eavy and |1 ght

chain. The CDRﬂ ﬂ | ight chains were identified according to
t he net hod of MHMJIMQ yfa) and a2 highlighted a Hgert ,
Figure 1. PCR |soldtidn Of egi on DNA of H and L Chai n§ THRASHNA &7
Sequenci ng PRODUCTI ON OF CHI MVERI C TM23 ANTI BODY | sol ati o of MRz AEEDY

and NK DNA The TM23 heavy and |ight chain variable regi ofrs™Were adapted for
insertion irfto expressityh REwamrzed anfridody oA biegiesc redgiimg for the

TM23 murine e west adllafd 88l 1 comprising all or a portion of the
~ following sequence:

!

5 TM29 VK

1 DIQMTQSPSSLSASVGDRVTITCRASSSVN YIYWYQQTPGKAPKLLIYYT S0

51 SNLAPGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQFTSSPFTFGQGT 100

10
101 KLQIT 106
5. The humanized antibody or binding protein
thereof of claim 4 further comprising all or a portion of
15 the following sequence:
TM29 VH
1 EVQLVESGGGVVQPGRSLRLSCSSSGFTF SNFGMHWVRQAPGKGLEWVAY
20
51 ISSGSSTIYYADTLKGRFTISRDNSKNTLFLOMDSLRPEDTGVYFCARRG
101 EGAM DYWGQGTPVTVSS
25 6. The humanized antibody of any one of claims 1 to
5 which is a complete 1g.
7. The humanized antibody of claim 6 which is of
isotype IgG2a.
30
8. The humanized antibody of claim 6 or claim 7
wherein one or more residues in the constant domains of
the Ig has been altered in order to alter the effector
function of said constant domain.
35

9. The humanized antibody or binding portion

thereof of any one of claims 1 to 8 produced by

recombinant DNA technology. T T T T T T
This Sheet Has Been Reﬂlaced

ARt




om TM23MuVH. NUIgGQa by PCR"usi ng ol i gonucl eoti de prlngﬂj-g*@36§Kﬂ®5387

AGGT SMARCT GCA! contains a site for th strlctlon enzyne
Pstl and VHLF CCGTGGTCCCTTGGCCCCAG 3 mhlch conta

| i kewise a BstEIT siteé. M sta for Cgp A S stands -8 et GASRBEENNdS
for A or Gand Wstands for A or T. These sites were thﬁ‘e Gﬂpluced at
the 5° and 3' ends respectively of TM23VH DNA. The anp i fi efD AEES

with Pstl and BstElIl and ligated into the Pstl and Bst sites of
doubl e- st r anded replimahbtaoaREbrfprﬁuDHAngfathemaﬁﬁhea &ﬂsz&ﬁﬁfﬂr cut

" e Bl Bl WG 3etolldsRIa8" Ehe" B0 Yol L
|nnunoglobumﬁﬁhsﬁoﬁﬁﬂ@FISGFQnal sequence and
a) isolating a first DNA sequence encoding at least
S one CDR substantially derived from a murine
monoclonal antibody having a specificity for a
select subpopulation of T cells;
b) cloning said first DNA sequence into a suitable
vector;

10 c) introducing select human framework amino acids .
through mutagenesis, thereby forming a CDR
grafted construct;

d) transforming a host cell with said construct of
step ¢); and

15 e) culturing said host cell so transformed to
produce said humanized antibody or binding
protein thereof.

11. The method of claim 10 wherein the host cell is
20 a CHO cell.

12. A humanized antibody or binding protein thereof
in accordance with any one of claims 1 to 9 for use in
therapy.

25
13. A pharmaceutical composition comprising a
humanized antibody or binding protein thereof in
accordance with any one of claims 1 to 9 in combination
with a pharmaceutically acceptable excipient.

30
14. A method for treating Crohn’s disease which
comprises administering to a patient in need of such
treatment an effactive amount of a humanized antibody or
binding protein thereof according to any one of claims 4

35 to 7.

15. A method for treating MS which comprises
administering to a patient in need of such treatment an

This Sheet Has Been Replaced
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appr!'pri ate splice sites (Olandi et al., (1989) Proc. Natl.POWBdI &oi 00USA 7
86: 3833-3837). The ligated DNA was transforned into corrpetent E.coli strain

TGL (K12, [err] (Il ac- sd D5 (F tra D36, © -
| acZ ML5]. Singl e- st mmmm"m Fepar egdafromthe rec ﬁft&h %WBEEN
pl aques obtai ned. The *DNA sequence OrOdI ng for the TM23 nur{i ne VRE
anplified from TM23MuVK. MUCK by PCR using ol igonucl eotide priners VKLIBACK
5" GACATCCAGCTGACCCAGICTCCA 3' which contains a Pvull site and VKIFOR 5'
GTTAGATCTCCAGCTYHEREELYS anglint obne ahwsani Bed | dnsikay %ﬁ%ﬁmd on with.

two overl appi ngpkot@inathdFé Bl Sc&Ss 0 ve the Hind- Site in
CDR3, oligo 9435 CCGAGGAAGTTTA%TAT%%?%OI%& 2APBHE of C1d 1 2, 3, 6 or

—n

p\aoed

“\\iiﬁ%\\\\\\\\\\\\\\\\\




an! oligo 944 5 CAGTATAGTAAACTTCCTCGG 3 (Horton et al
Bgl'l | sites were thereby introduced at the 5

The anplified DNA was digested with Pvull and Bglll and ligated 35 1in
Pvul | and Bcll cut M3 VKPCRL. The enzyrss-8gl || and Bcl|HRuremers
produce conpati bl e cohesive ends which can be ligated to
contains the same pronoter, signal sequasgeracd splice sk

(Olandi et al, (1989). The |ligated DNA was transfornmed |nto E col i

. (CEB0)8 4 AAPIS &iAd
and 3' ends of TM23 VK DNA

N
fSumant ze i d Uses ‘rhereof‘

b

5 The present invention relates to humanized

antibodies and binding proteins thereof, capable of binding
to T cells exhibiting particular variable beta chains, and
particularly those subpopulations expressing human VB8 5.2

and/or 5.3, and VB 8.1. The present invention also relates
to the preparation of such antibodies,

4 CELETED BY RO

10 to pharmaceutical
compositions containing them, and therapeutic utilization of

the antibodies, specifically in autoimmune diseases.




Y

and’ singl e-str ' the conpi nant phagBCiBacues/ 00 387
obtai ned. PCR pr othatHEESHASHBEEN rec He'r's? base pairs (bp) for VH and
288 bp for VK were oBERLACER. Th VH was inserted into the vector
ML3VHPCR] to give M3 TWMZ3MOVFighe VK DNjgwas insegged into gfe vectorg
ML3VKPCRL t 0 gi ve ML3 TM23MuVK. *Confirmati®n of DNAe«Sequences et was .

confirmed thamggey O”WWWWW‘“
spurious nut 3& Qi\]/ll L gdiced b e seguence of
singl e-stran hRRSPEIQS RS LA VA VIZ TOAASOATANILEWY QUTPGHA RRLLIVY
i ncluding the prormter Si gnal sequence, splice mm and 5 and 3'

untransl at ed sequences was obtai ned by the di deoxy nethod (Sanger et al,
1977) using T7 DNA pol ynerase or Sequenase.
(1]

70 80 90 100
[ 4 [ ] ] ] .

28SLEBGVP SRF SGSGSGTDYSLTI SNLEPEDIATYYCOUYSKLORTFGQ
TSSLESGVR SRFSGSGSGTDYTFTISSLQPEDIATYYCOOTAELPRTIGO

CDR2 CDR3

107

GTKVEIX
GTKIQIT

10 a0 b1 40 50
] . *

* *
™23 Vi QVQLKESGPGLVAPSQSLSITCTVSGFSLTATGVIINVRQPPGRGLEWLGH
™27L Vu QVQLQESGPGLVRPSQTLSLICTVEGYK SLTAYGYNWVRQPFGRGLEWLGM
TM27I Vg =ssasusasssssssessasssuszzzzsaasAY0INzzzszs=zzzsslsll
™27.1Vyf sessssusansasascesusssssazasassdAYGINzssassansanslal
™27.,2Vg szssssszsasssaszssssssazsasazscziAYiINsssssssssssslalf

T™27.3Vg ssssssssusssssssssczsssassssssiiififssssssscessslalf

COR1

40 70 0 0 100
. .

IWGDGRTDYRGALRSRLSI SKDNSKSQVFLKNNSLQTDDTARYYCARDRY

IWGDGNTDYHEALKIRVIMLXDTSKNQRSLRLSSVTAADTAVYYCARDRY

mc--d-.s-.-a-.--s-:asn-- snssssazssDRY

INGD@NTDINEAL KzunaanasssnnaVesasasnsssnssanssasDRY

INGDANTDYNEALE»sl.8lSunTenasssssenssssannszsansaliY

ZHEDGNTDYREALE s sassssssususesssasssssasssRaasnalRY
CDR2

This Sheet Has Been R

I T




\®sequence of singl e-strandedﬁ'ﬁgpﬁage entire, é)
(bp) VK region including the sign sequenc Si tes 5
untransl at ed sequences was obt ai ned by the di deoxy nmet hod, as above

a|r
§587
DNA

clones with the desired sequencgef or TM23qyH adapted for i nsertion in the

expression vector were identified. One of ®hese, #2, was selected for

further work. The intr w S|te restrlctW
for insertion of VH i nto t he exEre S1 on vector resul t ed ‘ _LL‘ ”A:SIBEEN

SLVYTYSS REPLAGERND orfe
change at the C term mm‘&.ﬂ.mm tion 108 toufmﬁe*‘rﬁﬁladm

change at the Nt er mi nUi™ ition 5 to gl
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i dentified. One of these, #4, was selected for further morkcwn%hgagqﬁ
aci d squence of CDR3 was not altered by the renoval of the Hnd IIl Si
but the introduction of the requisite restriction sites necessary for
insertion of VK into the expression vector resulted in three amno acid
changes at the N-term nus; nethionine (M at position 4 to leucine (L),

threonine (T) at position 7 to serine (S) and threonine (i %
to proline (P), 77> ﬁ\}) %HEEISHASQEE
0

and one change at thg&e-termnus, valin |on
105 to glutamne (E), due to the priners used. Clonlng \ rnnln A
Fragnments into ML3 Vector Transfer of the cloned nurine vari abl e reglon to
expression vectors containing human constant region genes for subsequent
expression of the antibody in mammalian cells was acconpli shed. |

100
*

CDR3
WLGM
I=M
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L=M

90
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AYGYN==m=e=
CDRI
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107

TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQYSKLPRE?GQ

QVQLKESGPGLVAPSQSLSITCTVSGFSLTAYGVNWVRQPPGKGLEWLGM

TM23 Vi, DIOMTQTTSSLSASLGDRVTISCSASQGISNYLNWYQOKPDGTVKLLIYY
CDR2
GTKVEIK
GTKLQIT

TM27 Vi, DIQMTQSPSSLSASVGDRVTITCSASQQISNYLNWYQQTPGKAPKLLIY!
CDRI
80
*
TSSLHSGVPSRFSGSGSGTDYSLTISNLEPEDIATYYCQQYSKLPRTFGQ

™23 V
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Sg ection of 1gG Isotype for Humani zati on Human |1 gG isotype K’,Qéecﬁo énoa% 87
TM27 for the following reasons: 1. I1gGlL has the capability of nediati r% 12

bot h ADCC (anti body dependent cell cytotoxicity) and CDC (conpl enent

dependent cytotoxicity). Therefore, it may be nore effective in

down-regulating [err] 5.2/5.3 T cells; and 2. 119Gl has P ?wﬁEEN
often in Ab humani zati on. Human Franewor k Sel ection for t
PRODUCTI ON OF HUMANI SED TWR3 ANTI Bcﬁ/@esi gn of Humani s

Regi on Sequences Sel ection of human framework sequences to receive the T™VR3
CDRs and determ nation of essential nurine residues that nust be
substituted in the human framework was carried out. Conmput er assi sted

conpari sons of t|he am no acid sequences of TM23 VH and VK were made both
with the known'
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seq! énces of ',Bsrg_mﬁi BEEN bodfe i-?crﬁurra*antl body VHROWB VK4 7 00 387

sequences. The E | GN 1rom STAR Ltd, London WL3 9BL, UK, was
used, run on ja_Conpd ssor AALI GN aligns two proteins
sequences using the Li pman- Pear 8n and Nee#f eman- Wirddch et hod®. First, S he
Li pman- Pearson nethod determ nes the best regions of honol ogy. Then
t he Needl enan1¥Gés $h, nemmsmsm BKVINSCRASSEVINERTWYQQKSBASEELWI LY .
The al i gnment gyggoyce w g%@ﬁmﬁwwﬁw
factors such as th?# engt bﬁ and residues _belTeved to be cri al
I n supporting the conformati on of the CDRs, for ex e positions 71 and 94

60 70 1 90 100

L ] * . L J .

SMLAPGVRTRFSGEGSGNSYSLTI SSMEGEDAATYYCQUIT4SPYTFGSG
ANLARGVRSRFSGSGSATOYTF TISSLQPEDIATYYCOOPTRRRPTFGQG

CDR2 CoR3
106
[
TKLEIR
TKIQIT
10 20 10 ) 50
L . * ] .

16G8 Vg DVQLVRSGGGLVQPGGSRKLECAASGITT SHFGMEWVRQAPDRGLEWVAY
™QRY9 Vy EBVQLVESGAGVVQPGRSLRLSCSSSGITF SHPGMEWVROAPGRGLEWVAY
™29.1Vy s=saszzzasssssssssssssaissaszaNFiisssarsssssasssy
. T™M29. 3Vg csasssasessssasssssssssnsesessifgiiizssssnssanssseny

' T™29. vy na------uaas.:susi-:a--------m-sssalca-ls-.-x

CDR1
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188688 TIYYADTLRGRFTI SRONPKNTLFLONTSLREEDTANYYCARRG
I88GE8TIYYADTLEGRITISRDNIKNTLFLOMDSLRPEDTGVYFCARRG
I88GEATITYADTLEGeuansnunenassosasxsszsasnsnansasiG
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a?g residues close to the CDRs (gé MEfo eidal ((5990')\;4”|:>>0P@7'§nc? et 387

(1992)). Conparison with consensus quences for the Kabat subgroups
assigned the TM23 nmurine VH to Kabat subgroup VK V. There are no ami no acid

sequencgs which are un groups in the TM3.frameworks. The

human anti bodi es NEWM an provi ded the framework se MCWM/? .

VK respectively. For V® =T R"S t he CDRs, the nurinegese L SHe EE&IZ?
' ht t

to 30 inclusive and 71 gD Tawckeaisaas f r anewor k resi

be inmportant in supportg Jml i on of the CDRs (Foote and Wnter,
(1992)). Residue 71 ma he rel ative dispositions of CDRL and CDR2,

accordi ng to whet her t CDR3is a bul Ky side chain (lysine or arginine) or a
smal l er side chain (valine or alanine) presemt (Tranmontano et al., (1990).

Therefore valine 71 in NEWM VH was repl aced
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wiKl ysine as in TM3 VH Residues 27 to 30 formpart of the spCMBtwWa&l, 0038
rat her than hypervariabl e, antigen-binding |oop as defined by Chothia :zngi 12. 94
Lesk (1987). Framework residues 47 to 49 may al so be inportant for '
anti body structure (Foote and Wnter, (1992)). Therefore two
alternati ve humani sed heavy chains were constructed: one with i

(I') at position 48 as in NEWM and one with |eucine (L) '
that residues 47 to 49 fromthe nurine were preserved.\ ¥
the murine VH sequence with the humanis version i s show

No alterations were made to the human REI framework chosen~for TM23 VX. A
conparison of the nurine VK sequence with the humani sed version is al so
shown in Exanpl e
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2. Description of Manmalian Express ion Vector pTCSNeo The pl asmPGIABTCSbleo 0 0 3 |
contains a unique Xho | cloning site into which genes of interest are 2. 9
i nserted. Transcription of the inserted gene is driven by the regul atory
sequences consisting of a SV40 enhancer upstream of the adenovirus 2 major
late promoter (Ad2 M.P). The Ad2 MLP is itself |ocated upstreamgi—the EH
adenovirus tripartite |l eader. The inserted gene is flanked b THIS SHERT THAS BE
pol yadenyl ati on signal from nurine i m’runog obul in kappa (lg[érr]) pEPLARED 3!
end. Mammal i an selection is conferred by neonyci n resi st dance—gene

(Neo'). The plasm d al so provides the bacterial origin of repl I cation and
[err]-Ilactamase gene (Amp"). Construction of Expression Vector pTCSLNeo Two
conpl ementary ol igonucl eotides with the sequences: anti-sense,
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5'!. CGACATCGAT GAT AT CGAAT TOGCGGCCGOCAGCT GGBGCCCTCTAGAC 31 and PEBIRse? 45/ 00 387
CGAGT CTAGAGGGCCCCAGCTGECGECCECGAATTCGATATCATCGATG 3" were reanneal ed and
ligated to pTCSNeo whi ch had been digested with Xhol and filled in with dT.
The resujting plasmd, pTCSLNeo, Pt h te_ pol#linker consisting of nultiple
restriction enzymatic sites in thel teation of 5 Xhol / Xbal a
Pvull / Notl / EcoRl [/ EcoRV / Cd al , 1S conveni ent f Ofd=ite
gene of interest for expression. The neo' gene can be chﬁ@ﬁ»d.

sel ection marker genes as well. Construction of Expressidn Vec

The neo' gene in pTCSLNeo was renpved by digestion with teTestriction
enzynme Hindlll and BanH and religated with the nmurine mutant DHFR

(di hydof ol at e reductase) (DHFR) gene fragment generated by HindllIl and
BanHl di gestion of

COMPARISON OF TM27L/N80 AND
g0+ TMITLCHO IN A COMPETITION
ASSAY WITH 4H11

=@ MURINE ¢H1¢
emmgeen  TMITLNGO
e TMITLICHO

a 100 ey
o 10 20 36 40 60 4o

% UNLABELED

WMURNEGAY o, 35000 - 2.0830x A0 = 0.588
TMITUNSO  y = 41877 - 23018 WG = 0.039
m y-‘lw = 210808 FE = 0.087

UGAIL  %UMABELED MURNE4HIT TMRYUNSO TMETLIOHO

8.000 80.000 140.687 803.433 £00.073%
s.780 42.000 181.330 106.007 $20.207
2.600 83,300 219,008 $40.080 348.007
1.878 27.300 281.783 397.840 §00.180
1.280 £0.000 306.00% 380.007 §74.008
0.938 16.800 308.113 $60.070 sT8.773
0.488 11.100 sas.T7 $58.080 390.028
0.313 8.900 340,389 408.483 401.207
0.188 2.030 480.060 400.113 402.883
0.000 0.000 417.797 H7.787 417.7907

——

5|6 i




pl asm d pSV2- DHFR obt ai ned from Dr. Paul Berg (Departnent of Bi ?gﬂﬁm §t‘ Vo038
Stanford University Medical School). Description of Plasmd pSV

H. Neo/ DNS- VxC[ err] The plasm d pSVv184 [err] H Neo/ DNS- VxCK (obt ai ned frorzfr8 2. %
Dr. Lee Herzenberg, Stanford University Medical School - see Thesis of

Jeffery Dangl, page 48-67) is a nouse V and human C chineric construct I n

whi ch the rearranged [err] chain V-J region gene segnent isol ated ¥
Dansyl Chl oride specific rmurine hybridonma was fused to a | SHEnote 'C
fragnent (pSvl84[err]H Neo-C. Isol atfg&of t he human kappqgﬁﬁarwﬁmﬁgpan

region by the PCR nethod. Using t he undi gest ed pl asri.e 34l err] H
FIG.3
w COMPARISON OF TM27L/NS0O AND
S 500- TM27L/CHO IN A COMPETITION
uz.r ASSAY WITH 4H11
8 -
W 400
03: —o— MURINE 4H11
3 —e— TM27L/NSO
= 300- —e— TM27L/CHO
-]
Lt .
s
< 2004
-
&) -
=z
5 100 L) 1 T ) ¥ T L 1 L4 L 2L 1
b 0 10 20 30 40 50 60
% UNLABELED

MURINE4H11 y=393.85-5.0535x RA2 =0.985
TM27L/NSO y=415.77 - 2.3218x RA2=0.939
TM27L/CHO  y=415.64-2.1880x RA2 =0.987

UGML  %UNLABELED MURINE4H11 TM27L/NSO TM27L/CHO

5.000 50.000 149.687 303.633  299.073
3.750 42.900 181.330 296.867  328.207
2.500 33.300 219.803 349.850 342.667
1.875 27.300 251.783 367640 358.120
1.250 20.000 288.993 360.657  374.003
0.938 15.800 308.113 380.870 378.773
0.625 11.100 333.177 388950  395.623
0.312 5.900 349.383 405483  401.297
0.156 3.030 380.860 400.113  402.853
0. 000 -0.000 417.797 417.797  417.792
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Neo/ DNS- Vx( err] (pSVHUk) which contains the human kappa @Q@an g:gnft
region, PCR was perforned with two primers (one forward, reverse@

i solate the constant region. Theg oligonmers (primers) were obtained from
Qperon. g The PCR reaction readent we_fronﬂrhe GeneAnp DNA anplificatios

reagent kit with AnpliTaq (Perkin-g\ner Cetus) The PCR rea wangS@EEN
up in three different concentrations of [err]. Ali quots of tThée~ PCR, \CED
products were anal yzed on a 1% agarose gel. The PCR product {fro

sanple of [err] (concentration 1.5 m\V) was chosen. The priners, Wwhi ch f1ank
the Cregion, were designed to contain restriction enzyne sites for cloning
pur poses. Thus, the anplified DNA was digested with EcoRl (at the 3

end). The site at the 5 end (Pvull) was not digested. The digested DNA
fragnent was then run on a 1% agarose gel and the 300 bp band excised. The

DNA was extracted frgupyhe8égtciind aAamyjiﬁl s OHPB W Cells

K
3.00«13-\ d (nM)
\1 8 TM2? CHO 12.3
| Y ¢ TM2? NSO 9.2
Ns . 4M11 4.8
2.0008+1) - \
-
- |
1.00e+13 4
°o°°.*° L 4 k 4
0 30000 100000
b
I

“le "t

e e A



E:
387
94

andl yzed on a 1% agarose gel to determine quality and to esti nﬁmequ%lﬁt/top
The 300 bp band appeared to be clean and the total anmount of DNA esti r?ab-eé—
tsosbe -140 ng. 40 Hurman kappa chain constant region cloned into the pBs
KS vector and sequenced. The EcoRI-di gested DNA fragnment of the hunan
chain constant region was inserted into the vector pBS KS+, iy -
digested with Sma | and EcoR |, using T4 DNA |igase. This |
was used to transformE. coli DHb5a comgjent cells. Single
pi cked and used to inoculate 24 liquid @ tures. DNA was prepared from each
of the cultures. Each DNA sanple was digested with Pvu |1

FIG.4

TM27 SCATCHARD ANALYSIS - HPB CELLS

3.00e+13 -

b/t

2.00e+13

1.00e+13 —

0.00e+13 — T
0 50000

b

1
100000
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@ TM27CHO 123

€ TM27 NSO 8.2
W 4H11 4.5
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it

agar ose gel

(5' end of Cferr]) and EcoR | (3" end of [err]), and anal yzgg-um (3 2ONT SHEET
Due to difficulty in separating the | ower rahge--bards—{366—

bp), the DNA sanples were digestedmith Pvull only. After ggaky hi%P@??

2% agarose gel, 19 out of 24 were correct for [err] insert. I 25

(of the 19 correct sanples) were chosen to be sequenced, us|ng_I7.and. T3

primers (sequences in the vector fIanklng the insert). Ohe} sequenC|ng

reagents were fromthe Sequenase Version 2.0 kit (USB). sahpte-—i5—proved

to have correct sequence for the hunan kaopa chaln constant
kappa chai n constant regBus : Do AR Y385 o
pTCSLDHFR* to becone pTCSLCDHFFF The human kappa chaln constant

reglon Human
sS~0n vect or

i solated fromthe pBS KS vector (Sanple #5) using Pvull and EcoRl
restriction enzynes. ver due o t.he pr.evi ous Lem b
. '& e %g f o M’e (f gQ&QQe@ Qéo aﬁ@manzzed

separation,

a second di
antibodies and bindxng proteins thereof, capable of binding

to T cells exhibiting particular variable beta chains, and
particularly those subpopulations expressing human V8 5.2
and/or 5.3, and VB 8.1. The present invention also relates
to the preparation of such antibodies, to pharmaceutical
compositions containing them, and therapeutic utilization of
the antibodies, specifically in autoimmune diseases.

T cells play a pivotal role in the differentiation
and regulation of effector mechanisms within the immune
system (Paul et al., (1987) Science 195:1293-1300). The co-
recognition of antigen and major histocompatibility
molecules by a T cell must be specific and precisely
regulated, since improper immune regulation fosters
autoimmunity. Several laboratories have studied diseases in
which there appears to be improper immune regulation, such
as autoimmunity, and some forms of immunodeficiency, and
have implicated T cells in the pathogenesis of such
diseases.

_ Several situations exist where there have been
reported a clonal or cligoclonal expansion of a particular
T cell receptor composition. The most obvious examples are
in conditions of malignancy which have resulted in a T cell
leukemia or lymphoma. In situations of T cell leukemias or
lymphomas, the T cell receptor acts as a unique tumor marker
since the T cell receptor is stably rearranged and presented
on the surface of the cell. Another situation where. a
particular T cell receptor composition is implicated is in
the recipient of an organ graft whose T lymphocytes have T
cell receptors making them aggressive against the MHC
molecules of the donor individual, as for instance the donor
of a bone marrow graft. .

More importantly, several groups have reported

- selective T cell antigen receptor V region gene usage in

regl on was



construct pBS/ Human [err]. The second digest involv
(l ecated 5'

was then gel
remai ning small fragnent of vector at the
fragnent was gel purified and then analyzed on a 1%
and to estimate quantity. The [err] DNA appeared to

e |

REPLACEMENT SHERT
0, 51 Yo T

hblerr]  This fipal
garose gel for quality

to the Pvull site) yielding a fragnent -
purified and subjected to a Q%ull di ges
" end of

-280 bp and theerbain gusairmpnessikHAEdons e -FOB iRptanRre+ Srrawald et
exi stence of td]penkGeRhotedes éfhfé”&&%ﬂéf%k?ﬂe%@bﬁr of PERSLOEFR: 3 génwas

determ ned that clonin n the Pvull, site qn
[err] DNA was Eﬁ%ﬁﬁ?tdgﬂbcégbég g |

LR 5 L Reb g U e LaShgE kL
compared to peripheral blood lymphocytes of patients with

Sarcoidosis (Grunwald et al., (1992) Eur. J. Immunol.
22:129). In Kawasaki disease, the preferential expansion of
VB 2 and VB 8 T cells was noted at the onset of disease (Abe
et al., (1992) Proc. Natl. Acad. Sci. USA 89:4066).
Rheumatoid arthritis has also been extensively
studied in this regard. Several investigators have noted
preferential expansion of subsets of T cells, as for
instance: DerSimonian et al., (1993) J. Exp. Med. 177:1623
(preferential expansion of Va 12.1 bearing T cells in CD8+
peripheral blood T lymphocytes); Stamenkovic et al., (1988)
Proc. Natl. Acad. Sci. USA 85:1179 (synovial membrane-
infiltrating T cells grown in IL2 were oligoclonal by
southern blot analysis); Paliard et al., (1991) Science
253:34 (hypothesized that a Superantigen activated V8 14+ T
cells, including autoreactive T cells which expand clonally
and migrate to the synovial fluid of rheumatoid arthritis
patients); Howell et al., (1991) Proc. Natl. Acad. Sci. usa
88:10921 (noted in particular V8 3, 14, and 17 T cell V
region gene usage in IL 2R+ cells from synovial fluid of
rheumatoid arthritis patients); Uematsu et al., Proc. Natl.
‘Acad. Sci. USA 88:8534 (showed oligoclonal T cell V region
gene usage in synovial fluid T cells of a single RA
individual); and International Patent Application No.
W090/06758 (implicating VB 3, 9, and 10 in RA).
Inflammatory bowel disease has also been-
extensively studied. Several groups have noted expanded T
cell populations or preferential T cell receptor V féqion
gene usage as for instance: Posnett et al., (1990) J. cClin.
Invest. 85:1770; Spencer et al., (1991) J. Clin. Pathol.
44:915; Trejjdosiewicz et al., (1991) Clin. Exp. Immunol.
84:440; and Van Kerckhove et al., (1992) J. Exp. Med.
175:57. Still others have reported preferential T cel] v
gene usage in Mycobacterium leprae (van Shooten et al.,
(1992) Proc. Natl. Acad. Sci. USA 89:11244; Wang et a].;



EcoRl end was repaired (to formblunt end) using Klenow frad
repaired, blunt-ended C. DNA was |igated to the pTCSLDHFR* \e
been Pvull digested and phosphatase-treategd (using calf inteé
phosphat ase). This ligation m xture was used to transformE.
conpetent cells. Singl e col onies were picked and used to in

liquid cultures. DNA was prepared fromeach. Al DNA sanple$ were digested

megﬁt M‘ﬂw SINT Sﬁg‘r
Sg: 4 44 1997

with Pvull angisbnjll ProcanNagilal poad orfcl 1 BHgHOsS el . |
that five sanples, out ;\ Zﬁum fat ai %‘?&atn@ioﬁnerb]f | Ypertg. |1n

orientation. Sanple #7 was ¢ osén
nut ant DHFR* dsfidammahorie HissueyhapKbregentound, ime

was—teterntred
he eqn %eC%n
oWithe

onti nuati on, Repl acerrent o)

vector pTCSLCREGBraln &kkddRhihEUXaBitases), s,mhmu@h:lﬁa* CEBANVES neahased
with the DHFR gene. o PVad o0 PTG BT, SR8 $Avaie™® bs83770-1776) ,
Kawasaki Disease (Abe et al., (1992) Proc. Natl. Acad. Sci.
USA 89:4066-4070 and Abe et al., (1993) J. Exp. Med.
177:791-796) and rheumatoid arthritis (Brennan et al.,

(1988) Clin. Exp. Immunol. 73:417-423).

Multiple Sclerosis (MS) is another autoimmune

disease that has been intensively studied. MS

is an immune

mediated disease characterized by central nervous system
mononuclear cell infiltration and demyelination. Although

the pathogenesis of MS is unknown, both genetic and

environmental factors have been implicated in

the disease

process. Major elements of the genetic predisposition
include an association of disease with particular class II

major histocompatibility complex (MHC) haplotypes, in

particular HLA-DR21 and DQwl (Terasaid et

al., (1976)

Science 1933:1245-1247; Ho et al., (1982) Immunogenetics
15:509-517; Spielman et al., (1982) Epidemiol. Rev. 4:45-65;

Francis et al., (1986) Lancet 1:211; Elian et

al., (1987)

Disease Markers 5:89-99; Urban et al., (1988) Cell 54:577-
592, Vandenbark et al., (1989) Nature 341:541-544: Howell et

al., (1989) Science 246:668-670).

It has been shown that T cells isolated from the
cerebrospinal fluid of patients suffering from MS utilize a
limited set of V region genes. The demonstration of in vivo
activated myelin basic protein specific T cells in MS
patients implicates MBP reactive T cells in the pathogenesis
of the disease (Wucherpfennig et al., (1990) Science
248:1016-1019). When the TCR VB usage of MBP reactive T
cell lines is determined via polymerase chain reaction (PCR)

amplification of cDNA with T cell receptor

VA primers,

preferential usage of a limited number of VB genes has been
found (Wucherpfennig et al., (1990) (supra) - V8 17 and to

a lesser extent VB 12 are frequently used in the

recognition

of the immunodominant region of the human autoantigen MBP);



A AN LI W A a0 Can AL Zenedondl A
e et sarn S T, e et

pSV2- DHFR (pl asm d obtained fromDr. Paul Berg, Departnen t) {3% he@bze Y,
Stanford University Medical School) was digested with restrict!on #&h S
Hndlll and Bglll to isolate the respect|v4e gene fragments. ,LJ_an.,,,a.aaL;LSJ_s
it was determined that an additional Bglll®site in the pTESLC DHFR® vect or
renmoved a portion of the polyA site also, which would int

tor funct Ther ef t he di gest H pd!
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quantity. pear eq be clean an ed tQ be of S|n11ar
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vector using d4in®NAqhageseativéhepcRi gahdon mdndalichdiBs ameibddy t r@s)r m
E. coil DHoa Congggggthggléhown that VB 5.2 and/or 5.3 are predominantly
utilized by the myelin basic protein (MBP) specific T cells
isclated from MS patients compared with control (Oksenberg
et al., (1993) (supra) (rearranged VB 5.2 genes were
detected in the brains of patients with a certain HLA
phenotype) and Kotzin et al. (1991) Proc. Natl. Acad. Sci.
USA 88:9196 (a bias for use of the B chain variable region
5.2 and to a lesser extent VB 6.1 was seen among MBP
specific clones from patients with MS).
Currently, no effective treatment for MS is known.
(Harrison’s Principles of Internal Medicine, 12th ed. Wilson
et al., McGraw Hill, Inc. 1991). Therapeutic efforts are
directed toward amelioration of the aéute episode,
prevention of relapses or progression of the disease, and

relief of symptoms.

However, expression of the mouse VB 8.2 variable
region gene has been found to correlate with experimental
allergic encephalomyelitis (EAE), a mouse model of human MS.
It has been demonstrated that treatment with mouse VR 8.2
specific mAb can both prevent and reduce the disease (Acha-
Orbea et al., (1988) Cell 54:263 and Urban et al., (1988)
Cell S54:577). Thus, there is a great need to develop an
antibody or "antibody-like" molecule, suitable for treatment
of this disease.

Antibodies typically comprise two heavy chains
linked ' together by disulfide bonds and a light chain
associated with the N-terminal end of each heavy chain.
Each heavy chain has at its N-terminal end a variable domain
followed by a constant domain at its other end. Each light
chain also has at its N-terminal end a variable domain
followed by a constant domain. The variable domains of each
pair of light and heavy chains form the éntigen binding
site. The variable domains on the light and heavy chains
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qaaare (zesatiRELy .,

al, 1986).  Sgbeglserved, connected by three complementarzty determining

regions (CDRs). The four framework regions adopt somewhat
of a beta-sheet conformation and the CDRs form loops
connecting the beta-sheet construction. The CDRs are held
in close proximity by the framework regions and contribute
to the formation of the antigen binding site. CDRs and
framework regions of antibodies may be determined by
reference to the Kabat numbering system (Kabat et al.,
(1987) “Sequences of Proteins of Immunological Interest", US
Dept. of Health and Human Services, US Government Printing
Office) in conjunction with x-ray crystallography, as set
forth in W091/09967.

In order to produce an antibody which can target
a specific antigen, the procedure of Kohler and Milstein
(Kohler et al., (1976) Nature 256:495-497) is usually used.
This generally involves immunising a mouse with the antigen,
fusing spleen cells from the immunised mouse with mouse
myeloma cells and selecting from the hybridomas thus
produced one or more hybridomas which secrete a monoclonal
antibody specific for the target antigen.

It would be desirable to use such mAbs in therapy.
However, such mAbs are essentially of murine origin and are
therefore themselves antigenic in humans. If such mAbs are
administered repeatedly to a human, the human’s immune
system mounts a response to the mouse mAb, thus rendering it
ineffective.

It has therefore been proposed, originally by
Winter and his coworkers (see, for instance, Reichmann et
al., (1988) Nature 332:323-327 and Verhoeyen et al., (1988)
Science 239:1534-1536) that the CDRs of a mouse mAb should
be grafted onto a human framework to produce a CDR-grafted
antibody having the binding properties of the donor mouse
mAb and the human compatibility of the accept@r' human
framework. _

However, the function of an antibody molecule is
dependent on its three dimensional structure, which in turn
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E.coli strain RZ1032 so that the tenplate DNA contai ned erCI| uggyace
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ol i gonucl eoti deephli ABENE Updldp Bt £XheedediAbnEIBnd1 structure necessary

to foster binding activity. Moreover, a change in the DNA
sequence coding for the antibody may affect the ability of
the cell containing the DNA sequence to express, secrete or
assemble the antibody. The exact residues comprising CDRs
are difficult to define and do not necessarily correspond to
all the residues in the hypervariable regions, as defined by
the Kabat numbering system. There are also critical
framework residues which are important in positioning the
CDRs for interaction with antigen or which are involved in
interactions between the heavy and light chains. It may be
necessary to alter certain framework residues so that they
correspond to the donor residues at certain positions,
rendering the CDR-grafted antibody 1less “human" in
character.

There have been published various proposals for
identifying the CDR and framework residues which need to be
changed to donor residues in order to produce a useful CDR-
grafted antibody (see, for instance, Queen et al.,
W090/07861; Kurrle et al., EP-A-0 403 156; Adair et al.,
W091/09967; Queen et al., W092/11018; and Bendig et al.,
W092/01568) . It emerges from these documents that the
production of a useful CDR-grafted antibody in any
particular case is not straightforward.

Despite the problems which are inherent in
attempting to produce a specific CDR-grafted antibody, in a
preferred embodiment, the present inventors have succeeded
in producing a CDR-grafted antibody based on human framework
regions and having an antigen binding site specific for
variable beta <chain regions peculiar to certain
subpopulations of T cells. Surprisingly, the humanized
antibodies of the invention demonstrate as good or better

binding affinity to target T cells when compared to their
murine prototypes. The currently claimed antibodies or
parts thereof offer the further advantage of being less
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SUMMARY OF THE INVENTION

The present invention is directed to humanized
antibodies having a selective binding' specificity for
certzin T cell subpopulations, which antibodies are highly
sensitive in their binding to these subpopulations, and
demonstrate specificity and affinity in that binding,
comparable with, if not better than, that of the protype
mAbs from which a substantial portion of their CDR regions
are derived. The present invention is also directed to
methods of . preparation of such humanized antibodies,
utilizing novel cDNA encoding certain hypervariable and
framework residues and grafting these into human heavy chain
and human 1light chain frameworks. Further embodiments
include pharmaceutical compositions and therapeutic methods
of using these antibodies. _

In one particularly preferred embodiment, the
mouse mAb, 16G8, which recognizes human V8 8.1, was
humanized by CDR grafting certain CDR and select framework
residues from the murine mAb into KOL heavy chain and REI
light chain frameworks. The cDNAs encoding humanized heavy
(IgGl) and light (K) chains in mammalian cell expression
vectors with Neoc and DHFR selection markers, respectively,
were tranfected into a DHFR- Chinese hamster fibroblast
(CHO) cell line followed by selection and amplification.
The humanized mAb secreted, designated "TM29", maintains the
specificity for human TCR VB 8.1 with affinity comparable to
that of the prototype mouse mAb (16G8). The antibodies of
the invention have demonstrated that humanization of anti-
TCR antibodies can be accomplished while maintaining the
correct subset specificity and affinity.

Other embodiments of the invention include the use
of these humanized antibodies as a therapeutic agent for
treatment of human autoimmune disease, and particularly
Crohn’s disease. ,

In another particularly preferred embodiment of
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selection markers, respectively, were transfected into a
DHFR- Chinese hamster fibroblast (CHO) cell line followed by
selection and amplification. The humanized mAb that was
secreted was designated "TM27", and maintains specificity
for human TCR VB 5.2 and 5.3 with affinity comparable to, if
not better than, that of the prototype mouse mAb (TM23).
Other embodiments of the invention include the use of TM27
as a therapeutic agent for treatment of human MS.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts various variable light chain
sequences and heavy chain sequences for TM27:

Figure 2 depicts various variable 1light chain
sequences and heavy chain sequences for TM29;

Figure 3 depicts the results of a competition
assay comparing rM27L/Nsc3 and TM27L/CHO with 4H1l1; and

Figure 4 depicts a Scatchard plot of the
experiment shown in Figure 3.

DETAILED DESCRIPTION OF THE INVENTION

Certain definitions used in the context of the
description of the invention are set forth as follows.

In the present application, the term "antibody" is
used to describe Igs or any fragments thereof, light chain
or heavy chain monomers or dimers, and single chain
antibodies, such as a single chain Fvs in which the heavy
and light chain variable. domains are joined by a peptide

- linker, whether natural or produced by recombinant DNA
technology or otherwise, provided that the antibody includes
at least one antigen binding site. The remainder of the
antibody need not comprise only Ig-derived protein
sequences. For instance, a gene may be constructed in which
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restriction enzyne sites used for cloning renoved. S ¢

edwer eCD : ACCAGTTTAAATAATTGCTAAT .
GCACTACAGGTGATGET@I3 SHEEDHASHRE ol A4 Jan 97
TCTGCTTGGCACACC'GA\GTG?MWGATGTGTAGTAGA'IQCAGCAGCTT 3', and.CDR3..5!
CCCTTGGCCGAACGT CCeASEAAGTTTACT AT ACT GCTGGCAGTAGTAG 3' . PC§ products of the
expected size, 823 bp for both VHs and 620 bp for VK wer '

cl oned into tBecDNA4spi®ence tencoding fpant i@h othumamdigzchavay igbfesrdgkon

DNA Seauencesal (oS Sfldrdld ehiBla e ERRUI ERENEDE R hRfieddseigzeda

that no spurious cha ge occurred-and that the correct hunani zed VH“and
VK genes had BE4¥PeBEife effactPReCEoRBPRFEeTaPPABFBlLgi THYSeRRELRAERNCed

by the di deoxgncompasses hybrid antibodies (see below).

The term "binding protein' as used herein refers
to a construct having a particular amino acid sequence
derived from an antibody or combination of antibodies, said
sequence sterically configured in such a manner as to form
at least one antigen binding site. .

The abbreviation "mAb" is used to indicate a
monoclonal antibody as produced by a hybridoma or derivative
cell line. .

The term "recombinant antibody” is used to
describe an antibody produced by a process involving the use
of recombinant DNA technology.

The term “CDR" or "complementarity determining
region" refers to those portions of an antibody’s heavy
chain or light chain variable regions juxtapositioned in
three-dimensional space to form an antigen binding surface.

The term "chimeric antibody" is used to describe
an antibody in which the variable domains as a whole are
derived from an antibody from a first mammalian species and
have been fused onto at least one constant domain from an
antibody from a different mammalian species.

The term "“CDR-grafted" is used to describe an
antibody or portion thereof in which the CDRs are
substantially derived from an antibody from a first
mammalian species, grafted into a variable framework regions
substantially derived from a second mammalian species.
Certain select amino acids in said framework regions may
also be derived from said first mammalian species.

The term "hybrid antibody" is used to describe a
protein comprising at least the binding portion of an Ig
attached by peptide linkage to a least part of another
protein. It will be appreciated that certain skilled
workers may also use the word “chimeric" to describe such
constructs, but in the present specification such constructs
are referred to as hybrid antibodies and the term chimeric

This Sheet Has Been Relplaced
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compared to the designed sequences. Cones giving the expectéd: sefjuence
for the two VHs were sel ected. These cl ones were nanmed ML3 TI\/ESI'NM\/H and ML3
TMR3NWHL. A cl one giving the expect e&osequence for the rés@ap’éd JMK 1557
#11, was selected and nanmed ML3 TM23HUVK. C oning of RearrangediV Regi ons
into Myel oma Expression Vectors (O oning of Humani zed TM23 Vari abteRegrons—
i nt o Expressi antiboddies) ishaisddniay thesense defingd ake¥®onsg were ‘

transferred to expressi afe/ @k *huRArdiZdd AntYBRAyPORS! dBked’ €8I GBsBRIDE
for subsequent expression of the antihody .in
an antibody having at least one, and preferably two or
three, of its CDRs in one or both of the variable domains
derived from an antibody from a first species, it being
understood that this may involve certain select framework
amino acids in conjunction with certain hypervariable amino
acid seqguences. The remaining Ig-derived parts of the
antibody being derived from one or more different
antibodies. The variable domains may be made by use of
recombinant DNA technology or by peptide synthesis.
"Expression vector" includes vectors which are

capable of expressing DNA sequences contained therein, i.e.
the coding sequences are operably linked to other sequences
capable of effecting their expression. A useful, but not
always necessary (i.e. insect cells), element of an
effective expression vector is a marker encoding sequence,
i.e. a sequence encoding a vector sequence which results in
a phenotypic proéerty (e.g. neomycin resistance, methionine
sulfoximine resistance or tryptophan prototrophy) of the
cells containing the protein which permits those cells to be
readily identified. 1In sum, "expression vector" is given a
functional definition and any DNA sequence which is cépable
of effecting expression of a specified contained DNA code is
included in this term as it is applied to the specified
sequence. As at present, such vectors are frequently in the
form of plasmids. Thus "plasmid" and "expression vector" are
often used interchangeably. However, the invention is
intended to include such other forms of expression vectors
which serve equivalent functions and which may, from time to
time, become known in the art, including retroviruées,
adenoviruses, in vitro systems (Baranov et al., (1989) Gene
84:2:463) and the like. ‘

As stated previously, the DNA sequences will be
expressed in host cells after the sequences have been
operably linked to (i.e. positioned to ensure the
functioning of) an expression control sequence. These
expression vectors are typically replicable in the host
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manm i an cells. The two humani zed VH genes were isol ated frdn1Nﬁ3“TNE3NWVH”
and ML3 TM23NWHL as Hindlll to BanH fragnments and |igated |qto1%h?\ﬂ
H ndi 11 and BanH sites of the heavy chaiyy expression vectori,
pSvgpt . Hul gd . The humani zed VK gene was |solated from ML3 Twzmdﬂﬂ44ﬁ+%r—w
HndllIl to BanH fragment and ligated into the Hndlll and BanH sites of
the light chain expression vector pSVhvg. HUICK. Restriction eazyme—amatysis

showed that tdigydnismd tel1pds s hepnsbmed Yiisaseda dotegealy parteafedhent o
t he heavy chai n vect or o} gi ve t he pl asm ds

pSVthTNQSNMﬂ?ﬁ%MERﬁ BIRP IV JNAM/HL. Hul g& . Li kewi se, the humani zed VK
was correctly inserted "Recombimanti st sells"\ZeEEES (%P gedds tch

p! as mNgOpa{ P%&U@W& HUGG n&Psiheds  @gthon vektdrand dordtrhnt édnaising s
nto recombinant DNA techniques. By virtue of this

transformation, the host cell is able to produce the desired
product in useful quantities, rather than in lesser amounts,
or more commonly, in less than detectable amounts, as one
would expect to be produced by the untransformed host. The
antibody and binding proteins of the present invention may
be produced by a recombinant host cell in quantities useful
to carry out additional experimentation or in commercialy

acceptable quantities, such as about 100 grams or more.

In descriptions of processes for isolation of
antibodies or binding proteins thereof from recombinant
hosts, the terms "cell" and "cell culture” are used
interchangeably to denote the source of antibody unless it
is clearly specified otherwise. In other words, recovery
from the "cells" may mean either from spun down whole cells,
or from the cell culture containing both the medium and the
suspended cells, or, additionally, as is possible in the
case of myeloma cell lines, from ascites culture.

- The humanized antibodies or binding proteins
thereof of the present invention have amino acid sequences
that comprise all or a portion of its CDRs substantially
derived from a monoclonal antibody having a specificity for
a select subpopulation of T cells, and particularly the V8
8.1 subpopulation or the VB 5.2/5.3 subpopulation. 1In the
preferred embodiments, the monoclonal antibody is murine in
origin. The framework amino acid sequence of the variable
domains of the antibodies or portions thereof s
substantially human in origin in the preferred embodiments,
hence the term "humanized antibody". This "humanization" is
believed to be useful in reducing the immunogenicity of the
antibody when administered therapeutically to. human
patients. Preferred for use herein are the NEWM or KOL
human framework regions for the heavy chain, and REI human
framework regions for the light chain. Certain select
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Cotransfection of Humani zed Heavy and Li ght Chain Cenes Hum:i : }
expression plasmds were transferred to the manmal i an cel |l
P3-8. 653F8879. The humani zed expressi on pl asm ds wet el cofgqpﬁjggged
i nto NSO and P3-8. 653F8879 cells using the sane procedure as g

chinmeric expression plasmds The two humanhfzed heavy Lh&hﬂ%mﬁ#ﬂﬁﬁ*d@f
pSVgpt TMR3NMAVH. Hul gG1  and pSVgpt NWHL. Hul gG@ were eachjcotransfected
with the humani zed |ight chain plasmd, pSVhygTNQSHuVK HuCK™to~produce cel

1 nes expressm&& \e,ggéiéxgﬁ 'S%H%Zfr&afﬁ@d bQ Frier i neT'VQ?kWé!fHEMKn

and 45 HT u /"HUVK. expression asm wer e
human. This is belzeved necessary to achieve the
appropriate three-dimensional structuring of the molecule,
and to thereby increase binding specificity and affinity for
the specific T cell subset.

Any portion of the humanized antibodies (hence,
the broad definition of the term antibody) made in
accordance with the present teachings is within the
contemplation of the present invention, as long as binding
specificity and affinity for select subpopulations of T
cells is maintained. Thus, binding proteins derived from
said antibodies are clearlf within the scope of the
invention, as are other fragments that maintain these
capabilities, at least to a degree suitable for therapeutic
use; as described below.

One skilled in the art may test the binding
parameters of various constructs made following the
teachings herein through the use of conventional binding
assays conducted with specific T cells or T cell receptor
.proteins exhibiting the select variable region that is
targeted. For example, competition binding assays with
prototype mAbs, binding to various cell lines, Scatchard
analyses and the like may be performed and compared to
results obtained with prototype mAbs. Alternatively, one

- may resort to various animal model systems, such as those
described below, or clinical trial studies to assess the
therapeutic effectiveness of the constructs made in
accordance with the invention, it being understood that a
construct'may be a very suitable therapeutic agent even when
its binding pattern to target antigen differs from that of
the prototype mAb. ,

In particularly preferred embodiments, the amino
acid sequence of the humanized antibody or binding protein
thereof comprises all or a portion of a variable light chain
selected from the following group: '
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cotransfected in conbination with the chinmeric expression [pEasRI~ESs: eh
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tools to Iocat=THKbSHaUsgAgkﬁ¥Hy bi ndi ng #&fect to either it he héaidd KT n
or the light chain iREMLABEBumanifzed antibody. Fourteen daysafter the
transfection cotones of NSO cells were visible for all the Various prasmd

conbi nati ons. i.n ol.ony of P3-8.653F8879 cel lls._was obtained
fromall the platéapggbéééﬂgh %1 Md5e were therefore discarded. Selection of

Human | gGl/ kappa uzmamsnswmmmcmswnuwm@rmmmumn 50
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cel | col oni ed0%4er ZKLQIT

TM 27 light chain
1 DIQMTQSPSSLSASVGDRVTITCSASQGISNYLNWYQQTPGKAPKLLIYY S0
51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQYSKLPRTFGQ 100
101 GTKIQIT ) 107

alone or in combination with all or a portion of a variable
heavy chain selected from the following group:

TM 29 heavy chain
1l EVQLVESGGGVVQPGRSLRLSCSSSGFTFSNFGMHWVRQAPGKGLEWVAY 50
51 ISSGSSTIYYADTLKGRFTISRDNSKNTLFLQMDSLRPEDTGVYFCARRG 100
101 EGAMDYWGQGTPVTVSS 117

TM 27 heavy chain
1 QVQLQESGPGLVRPSQTLSLTCTVSGFSLTAYGVNWVRQPPGRGLEWVGM 50
51 IWGDGNTDYNSALKSRVTMLKDTSKNQKSLRLSSVTAADTAVYYCARDRV 100
101 TATLYAMDYWGQGSLVTVSS 120

Select framework residues in the vicinity of the
individual CDRs are important to the support of the three-
dimensional conformation of the CDRs (Foote and Winter,
(1992) J. Mol. Biol. 224:487-499). Thus, in certain
preferred embodiments, modified heavy chains were designed.
In the first at residues 66 to 69 inclusive and 73, the
murine sequence Leu-Ser-Ile-Ser.(GG-GS) and Asp (73) é;e
substituted for the human counterparts.

In other preferred embodiments, murine residues
valine and phenylaline are provided at positions 78 and 79,
respectively, or murine argihine is provided at position 92,

Figure 1 exemplifies these substitutions, éhowing'
the CDRs in bold and underlining. These preferred antibody
constructs (including binding prote;ggmggerqu) bind to V8

5.2/5.3.
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screened by ELISA. TM23HUVH HUVK: -NSO cel I's from 4 wel | s wed e selscteas

whi ch the cul ture supernatant gave the highest readings in ¢h¢ ELISA; D5,
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cl onal . Cell lines fromthese wells were cultured and frogen in liquid

nitrogen as TM23HuUVH HuvK D5, D10, C6 and Ell. TM23HUVHL/ HUMK=...DNSQ cel ]l s
from4 well's were sel echegeln priifdrridie st ibodiesipandalind iyay eptdieins

hi ghest di in_the ELI SA;, .B2,. B7, . d Vel E9 ' :

Vi 91ble cof onfBETePRcatERFSYAARY BRECiPRE R £ ik biot of AALYhiins
fromthese aratnatesiehessael| wnd o2él . Gt | theses dogitionse wie snueire
cultured and frazen bar-bi QuideRbb’ K980 88 JOBIUMELEUVIOE er RondBrades E9.

demonstrate that residue 75 may be the murine proline
residue, or that residues 88, 89 and 91 may be alanine,
methionine or tyrosine respectively. These antibody
constructs and binding proteins thereof bind V8 8.1 T cells
and are more fully depicted in Figure 2.

Particularly preferred for use herein are CDR-
grafted antibodies consisting essentially of the TM27 light
chain in conjunction with the TM27 heavy chain, wherein
residue 48 is either murine leucine or isoleucine. Also
particularly preferred are CDR-grafted antibodies consisting
essentially of the TM29 light chain in conjunction with the
TM29 heavy chain.

The humanized antibodies or binding proteins
thereof of the present invention may be produced by a
variety of techniques, with expression in transfected cells,
such as yeast, insect, CHO or myeloma cells, being
preferred. Most preferably, the host cell is a CHO host
cell.

To design a CDR-grafted antibody or a binding
protein thereof in accordance with the present invention, it
is first necessary to ascertain the variable domain seguence

~of an antibody having the desired binding properties.
Suitable source cells for such DNA sequences include avian,
mammalian or other vertebrate sources such as chickens,
mice, rats and rabbits, and preferably mice. The variable
domain sequences (V,; and V,) may be determined from heavy
and light chain cDNA, synthesized from the respective mRNA
by techniques generally known to the art. The hypervariable
regions may then be determined using the Kabat method -
_(supra). The CDRs may be determined by structural analysis
using X-ray crystallography or molecular moi_iellinq
techniques. Composite CDRs may then be constructed
containing all the residues corresponding to the
hypervariable regions, along with certain select residues
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TM23HUVH MUVK: - NSO cells from4 wells were selected in whé "c,*m T‘U"r"é““'
supernat ant gave the hi ghest readi ngs in the ELI SA; D9, E6 I @mdaaGiL@}?y

Wlls F19 and GI10 A I-2—vw+st+be col onies, the other
However, the cell Ii&%gﬁﬁ@@oﬁﬁ%mtheéé are not necess rn..l_y..mc-L-gna-l——-——-r

Cell lines from fhese RHUAGERere clltured and frozen in i quid nitrogen

as TMe3HuUVH MuVK D9, E6, F10 and GIU. TM23HUVHL/ MuVKL: - NS&-—cetts—fromz

wel | s vere sel Seddehe mﬁawabﬁ sub&%% supﬁwai-aaaw% tcbap@sgrt@stcuas
readi ngs in the ELI SA;

|1's, C6 and,
visi bl e col oni®AY Yhex S‘FhEFaREFPErSHeaSI-EﬂEV ?ntlge“ binding & en,g‘ while

the remainder of the antibody, if it is desired to construct
a complete Ig, will include the heavy and 1light chain
constant domains and remaining framework residues. The
latter portions may be based on human antibodies of
different classes. :

Constant domains may be selected to have desired
effector functions appropriate to the intended use of the
antibody so constructed. For example, human IgG isotypes,
IgG, and IgG, are effective for complement fixation and cell
mediated lysis. For other purposes, other isotypes, such as
IgG, and IgG,, or other classes, such as IgM and IgE-, may be
more suitable.

‘For human therapy, it is particularly desirable to
use human isotypes, to minimize antiglobulin responses
during therapy. Human constant domain DNA sequences,
preferably in conjunction "with their variable domain
framework regions can be prepared in accordance with well-
known procedures. An example of this is CAMPATH 1R
available from Burroughs Wellcome Ltd.

In accordance with preferred embodiments of the
present invention, certain CDR-grafted antibodies ‘are
provided which contain select alterations to the human-like
framework region (in other words, outside of the CDRs of the
variable domains), resulting in a CDR-grafted antibody with
satisfactory binding affinity. Such binding affinity is
preferably from about 10°.M! to about 102.M' and is ‘more
preferably at least about 10*.M'. Most preferably the
binding affinity is about equal to or greater than that of
the prototype antibody (in preferred instances, this
prototype antibody would be murine).

In constructing the CDR-grafted antibodies of the
present invention, the V, and/or V, gene segments may be
altered by mutagenesis. One skilled in the art will also
understand that various other nucleotides coding for amino
acid residues or sequences contained in the Fc portion or
other areas of the antibody may be altered in like manner

This Sheet Has Been Replaced
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fromthese wells were cultured and frozen in liquid nitrogen ~a§
TM23HUVHL/ MuVK B8, C6, D2 and D8. TM23MuVH HuVK:- NSO cellisi fron1 4
wells were selected in which the cul ture*8upernatant gave -hi ht §hist 997
readings in the ELISA;, B9, 4, G5 and G |. Al wells contai hed at | east 4
vi si bl e col oni es. The cell lines produced fromthese are Mot TECESSATTTY

the cell lines produced fromthese are not necessarily clon T Al [

i trogen s THERRNATA SRAPL ez, PR/ D 29T oS, L and cBRA Syt hesTs
for CHO Cel |l Expressi onﬂitemwlraam ontethajgupkasninc Ride RNAheis pAdpsien, for
reverse transeyd i o, Mbéh&%%.\@ﬁ%lat VeL l:u}(*%f?eé hs miaed RaAKEEed

fromliquid nitrogen aw n err he cells were
of varxous nucle 1des or the conservatlve substitution of

many nucleotides, provided that the proper reading frame is
maintained.

Substitutions, deletions, insertions or any
subcombination may be used to arrive at a final construct.
Since there are 64 possible codon sequences but only twenty
known amino acids, the genetic code is degenerate in the
sense that different codons may yield the same amino acid.
However, the code is precise for each amino acid. Thus,
there is at least one codon for each amino acid, i.e. each
codon yields a single amino acid and no other. It will be
apparent that, during translation, the proper reading frame
must be maintained in order to obtain the proper amino acid
sequence in the polypeptide ultimately produced.

Techniques for additions, deletions or
substitutions at predetermined amino acid sites having a
known sequence are well known. Exemplary techniques include
oligonucleotide-mediated site-directed mutagenesis and the
PCR.

Oligonucleotide site-directed mutagenesis in
essence involves hybridizing an oligonucleotide coding for
a desired mutation with a single strand of DNA containing
the region to be mutated and using the single strand as a
template for extension of the oligonucleotide to produce a
strand containing the mutation. This technique, in various
forms, is described in Zoller and Smith, (1982) Nuc. Acids
Res. 10:6487, Norris et al., (1983) Nuc. Acids Res. 11:5103,
Zoller and Smith, (1984) DNA 3:479, Kramer et al., (1982)
Nuc. Acids Res. 10:6475.

PCR in essence involves exponentially amplifying
DNA in vitro using sequence-specific oligonucleotides. The
oligonucleotides can incorporate sequence alterations if
desired. The PCR technique is described in Mullis and
Foloona, (1987), Meth. Enz. 155:335. Examples of
mutagenesis using PCR are described in Higuchi et al.,
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gradually diluted with 10 i of Dul becco's Mdified Eagle'stEdﬁuhi%ﬁni@iﬁggT
F12 (DVEM F12) supplenented with antibiotics and 5% ganma gEobulig free
fetal bovine serum (GG free FBS). The cellsrmere centrifuged at G@L?ﬁﬁv
for 5 mnutes, the nmediumrenoved and resJSpended in 20 m of {fresh medi um
ina 75 cnerr] flask. The culture was expanded to 30 m inla 175 cn?
fl ask. Actively growing cells were harvested by centftif-ugation-——and !
washed 3 ti | d gﬂgﬁgp buf e salgpe : SIg NA
was prepar edn:‘a(?oé’r%ét)ﬂeﬁggl'l s b tﬁiegsrrét &ngbg%llfav%?oreg?é Qﬁgggg raéA.lé%
total of 350 [#r¥9%of Heytehl é}:im'c Rn@ineer spgitheRridizapiph s jGt1on
- First stranGeddNAWitthowRs yhecpsecdt \Restridion Enzymes: Gene Splicing

by Overlap Extension; Horton et al., (1989) Gene 77:61.

The nucleotide sequences of the present invention,
capable of ultimately expressing the desired antibodies, or
binding proteins thereof, can be formed from a variety of
different polynucleotides (genomic DNA, cDNA, RNA or
synthetic oligonucleotides). At present, it is preferred
that the polynucleotide sequence comprises a fusion of cDNA
and genomic DNA. The polynucleotide sequence may encode
various Ig components (e.g. V, J, D, and C domains). They
may be constructed by a variety of different techniques.
Joining appropriate genomic and cDNA segquences is presently
the most common method of production, but cDNA sequences may
also be utilized (see EP-A-0 239 400 and Reichmann et al.,
{1988) Nature 332:323.)

Certain suitable expression vectors and host cells
are described in US-A-4 816 567.

The vectors and methods disclosed herein are
suitable for use in host cells over a wide range of
prokaryotic and eukaryotic organisms.

In general, of course, prokaryotes are preferred
for cloning of DNA sequences for constructing the vectors
useful in the invention. For example, various E. coli
plasmid cloning vectors are particularly useful, such as the
Bluescript M13 vectors available from Stratagene, San Diego,
California; pUCl19c, Genbank Accession # VB0026, pBR322
(described below) and the like. These examples are, of
course, intended to be illustrative rather than limiting.

Prokaryotes may also be used for expression. The
aforementioned E. coli strains, bacilli such as Bacillus
subtilis, and other enterobacteriaceae, such as Salmonella
typhimurium or Serratia marcescens and various Pseudomonas

species may be used. ]

In general, plasmid vectors containing replicon
and control sequences which are derived from species
compatible with the host cell are used in connection with
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regions. First strand variable regi on cDNAs were synthesi sged#—a-r«eaetﬂ-
containing 5. [err] of RNA 250 [err] deoxynucl eoti de trlphosph%te§ dA&P ),
15 units of ribonucl ease inhibitor (Pharnagia RNAguard) amd225 %

ol i gonucl eoti de prinmer. The priners re oligo | 1109 for

VH 5' GGGGAAGACCGATGGGCCCTTGGTGGAGGCTGAGGAGACGGTGACC 3" and oligo 1095

for VK 5 AGATTTCAGCTGCTCAT '&‘A CiA Ihe-pgae%-éeﬁﬁ—
vere heated t o REF& MRSy ?nﬁﬁ?ggrtﬁ591885ﬂlgd ﬁﬁﬁﬂ%ﬁt% BePLtrd
100 units of Mslitecyasdliweld Lesikearkivigr useqiRences e whishscaret mahds a@tied

and the reacti v&ﬁ&“@?hﬁ%ﬂ%ﬁ%?@éi éfééfioﬁolﬂ‘QQEQ%fo;HQdCQNﬁﬁ

anplified by P ove conjunctron wth ol 1096 ?or
VH 5' GCCGCTCGAG@EP@AGCRF 1@@&@@7@%&&@@%@8}%@%?5&%94

for VK many derivatives of pBR322, a plasmid derived from an E.
coli species (Bolivar et al., (1977) Gene 2:95.) PpPBR322
contains genes for ampicillin and tetracycline resistance
and thus provides easy means for identifying transformed
cells. The pBR322 plasmid, its descendants or other
microbial plasmids may also contain, or be modified to
contain, promoters which can be used by the microbial
organism for the expression of recombinant proteins. Those
promoters commonly used in recombinant DNA construction
include lactose promoter systems (Chang et al., (1978)
Nature 275:615; Itakura et al., (1978) Science 198:1056;
Goedell et al., (1979) Nature 281:544) and tryptophan (trp)
promoter systems (Goedell et al., (1980) Nuc. Acids Res.
8:4057) and EP-A-0 036 776. While these are the most
commonly used, other microbial promoters have been
discovered and utilized, and details concerning their
nucleotide sequences have been published, enabling a skilled
worker to ligate them functionally into plasmid vectors
(Siebenlist et al., (1980) Cell 20:269).

In addition to prokaryotes, eukaryotic microbes,

such as yeast cultures, may also be used. Saccharomyces
‘cerevisiae, or common baker‘s yeast, is the most commonly
used among eukaryotic microorganisms, although a number of
other strains are commonly available. For expression in
séccharomyces, the plasmid YRp7, for example, (Stinchcomb et
al., (1979) Nature 282:39; Kingsman et al., (1979) Gene
7:141; Tschemper et al., (1980) Gene 19:157) is comﬁonly
used. This plasmid already contains the trpl gene which
provides a selection marker for a mutant strain of yeast
lacking the ability to grow in tryptophan, for example ATCC
No. 44076 or PEP4~1 (Jones, (1977) Genetics 8:85:12). The
presence of the trpl lesion as a characteristic of the yeast
host cell genome than provides an effective environment for
detecting transformation by growth in the absence of
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5' GCCGCTCGAGCCTCACCATGEGATGGAGCTGTATCATCCTCTTCTT Rt ; .
GGTAGCAACAGCTACAGGT GTCCACTCCGACATCCAGATGACCCAGAG 3'. The PdR!products wer e
checked by agarose gel el ectrophoresis ancigwere of the expdctied 1 28 997
(approxi mately 450 base pairs) and the DNA bands were puriflegd fromthe
gel. Restriction Enzyne Di gestions The PCR products were dijgested Tor
cloning into CHO vectors. The VH PCR product was digested vith Xhol .and
Apal . The VK Reyphophatt. was di gested with Xhol and Pvull. Sanples of the

di gested DNAs were el eCtsr\HmEHl@eQrQﬂo%xﬂgg%séeﬁéﬁéasgein Reguist Ofvefdt%rs
expected size, 450 base pairs, were seen sol ate eqgi T

S| and V, [s]ingihde:bRe B’i"P@Reﬁﬁ'pf?‘f|3c'£’}‘?ﬁf"}‘(’-fﬂ¥cfﬁ%§fr\f:+'$§?és‘{tr8 GeEDNA
sanpl es of TN@ﬁﬂﬁamﬂtxuujéHH&ﬁehQrrku&a wakl esolhisgqnuglgcerdddehyder~3-
“used for anpl 'pthos%tha%n thydrogenase hexokinase, pyruvate decarboxylase,
phosphofructokinase, glucose-&é-phosphate isomerase, 3~
phosphoglycerate mutase, pyruvate kinase, triosephosphate
isomerase, phosphoglucose isomerase and glucokinase (Hess et
al., (1968) J. Adv. Enzyme Reg. 7:149; Holland et al.,
(1978) Bibchemistry- 17:4900.) In constructing suitable
expression plasmids, the termination sequences associated
with these genes are also ligated into the expression vector
3’ of the sequence desired to be expressed to provide
polyadenylation of the mRNA and termination. Other
promoters,  which have the additional advantage of
transcription controlled by growth conditions, are the
promoter regions for alcohol dehydrogenase 2, isocytochrome
C, acid phosphatase, degradative enzymes associated with
nitrogen metabolism and the aforementioned glyceraldehyde-3-
phosphate dehydrogenase, an'enzyme responsible for maltose
and galactose utilization. Any plasmid vector containing a
yeast compatible promoter, origin of replication and

termination sequences is suitable.

In addition to microorganisms, cultures of cells
derived from multicellular organisms may also be used as
hosts.” In principle, any such cell culture is workable,
whether from a vertebrate or an invertebrate organism.
However, to date, interest has been greatest in vertebrate
cells, and propagation of vertebrate cells in culture
(tissue culture) has become a routine procedure in recent
years (Kruse and Patterson, (1973), Tissue Culture, Academic
Press). Examples of such useful host cell lines are VERO,
Hela, Chinese hamster ovary (CHO), W138, BHK, CO0S-7, MDCK
and myeloma and gs myeloma (available from Celltech, Slough,
U.K.) cell lines. Expression vectors for such cgils may
include (if necessary) an appropriate origin of repliéation,
as well as a promoter located in front of the gene to be
expressed, along with any necessary ribosome binding sites,
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t hese nol ecul es by PCR, were obtained. PCR using the TM27 [ef,LiLDNAwt-hii
appropri.ate priners was perfornmed using Taq 48 pol ynerase.; The prody
was run on an agarose gel and purified using the Geneclean il kﬁﬁ%ﬁ"i&}" ).
Recovery was estimated at 1.5 ng/ni . Tranfection of COS Cdllls with
pSR1Neo4H11 (light) and pBJ14H11 (Heavy) for C Region cDNA{l solation The

manmal i an expression vector pSR Neo and PBJ1 are derivati ve§___oi__pc.Dl,a.Sh§§-zg-6—--
(Takebe, et alRNA (spid®e mitesGepolyBdenylation) sisesednd sanspriphiong

al ., (1990) Sci&Rrnéy Gdqidhodd ch a Xhol site | ocated between the SRa

ronoter and the SV40 pol yadenyl.ation sit.e has _heen. repl aced
P PP uae 'in mammalian cells, the control functions

on the expression vectors are often provided by viral
material. For example, commonly used promoters are derived
from human cytomegalovirus (HCMV), polyoma virus, adenovirus
2 and, most frequently, simian virus 40 (SvV40). The early
and late promoters of SV40 virus are particularly usaeful
because both are obtained easily from the virus as a
fragment which also contains the SV40 viral origin of
replication (Fiers et al., (1978) Nature 273:113). Further,
it is also possible, and often desirable, to utilize
promoter or control sequences normally associated with the

Rl

desired gene sequence, provided such control sequences are
compatible with the host cell systemn.

An origin of replication may be provided eithor kY
construction of the vector to include an exogenous origin,
such as may be derived from SV40 or other viral (¢.9-
polyoma virus, adenovirus, VSV or BPV) source, or may be
provided by the host cell chromosomal replication mechanisa.
If the vector is integrated into the host cell chromosome,
the latter is often sufficient.

The vectors containing the DNA segments of
interest (e.g. the heavy and light chain encoding sequences
and expression control sequences) can be transferred into
the host cell by well-known methods, which vary depending o’
the type of cellular host. For example, calcium chloride
transfection is commonly utilized for prokaryotic cells.
whereas calcium phosphate treatment, lipofection ©F
electroporation may be used for other cellular hostS
(Maniatis et al., (1990) Molecular Cloning: A Laboratory
Manual, 2nd Edition, Cold Spring Harbor Press).

Once expressed,. the constructs of the present

_invention can be purified according to standard procedures
of the art, including ammonium sulfate precipitation.
affinity columns, column chromatography and gel
electrophoresis (Scopes, (1982) Protein Purification
springer Verlag, NY). Binding affinities of the construot$
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for convenient gene cloning by a polylinker that contains fhé%fohhgmwfukuﬂET

restriction sites: 5 Xhol / Xbal / Sfil / Notl / EcoRl / £QORV /[ Hi ndll
Clal 3'. In the pSRINeo, a neonycin resistance gene was ! ingdedtddi97
between the anpicillin resistance gene afd the SRa pronnﬁe@. The cDNA
encodi ng | eader and V-D-3 region of TM23 heavy chain was fii rstfused

genomni ¢ heavy chain constant region followed by insertioniinto _the Xhol and

/
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Not | cut pBJll scecéixpréssedneapt be pidddiidinadaby) teShmiqaelsy kndwn Itiagitihe
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fragment followed by™insértion 1°’nto cut generate
PSR Neo4H | (|4hjis )spepefiodtpPasni ds, pBJ14H11 (heavy) and pSRl Neo4H |

(I'ight) were then co-tragshecaReiaiip Gdrd cebhsgéaféuéo ahditoaierd or

African green nonkey kidney,cell line, AJCC CRL 1651) for transient .
expression. | SHINAING, BFOELIAT thereeHQ aﬁ?cgéﬁﬁﬁng to. 95% homogeneity

are preferred, and 98 to 99% or more homogeneity is most
preferred for pharmaceutical uses. Once purified, partially
or to homogeneity as desired, the CDR-grafted antibodies may
then be used diagnostically or therapeutically (including
extracorporeally) or in developing and performing assay
procedures, immunofluorescent stainings and the 1like
(Lefkovite and Pernis, (1979 and 1981) Immunological
Methods, Volumes I and II, Academic Press, NY).

The CDR-grafted antibodies or binding proteins
thereof of the present invention will typically find use in
treating T cell mediated disorders. For example, typical
disease states suitable for treatment include autcimmune
diseases, such as Type I diabetes, multiple sclerosis,
rheumatoid arthritis, systemic lupus erythematosus, Crohn’s
disease and myasthenia gfavis.

Therapeutic use of the T cell antibodies of the
invention is premised upon the correlation between a
specific immune related disease and the preferential
expression of a particular T cell antigen receptor V region
gene product or the expanded usage of a particular T cell
antigen receptor V gene. The T cell antigen receptor V
regions are useful in part because it is possible to
regulate the immune response in an individual by specific
therapeutic intervention utilizing the T cell antigen
receptor. Specifically, the presence or expression of a
particular variable region locus has been shown to correlate
with particular immune-related disorders. By determining
the particular V region loci associated with a particular
immune disorder, one can treat the individual by inhibiting
the attack by the T cells carrying the particular V #egion. 

The term treatment in the instant invention is
meant to include the situations of “prevention",
"suppression" or "treatment" of the disease. “"prevention"
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Human 1gd@ constant region cDNA was prepared from pol y(A2)+ RNA‘T'sbl ared |
fromtransfected COS cells by PCR using 1gd@ constant repipn 4 ip,{l;@@ffgg}’
forward prinmer 5' GCGTGACAAGGGCCCATCGGTCT GGCACCCT 3i and reverse
primer 5 GCGTGACAAGAATTCTCATTTACCCGGAGACAGGGAGAGGCTCTT B’ i.The—RPeR
constant region DNA fragnment with EcoRI at 3' end (flanking the codi ng
region) and Apal at the 5 end (in the coding region) was—ttoned |nto
PBS KS  pl agAvélvésradmireisuratgi amb S athepxiotpct ive conpqsl ©iPR (RIRCT

rogion vas 4% REUSIEEE doidN0 cFe UXLIdoOr | TSy, ORSPI G B, vid e
constant regi
animal model, EAE, successful adm:.m.strat:.on of a protective
composition prior to injection of the encephalitogen that
induces the disease results in "prevention" of the disease.

"Suppression" involves administration of the
composition after the inductive event but prior to the
clinical appearance of the disease. Again, using the EAE
example, successful administration of a protective
composition after injection of the enéephalitogen, but prior
to the appearance of neurological symptoms comprises
“"suppression" of the disease.

"Treatment” involves administration of the
protective composition after the appearance of the disease.
In the EAE example, successful administration of a

_protective composition after injection of the encephalitogen
and after clinical signs have developed comprises
“treatment" of the disease.

" Animal model systems which can be used to screen
the effectiveness of the antibodies or binding proteins
thereof in protecting against or treating the disease are
available. Systemic lupus erythematosus (SLE) is tested in
suscéptible mice as disclosed by Knight et al., (1978)
J.Exp. Med. 147:1653 and Reinersten et al., (1978) New Eng.
J. Med. 299:515. Myasthenia Gravis (MG) is tested in SJL/J
female mice by inducing the disease with soluble AChR
protein from another species as described in Lindstrom et
al., (1988) Adv. Immunol. 42:233-284. Arthritis is induced
in a susceptible strain of mice by injection of Type II
collagen as described by Stuart et al., (1984) Ann. Rev.
Immunol. 42:233-284. Adjuvant arthritis is induced -in
susceptible rats by injection of mycobacterial heat shock
protein as described by Van Eden et al., (1988) Nature
331:171-173. Thyroiditis is induced in mice Dby
administration of thyroglobulin as described by Maron et
al., (1980) J. Exp. Med. 152:1115-1120. Insulin dependent
diabetes mellitus (IDDM) occurs naturally or can be induced
in certain strains of mice such as those described by
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correct sequence was then subcloned into plasm d pTCSLNeo Jdg | Eiéﬁ?ﬂii
PTCGSLCgl Neo. Construction of Plasmd pTCSLCgiNeo The |gd Cdl;clone with th
correct sequence in pBS KS was cut out using the restrictiznieniﬁnﬁﬁﬁﬁﬁﬁRl

and Apal and ligated into pTCSNeo digested‘ ith the same emzynmes. The g
resulting plasm d, pTCSLCgl Neo, was used for further nodifgcation to

generate pTCSLCgNeoApa. Elimnation of Apal site in pfCSLClerr]l Neo

to generate pxeﬁaﬁpsarthedApa(IheﬁpTcﬂwﬂ?&qﬂdQﬁk)Z}{lbkpreﬁ%ﬁohnbmeysnﬂ
contains two Shhgs Lar stel%ger el 'aCHoﬁ'lle'}B;[»”ﬁsAﬁﬂ ‘nuMsh S1 Ufn | 9484 eglodei NI N
t he pol yli nker region use qu insertion of cloned fragnents;, the other
site |located j 58 Sfemyeliratiay disrass ni%Hr RAVEdsPypadnindfidakian of
cloni ng steps, mfediApabasite pedteire0'as\adesbiribed! eBy PRAGLEEdR) WoBI86)

partially digei&ﬁ%book of Immvnopathology (Mischer et al., eds.) Grune and
Stratton, New York, pp 179-213; McFarlin et al., (1973)
Science 179:478-480: and Satoh et al., (1987) J.Immunol.
138:179-~184.

The CDR-grafted antibodies or binding proteins
thereof of the present invention may also be used in
combination with other antibodies, particularly mabs
reactive with other markers on human cells responsible for
the diseases. For example, suitable T cell markers can
include those grouped into the so-called "Clusters of
Differentiation,” as named by the First International
Leukocyte Differentiation Workshop (Bernhard et al., (1984)
Leukocyte Typing, Springer Verlag, NY.

Generally, the present CDR-grafted antibodies or
binding proteins will be utilized in purified form together
with pharmacologically appropriate carriers. Typically,
these carriers include aqueous or alcoholic/aqueous
solutions, emulsions or suspensions, including saline and
buffered media. Parenteral vehicles include sodium chloride
solution, Ringer’s dextrose, dextrose and sodium chloride
and lactated Ringer’s. Suitable physiologically acceptable
adjuvants, if necessary to keep the complex in Suspension,

may be chosen from thickeners such as
carboxymethylcellulose, polyvinylpyrrolidone, gelatin and
alginates.

Intravenous vehicles include fluid and nutrient
replenishers and electrolyte replenishers, such as those
based on Ringer’s dextrose. Preservatives and other
additives, such as antimicrobials, antioxidants, chelating
agents and inert gases, caﬁ also be present (Mack, (1982)
Remington’s Pharmaceutical Sciences, 16th Edition). _

The constructs of the present invention may be
used as separately administered compositions or in
conjunction with other agénts. These can include various
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with Apal; a small aliquot was run on an agarose gel to crétk“i(ﬁ hr ﬁE?T
of 1inear nolecules (i.e. plasmds cut at only one of theitwo Apal S|tes
The digested material was then treated wit4y, T4 DNA polynerase i AN 537
sel ectively renoves the single-strand extensions left by Apal without
di gesting doubl e-strand DNA. Plasmds were ther recCircularized
by ligation and transfornmed into HBI O conpetent E. coli, cells. . Thitty

transformants WMSNGEREIRPART 15 ATUgs /i FOChI2% EYLLGFRPIANG uPEShOLT KA RA S
prepared from @aghamyldiv er @Iigﬁsednwn; fadkpa.lmnﬁm:ﬁmm aghagmacgatical

Unfortunately, pl WL th t t
were ropeat ey SHIPPEISA A C80 SATBRAS "SRBATSbEal cBF (A Y SIF CRiearhd
to be |linearizethley Agentshihecahfjuothdon wéth the avRtgnafthsanfhpodmas
candi date cl ongg "Hx?dirﬁ%”@b?&%{xﬁdt‘ﬂe%d%paif affle Hpdlidldn ! Oi APLFE {BA'E or

whi ch Apal site was pres
even combinations of constructs according to the present

invention and CDR-grafted antibodies having different
specificities.

The route of administration of pharmaceutical
compositions according to the invention may be any of those
commonly known to those of ordinary skill in the art. For
therapy, including without limitation immunotherapy, the
CDR-grafted antibodies or binding proteins thereof of the
invention can be administered to any patient in accordance
with standard techniques. The administration can be by any
appropriate mode, including parenterally, intravenously,
intramuscularly, intraperitoneally, or also, appropriately,
by' direct infusion with a catheter. The dosage and
frequency of administration will depend on the age, sex and
condition of the patient, concurrent administration of other
drugs, counter indications and other parameters to be taken
into account by the clinician.

The constructs of <this invention «can be
lyophilized for storage and reconstituted in a suitable
carrier prior to use. This technique has been shown to be
-effective with conventional immunoglobulins and art-known
lyophilization and reconstitution <techniques can be
employed. It will be appreciated by those skilled in the
art that 1lyophilization and reconstitution can 1lead to
varying degrees of antibody activity 1loss (e.g. with
conventional immunoglobulins, IgM antibodies tend to have
greater activity loss than IgG antibodies) and that use
levels may have to be adjusted to compensate.

The compositions containing the present CDR-
grafted antibodies or a cocktail thereof can be administered
for prophylactic and/or therapeutic treatments. In certain
therapeutic applications, an adeguate amount to accompliSh
at least partial inhibition, suppression, modulation,
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Apal site 3' to neo' in pTCSLC NeoApa isolate #12 was eI|n1nc€edfi’f
desired. Additional restriction digests were per formed whijc gfgﬁgﬁg
the structure of this isolate. C oning thSSPCR i sol ated humar apg &
heavy chain v regions into the Vect ors, pTCSLC[err]DHFR and
pTCSLCglNeoApa, Respectively. C one the TX27 VK fragment int¢ pTCSLCKDHFR
The cDNA for the kappa chain V region for TM27 had been gel puri-fied-and
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verify the quali An extra (contam nating) was o seryeg
bp the concenfPgei'on AROUNS hrededtte achieve this dosage wil depend

upon the severity of the disease and the general state of
the patient’s own immune system, but generally range from
0.005 to 5.0 mg of CDR-grafted antibody or binding protein
thereof per kilogram of body weight, with doses of 0.05 to
2.0 mg/kg/dose being more commonly used. For prophylactic
applications, compositions containing the present constructs
or cocktails thereof may also be administered in similar or
slightly lower dosages.

A composition containing a construct according to
the present invention may be utilized in prophylactic and
therapeutic settings to aid in the alteration, inactivation,
killing or removal of a select T cell target population in
a mammal.

In another embodiment, the constructs described
herein may be used extracorporeally or in vitro selectively
to kill, deplete or otherwise effectively remove the target
cell population from a heterogenous collection of cells.
Blood from the mammal may be combined extracorporeally with
the CDR-grafted antibodies or binding proteins thereof
whereby the undesired cells are killed or otherwise removed
from the blood for return to the mammal in accordance with
standard techniques.

In addition to the therapeutic uses, the
constructs will find use in other settings. In one
embodiment, the present antibodies or binding proteins are
useful in an investigational setting. The T cell receptor
binding proteins or antibodies of the invention are also
useful in structural and functional studies regarding the T
cell receptor. Besides serving as substrates or binding
domains for specific forms of T cell receptors, these
antibody constructs may servé as tools for the investigation
of conformational studies to approximate the_'nativg
configurations of various portions of the T cell receptor.
In yet another.embodiment, the T cell antibodies or binding
proteins thereof can be used as diagnostic probes. 1In one
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ng/mM. The V region was ligated to the pTCSLC err] DHFR vec&éf ﬁﬁfbﬁmﬁé@EEET
been digested with restriction enzynmes Xhol and Pvull and -
phosphat ase-t r eat ed. The ligation mxture was used to transz &}Eﬁ
DH5a conpetent cells. Yield of transformant colonies was Jery Ié glngle
col oni es were picked and used to inocul ate t3®lve |iquid dulitures.. ...DNA |
was prepared fromeach, digested with Xhol and Pvull and analyzed on a 1@6

agar ose gel . There were two positive sanples #3 and #4. Facth~of—tte
positive sanple o err]. fragnment int
pTCSLC[err]lNeoigggiﬁé%béﬁgﬁﬁbﬁﬁé¥ FHeEE P ﬁée[BFPfePEgiQﬁFQﬁ‘°n

TM27 was gel - pulmdYi be aﬁgddllgede&emmnwa:mmmnﬁt& [Elsd rpmés emcenag nes

Xhol and al ek [ b t
iy ot have begh CoupLer ST s RUReT | SLARLFepddt &y PR oL, BB LY.
Was such assay is described in R1ttershaus - W092/08981,

published May 26, 1992 entitled "Therapeutic and Diagnostic
Methods Using Total Leukocyte Surface Antigens". As such,
the present invention provides for methods for diagnosing an
immune related disease, such as MS, -based on detecting the
specific subset of T cell antigen receptor in a biological
sample.

The CDR-grafted antibodies or their binding proteins
may be labelled in accordance with techniques known to the
art. The constructs are also suitable for other in vivo
purposes. For example, they can be used for selective cell
treatment of peripheral blood cells where it is desired to
eliminate only target T lymphocytes or similarly in cell
culture to eliminate unwanted T lymphocytes.

The following Examples are intended to more
specifically describe certain aspects of the present
invention but are not to be considered limitative thereof.




anal yzed on an agarose gel to estimate quantity and to verify—+the-

qual i ty. The gancentrati.en——oef- the band corresponding 1@E§E@C{Hﬁﬁﬁ‘“£§ﬁf
regi on was esti mat FHIZASHEEUHAG/MBEEN [As in the case of the [erf] ‘T“ra‘gTTE‘th - |

extra band was obger veREPLACBDO bp,l suggesting that the purityio 1%huk 997
material was al so - The [37r] region was ligated 6 “hg !
pTCSLC err] | NeoApa vector, which had been 51 digested with ti
restriction enzymes Xhol and Apal and phosphat ase-treat ed. The ligation
mxture was usgghdoigransform E coli DHSa conpetent celTs: Very
few transformants re recovered. Six colonies were picked and used to

I noculate liquid cultures. M ni prep DNA was

TM27 -~ SYNOPSIS OF WORK

1. BALB/c mice were immunized with the .T cell leukemia
cell 1line HPB-All (once intraperitoneally and twice
intravenously). '

2. Spleen cells were harvested from these mice and fused
with mouse myeloma immortalizing cell line P3X53AG8.653.
3. Selection of appropriate clones was accomplished in
HAT media.

4. Screening of the clones so selected for appropriate
binding was accomplished by immunoprecipitation of
radiolabelled HPB-ALL.

5. Subcloning was accomplished by limiting dilution.

6. Specificity was checked by PBL stimulation and cD3
modulation studies.

7. A Hybridoma secreting appropriate antibody was
designated 4H11.

8. RNA was obtained from this clone and mRNA isolated.
cDNA to the mRNA was prepared.

9. The cDNA was sequenced and checked for accuracy.

10. The isolated cDNAs (H and K) were cloned into

M1l3 vectors.

11. Select human framework regions were introduced
through mutagenesis, as exemplified in Example 2.

12. Humanized antibodies (~1 mg each) were purified from
NSO transfectants for preliminary evaluation.

Five different TM27’'s have been made: _
TM27L: with Leucine at position 48 of heavy chain.
TM271: with isoleucine at position 48 of heavy chain.
TM27.1: with KS to VF (78~79) changes.

TM27.2: with VTML/T to LSIS/N {66-69/73) changes
T™27.3: with V to R (92) changes.

T l//ii |




prepared from each, digested with Xhol and EcoRI, and anal yzed on agarose

gel-s. One candldate cl one was recovered fromthe flrst Ilcgﬁronp“~s1»~g§EE?
pTCSLHu[ er r] 4HC NeoApa (isolate #6). In orgder to obtain ndréicamndidales
clones (in case the single isolate 16 fail®€d to contain tHejcorrect
sequence in subsequent tests) additional |igations were sét jup?dsisi the
[err] PCR product, repurified on Iom/neltlng poi nt agarosd to renove the
hi gh- nmol ecul ar DERFAIRE ' SR a [err] PER product

synt hesi zed usgggpsggg and prlners ﬁ?bn1 these ligatian.___reactions
ei ght addi ti nsformants were analyzed and five candi date clones

recovered: isolates #9, The aim of this Proj®gfdia® 0 dmmanizegh onerine
both strands t@n¢qrhumanexpert qd DB 3R b | TG dei/gn@d hénoclonal

f I encin nal of V on n e ted In
p?ggLEF?KEOEEQ S%g% % | QTﬁ23)yS$§d to rggﬁerg e o8 huménxzeg antibody
expressing cell line suitable for process development. The

humanized anti-TCR V8 5.2/5.% monoclonal antibody is TM27.

e ibo
The 4H1l1 hybridoma was developed by fusion of a
mouse myeloma cell line, P3X63AG8.653, to spleen cells fronm
Balb/c mice immunized with the T cell leukemia cell 1line
HPB-ALL. The hybridoma expresses the monoclonal antibody
TM23 with specificity to the human T cell receptor (TCR) V8
5.2 and 5.3. The isotfpe is IgG2a / kappa.

Humanjzation

The cDNA encoding the heavy and light chains of
TM23 was isolated from the 4H1ll cDNA library constructed
using mouse IgG2a and kappa specific 3’ end primers. The
CDNA clones isclated were confirmed by DNA sequencing and
internal amino acid sequencing. The CDRs (complementarity
determining regions) of the heavy and light chains were
identified according to the alignment of conserved mouse
framework sequences. The L, V, (D), I (L, leader; V,
variable; D, diversity; J, joining) DNA fragments were
isolated using PCR and cloned into CHO cell expression
vectors, pTCSLC«DHFR and pTCSLCglNeoAp’, which carried human
kappa and IgGl constant region cDNA, respectively, for mouse
V / human C chimeric antibody expression. _

Based on the comparison of amino acid sequences
deduced from cDNA clones, the TM23 heavy chain was found to
belong to Kabat subgroup IB. The Vx sequence was found to
belong to Kabat Vx V. Therefore, the human NEWM and REI
frameworks were chosen for humanization of heavy ghd light
chain respectively. The rearranged V(D)J fragments (except
part of 5’ V and 3’ J) were'cloned, into M13 vectors which
carried leader and intron sequences in genomic
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pTCSLC err] DHFR vectors were obtained from Qperon Resear chip dheiffic Gerdj”’ T
primer was |located within pTCS vector sequences and was us ad’~f—”9|'~-s~eqt:rencr“ﬁg
Vinserts in both pTCSL( err]| NeoApa and pTCSLC err] DHFR vacLorﬁ% (ﬁ/ﬂrﬁe ’
prinmers were situated within the [err] or [err] sequences, ah et
sequencing [err] and [err] inserts, respe®&dvely. Double sirand_seq

of the human kappa chain V region The two sanples from TM23 (#3 and #4)
were sequenced for both strands. The reverse strand.

entirely, through.the restriction enzrrest es , h

usi ng t he prlﬁﬁgg EﬁI!(°"‘The tr%rwﬁFB §FF§nd 2 'éﬁlleﬁ'&% wgsen(?g'f ermﬁggkéjg ng
two differentcpnstenetsPTCSFOR and PTCSFWD. Ful | length sequence through
the restriction enzyne sites (5" - 3"; Xhol - Pvull) was obtained by

conbi ning the sequences yielded from each of the
H! ;oma Exgress;gn

After construction of CDR-grafted V(D)J regions by
mutagenesis, the DNA fragments were cloned into myeloma

expression vectors, which carried the constant region of
human kappa and IgGl, respectively. Five humanized heavy
chains with various mutations were constructed. Each of the
five heavy chain constructs was co-transfected with a
humanized 1light chain into NSO myeloma cell line.
Humanized antibodies were purified from culture supernatants
of the expanded human IgGl/«x positive transfectants for
evaluation. The results indicated that TM27L, with the
least mouse amino acid sequences, stained V8 5.3 T cells as
well as the other humanized versions, if not better. TM27L
was therefore chosen for further development and was
designated as TM27.

CHO Cell Expression

The heavy and light chain leader and V regions of
TM27 were jisolated from myeloma constructs by PCR for
cloning in cDNA configuration into CHO cell expression
systems, pTCSLCglNeoAp  (heavy) and pTCSLC«DHFR (light) as
described above. The CHO cell transfectants were selected
~and human IgGl/x positive cells were cloned. One of the
highest producers, TM27L-662-35, was expanded for cell
banking and small scale humanized Ab preparation. The CHO
expressed TM27 antibody has been characterized throughout
i the progress of the project and is comparable with that from
myeloma cell lines and the parental TM23. Concurrently, CHO
cell clones were subjected to amplification and cloning to
increase antibody expression-and demonstrate suitability of

the strain for productivity improvement. -
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human T cell leukemia HPB-ALL cells (3 x 10’) obtained from
Dr. Michael Brenner (Harvard Medical School) was mixed with
complete Freund‘’s adjuvant and injected intraperitoneally
(i.p.) into a BALB/c mouse. After 5 weeks, the mouse was
boosted with 3 x 10’ cells in saline on 3 consecutive days,
first i.p. and then twice intravenously (i.v.).

Fusion of Spleen Cells with P3X63AG8.653 -

The fusion was done by established techniques
three day after the final i.v. boost. The spleen cells, in
5-fold excess, were fused with P3IX63Ag8.653 cells (a mouse
myeloma, non-Ig secreting line derived from BALB/c mouse,
ATCC CRL 1580) using 50% polyethylene glycol 1500 (BDH,
Dorset, England). '

HAT Selection of Fused Cells

The fused cells were plated in 96-well plates with
2 x 10° BALB/c thymocytes per well as feeders and selected
in RPMI-1640 media containing 15% FBS (fetal bovine serum)
and HAT (6 mM hypoxanthine, 50 mM aminopterin and 2 mM
thymidine). The cells were incubated in humidified air with
5% CO, at 37° C.

Screening of Hybridoma

After 13 - 14 days, the wells with growth were
screened by both ELISA and immunoprecipitation of
r-radio-labeled HPB-ALL cells. Under the conditions of
immunoprecipitation, CD3 molecules are dissociated from the
TCR a and 8 chains. The. hybridomas which reacted with
HPB-ALL were expanded into T-75 flasks for further cloning.

Cloning of Hybridomas of Interest
Hybridomas with the specificity for HPB-ALL TCAR
(T cell antigen receptor) were cloned by limiting dilution.
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expr essi on. The [err] fragnent of isolate #9 contained two}!subStit-uti ons—
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TM27 plasm ds pTCSLHUV[ err] 4HCDHFR (i sol ate #4),

Bnd-pTCSLNeoASeL TR TT R auroAy BYF o B8 s T vl Fre RS RS Yo

Aatll. The TNegriabtdidiuhjonsl afnicesll (Hebslityd ranging "fromeke to 0.015
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pl asm ds (| abe ON e co-precip C resuspended "I n
[err]. Each Pepaugkivityr wesprheses 9K nfeReakiRg ( Fhaspbovey REAGLAUrR

CHO cel I's twice. One of the final colonies after these two additional
rounds of selection, 4H11l, was identified. .The mAb
expressed by clone 4H1l1l immunoprecipated molecules identical
‘to the TCR a and B chains precipitated with the 8 F1 mAb,
which reacts with constant region of TCR B chain. The
result suggested that this mAb had the specificity to TCR 8
chain expressed on the HPB-ALL T cells. The antibody was
called TM23 for convenience.

Characterization of Monoclonal Antibody from Hybridoma 4H11,
™23

Isotyping of TM23 mAbs was performed using a
commercially available kit (2ymed, South San Francisco, CA).
The results indicated that it is a mouse IgG2a/x isotype.

To confirm the anti-TCR reactivity of the TM23
mAb, it was screened for its ability to comodulate the CD3
molecule from the surface of HPB-ALL cells. Previous
studies have shown that mAbs to either the a or 8 chain of
TCR can comodulate CD3 from the cell surface when cells are
preincubated with the anti-TCR mAbs. When HPB-ALL cells
were preincubated with TM23, a significant decrease in
reactivity with the anti-CD3 mAb Leu-4 was seen when
compared to the Leu-4 reactivity seen in untreated cells.

Normal human PBL (peripheral blood lymphocyte) was
tested for reactivity with TM23. From 1.6% to 3.0% of the
PBL T cells studied reacted with TM23. This result is
typical of results obtained with several other mAbs which
have been shown to react with specific V region
determinants. )

To determine if TM23 binds to the same epitope as
1C1, a mAb which reacts with human V8 5.2 .and 5.3
subfamilies (Boylston, et al., 1986 J. Immunol. 137:741),
the ability of one mAb to block the binding of the other was
studied. When HPB-ALL cells were first incubated with TM23,



by el ectroporation, using a BioRad Gene Pul ser at 250 V anqnoep e P“ SHERT
Transfected cells were then grown in [err] M ninal Essenti 4l Nbdv N
suppl emented with thym di ne., adenosi ne and deoxyadenosi ne (ﬁon ecgk%e

media) for two days prior to selection. 3Bor COS transfe(tlon fifvd

m crograns of uncut TM27L plasm ds and vector plasm ds wer¢ co:ore0|p|tated

in ethanol and resuspended in [err]. Plasmds were transfeg¢ted into 4.1 X

106 COS cells E¥ el ectroporation. Transfected cells were
Dul becco's Mod

fedinddng i GARPORESFLRGFORANTAtEsy siCh ﬂssuFﬁ%“:}ﬁétt&ﬂt's

harvest ed for A¥sayswhénateXbs et Niicubstad %1 e cd pntthd binding

9@ ELISA andet#494"das inhibited. This result suggests
1C1 bind to the same or closely adjacent epit

that TM23 and
opes.

To further assess whether TM23 and 1€1 have
similar reactivities, PBL lines were derived by stimulating

with the - other maAb. Each line was then
reactivity with each mAb. When a PBL line wa
by stimulation with TM23, both 1Cl1 and 4H1l1 r

examined for
s established
eacted with a

similar percentzge of cells. The same is true of a 1Cl

stimulated PBL line.

Growing of 4H11 Cell Culture

The 4H1l1 clone TM23.1 7-31-91 was grown and

expanded in DMEM/F12 media (1:1) plus 1% feta
100 u/ml Penicillin, 100 u/ml Streptomycin
glutamine.

Preparation of cDNA Encoding TM23 Heavy and L
About 10" 4H11 ©cells were

1 calf serum,
and 12.5 mM

ight Chains
isolated Dby

centrifugation and washed once with ice cold PBS. Total RNA

was prepared using Promega RNAgents Total RNA
(Promega, Cat # Z5110). Poly (A)* RNA was p

Isclation Kit
repared using

Promega PolyATract mRNA Isolation System (Promega Cat #
25200) . The mouse IgG2a and « specific cDNA library was
Prepared using the BRL Super8cr1pt Kit (BRL Cat # 82Y8SA)

with the IgG2a primer

5/ ATATGCGGCCGCTCATTTACCCGGAGTCCGGGAGAAGCTCTT

and x primer

5’ ATATGCGGCCGCTTAACACTCATTCCTGTTGAAGCTCTTGAC
The two primers contain Xho I restr

AGT 3’

AAT 37,
iction enzyme

sites and sequences complementary to the 3’ ends of mouse

IgG2a and « coding regions, respectively.

The c¢DNA was

Ccloned into plasmid pSPORT, supplied in the Kit, and
transformed into E. coli DHS5a competent 'cells by
electroporation. Plasmid clones carrying the right size

inserts were selected for sequencing.
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Production of human 1gG by COS cells was neasured by than Jd.0GE - ~ELlSA§
on. cell culture supernatants. Mcrotiter plates werejcoated WitHh nouse
anti-human 1gGlL Fc anti body in PBS and blggked i n bl ockijng bq%f@gugggﬁlB A
in PBS). Supernatants were added in””100 [err] saqples appropriiate
dilutions in blocking buffer were assayed as necessary.
detected with horseradi sh peroxi dase-conj ugated goat antl-hunan [err]

anti body and f¥bnht2rpBaBYbaNEti aDNACG1ofeRCENBbANRG fHDa- R SRATEIgE S0
CCS cells shoyed,levels of 95 ng/m human 1gG Human 1 gG from
CONTROL- t r anstB8#B8 COS celI's was undet ect abl e. Fl ow cytometry

per f or ned on super Bheamtini-prepnpleBmic rDNAf witdd ingeExts (Raﬁ |§he

concentr at ed Refghide At glghéﬁ sggggggg,og HEB q¢l | 20,229 ngheaged by
mean channel ¥f%oresence s about 9-fold I ower 'than that obtained wit

purified TVR7heRWYirFHa LR $¥Qﬂﬁ$ﬁ§)ﬁxﬂﬂ-s?1at15r 22 and 34) were subjected
to double stranded DNA sequencing using the Sequencing Kit

(USB Cat # 70770) which has a T7 primer 5’ to the DNA
inserts. The sequences of light chain clones # 6, 20, and
25 and heavy chain clone # 34 indicated that they were mouse
Ig clones. Light chain clones # 6, 20 and 25 had identical
sequences and # 6 had a point mutation and was a
nonfunctional clone. Clones # 20 and 34 were sequenced
using « '

S’ GACATTGATGTCTTTGGGGTAGAAGTTGTIT 3’/

and IgG2a .

5/ GGTCACTGGCTCAGGGAAATAACCCTTGAC 3’

constant region specific primers. Again, the results
indicated that clone # 6 was a non-functional clone and
clones # 20 and 34 were the right clones for light and heavy
chain respectively. The cDNA and amino acid seguences

deduced from the two clones are shown in Fig. 1.

Due to N-terminal blocking, micro-amino acid
sequencing was performed from CNBr cleaved peptide fragments
isolated from polyacrylamide gels. The internal V region
amino acid sequences obtained from this process were
consistent with that deduced from cDNA sequences.  The
results confirmed that the cDNA clones isolated were the
ones encoding TM23 heavy and light chain.

The CDRs of the heavy and light chains were
identified according to the method of Kabat and Wu (supra)
and are highlighted and undérlined in Figure 1.

PCR Isolation of V Region DNA of H and L Chains and DNA
Sequencing
PRODUCTION OF CHIMERIC TM23 ANTIBODY
Isolation of Murine VH DNA and NK DNA

The TM23 heavy and light chain variable regions
were'adapted for insertion into expression vectors. The



-2.5 m/mM. On Jurkat cells, staining was at background Iev%[ éététtﬂhdﬁiuf

of CHO transfectants CHO transfectants wer e pl aced under sehedtlon in
[err] MEM nedi a | acki ng nucl eoti de suppl e %s (to sel ect DHHRY on4 JAH 7997
pTCSLHuV[ err] 4HCDHFR) and cont ai ni ng Gen in (418: to select neo' on
pTCSLHUV[ err]4HC[ err] 1NeoApa). Cells were plated at 2.0 x ZO[err] cells7nT
In 24-wel | pl ates. Anal yze supernatants of CHO transf ectiants-hy..human

lq@ ELI SA Af tgy 12eaa¥_ﬁcéncaahﬁat I Bl armSYPHuaRN v f e sanllzﬁea
wel l's were harvested and assayed by human 1gQd /x ELISA. ConcentratiQns in
TVR7L supernai%ﬁﬂ% xgggﬂ*yu .MuIgG2a by PCR using oligonucleotide primers
VH1BACK
(S’ AGGTSMARCTGCAGSAGTCWGG 37)
which contains a site for the restriction enzyme Pstl and
VH1FOR '
5/ TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG 3’
which contains likewise a BstEII site. M stands for C or A,
S stands for C or G, R stands for A or G and W stands for A
or T. These sites were thereby introduced at the 5’ and 3’
ends respectively of TM23VH DNA. The amplified DNA was cut
with Pstl and BstEII and ligated into the Pstl and BstEII
sites of double-stranded replicative (RF) form DNA of the
vector M1l3 VHPCR1l, cut with the same enzymes.
M13 VHPCR1l is an M13 phage vector derived from
M13~-HuVHNP (Jones et al., (1986) Nature 321:522-525) and
contains an immunoglobulin promoter, signal sequence and
appropriate splice sites (Orlandi et al., (1989) Proc. Natl.
Acad. Sci. USA 86:3833-3837).
The ligated DNA was transformed into competent
E.coli strain TGl (K12, a(lac-pro), supg, thi, hsd D5 [F’
tra D36, pro**®*, lacoY, lacZz M15). Single-stranded DNA was
prepared from the recombinant phage plagues obtained.
The DNA sequence coding for the TM23 murine VK was
amplified from TM23MuVK.MuCK by PCR using oligonucleotide
primers VK1BACK
57 GACATCCAGCTGACCCAGTCTCCA 3’
-which contains a Pvull site and VKiFOR

5’ GTTAGATCTCCAGCTTGGTCCC 37/

which contains a BglII site in conjunction with. two
overlapping internal primers designed to remove the HindIII
site in CDR3, oligo 943

5¢ CCGAGGAAGTTTACTATACTG 3/,

and oligo 944 '

5’ CAGTATAGTAAACTTCCTCGG 3/ . '
(Horton et al, (1990). Pvull and BglIl sites were thereby
introduced at the 5/ and 3’ ends of TM23 VK DNA. The
amplified DNA was digested with Pvull and BglII and ligated




.

from182 - 236 ng/m. Mst were >200 ng/m. Human 1gd /K wasfu ~abt

i n. CONTROL supernatants. Cells from twel ve high-produci ng TM7 I% A WeRE7
expanded into T25 flasks. Single vials wﬁ?? frozen as backup] cul t uf 5 and
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transfectants The four highest-producing wells were sel ect ed=for- '
limting-dilutirorPyhEXi andi Bc2E- it ¥1ht BKPCRlye| |Therienzywes. BIhgI nand
1D6 (233.3 ng/ , RSm : 6 : ¥b) enBer |,
three plates v\éear])eI .e%%btfﬁﬁ:eog FP’%\Hésnetlhaect i v%gérrleg?g: cgﬁggg?hl lgel I Ya\igleﬁ Sﬁh
two at 0.5 celR¥ deigateq,FagaRh®Rs fromthe first round of cloning were
screened by human |g@l3vKHEdRISAcontains tbd | Sanfe Opromdtergh- pigAati ng

well's were expanded £0 2dawelh ;R e5e 809, M13 vHPCRL (Orlandi et al,

(1989) .

The ligated DNA was transformed into E.coli TGl
and single-stranded DNA prepared from the recombinant phage
plaques obtained.

PCR products of the correct size, 359 base pairs
(bp) for VH and 288 bp for VK were obtained. The VH DNA was
inserted into the vector M13VHPCR1 to give M13 TM23MuVH.
The VK DNA was inserted into the vector M13VKPCR1l to give
M13 TM23MuVK.

-} tion of D S ences

It was confirmed that the correct DNA sequences

had been cloned and that no spurious mutations had been
introduced by the PCR. The sequence of single-stranded M13
phage DNA of the entire 823 base pair (bp) VH region
including the promoter, signal sequence, splice sites and 5’
and 3’ untranslated sequences was obtained by the dideoxy
method (Sanger et al, 1977) using T7 DNA polyﬁterase or
Sequenase. ' '
_ The sequence of single-stranded M13 phage DNA of
the entire 630 base pair (bp) VK region including the signal
sequence, splice sites and 5’ and 3’ untranslated sequences
was obtained by the dideoxy method, as above.

DNA clones with the desired sequence for TM23 VH
adapted for insertion in the expression vector were
identified. One of these, #2, was selected for further
work. The introduction of the requisite restriction sites
necessary for insertion of VH into the expression vector
resulted in 1 amino acid change at the N-terminus; lysine
(K) at position 5 to glutamine (G) and one change at the C-
terminus, serine (S) at position 108 to threonine (T .

'DNA clones with the desired sequence for TM23 VK
adapted for insertion in the expression vector were
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allowed to grow to confluency. Supernatants of 12 of these ﬁ%ﬁﬁfé§QWELe_w_

assayed by human IgG@/[err] ELISA and by flow cytonetry. Co céntjallons In
the human 1g@/[err] ELISA ranged from 21é61048 ng/m. Al $applté Khi%éd
HPB cell s (nmean channel -fl uoresence range

‘ from46.5 to 169 prand di d not
stain Jurkat cells. The six highest-producing clones were panded and
frozen (as backups) in liquid nitrogen. O these, the two hi

clones (I1BI-C7;apdt2B2eH?) VGhE o¢ %}IﬁktO#sonwa@Jesénéetéabwemrmds
of cloning. Two rlnar cul tures

0 Lucts were
t hr ough one roHﬁgkof T aw+ﬂf(ﬂqﬁ§.%§¥ﬁa%ﬁ;Pﬁg°§§398?ﬁePP p? %Egeg b%ﬁ?&
cl one of each memoyeneoEe&nuannqumﬂHhfopebuatahe51w¢meda$$apmda€n¢he

shown 10 give BRqH3keekalled ey Uialordh i fv;g?ég ng/ £ lméle'f%osp%qevx

640- 83) . Cells rozen and are st
into the expression vector resulted 1n three amino acid

changes at the N-terminus; methionine (M) at position 4 to
leucine (L), threonine (T) at position 7 to serine (S) and
threonine (T) at position 8 to proline (P), and one change
at the C-terminus, valine (V) at position 105 to glutamine
(E}, due to the primers used.

Cloning of V region DNA Fragments into M13 Vector

Transfer of the cloned murine variable region to
expression vectors containing human constant region genes
for subsequent expression of the antibody in mammalian cells
was accomplished.

Selection of IgG Isotype for Humanization

Human IgGl isotype was chosen for TM27 for the
following reasons:
1. IgGl has the capability of mediating both ADCC (antibody
dependent cell cytotoxicity)'and CDC (complement dependent
cytotoxicity). Therefore, it may be more effective in
down-regulating V8 5.2/5.3 T cells; and
2. IgGl has been used more often in Ab humanization.

Human Framework Selection for CDR Graft
PRODUCTION OF HUMANISED TM23 ANTIBODY
Design of Humanised TM23 variable Region Sequences
Selection of human framework seguences to receive
the TM23 CDRs and determination of essential murine residues
that must be substituted in the human framework was carried
out. Computer assisted comparisons of the au;inc,: acid
sequences of TM23 VH and VK were made both with the known
sequences of other murine antibodies and human antibody VH
and VK sequences. |
The program ALLIGN from DNASTAR Ltd, London W13
9BL, UK, was used, run on a Compag 386 processor. AALIGN




55 Expansi on of uncloned cultures to roller bottle scale fgr 1IN slel
purification Two primary cultures (1Bl and 2B2) were expan(ed 1n‘oﬂd§ﬁlM§EET
produce sufficient material for TM27 anti body purification. The cells were
expanded to 2L roller bottles and adapted to | ower serun1c0nqen1uayu@mvﬁn
T25 in 10% serum-> T75 in 10% serum-> 3 3¢T75 in 5%serum 4> 3 X 2L
bottles in 1% serum (page 640-24). The 2L bottles were e<tabﬁrshed”vn“da*
1, and fed (by replacing 1/2 volunme with fresh nmedia with 1% serum) on

o

days 2, 5 and 8. First harvest was on day 10, second on day 12 and third
on day 15. Harakigrs twpepreteins sejeenpes usingt thedLipmapoPearsenuand
purification. Needleman-Wunsch methods. First, the Lipman~Pearson method

determines the best regions of homology. Then the
Needleman-Wunsch method provides the final alignment of the
segquences.

The alignments produced were then examined paying
particular attention to factors such as the length of the
CDRs and residues believed to be critical in supporting the
conformation of the CDRs, for example positions 71 and 94
and residues close to the CDRs (Tramontano et al, (1990);

- Foote and Winter, (1992)).

Comparison with consensus sequences for the Kabat
subgroups assigned the TM23 murine VH to Kabat subgroup VK
V. There are no amino acid sequences which are unsual for
these subgroups in the TM23 frameworks.

The human antibodies NEWM and REI provided the
framework sequences for VH and VK respectively. For VH, in
addition to the CDRs, the murine residues at 27 to ‘30
inclusive and 71 were used. These framework residues are
thought to be important in supporting the conformation of
the CDRs (Foote and Winter, (1992)). Residue 71 may fix the
relative dispositions of CDR1 and CDR2, according to whether
there is a bulky side chain (lysine or arginine) or a
smaller side chain (valine or alanine) present (Tramontano
et al., (1990). Therefore valine 71 in NEWM VH was replaced
with lysine as in TM23 VH. Residues 27 to 30 form part of
the structural, rather than hypervariable, antigen-binding
loop as defined by Chothia and Lesk (1987). Framework
residues 47 to 49 may also be important for antibody
structure (Foote and Winter, (1992)). Therefore two
alternative humanised heavy chains were constructed: one
with isoleucine (I) at position 48 as in NEWM; and one with
leucine (L) at position 48 so that residues 47 to 49 from
the murine VH were preserved. A comparison of the murine VH
sequence with the humanised version is shown in Example 2.



Eaaad

o 9
RSN A

cultures were pooled (total volune of 2.7 liters) and filtered.g%nqu?@g?
 he' tota

0.22 mcron nylon nmenbrane. Human |gQd EL%§A i ndi cat ed t hal
amount of starting nmaterial was 1090 ng.

Nt i body was purified-on.-a-

L ST e SR

S SET
Purification of antibody on Protein A colum Supernatants §{romthe-2B2™

Prosep-A (Protein A) colum, eluted with O 1Mcitrate at pH 5.0, 4.0 and
3.0. Eluates were dialyzed into PBS. Amounts of purified ahttbody—n—tte
eluted fractions were nedsuraitemations |¢erecLmade tghethel 3homppacRESN

cont ai ned ”DStf:‘)imévb@rlP‘HHcféé?@ £ 'rhedyvxwhl Aecamﬁa?iéo@rw 'Hhé’\’ﬂa%rfzﬂ'énﬁh(' n
the pH 4.0 fraction. uman Ig ELI.SA was repeated t tgi n_nore

preci se concert@IHeRse r’(@é’é’h@ﬁem‘

fractions) wag 960 ng. Protein-A Purification of Antibodies from NSO
Transfectant Cul ture Supernatant

Description of Mammalian Expression Vector pTCSNeo

The plasmid pTCSNeo contains a unigque Xho I
cloning site into which genes of interest are inserted.
Transcription of the inserted gene is driven by the
regulatory sequences consisting of a SV40 enhancer upstream
of the adenovirus 2 major late promoter (Ad2 MLP). The Ad2
MLP is itself located upstream of the adenovirus tripartite
leader. The inserted gene is flanked by a polyadenylation
signal from murine immunoglobulin kappa (Igx) at the 3’ end.
Mammalian selection is conferred by the neomycin resistance
gene (Neo'). The plasmid also provides the bacterial origin
of replication and f-lactamase gene (Amp‘).

Construction of Expression Vector pTCSLNeo

Two complementary oligonucleotides with the
sequences: anti-sense,
5/ CGACATCGATGATATCGAATTCGCGGCCGCCAGCTGGGGCCCTCTAGAC 3¢
and sense,
5’ CGAGTCTAGAGGGCCCCAGCTGGCGGCCGCGAATTCGATATCATCGATG 3/
were reannealed and ligated to pTCSNeo which had been

- digested with XhoI and filled in with dT. The resulting

plasmid, pTCSLNec, with the polylinker consisting of
multiple restriction enzymatic sites in the orientation of
5’ Xhol / Xbal / Apal / Pvull / NotI / EcoRI / EcoRV / Clal
37, is convenient for inserting the gene of interest for
expression. The neo' gene can be changed to other selection
marker genes as well.

Construction of Expression Vector PTCSLDHFR’

The neof gene in pTCSLNeo was removed by dﬁgestion
with the restriction enzyme HindIII and BamHI and religated
with the murine mutant DHFR (dihydofolate reductase) (DHFR')
gene fragment generated by HindIII and BamHI digestion of

anifgA YREFAOB 15 \BESO ‘S“ drpF¥amBiea. o
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The anti bodies from NSO transfectant cul ture supernatants
on. a Protein A colum substantially as described above.
characterization of TM 27 Anti body from NSO Myel ona Cel | Li
mAb purified from the culture supernatants of NSO tra

Protein A colum chromat ography was used t¥ stain HPB-ALL cgl

o s tmad vare. e e aam e b e — Ay

Nexe fpurl f1 enF-fﬂ*

lifech«im“%ﬁ?ng

ls (ferr].5.2)

and Jurkat ([err] 8.1) cells as a negative control in conpajison wth nouse
mAb, TMR23, and chinmeric TM27. TM27 stained positively on HRB~ALL-.But~ROt—.-

To" det QE£¥%tJE%£ﬂ§H¥J h&Xi%LdT¥%ém'B%]ngaé¥ﬂ3erg (Department

of Biochemistry, Stanford University Medical School).

Description of Plasmid psSvisd4 B-Neo/DNs-ché

The plasmid pSV184 AH-Neo/DNS-VxCk (obtained from
Dr. Lee Herzenberg, Stanford University Medical School - see
Thesis of Jeffery Dangl, page 48-67) is a mouse V and human
C chimeric construct in which the rearranged « chain Vv-J
region gene segment isolated from a Dansyl Chloride specific
murine hybridoma was fused to a human genomic C, fragment
(pSV1844AH~-Neo-C,.

Isolation of the human'kappa chain constant region by the
PCR method. _
' Using the wundigested plasmid pSV184AH -
Neo/DNS-VxCx (pSVHuk) which contains the human kappa chain
constant region, PCR was performed with two primers (one
forward, one reverse) to isolate the constant region. The
oligomers (primers) were obtained from Operon. The PCR
reaction reagents were from the GeneAmp DNA amplification
reagent kit with AmpliTaq (Perkin-Elmer Cetus) The PCR
reactions were set up in three different concentrations of
Mg™*. Aliquots of the PCR products were analyzed on a 1%
agarocse gel. The PCR product from the first sample of Mg?*
(concentration 1.5 mM) was chosen. The primers, which flank
‘the C region, were designed to contain restriction enzyme
sites for cloning purposes. Thus, the amplified DNA was
digested with EcoRI (at the 3’ end). The site at the 5’ end
(Pvull) was not digested. The digested DNA fragment was
then run on a 1% agarose gel and the 300 bp band excised.
The DNA was extracted from the gel and a small aliquot was
analyzed on a 1% agarose gel to determine quality and to
estimate quantity. The 300 bp band appeared to be clean and
the total amount of DNA estimaﬁed to be ~140 ng.




T cells were s
and TM23 mAbs
assay was set
was added to v
anti body m xtu
TMR3 and TM27

tained wth TM27 in conparison with TM23 mAb. Bothwkhe;TNBI
stained - 3.0 %of total human PBL T cells. A cdnpetltlon
up in which a fixed concentration of FITC | abel ed A miBI7
arious concentrations of unl@bel ed 4HLl or TMA7 ‘mAb. The

.----——.......,

r;-e. 3

ey

res were then used to stain HBP-ALL cells. Botih the unl abel ed”
bl ocked staining by the FITC | abel ed TM23. To “determne.. . |

whet her TM27 cpum&fnRappat ehiihhcEnstant gegiorPilaned cinto Wohe PRI UBaL td

with vari ous concentr at

or TM23 mAb overni ght and then stained

0
with anti-cD3 ¥REEeF 2D e§ﬁ??§“°ﬁélcated that TM27 as wel|l as TM23 coul d
cause the endocytosis of TRERGIRI cdhpesked Dk fragmanta ol ybeshyman kappa

performed to
both the Scatc

ecé Qﬁé'dfé@xé‘ﬁfdzi%ti/nﬁr@@7 RPfo s Aldcest | 5BS K44,

conpetition (wth T mAb) assay, the rgesults

i ndi cat ed thatwm!r mm%@mém%ﬁ%%‘h’a‘m%ﬂﬂk angrECOR I, using T4 DNA

ligase. This ligation mixture was used to transform £. coli
DHSa competent cells. Single colonies were picked and used
to inoculate 24 liquid cultures. DNA was prepared from each
of the cultures. Each DNA sample was digested with Pvu II
(S’ end of C) and EcoR I (3’ end of C,), and analyzed on a
2% agarose gel. Due to difficulty in separating the lower
range bands (300 bp), the DNA samples were digested with
PvuII only. After analysis on a 2% agarose gel, 19 out of
24 were correct for C, insert. Samples #1 - 5 (of the 19
correct samples) were chosen to be sequenced, using T7 and
T3 primers (sequences in the vector flanking the insert).
Other sequencing reagents were from the Sequenase Version
2.0 kit (UsSB). sSample #5 provéd to have correct sequence
for the human kappa chain constant region.

Human kappa chain constant region cloned into the mammalian
expression vector pTCSLDHFR* to become PTCSLC DHFR*.

The human kappa chain constant region was 1solated
from the pBS KS vector (Sample #5) using PvuIl and EcoRI
rest;iction enzymes. chevef, due to the previous problem
of band separation, a second digest was performed with the
construct pBS/Human C,. The second digest involved EcoRI
and Xbal (located 5’ to the Pvull site) yielding a fraément
-300 bp. This fragment was then gel purified and subjected
to a Pvull digest, to remove the remaining small fragment of
vector at the 5’ end of the C,. This final fragment was gel
purified and then analyzed on a 1% agarose gel for quality
‘and to estimate quantity. The C, DNA appeared to be a clean
band at ~280 bp and the total guantity estimated to be -135
ng. o
Due to the existence of three EcoRI sites in the
expression vector, PTCSLDHFR*, it was deternined that
cloning into the Pvull site only would be best. Since the
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affinity (Kd = 2.0 x 10[err]), and could conpete well wt 1;44—!1;Lm°\bn CLTRT
Conpari son of TMR27L/ NSO and TMR27L/CHO in a conpetition assay. AR ARk
also perforned and the results are depicted in Figure 3. A Scatchar.d

anal ysis was performed and the results arg depicted in Figufe U4 JAISEFON
limting-dilution plating of CHO transfectants A limting{dilution plati
was set up as above. Wells were screened on the human Ig L TSAT Cel
fromsix wells of each (181-C7 and 2B2-H9) were expanded to.24-well plates

and assayedc, bpNAhwasn préaredlbpAdigesticon t whthi FivesiI- pr oBaoRilg ¢thenes

from each wege gxpanded and frozeny  (J85tddih Ob16Rk! erdl! ¥EEng " KTekaR? "
fragment. The repaired, blunt-ended C, DNA was ligated to
the pTCSLDHFR* vector which had been Pvull digested and
phosphatase-treated (using calf intestinal phosphatase).
This ligation mixture was used to transform E. coli DHSa
competent cells. Single colonies were picked and used to
inoculate 24 liquid cultures. DNA was prepared from each.
All DNA samples were digested with Pvull and HindIII, and
analyzed on a 1% agarose gel. It was determined that five
samples, out of 24, contained the C, insert in the correct
orientation. Sample #7 was chosen for continuation.

Replacement of the mutant DHFR* gene with the wild type DHFR
gene.

For the expression of the vector pTCSLCDHFR* in
CHO(dhfr)DUX Bll cells, the DHFR* gene was replaced with
the DHFR gene. DNA from pTCSLCDHFR* sample #7 as well as
pSV2-DHFR (plasmid obtained from Dr. Paul Berg, Department
of Biochemistry, Stanford University Medical School) was
digested with restriction enzymes HindIII and BglII to
isolate the respective gene fragments. Upon analysis, it
was determined that an additional BglII site in the
PTCSLC,DHFR* vector removed a portion of the polyA site
also, which would interfere with the vector function.
Therefore, the digests were repeated using HindIII and
BamHI. The (DHFR*)pTCSLC, portion of the vector was
treated with phosphatase. Then both the isclated fragments
(pTCSLC, and DHFR) were gel purified and analyzed on a 1%
agarose gel for quality and to estimate quantity. Both
bands appeared to be clean and estimated to be of similar
concentration, ~40-50 ng/ml. The DHFR gene was ligated to
the PpPTCSLC, vector using T4 - DNA ligase. The ligation
mixture was used to transform E. coli DHS5a competent ;cells..
Single colonies were picked and used to inoculate 24 liquid
cultures. DNA was prepared from each. The DNA was analyzed
by restriction enzyme digestion with HindIII and BamHI.
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Viability and Mycopl asma Testing One vial of frozen cell stock ;FM27L:6624358]]
was thawed and recovered in aMEM Cell viability was deterpinedto be-88%

by trypan bl ue stai ning. A confl uent cuh&pre grown fromihts %%@h;“@%? ‘L
tested for nycopl asna centam nation using “a Bioni que Test ne 1. of at’éfi e

Kit. The test detected no contamination. In addition, oné¢ Vial _of frozesl
cell stock TMR27L-662-89 was t hawed. Cell viability was déterm ned to be
93. 8% by trypRroll 2¢ shditures, 2T ddd uthe cortrect daws f imdd Eng |

tested for nyg cRet afLNalkan a 'tﬁ?eﬂﬁﬁg ey et 8e. N0sampl
contaninationgﬂﬁg?ﬁqgal93rgghm2?gaeg%gﬁd2&%?b i agk§ and cel | cim d?e
super nat ant s #22ayas sS¢lected £9T)l fRXtHRr T&e.TM27L-662- 35 cl one produced
3.24 Jerr] cells/day, and the TM27L-662-89 cl one produced 2.52 [err]
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with Human Framework
Construction of Humanized Variable Genes

A humanized VH gene was constructed by site-directed
mutagenesis of M13 VHPCR1 template, which comprises a
synthetic VH gene with the framework regions of the human
myeloma protein NEWM (see Jones et al, 1986). Single
stranded template DNA was prepared from M13 VHPCR1 grown in
a dut’, ung E.coli strain RZ1032 so that the template DNA
contained uracil in place of thymine. Mutagenic
oligonﬁcleotide primers were synthesised to encode the TM23
CDRs and approximately 15 bp of perfectly matched flanking
sequence on either side. If the TM23 CDR sequence matched
the template sequence shorter oligonucleotide primers were

used. The priﬁers used were CDR1

5’ TGGCTGTCTCACCCAGTTTACACCATAGGCGGTTAATGAGAAGCCAGACACGG 37,
CDR2

57 fGCTGGTGTCCTTTCAGCATTGTCACTCTGGATTTGAGAGCTGAATTATAGTCT
GTATTTCCATCACCCCATATCATTCCAAF/GCCACTCAAGACC 37,

and CDR3

5’ CCAGTAGTCCATAGCATAGAGGGTAGCCGTAACCCTATCTCTTG
CACAATAATAG 3.

The oligonucleotide primer for CDR was extended at the 3’
end to include the required residues at positions 27 to 30.
A mixed oligonucleotide was made for CDR2, extended at the
3’ end of the CDR with either G or T at base number 402..-of
the VH providing 2 alternative codons such that position -48
of the VH became either L or I. The oligonucleotides (10
pmol of each) were phosphorylated with 5 units of T4
polynucleotide kinase in a total volume of 50 ul at 37°C for
1 hour. 1 pmol of each mutagenic primer and 1 pmol of the
M13 sequencing primer 3’ to the V gene were annealed“to 0.5
pg of template in a total volume of 20 ul by heating to 90°C
for 30 seconds, rapidly cooling to 70°C and slowly to 37°C.
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roller bottle scale for antibody purification The TM27L-662}3
expanded in order to produce sufficient erial for TMR7L @n
purification. The cells were expanded to roller bottles pnd-adapted. i

| ower serum concentration (via T25 in 10% serumto T75 in 1p% serumto 3 X
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uracil DNA glycosylase at 37°C for 1 hour, leaving the
‘mutated strand intact. This DNA was amplified by PCR then
analysed by agarose gel electrophoresis to check that DNA of
the correct size had been produced. The DNA was cut with
HindIII and BamHI and ligated into the HindIII and BamHI
sites of Mi3mpl9.
Similarly, the reshaped TM23 VK gene (TM23HuVK) was
constructei by mutagenesis of an M13 phage template which
comprises the DNA sequence of a VK gene with the framework

regions of the human Bence-Jones protein REI. This was
derived from M13 VKPCR1 which was used in the construction
of the chimeric 1light chain, with the PvuIl and Bcll
restriction enzyme sites used for cloning removed. The
Primers used were C DR1 5 ¢
TCTGCTTGGTACCAGTTTAAATAATTGCTAATGCCCTGACTT
GCACTACAGGTGATGGTC 3/,
CDR2
5¢ TCTGCTTGGCACACCTGAGTGTAAACTTGATGTGTAGTAGATCAGCAGCTIT 3,
and CDR3
5/ CCCTTGGCCGAACGTCCGAGGAAGTTTACTATACTGCTGGCAGTAGTAG 3'.

. PCR products of the expected size, 823 bp for both
VHs andlszo bp for VK were obtained and cloned into the
Ml4mpl?e vector.

Verjficatijon of Humanized Variable Region DNA Seguences

It was confirmed that the required CDRs had been
inserted, that no spurious changes had occurred and that the
correct humanized VH and VK genes had been constructed. The
complete variable regions were sequenced by the dideoxy
method using T7 DNA polymerase or Sequenase. The séquences
obtained were compared to the designed sequences. Clones
giving the expected sequence for the two VHs were selected.
These clones were named M13 TM23NMVH and M13 TM23NMVHL. A
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Cloning of Rearranged V Regions inte Myeloma Expression

Vectors
n umanize 3 Vvari e Regions | e

Vectors)

The cloned humanized variable regions were
transferred to expression vectors containing human constant
region genes for subsequent expression of the antibody in
mammlian cells. The two humanized VH genes were isolated
from M13 TM23NMVH and M13 TM23NMVHL as HindIII to BamHl
fragments and ligated into the HindIII and BamHI sites of
the heavy chain expression vector, pSVgpt.HulgGl.

The humanized VK gene was isclated from M13
TM23HuVK as a HindIII to BamHI fragment and ligated into the
HindIII and BamHI sites of the light chain expression vector
pPSVhvg.HuCK.

Restriction enzyme analysis showed that the two
alternative humanized VHs were correctly inserted into the
heavy chain vector to give -the plasmids
PSVgptTM23NMVH.HulgGl and pSVgptNMVHL.HulIgGl.

Likewise, the humanized VK was correctly inserted
into the 1light chain vector to give the plasnmid
PSVhygTM2 3HuVK. HucK.

Co-transfection of H and L Chains Constructs into NSO Cells
Cotransfectjon of Humanjzed Heavy and Light Chain Genes

Humanized expression plasmids were transferred to
the mammalian cell lines, NSO and P3-8.653F8879.

The humanized expression plasmids were
cotransfected into NSO and P3-8.653F8879 cells using the
same procedure as for the chimeric expression plasmids

The two humanized heavy chain plasnmids,
pSVgptTM23NMVH.HulgGl and pSVgptNMVHL.HulgGl were each
cotransfected with the humanized 1light chain élasmid,
pPSVhygTM23HUVK.HuCK to produce cell lines expressing two
alternative humanized antibodies, TM23HuVH/HuUvVK and
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the cause of any binding defect to either the heavy chain or
the light chain in the humanized antibody. '

Fourteen days after the transfection colonies of
NSO cells were visible for all the various plasmid
combinations. Only one single colony of P3-8.653F8879 cells
was obtained from all the plates seeded and these were
therefore discarded.

Selection of Human IgGl/kappa Positive Clones
Selection for Cells gzgducing. Human Antibody

NSO cell lines producing humanized and hybrid
chimeric/humanized antibodies were isolated. Samples of
supernatant from wells containing cell colonies were
screened by ELISA. - )

TM23HuVH/HuUVK:-NS0 cells from 4 wells were
selected in which the culture supernatant gave the highest
readings in the ELISA; D5, D10, C6 and Ell. Well DS
contained 2 visible colonies, the other wells one. However,
the cell lines produced from these are not necessarily
clonal. Cell lines from these wells were cultured and
frozen in liquid nitrogen as TM23HuVH/HuVK DS, 01.0, C6 and
Ell. '

TM23HuVHL/HuVK:- NSO cells from 4 wells were
selected in which the culture supernatant gave the highest
readings in the ELISA; B2, B7, D8 and E9. Well E9 contained
2 visible colonies, the other wells one. However, the cell
lines produced from these are not necessarily clonal. Cell
lines from these wells were cultured and frozen in liquiad
nitrogen as TM23HuUVHL/HuVvK B2, B7, D8 and E9. _

TM23HUVH/MuVK:- NSO cells from 4 wells were
selected in which the culture supernatant gave the highest
readings in the ELISA; D9, E6, F10 and G10. Wells F19 and
G10 contained 2 visible colonies, the other wells one.



A~

clone was expanded to one T225 flask to establish a small frigzen ¢ell. bangET
Cells harvested fromthis flask were 97.3%viable. The suspersifn..-...~
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"TMR27L-662- 89' 59 material and eluted fractions were neagufed by hunan
| gd / kappa ELISA. The pH 3.0 fraction cont ai ned approxi mately
3.9 ng of antibody in 25 ml. The material was concentrated ob_a
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repeated. Totpl-gdflyi ff HYoral'es -GeXl MiiHes! ¢r8H Mthese wells were
cultured and frozen in liquid nitrogen as TM23HuVH/MuVK D9,
E6, F10 and Glo0.

TM23HUVHL/MuVKL:- NSO cells from 4 wells were
selected in which the culture supernatant gave the highest
readings in the ELISA; B8, C6, D2 and D8. Wells C6 and D8
contained 2 visible colonies, the other wells one. However,
the cell lines produced from these are not necessarily
clonal. Cell lines from these wells were cultured and
frozen in liquid nitrogen as TM23HuVHL/MuVK B8, Cé6, D2 and
D8.

TM23MuVH/HuVK:- NSO cells from 4 wells were
selected in which the culture supernatant gave the highest
readings in the ELISA; BS, G4, G6 and Gll. All wells
contained at least 4 visible colonies. The cell 1lines
produced from these are not necessarily clonal. Cell lines
from these wells were cultured and frozen in liquid nitrogen
as TM23MuVH/HuVK B9, G4, G6 and G1l1.

First Strand cDNA Synthesis for CHO Cell Expression
Preparation of Cytoplasmic RNA

RNA was prepared for reverse transcription. A
vial of NSO TM23 HuVHL/HuVK cells was recovered from liquid
nitrogen by thawing rapidly at 37°cC. The cells were
gradually diluted with 10 ml of Dulbecco’s Modified Eagle’s
Medium/Ham’s Fl12 (DMEM/F12) supplemented with antibiotics
and 5% gamma globulin free fetal bovine serum (GG-free FBS).
The cells were centrifuged at 1500 rpm for 5 minutes,';hé
medium removed and resuspended in 20 ml of fresh medium in
a 75 cm’ flask. The culture was expanded to 30 ml in a 175
cm’ flask. Actively growing cells were harvested by
centrifugation and washed 3 times with cold phosphate
buffered saline (PBS). Cytoplasmic RNA wés prepared from
the cells by the method of Favoloro et al, (1%80). A total
of 350 ug of cytoplasmic RNA was obtained.
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regions. First strand variable region cDNAs were synthesised
in reactions containing 5 ug of RNA, 250 uM deoxynucleotide
triphosphates (dNTPs), 15 units of ribonuclease inhibitor
(Pharmacia RNAguard) and 25 pM of oligonucleotide primer.
The primers were oligo 1109 for VH 5¢
GGGGAAGACCGATGGGCCCTTGGTGGAGGCTGAGGAGACGGTGACC 3
and oligo 1095 for VK
5’ AGATTTCAGCTGCTCATCAGATGGCGGGAAGATGAAGACAGATGG 3'.

The reactions were heated to 70°C for 10 minutes then
coclled slowly to 37°C. 100 units of Moloney Murine
Leukemia Virus Reverse Transcriptase was added and the
reactions incubated at 37°C for 30 minutes.

The cDNAs were amplified by PCR using the primers
above in conjunction with oligo 1096 for VH
S’ GCCGCTCGAGCCTCACCATGGGATGGAGCTGTATCATCCTCTTCTTGGTAG 37
and oligo 1094 for VK
5’ GCCGCTCGAGCCTCACCATGGGATGGAGCTGTATCATCCTCTTCTT
GGTAGCAACAGCTACAGGTGTCCACTCCGACATCCAGATGACCCAGAG 3.
The PCR products were checked by agarose gel electrophoresis
and were of the expected size (approximately 450 base pairs)
and the DNA bands were purified from the gel. '

Restriction Enzyme Digestions

The PCR products were digested for cloning into
CHO vectors. The VH PCR product was digested with Xhol and
Apal. The VK PCR product was digested with Xhol and Pvull.
Samples of the digested DNAs were electrophoresed on a 0.8%
agarose gel. Bands of the expected size, 450 base pairs,
were seen.

Isolate V regions (V; [TCS and S] and V, [S]) from cDNA by
PCR amplification Vv, [TCS] |

First strand cONA samples of TM27 V, and TM27 V,, .
as well as oligonucleotide primers used for amplificaﬁion of
these molecules by PCR, were obtained. PCR using the TM27
Vy CDNA with appropriate primers was performed using Taq
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polymerase, The product was run on an agarose gel and
purified using the Geneclean II kit (Biol0l). Recovery was
estimated at 1.5 ng/ml.

Transfection of COS Cells with pSRiNeo4H1: (light) and
pBJ14H11 (Heavy) for C Region cDNA Isolation

The mammalian expression vector pSR1Neo and PBJ1
are derivatives of pcDL-SRa296 (Takebe, et al., (1988) Mol.
Cell. Biol. 8:466) as described in Lin, et al., (1990)
Science 249:677 in which a Xhol site located between the SRa
promoter and the SV40 polyadenylation site has been replaced
for convenient gene cloning by a polylinker that contains
the following restriction sites: S’ Xhol / Xbal / Sfil /
NotI / EcoRI / EcoRV / HindIII / Cclal 3’. In the pSRilNeo,
a neomycin resistance gene was inserted between the
ampicillin resistance gene and the SRa promoter. The cDNA
encoding leader and V-D-J region of TM23 heavy chain was
first fused to the genomic heavy chain constant region
followed by insertion into the XhoI and NotI cut pBJ1 vector
to generate pBJ14H1l1l (heavy). Similarly, the light chain
cDNA encoding leader and V-J was first fused to genomic «
fragment followed by insertion into XhoI / NotI cut pSR1lNeo
to generate pSR1Neo4H1l (light). The two plasmids, pBJ14H1ll1l
‘(heavy) and pSRlNeo4ﬁll (light) were then co-transfected
into COS-7 cells (a SV40 transformed African green monkey
kidney cell line, ATCC CRL 1651) for transient expression.

Isolation of Human IgGl Constant Region

Human IgGl constant region cDNA was prepared from
poly(A)" RNA isolated from transfected COS cells by PCR
using IgGl constant region primers: forward primer '
S’ GCGTGACAAGGGCCCATCGGTCTTCCCCCTGGCACCCTC 3/
and reverse primer |
5 GCGTGACAAGAATTCTCATTTACCCGGAGACAGGGAGAGGCTCTT 3’.
The PCR constant region DNA fragment with EcoRI at-3' end"
(flanking the coding region) and Apal at the 5/ end (in the-
coding region) was cloned into pBS KS™ plasmid for
subcloning and sequencing. The entire constant region was
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changes. 25 correct sequence was then subcloned into plasnud p'rCSLNeo to
generate pTCSLCglNeo.

Construction of Plasmid pTCSLCgiNeo

The IgGlCgl clone with the correct sequence in pBS
KS* was cut out using the restriction enzymes EcoRI and Apal
and ligated into pTCSNeo digested with the same enzymes.
The resulting plasmid, pTCSLCglNeo, was used for . further
modification to generate pTCSLCgNeoApa'.

Elimination -of Apal site in pTCSLC,1Neo to generate
PTCSLC,INeoApa’

The pTCSLC,1Neo CHO expression vector contains two
sites for the restriction. enzyme Apal: one site located
within the polylinker region used for insertion of cloned
fragments; the other site located just 3’ to the neo' gene.
In order to simplify subsegquent cloning steps, the Apal site
near neo' was eliminated. pTCSLC,1Neoc was partially digested
with Apal; a small aliquot was run on an agarose gel to
check for presence of linear molecules (i.e. plasmids cut at
only one of the two Apal sites. The digested material was
then treated with T4 DNA polymerase, which selectively
removes the single-strand extensions left by Apal without
digesting double-strand DNA. Plasmids were then
recircularized by ligation and transformed into HB1lOl
competent E. coli cells. Thirty transformants were picked
and used to inoculate liquid cultures. DNA was prepared
from each culture, digested with Apal and run on agarose
gels. Unfortunately, plasmid DNA was degraded in these
digests. Apal digests were repeated on 21 of the 30
samples. Two isolates (# 4 and '12) appeared to be linearized
by Apal while all others were cut at two sites. The two
candidate clones were then digested with Apal and HindIII to
determine which Apal site was present. 1In this test, the
Apal site 3’ to neo” in pTCSLC,1NeoApa’ isolate #12 was
eliminated, as desired. Additional restriction digests were
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performed which confirmed the structure of this isolate.

Cloning the PCR isolated human kappa and heavy chain v
regions into the CHO Vectors, PTCSLC,DHFR and
pPTCSLCgiNeoApa’, Respectively.

Clone the TM27 V, fragment into pPTCSLC,DHFR

The cDNA for the kappa chain V region for TM27 had
been gel purified and digested with the appropriate
restriction enzymes. A small aliquot of the DNA sample was
analyzed on a 1% agarose gel to estimate quantity and to
verify the quality. An extra (contaminating) band was
observed at ~800 bp the concentration was estimated at 1.25
ng/ml. The V region was ligated to the pTCSLC.DHFR vector
which had been digested with restriction enzymes XhoI and
Pvull and phosphatase-treated. The ligation mixture was
used to transform E. coli DHSa competent cells. Yield of
transformant colonies was very low. Single colonies were
picked and used to inoculate twelve liguid cultures. DNA
was prepared from each, digested with XhoI and Pvull and
analyzed on a 1% agarose gel. There were two positive
samples, #3 and #4. Each of the positive samples was
sequenced.

Clone TM27 V, fragment into pTCSLC,1NeoApa’

The PCR product corresponding to the V, region of
TM27 was gel-purified and digested with the appropriate
restriction enzymes (XhoI and ApaI). However, since it had
been noted that the Apal digestion may not have been
complete, this digestion was repeated. A small aliquot was
analyzed on an agarose gel to estimate guantity and to
verify the quality. The concentration of the band
corresponding to the V, region was estimated at 0.4 ng/ml.
‘As in the case of the V, fragment, an extra band was
observed at ~800 bp, suggesting that the purity of this
material was also not as expected. The V, region was
ligated to the pTCSLC,1NeoApa’ vector, which had been
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transfectants were sel ected, expanded and

phosphatase-treated. The ligatibn mixture was used to
transform E. c¢oli DHSa competent cells. Very few
transformants were recovered. Six colonies were picked and
used to inoculate liquid cultures. Miniprep DNA was
prepared from each, digested with XholI and EcoRI, and
analyzed on agarose gels. One candidate clone was recovered
from the first ligation, pTCSLHuV,4HC,1NeoApa’ (isolate #6).
In order to obtain more candidate clones {in case the single
isolate #6 failed to contain the correct sequence in
subsequent tests) additional ‘ligations were set up using 1)
the V, PCR product, repurified on low melting point agarose
to remove the high-molecular-weight contaminating band and
2) a Vy; PCR product synthesized using cDNA and primers.
From these ligation reactions, eight additional
transformants were analyzed and five candidate clones
recovered: isolates #9, 10, 11, 12, and 14.

Sequence cloned V :egi-ons on both strands to confirm
expected DNA sequence

Primers designed to facilitate DNA sequencing
analysis of V regions inserted in the pTCSLC,1NeoApa’ and
PTCSLC DHFR vectors were obtained from Operon Research. The
forward primer was located within pTCS vector sequences and
was used for sequencing V inserts in both pTCSLC,1NeoApa’ and
PTCSLCDHFR vectors. Reverse primers were situated within
the C, or C,1 sequences, and used for sequencing V, and V,
inserts, respectively.

Double strand sequencing of the human kappa chain V region

The two samples from TM23 (#3 and #4) were
sequenced for both strands. The reverse strand was
sequenced entirely, through the restriction enzyme sites (3’
= 5’; Pvull - Xhol) using the primer HUCKSPR. The forward
strand sequence was determined using two different_érimers,
PTCSFOR and PTCSFWD. Full 1length sequence through the
restriction enzyme sites {5’ - 3’; Xhol -~ Pvull) was
obtained by combining the sequences yielded from each of the
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in the forward strands which was not resolved with either of
the primers or by using a sequencing method that alleviates
such compressions. However, the reverse strand proved to

have correct sequence in this area. Both samples #3 and #4
appeared to have correct sequence, with sample #4 chosen to
be used for mammalian cell transfection.

Double strand scquencing of the TM27 gamma chain V region.

The V, fragments of pTCSLHuV,4HC 1NeoApa' (isolates
#6 and 9) were sequenced completely on both strands. The
humanized V, fragment of isolate #6 matched the expected
sequence through the coding region. There was a single base
pair substitution (C to T) at position -2 (relative to
initiating ATG), which was not expected to affect
expression. The V, fragment of isolate #9 contained two
substitutions in the coding region. The four additional
candidate clones were not sequenced.

Co-transfect COS and CHO cells with TM27 and CONTROL
plasnids

Recipient cells were CHO dhfr  DUX Bl1 and COS-1.
The CHO DUX Bl1l cell line was obtained from Biogen Inc. For
CHO transfection, five micrograms of the TM27 plasnmids
PTCSLHuUV,4HC,DHFR (isclate #4), pTCSLHuV,4HC,1NeoApa" (isolate
#6), and the vactors pTCSLDHFRApa and pTCSLNeoApa was
linearized by digestion with the restriction enzyme Aatll.
The TM27-containing plasmids (labelled "TM27L") were
co-precipitated in ethanol and resuspended in H)0.
Similarly, the vector plasmids (labelled "CONTROL") were
co-precipitated and resuspended in H,0. Each of the
co-precipitated plasmids were transfected into 10’ CHO cells
by electroporation, using a BioRad Gene Pulser at 250 V and
960 mF. Transfected cells were then grown in & Minimal
Essential Medium (aMEM) supplemented with thfmidineq
adenosine and deoxyadenosine (non-selective media) for two
days prior to selection.
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For COS transfection, five micrograms of uncut

TM27L plasmids and vector plasmids were co-precipitated in
ethancl and resuspended in H,0. Plasmids were transfected
into 4.1 X 10® COS cells by electroporation. Transfected
cells were grown in Dulbecco’s Modified Eagle Medium (DMEM)
for three days, then supernatants harvested for assays.

Analyze supernatants of COS transfectants by human IgGl
ELISA and staining

Production of human IgG by COS cells was measured
by human IgGl ELISA on cell culture supernatants.
Microtiter plates were coated with mouse anti-human IgGl Fc
antibody in PBS and blocked in blocking buffer (1% BSA in
PBS). Supernatants were added in 100 ul samples;
appropriate dilutions in blocking buffer were assayed as
necessary. Captured IgG was detected with horseradish
peroxidase-conjugated goat anti-human Igx antibody and OPD
(o-phenylenediamine). Supernatants from TM27L-transfected
COS cells showed levels of 95 ng/ml human IgG. Human IgG
from CONTROL-transfected COS cells was undetectable. Flow
cytometry  was performed on supernatants from
TM27L-transfected cos cells, concentrated ~6-fold.
Intensity of staining on HPB cells, as indicated by mean
channel fluoresence, was about 9-fold lower than that
obtained with purified TM27L (purified from NSO cells) at
~2.5 mg/ml. On Jurkat cells, staining was at background
level.

Selection of CHO transfectants

CHO transfectants were placed under selection in
aMEM media lacking nucleotide supplements (to select DHFR"
on pTCSLHuUV4HCDHFR) and containing Geneticin (G418: to
select neo’ on pTCSLHuV,4HC,1NeoApa’). Cells were plated at
2.0 x 10% cells/ml in 24-well plates. : '
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Analyze supernatants of CHO transfectants by human IgGi

ELISA
After 12 days in selective media,

supernatants

from confluent wells were harvested and assayed by human
IgGl/x ELISA. Concentrations in TM27L supernatants ranged
from 182 -~ 236 ng/ml. Most were >200 hg/ml. Human IgGl/«x
was undetectable in CONTROL supernatants. Cells from twelve

high-producing TM27 wells were expanded into
Single vials were frozen as backup cultures and

T25 flasks.
stored under

liquid nitrogen. Cells from two CONTROL wells were also

expanded to T25 flasks and frozen.

First limiting-dilution plating of CHO transfectants

The four highest-producing wells were
limiting-dilution plating in 96-well plates:
(232.6 ng/ml), 1D6 (233.3 ng/ml), 2B2 (235.5 ng
(236.0 ng/ml). For each well, three plates were
in selective media: one at 1 cell/well and
cell/well.

selected for .
wells #1B1
/ml) and 2Cl1
established
two at 0.5

Supernatants from the first round of cloning were
screened by human IgGl/x ELISA. Cells from 90
high-producing wells were expanded to 24-well plates and

allowed to grow to confluency. Supernatants of
Cultures were assayed by human IgGl/x ELISA
cytometry. Concentrations in the human IgGl/«x
from 211-1048 ng/ml. All samples stained HPB
channel fluoresence ranged from 46.5 to 169.9)
stain Jurkat cells. The six highest-producing

12 of these
and by flow
ELISA ranged
cells (mean
and did not
clones were

expanded and frozen (as backups) in liquid nitrogen. Of

these, the two highest-producing clones (1B1-C7

and 2B2-H9)

were selected to continue into subsegquent rounds of cloning.

Two primary cultures of CONTROL constructs were
also placed through one round of limiting-dilution plating
in 96-well plates. One clone of each was selected and
expanded. Supernatants were assayed and shown to give no
detectable signal on the human IgGl/«x ELISA (page 640-83).
Cells were frozen and are stored in liquid nitrogen.
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Expansion of uncloned cultures to roller bottle scale for

antibody purification

Two primary cultures (1Bl and 2B2) were expanded
in order to produce sufficient material for TM27 antibody
purification. The cells were expanded to 2L roller bottles
and adapted to lower serum concentration (via T25 in 10%
serum ~> T75 in 10% serum -> 3 X T75 in 5% serum -> 3 X 2L
bottles in 1% serum) (page 640-24). The 2L bottles were
established on day 1, and fed (by replacing 1/2 volume with
fresh media with 1% serum) on days 2, 5 and 8. First
harvest was on day 10, second on day 12 and third on day 15,
Harvested supernatants were spun and stored at =-20°C until
purification.

Purification of antibody on' Protein A column

Supernatants from the 2B2 cultures were pooled
(total volume of 2.7 liters) and filtered through a 0.22
micron nylon membrane. Human IgGl ELISA indicated that the
total amount of starting material was 1090 mg. Antibody was
purified on a Prosep-A (Protein A) column, eluted with 0.1M
citrate at pH 5.0, 4.0 and 3.0. Eluates were dialyzed into
PBS. Amounts of purified antibody in the eluted fractions
were measured by human IgGl ELISA. The pH 3.0 fraction
contained most of the purified antibody, while a small
amount was found in the pH 4.0 fraction. The human IgGl
ELISA was repeated to obtain more precise concentration
measurements Total yield of TM27 (pH 3.0 plus pH 4.0
fractions) was 960 mg.

Protein-A Purification of Antibodies from NSO Transfectant
Culture Supernatant

The antibodies from NSO transfectant culture
supernatants were purified on a Protein A column
substantially as described above. '
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1.5 M) was chergpactéripatienspofwWiidh2?| anitibodyC feomoNSOWtYe e gRell
cont ai ni ng resﬁgigéion enzyne sites for cloning purposes. Thus, the
anplified DNA 3 igested wth EcoRl (at the 3' end). The site at the 5

end (Pvull) was not di geThed. TMRY di g@gzedpmfﬂrﬁﬁbneﬁﬂ'%s then replbure

(o s e pegREanes b Y Sxansgiccieaisng Prbtoined comine

gual ity and t Oclég?lpﬂg?graeaxty?ﬁ?/u% to stagngf?Pg-ALg cei](.)s ?\tlE grlZ) and
Jurkat (V8 8.1) cells as a negative control in comparison
with mouse mAb, TM23, and chimeric TM27. TM27 stained
positively on HPB-ALL but not Jurkat.

To determine the specificity of TM27, normal PBL
T cells were stained with TM27 in comparison with TM23 mAb.
Both the TM27 and TM23 mAbs .stained -~ 3.0 % of total human
PBL T cells. 'A competition assay was set up in which a
fixed concentration of FITC labeled TM23 mAb was added to
various concentrations of unlabeled 4H11l or TM27 mAb. The
antibody mixtures were then used to stain HBP-ALL cells.
Both the unlabeled TM23 and TM27 blocked staining by the
FITC labeled TM23. To determine whether TM27 can comodulate
with CD3 antigen, HPB~ALL cells were incubated with various
concentration of TM27 or TM23 mAb overnight and then stained
with anti-CD3 mAb. The results indicated that TM27 as well
as TM23 could cause the endocytosis of TCR/CD3 complex.

A Scatchard analysis was performed to measure the
binding affinity of TM27 on HPB~ALL cells. In both the
Scatchard and competition (with TM23 mAb) assay, the results
indicated that TM27 maintained approximately the same
affinity (K4 = 2.0 x 10* M'), and could compete well with
4H11 mAb.

Comparison of TM27L/NSO and TM27L/CHO in a
competition assay with 4H11 was also performed and the
results are depicted in Figure 3. A Scatchard analysis was
performed and the results are depicted in Figure 4.

Second limiting-dilution plating of CHO transfectants

A limiting~-dilution plating was set up as above.
Wells were screened on the human IgGl ELISA. Cells from six
wells of each (1B1-C7 and 2B2-H9) were expanded to 24-well
plates and assayed by human IgGl ELISA. The two
highest-producing clones from each were expanded and frozen




300 bp band appeared to be clean and the total anount of DNAj
be =140 ng. Human kappa chain constant region cloned into the
and sequenced. The EcoR | -digested DNA fragnment of the hunah
constant region wa's inserted into the vector pBS KS , which

digested with Sma | and EcoR I, using T4 DNA |ligase. This lipgalion m xture
was used to transformE. coli DH5a conpetent cells. Slngle cpl onre ~weT e

pi cked and uséﬂesbitmoemleskae4r¢th$@ tremyufrozenp\Rtoas- p

ﬁsUrmﬂed"td

BSYKS Vet L@I‘f}n i

appa chain
had ‘bédii 1997

ared from each

of the culturegiaffEit PNy V@Smali pest efgwi th Pvul | (5
and EcoRl (3' end of [errAQ v?ﬁ?f

end of [err])

or}.‘alelzgzder?nceﬁ%s vt OS‘FM?‘?ﬁ.-ﬁ&’-B% was

thawed and recovered in aMEM. Cell viability was determined
to be 88% by trypan blue staining. A confluent culture
grown from this vial was tested for mycoplasma contamination

using a Bionigque Testing Laboratories kit.

The test

detected no contamination. In addition, one vial of frozen
cell stock TM27L-662-89 was thawed. Cell viability was

determined to be 93.8% by trypan blue staining.
culture grown from this vial was tested for

A confluent
mycoplasma

contamination as above. The test detected no contamination.
Both cultures were expanded to T75 flasks and cell culture
supernatants assayed by human IgGl ELISA. The TM27L-662-35
clone produced 3.24 ug/10® cells/day, and the TM27L-662-89
clone produced 2.52 ug/10° cells/day ) 1In a second assay,
TM27L-662-35 produced 3.03 ug/10*® cells/day, and

TM27L-662-89 produced 2.74 pg/10°cells/day.

Expression of TM27L-662-35 to roller bottle
antibody purification
The TM27L-662-35 culture was expanded

scale for

in order to

produce sufficient material for TM27L antibody purification.
The cells were expanded to 2L roller bottles and adapted to
lower serum concentration {via T25 in 10% serum to T75 in
10% serum to 3 x T75 in 5% serum to 3 x 2L bottles in 13
serum). The 2L bottles were established on day 1 and fed
(by replacing 1/2 volume with fresh media with 1% serum) on
days 2, 5, 7 and 9. First harvest was on day 12, second on
day 14 and third on day 16. Harvested supernatants were
spun, filtered and stored at -70° until purification{

Purification of antibody on Protein A column

Supernatants from the TM27L-662-35 cultures were
pooled for a total volume of 5.1 liters. Antibody was boupd

to a Prosep-A (Protein A) column and eluted

with 0.1 M

_citrate at pH 5.0 and 3.0. The pH 3.0 eluate was dialyzed
into PBS. Amounts of purified antibody in the -starting



difficulty in separating the | ower range bands (300 bp), thaf:""" 'saﬁnlﬁes *x‘{“.f:'f

were digested with Pvull only. After analysis on a 2% agar osé%@eT"’,”'Ig'BTjt

g
me

of 24 were correct for [err] insert. Sanples #1 - 5 (of the {9 corf gaN 197
sanpl es) were chosen to be sequenced, using T7 and T3 prinmers {sequences in
the vector flanking the insert). O her .se&%enci ng reagents werb-fromthe——

Sequenase Version 2.0 kit (USB). Sanple #5 proved to have cofrect sequence
for the human kappa chai n constant regi on. Hunman kappa chain mstant

tegi on cl onedjinf J{@M' n eﬁ,;gq,ﬁ[s% V€ 23 &
pTCSLCDHFR* . ;I'he fh%man appa éc"ﬁai n cons ﬁrjl F%%‘gé\u%gg%g{sg%dk??gr#?ﬁ
pBS KS+ vect cﬂ'e’(Saﬂ‘b}%cﬁ fer nghevfinaingopadrie sy auhglanidg enzynes.
However, due to the previous problem of band separation, a second di gest
was

Third limiting-dilution plating of CHO transfectants

A limiting-dilution plating was set up as above.
Wells were screened on the human IgGl ELISA. Cells from six
wells of each (1B1-C7 and 2B2-H9) were expanded to 24-~well
plates and assayed by human IgGl ELISA. The three
highest-producing clones from each were expanded to T25
flasks and frozen in liquid nitrogen. A single clone from
each was expanded to a T75 flask. At this time, Geneticin
was dropped from the media, thus removing seletion for neo-.
Selection for DHFR was retained. Supernatants were assayed
by human IgGl ELISA. The 1Bl1-C7 clone produced 4.63% mg/10*
cells/day. The 2B2-H9 clone produced 2.65 mg/l0°cells/day.
The C7 isolate was therefore chosen as the final clone and
the H9 isolate was designated as an alternate clone.

Preparation of frozen cell stocks

The final clone chosen above was expanded to five
T225 flasks to provide a sufficient number of cells to
establish a bank of frozen cell stocks. Cells were
harvested from these flasks and pooled. The pooled
suspension contained 98.3% viable cells. The total viable
cell count was 1.58 X 10", sufficient to prepare the desired
number of 72 vials at 2 x 10°% cells/vial. Cells were frozen
and labelled "TM27L-662-35". In addition, the alternate H9
clone was expanded to one T225 flask to establish a small
frozen cell bank. Cells harvested from this flask were
97.3% viable. The suspension contained sufficient cells to
prepare 9.7 vials at 2 x 10° cells/vial (page 662-89).
Cells were frozen in 1liquid nitrogen and 1labelled as
“TM27L-662-89".




A I A
performed with the construct pBS/ Human C.. The second digest}rﬁﬁérved-EeéégET
and Xbal (located 5 | Lelding a fragnent -300; bp. gph§”,
fragnent was then g Nij ected to a Pvull dige t% {i¢ verove
t he remaining snal | at s9e 5 end of the {err]. This
final fragnent was ge

L

puriTret—anre—dhen anal yzed on a 1% agjarose gel for
quality and to estimate quantity. The [err] DNA appeared to _
at -280 bp and the total quantity estimated to be -135 ng. Due to the

exi stence of materimloRansi t edutedt hfregsiens omerect deasyred DAYR: hupan,gg
deternmined th | Qnj i Nt rishe Pvihle Si onhy pwoukgabe :bast . cGheagnele
[err] DNA was%gsgﬁangﬁnguF? - EcoRlL, thebgsoRl end S rg@gir d gé%Aform
bl unt end) usPRPORXIFIkELYadn@nPd FRAPELRPA¥R DU MRL en F@%F]t WR&s
ligated to theontehHdta \wWwrtar cehteliptep-Becrcdhnddtrityast ¢Améodn) and
phosphat ase the human IgGl/ kappa ELISA was repeated. Total yield of

TM27L was ~3.2 mg at 1.6 mg/ml.

Primary characterization of purified antibody

Flow cytometry was performed on =~2.5 mg of
material from each of the pH 3.0 and pH 4.0 fractions and
TM27 purified from NSO cells. Intensity of staining on HPB
cells, as indicated by mean channel fluorescence, was
measured as follows: 283.46 for the pH 3.0 fraction; 321.98
for the pH 4.0 fraction; 506.79 for NsSO-derived TM27. On
Jurkat cells, staining was at background level for all

samples.

Example 2

Sequences of CDR Grafted TM27 Antibodies Compared to Human
Framework Cassettes

TM27 Vi

1 DIOMTQSPSSLSASVGDRVTITCSASQGISNYLNWYQQTPGKAPKLLIYY 50
REI =: - Q===D=IK ===F
TM23 ===s===TT======l====== e =K=DGTV======
WAL === R===S s K A

51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPED IATYYCQQYSKLPRTFGQ 100

REI A=N=QA QS==Y====
T™™23 === SEmEammscemas SL===N=E==.—.=================G
WAL A===Q===T== F=L= S = I

101 GTKLQIT o 107
REI ==m===== This Sheet Has Been Replaced

TM23 ===VE=K

I

[



treated (using calf

transformE. coli

used to i nocul ate ‘incl
sanpl es were digesg ed \NIIR
i ned

gel. It was deter

i ntestinal phosphatase). ligation m xture was "used t07 7
a conpetent cells. Single colonies were plckedandwiEEf
. DNA was prepared from gach. Al DNA '
EENd Hindl 1], and anal yzed or] d 19%4agsNdss

GEQe safples, &% of 24, contai ngd lthe [err]

insert in the correct orientation. Sanple #7 was chosen for dontimuatTorn:

Repl acenent of the

expression of the_vector pTCSL(f err] DHFR* in CHQ(dhfr)DUX B1l cells, the

nmut ant DHFR* gene with the wild type DKFR{gene. For the J

DHFR* gene wasTHMEBl ¥8ed with the DHFR gene. DNA from pTCSLJ er r] DHFR®
sanple #7 as well as

1=
NEWM
T™M23
HIL

51
NEWM
TM23
HIL

101
NEWM
TM23
HIL

QVQLQESGPGLVRPSQTLSLTCTVSGFSLTAYGVNWVROPPGRGLEWIGM 5¢
EQ = ==a==STFSNDYYT = Y

szssKozmzsezsAs==Ssa]=nes=cz=x= Pr—— K =], ==

==K=VGA=G=V=Q=GRS=RIS=IA===TFSN==MH====A ==K====VAY

IWGDGNTDYNSALKSRVTMLKDTSKNOKSLRLSSVTAADTAVYYCARDRV100
VFY HzTS=.DTTPLR=====LV===========================NLI

= ====LSIS==N==S=VF=KMN=LQTD===R========
==YN=5=Y=GDSV=G=F=ISR=N==RTIYMZ===LRTE===V======PD
R
TATLYAMDYWGQGSLVTYSS 120
AGCIDV ========V==
m=m==mmm=m===TS==V==

IL=AFSF======V[==V==

* HuVHL has L AT #48

TM27L with Leucine at position 48 of heavy chain.
™271 with Isoleucine at position 48 of heavy chain.
™27.1 with KS to VF (78-79)_Changes.

™27.2 with VTML/T to LSIS/N (66-69/73) changes.
T™M27.3 with V to R (92) changes.

Example 3

Scatchard Analvsis of TM23

Exp K4 Receptors/cell

617:096 3.27e-8 M 3.04e5

617:115 2.30e-8 M 2.43eS

617:119 2.46e-8 M 2.46e5

Mean

Kd = 2.52 ($0.67)e-8 M o

This Sheet Has Been

Fesepters/e - Bobue i
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pSV2- DHFR (pl asm d obtai ned from Dr. Paul Berg, Departnent @rjEWPQHEQ¥§[E%EET
Stanford University Medical School) was digested with restrijctjoen-enzyrfesi
Hindlll and Bglll, to isolate the respective gene fragnents% Upon anal ysi s,

. Ny

it was determined that an additional Bglll site in the pTCS FRE JAdE 1997
renoved a portion of the pol yA site al sogiywhich would interfefe with the

vector function. Therefore, the digests were repeated using{HTdrTTant
BanHl . The (DHFR*) pTCSL[err] portion of the vector was treated with

phosphat ase. Then both the isolated- fragnments (pTCSL([err] and DHFR) were
gel purifiedgﬁggg#%gggéésgxggéggg%mgggrose gel for quality and to estinmate
quantity. Bo eared to be clean and estinmated to be of simlar
concentration, -40-50 ng/m.

The DHFR gene was Iigatfd Lg the pTCSL( err]
vector usinggld DNA |igase. Kehe |igation nBQIARE R/ €2l to transformE.

613:78 1.48e-8 M 3.31le4
613:82 1.14e-8 M 2.47e4
Mean

Kd = 1.31(%0.24)e-8 M

Receptors/cell = 2.89%e4

Example 4

Summary of Work on TM271

TM271 (48) in COS/CHO: . .

* cDNA was prepared from the CDR-grafted V regions 1in HSO
producing line, amplified by PCR, sequenced. . -
* DNA fragments were cloned into pTCSLNeo 1n c
configuration. ‘

* The plasmid was co-transfected with pTCSLDHFRTM27x into
cos and CHO. -

* Positive ELISA results of human IgGl/« expression from

. i cts
cos cell supernatant indicated that the plasmids constru
were googd.

* - CHO cell transfectants were selected, expand?d and
cloned. The cells were frozen in LN, after one cloning.



R

coli DH5a conpetent cells. Single colonies were picked and used to
inoculate 24 liquid cultures. DNA was prepared from each. Tgp PR

VAo,
anal yzed by restriction enzynme digestion with Hndill and B nff&'Froﬁ124ﬁﬁEET
cul tures, 23 had the correct bands indicating the insertionjof the DAHFR™ ]
gene into the pTCSLC[ err] vector. Sanple #%2 was sel ected fﬁr furs her; use.
cloning the PCR isol ated hunman kappa chain V region into thge CEO vector
pTCSLCDKFR. The cDNA for the kappa chain V region for 16G h d'uccn get

purified and digested with the appropriate restriction enzy .. A snal
al i quot of thiEBmEkEuiﬂe was analyzed on a 1% agar ose gel to estinate
quantity and UENC OM 16G8 C
HEAVY CHAIN
10 20 30 40 50
* * * »* *

TTRAP RSSHS VISTE HRPLT MDSRL NLVFL VLILK GVQCD VQLVE SGGGL

60 70 80 90 100
* * * * *

VQPGG SRKLS CAASG FTFSN FGMHW VRQAP DKGLE WVAYI SSGSS TIYYA

110 120 130 140 150
* * * * *

DTLKG RFTIS RDNPK NTLFL QMTSL RSEDT AMYYC ARRGE GAMDY WGQGT

160 170
* *

SVTVS SAKTT PPSVY PLAPG



to verify the quality. An extra (contam nating) band was observed-at-—800——,
bp-and the concentration was estimated at 1.25 ng/m . The V. ré&giontwad SHEET
|igated to the pTCSLCDHFR vector, which had been digested Wt Testrit
enzynes Xhol and Pvull and phosphatase-treated. The |igation njxtpﬁggv S
used to transformE. coli DH5a conpetent &®lls. Yield of t@ans?d?ﬁhnt
col onies was very low. Single colonies were picked and used t-o-in
twelve liquid cultures. DNA was prepared from each, digested with Xhol
and Pvul | ang&ggﬁj¥§§ﬂapn a 1% agarose gel. There were four™pusttive
sanpl es: #1, 4 #10. Each of the positive sanpl es was sequenced.
The PCR i sol ated TM29 gamma chain V region was cloned into the CHO vector

pTCSLCY | NeoApa. Doubl g gstrand seqygncing of t4ig human kap@p chain V so
region.

* * * . * *

ISQGT KFKYT MDFQV QIFSF LLISI SVVMS RGENV LTQSP AIMSA SLGEK

60 70 80 90 100
* * ’ * * *

VTMSC RASSS VNYIY WYQQK SDASP KLWIY YTSNL APGVP TRFSG SGSGN

110 120 130 140 150
* * * * *

SYSLT ISSME GEDAA TYYCQ QFTSS PFTFG SGTKL EIKRA DAAPT VSIFP

153
*

PSS

PROTEIN SEQUENCING DATA:
=DVQLVE?GGGLVQPG

L=ENVLTQ

Example 6

SUMMARY OF WORK ON TM29

* Hybridomas were prepared substantially as in Example 1
and cDNA (depicted in Example 5) was isolated.

* .  Isolated cDNAs (H and x) (from the 16G8 hybridoma) were
cloned into M13 vectors.

* Human framework (VHyo, /VKgy) was introduced through
mutagenesis.

* CDR-grafted V regions were cloned into myeloma
expression vectors. ' a )
* Humanized antibodies (-1 mg each) were purified from
NSO transfectants for preliminary evaluation.
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The four sanpl es from 16G8 (#1, 14, #7 and #10) were sequenced for both SHEET

strands. The rever§e~s++and_uas_SEQJenced entirely, through the restriciTon
enzyme sites (3 4 BHC SHEETIHAS BERN | using the primer HUCKSPR. Bot hasanpp es
#1 and #4 appeared to hBERLADRDrect bequef ge sanpl e #7 di ot sequence,

and sanpl e #10 had thé wWrong—seguerte. For sanples #1 and #4,-the~torwar-e—

strand sequence was determ ned using two different priners,}] PTCSFOR and
PTCSFWD. Ful | th, uen Qug e X tlon enzynme Sites (o -

3'; Xhol - F gmgééggfﬁp eahgé %o 4%% ng%?hé ?equences yi el ded from each
of the prinersTMAZSnaII area of conpression was seen to be present in the
forward strandgyyhi gh “ﬁgleﬂtsee%almﬂd(WbLE4$'EW@hstthe primers or by

usi ng a SequenC| n net h at alleviates such conpr essi ons. However, the
rever se ™2 with to P (75) Chanqe.

TM27.3 with GV/F to AM/Y (92-93/95) changes.

M ATION - TM29

Isolation of the human kappa chain constant region by the
PCR method.

Using the undigested plasmid
pSV184DH-Neo/DNS-V.C, (pSVHuk which contains the human
kappa chain constant region) PCR was performed with two
primers (one forward, one reverse) to isolate the constant
region. The oligomers (primers) were obtained from
Operon. The PCR reaction reagents were from the GeneAmp
DNA amplification reagent kit with AmpliTaq (Perkin-Elmer

~ Cetus). The PCR reactions were set up in three different
concentrations of Mg’*. Aliquots of the PCR products were
analyzed on a 1% agarose gel. The PCR product from the
first sample of Mg’* (concentration 1.5 mM) was chosen.
The primers, which flank the C region, were designed
containing restriction enzyme sites for cloning purposes.
Thus, the amplified DNA was digested with EcoRI (at the 3’
end). The site at the 5’ end (Pvull) was not digested.
The digested DNA fragment was then run on a 1% agarose gel
and the 300 bp band excised. The DNA was extracted from
the gel and a small aliquot was analyzed on a 1% agarose
gel to determine gquality and to estimate quantity. The
300 bp band appeared to be clean and the total amount of
DNA estimated to be ~140 ng. '

Human kappa chain constant region cloned into the pBS Ks *
vector and sequenced.

The EcoR I -digested DNA fragment of the human
kappa chain constant region was inserted into the vector
PBS Ks*, which had been digested with Sma I and EcoR I,
using T4 DNA ligase. This ligation mixture was used to
transform E. coli DH5a competent cells. Single co i _—

H%BﬁmRTmmﬁ

T



68 strands proved to have correct sequence in this area. Both Bampl 6$T#L = T
and #4 appeared to have correct sequence, with sanple #4 choseh“ﬁdibﬁ?ﬂﬁﬁ@Lﬁéggﬁ
for manmal i an cell transfection. Co-transfection of TM29 |ight] and heavy
chain plasmds into COS and CHO cells. BotlggCos-1 and CHQ( dhf rj) TB144H 1597
cells were used in the co-transfection of TM29 |ight and heavy ghain

pl asm ds. The CHO DUX B1l1l cell |ine was obtained from Bi ogen, {l nc. and
originally was derived by Dr. Lawrence Chaisin (Colunbia Univedrsity). For
the Cos-| cel lwdrd@nsickéd cdnd Sus@d otocinbeundigegued ighld pludwures. DNA

(pTCSLH“V[er”d%¥}%¥ﬁ§$§£@ from each of the cultures. Each DNA sample
was digested with Pvull (5’ end of C,) and EcoRI (3’ end
of C,), and analyzed on a 2% agarose gel. Due to
difficulty in separating the lower range bands (300 bp),
the DNA samples were digested with PvuIlIl only. After
analysis on a 2% agarose gel, 19 out of 24 were correct
for C, insert. Samples #1 - 5 (of the 19 correct samples)
were chosen to be sequenced, using T7 and T3 primers
(sequences in the vector flanking the insert). Other
sequencing reagents were from the Sequenase Version 2.0
kit (UsB). Sample #5 proved to have correct sequence for
the human kappa chain constant region.

Human kappa chain constant tregion cloned into the
mammalian expression vector - pPTCSLDHFR+* to become
PTCSLC,DHFR#.

The human kappa chain constant region was
isolated from the pBS KS+ vector (Sample #5) using Pvull
and EcoRI restriction enzymes. However, due to the
previous problem of band separation, a second digest was
performed with the construct pBS/Human C,. The second
digest involved EcoRI and Xbal (located 5’ to Pvull site)
yielding a fragment ~300 bp. This fragment was then gel
purified and subjected to a Pvull digest, to remove the
remaining small fragment of vector at the 5’ end of the
C.,- This final fragment was gel purified and then
analyzed on a 1% agarose gel for guality and to estimate
guantity. The C, DNA appeared to be a clean band at ~280
bp and the total guantity eétimated to be ~135 ng. '

Due to the existence of three EcoRI sites_in the
expression vector, pTCSLDHFR*, it was determined that
cloning into the PwvuIl site only would be best. Since the
C, DNA was prepared Pvull - EcoRI, the EcoRI end was
repaired (to form blunt end) using Klenow fragmenél The.
repaired, blunt-ended C, DNA was ligated to the pTCSLDHFR*
vector which had been Pvull digested and phosphatase



pTCSLHu[ err] 16GC, , | NeoApa; TM29-4 and TM29- 26, respectively) Wes” T
precipitated in ethanol and resuspended in [err] at a 1 ng/nP"”:”-"f:fﬂ.ﬁﬂEET
concentration. The plasnids were then co-transfected into 3. 8 x [err] célTs
by el ectroporation, using a BioRad Gene Pweéser at 250V, 960 nFD. TheJja 1497
transfected cells were resuspended in Dul becco's Mdified Eagle s medi um
(DVMEM and placed in culture for three days. Control vector gl astmids
(pTCSLDHFRApa and pTCSLNeoApa) were prepared and co-transfecte S|n1IarIy
to the TM9 ptreated. (¥Réngus3dfudntestdnsle FQFRMATASGkr e °ﬁépended and
cultured sim iféht’xéﬁ hhﬁtﬁ%%h&au%feqct&d RN S b EFQfomeoﬁw DUX B11

cell transfectiOn, md (as above este th
t he restrlctlﬁﬂmEﬁfﬁﬁﬁ ESQPP tosﬁpg%& &41%%&%5 é & use
precipitated incetbatel 2andigadids paldadtesn [ ONA wﬁseptbpated from each.

All DNA samples were digested with PvuIll and HindIII, and
analyzed on a 1% agarose gel. It was determined that five
samples, out of 24, contained the C, insert in the correct

orientation. Sample #7 was chosen for continuation.

Replacement of the mutant DHFR* gene with the wild type
DEFR gene.

For the expression of the vector pTCSLCxDHFR* in
CHO(dhfr')DUX Bll cells, the DHFR* gene was replaced with
the DHFR gene. DNA from pTCSLCDHFR* sample #7 as well as
PSV2-DHFR (plasmid obtained from Dr. Paul Berg, Department
of Biochemistry, Stanford University Medical School) was
digested with restriction enzymes HindIII and BgllI, to
isolate the respective gene fragments. Upon analysis, it
was determined that an additional BglII site in the
pPTCSLC,DHFR* vector removed a portion of the polyA site
also, which would interfere with the vector function.
Therefore, the digests were repeated using HindIII and
BamHI. The (DHFR*)pTCSLC, portion of the vector was
treated with phosphatase. Then both the isclated
fragments (pTCSLC, and DHFR) were gel purified, and
analyzed on a 1% agarose gel for gquality and to estimate
quantity. Both bands appeared to be clean and estimated
to be of similar concentration, ~40-50 ng/ml. The DHFR
gene was ligated to the pTCSLC, vector using T4 DNA
ligase. The ligation mixture was used to transform E.
coli DHS5a competent cells. Single colonies were picked
and used to inoculate 24 liquid cultures. DNA was
prepared from each. The DNA was analyzed by restriction
enzyme digestion with HindIII and BamHI. From 24
cultures, 23 had the correct bands indicating the ™
insertion of the DHFR gene into the pTCSLC, vector.

Sample #22 was selected for further use.
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P e

nmg/ M concentration. The plasm ds were then co- transfected.lnto 5 XA SHEET
cel-ls by el ectroporation, as above. The transfected cells were resuspeﬂﬁeﬁ“
in a Mninmal Essential nmedium ([err] MEM %prlenented mnth=thynhq]nﬁp 957
adenosi ne and deoxyadenosi ne (non-sel ective nedium and pIﬁced n cul't'ur'e
for three days. Control vector plasm ds (as above) were pr pamedaandmmqua

JAN 1997 69 co-transfected simlarly to the TM29 plasm ds The subsequent
1St oct oo CRRSRAHR, MUP YO VAL AL Rl %ﬁﬁz}%@gge*?ﬁ@”‘“ir e
human thc cxo vector pTCSLC DHFR.
The cDNA for the kappa chain V region for 16G8

had been gel purified and digested with the appropriate

restriction enzymes. A smail aligquot of the DNA sample

was analyzed on a 1% agarose gel to estimate quantity and

to verify the quality. An extra (contaminating) band was

observed at ~800 bp and the concentration was estimated at

1.25 ng/ml. The V region was ligated to the pTCSLCDHFR

vector, which had been digested with restriction enzymes

XhoI and PvuII and phosphatase-treated. The ligation

mixture was used to transform E. coli DH5a competent

cells. Yield of transformant colonies was very low.

Single colonies were picked and used to inoculate twelve

liguid cultures. DNA was prepared from each, digested

with Xhol and PvuIll and analyzed on a 1% agarose gel.
There were four positive samples: #1, #4, #7 and #10.

Each of the positive samples was sequenced. The PCR
isolated TM29 gamma chain V region was cloned into the CHO
vector pTCSLCglNeoApa.

Double strand sequencing of the human kappa chain V

region. :

The four samples from 16G8 (#1, #4, #7 and #10)
were sequenced for both strands. The reverse strand was
sequenced entirely, through the restriction enzyme sites
(3’ -~ 57; PvulIl - XholI) using the primer HUCKSPR. Both

~ samples #1 and #4 appeared to have correct sequence,-
sample #7 did not sequence, and sample #10 had the wrong
sequence. For samples #1 and #4, the forward strand
sequence was determined using two different primers,
PTCSFOR and PTCSFWD. Full length sequence through the
restriction enzyme sites (5’ - 3’; Xhol - Pvull) was
obtained by combining the sequences yielded from each of
the primers. A small area of compression was seen to be -
present in the forward strands which was not resolved with
either of the primers or by using a sequencing method that
alleviates such compressions. However, the reverse
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Co-transfection of TM29 light and heavy chain plasmids
into COS and CHO cells.

Both Cos~1 and CHO({(dhfr')DUX Bll cells were used
in the co-transfection of TM29 light and heavy chain
plasmids. The CHO DUX Bll cell line was obtained from
Biogen, Inc. and originally was derived by Dr. Lawrence
Chaisin (Columbia University).

For the Cos-1 cell transfection, 5 mg of each
undigested TM29 plasmid (pTCSLHuV,16GCDHFR and
pTCSLHuUV,16GC,1NeoApa’; TM29-4 and TM29-26, respectively)
was precipitated in ethanol and resuspended in H,0 at a 1
mg/ml concentration. The plasmids were then
co-transfected into 3.8 x 10° cells by electroporation,
using a BioRad Gene Pulser at 250V, 960 mFD. The
transfected cells were resuspended in Dulbecco’s Modified
Eagle’s medium (DMEM) and placed in culture for three
days. Control vector plasmids (pTCSLDHFRApa and
pTCSLNeoApa’) were prepared and co-transfected similarly
to the TM29 plasmids. The subsequent transfected cells
were resuspended and cultured similarly to the TM29
transfected Cos cells.

For the CHO DUX Bll cell transfection, 5 mg of
each TM29 plasmid (as above) was digested with the
restriction enzyme AatII to yield a linear fragment of
DNA, precipitated in ethanol and resuspended in H;0 at a 1
mg/ml concentration. The plasmids were then
co-transfected into 5 x 10* cells by electroporation, as
above. The transfected cells were resuspended in «
Minimal Essential medium {aMEM) supplemented with
thymidine, adenosine and deoxyadenosine (non-selecfive
medium) and placed in culture for three days. Control
vector plasmids (as above) were prepared and
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control DNA transfected Cos cell supernatant yielded a human il
concentration of 0 ng/m. Selection of TM29 transfected CHO cells. Afte
three days in culture, the TH29 transfect CHO cel | s appear €d it o?lﬁeJAN 997
confluent. Therefore, the cells were treated with O. 25@6trypsin (in Hank's
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Bal anced Salt solution ) to dissociate themfromthe culture flasks. The
cells were collected, centrifuged and the supernatant renoved,. _.The.cell

pel | et was resm&memdsdebMepesdhﬂ&ﬁniﬁ(ﬁnitharﬁxﬁ%.alasmdeOS ‘TBels/ni and
plated at 1 mg) ‘ﬁ@elgg'eﬁtat%% wéca@dat@u@ewéﬁé 3 obdLpehaed QHd”EQ!l&uPﬁd

dual sel ection ca ty, I ng nucl eot i enents and repl aci ng FBS

with d|aIyzed5?981@61§éFéb@hﬁbF“§#4$F§ﬂﬁﬁﬁ?ﬁﬁﬂi§ﬁér?f?%ﬁxierr]DHFR and

addi ng Geneticin (G 418) to select for neo

pTCSLHuV[err]inFngrr Iyegﬁgg transfected Cos cell supernatant by human
IgG, ELISA.

After three days in culture, the TM29

transfected Cos cells appeared to be confluent.
Therefore, the supernatant was collected and the cells
were discarded. Human IgG production by the cells was
determined from the culture supernatant using the human
IgG,, ELISA. The supernatant IgG was captured by a mouse
anti-human IgG, Fc antibody, which had been coated on a
96-well plate, then detected by a horseradish
peroxidase-conjugated goat anti-human Igx antibody and
color development with o-phenylenediamine (OPD). The
supernatant IgG concentrations were determined by
comparing optical density measurements to a curve
generated by a purified human IgG, antibody of known
concentration. The TM29 transfected Cos cell supernatant
yielded a human IgG concentration of 201.3 ng/ml. The
control DNA transfected Cos cell supernatant yielded a
human IgG concentration of 0 ng/ml.

Selection of TM29 transfected CHO cells.

After three days in culture, the TM29
transfected CHO cells appeared to be confluent.
Therefore, the cells were treéted with 0.25% trypsin (in
Hank’s Balanced Salt solution )} to dissociate them from
the culture flasks. The cells were collected, centrifuged
and the supernatant removed. The cell pellet was
resuspended in aMEM selection media at 2 x 10° cells/ml
and plated at 1 ml/well in a 24-well plate. The aMEM
selection media had a dual selection capability, lacking
nucleotide supplements and replacing FBS with dialy?ed FBS
to select for DHFR* on pTCSLHuV,16GC.DHFR, and adding
Geneticin (G-418) to select for nec' on
PTCSLHuUV,16GC,1NeoApa’.
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ELI-SA and by flow cytonetry. After 14 days in selection nedia, TN@9 4 JAN 199
transfected CHO cell supernatants were collected fromeach well; and assﬁdeg
using the human Igderr] ELISA. The human 19G concentrati on |n,thn-TM90
transfected CHO cell supernatants ranged 144. 6 ng/n1 - 291.9 n /n1 with an

average concentratiogn of 240.5 n The h concent 0 the

control DNA tWé&’e@tﬂ%zéeltlr%é\m‘?ﬁﬂ gﬁ'd?ﬁfn‘ g ﬁgtk

fromthe threggs,dBLIsap audGiynE 1o quﬁ:metxhp TI\/29 transf ect ed CHO cel S

(2G3, 2C4, 2BY) After 14 days in selection media, TM29
transfected CHO cell supernatants were collected from each
well and assayed using the human IgG,x ELISA. The human
IgG concentration in the TM29 transfected CHO cell
supernatants ranged 144.6 ng/ml - 291.9 ng/ml, with an
average concentration of 240.5 ng/ml. The human IgG
concentration in the control DNA transfected CHO cell
supernatants was 0 ng/ml.

Supernatants from the three highest producing
wells for the TM29 transfected CHO cells (2C3, 2C4, 2B6)
and one well for the control DNA transfected CHO cells
(3D4) were also assayed by flow cytometry. The three TM29%
samples, 2C3, 2C4 and 2B6, stained Jurkat cells positively
(mean channel fluorescence ranged 186.61 - 290.01) and did
not stain HPB cells positively (mean channel fluorescence
ranged 11.77 - 13.82). The control sample, 3D4, did not
stain Jurkat cells positively (mean channel fluorescence
11.96).

S

Cloning of TM29 transfected CHO cells by limiting
@ilution.

The three highest producing wells for the TM29
transfected CHO cells (2C3, 291.9 ng/ml; 2C4, 289.7 ng/ml;
2B6, 289.5 ng/ml) were chosen for cloning by limiting
dilution. For each of the wells, the cell concentrations
were diluted in aMEM selection media and plated at 2
cells/well, 1 cell/well, and 0.5 cell/well in 96-well
plates. Ten days after cloning, colony growth was
observed in numerous wells on each of the 0.5 cell/wel}
plates for 2C3, 2C4 and 2B6. Therefore, supernatants from
all wells from each of the 0.5 cell/well plates were
collected and assayed using the human IgG,x ELISA. All
wells that exhibited cell growth were positive in the
ELISA. A total of 24 of the highest producing wells (10’
from 2C3, 14 from 2B6) were chosen for expansion into a
24-well plate and grown to confluency. Supernatants were
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and one well for the control DNA transfected CHO cells (3D4)i were aFss-- JLEEE
assayed by flow cytonetry. The three TH29 sanples, 2C3, 2C4 and 2B6,.,., .
stained Jurkat cells positively (nmean chanpel fluorescence rangedLQSGfﬁwgz
290.01) and did not stain HPB cells positively (mean channel:f]uorescence
ranged 11.77 - 13.82). The control sanmple, 3D4, did not stajn Jurkat cells
positively (mean channel fluorescence 11.96). Coning of TM2
CHO cel | s by koililecteddifirom eachlwelhramd hasgaped pusiingi ahewblimanf @3gGihe
TM29 transfec I , X , : 6. 289.5
ng/m) were cﬁg'gggj?oﬁﬁce: %ﬁ?&ﬁ%ﬁ%ﬂﬁfﬁoﬂ gé ggémng]/%?he ée?l S,
the cell conc®@/mdti ¥ishnane ayeragsl soneaEiratiertebn2nBdia/Bad pl ated at

2 cells/vell, shpegnatapits fdh Ghe Gk /NEghedt PFodeting wells for the
TM29 transfected CHO clones (1C7, 1D9, 1G2, 2G1l, 2Gl0,
2H2a) were then assayed by flow cytometry. All six
samples stained Jurkat cells positively (mean channel
fluorescence ranged 313.68 - 356.87) and did not stain HPB
cells positively (mean channel fluorescence ranged 7.59 -

8.16). Each of the six samples was expanded to a 25 cm’
flask, frozen and stored under liquid nitrogen. The three
highest producing wells (2€3-1G2, 2C3-2G10, 2C3-2H2a) were
chosen for subcloning.
The one well for control DNA transfected CHO

Cells (3D4) was cloned by limiting dilution similar to the
TM29 wells. By diluting the cell concentration 10-fold
lower than desired, no colony growth was observed ten days
after cloning. Therefore, a fresh culture was started
from a frozen vial (3D4). <Cloning by limiting dilution
was repeated using this new culture. Sixteen days after
cloning, six of the most confluent wells from the 0.5
cell/well plates (1BS, 1Cl11, 1D6, 2E7, 2F3, 2F9) were
chosen for expansion into a 24-well plate. Each well was
subsequently expanded to a 25 cm’ flask and then to a 75
cm? flask and grown to confluency. Supernatants were
collected from each flask and assayed using the human

- IgG;x ELISA. The human IgG concentration was 0 ng/ml.
Each flask was then frozen and stored under liquid
nitrogen.

Expansion of uncloned TM29 transfected CHO cell cultures
to roller bottle scale.

The three highest producing wells for the TM29
transfected CHO cells (2C3, 291.9 ng/ml; 2C4, 289.7
ng/ml; 2B6, 289.5 ng/ml) were also chosen for expansion
into 25 cm’ flasks as uncloned cultures. At this ﬁime,
one vial of each of the TM29 cultures (as well as one vial
of the control DNA transfected CHO cell culture) was
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pl ates. Ten days after cloning, colony growh was observed hfﬁU%ﬁ?Hhkﬁ‘SﬁhﬂT;
wel-1's on each of the 0.5 cell/well plates for 2C3, 2C4 and Bb rnerefore; :
supernatants fromall wells fromeach of the 0.5 cell/well 3;wg&eg%%
col l ected and assayed using the human | gz r] ELISA All “hat”
exhibited cell growh were positive in the ELISA A total 24~e¢~Lhe__*TzJ

hi ghest producing wells (10 from 2C3, 14 from 2B6) were chgsen for
expansion into a 24-well plate and grown to confluency. Supefﬁ“ranr5tweret ----- 2
71 col | ected frogedadndwstiorgdd unsiaryddawich@ittrogrman §agl] 9% |the| SA

The ‘human | gGuﬁe'isa@hr atcuq%u"r@sg%so thelD/edpanded t@)/dl 75 k! Faasryer age
concentration of 9

From bnemgs cm® flask, each culture was expanded to 3 75
cm’ flasks while decreasing the serum concentration in the
aMEM medium from 10% to 5%. Each of the 75 cm’ flasks for
both 2C3 and 2Bé was then expanded to a 2L roller bottle.
All 3 75 cm?® flasks for 2C4 were frozen and stored under
liquid nitrogen. Once the cultures were in the roller
bottles, the serum concentration in the aMEM medium was
decreased again, from 5% to 1%. After nine days in
culture, the 2B6 bottles appeared to be confluent while
the 2C3 bottles appeared to be -25% confluent. The
supernatants from all 2B6 and 2C3 bottles were collected
on Day 9 Day 14, and Day 16, after which the cells were
discarded. The collected supernatants were centrifuged
and stored at -20° C. An aliquot of each of the three
harvested supernatants fof both 2B6 and 2C3 was assayed
using the human IgG,;x ELISA. The total quantity of human
IgG for 2B6 was determined to be 820 mg; for 2C3, 1923 mg.

Subcloning of TM29 transfected CHO cell clones by limiting
dilution. _

The three highest producing wells for the TM29
transfected CHO cell clones (2C3-1G2, 4.8 mg/ml; 2C3-2H2a,
4.1 mg/ml; 2C3-2G10, 4.0 mg/ml) were chosen for subcloning
by Iimiting dilution. Fourteen days after subcloning,
colony growth was observed in numerous wells on each of
the 0.5 cell/well plates for 1G2, 2G10 and 2H2a. )
Therefore, supernatants from those wells possessing colony
growth were coliected and assayed using the human IgG,x
ELISA. All wells exhibiting cell growth were positive in
the ELISA, yielding a cloning efficiency of 100%. A total
of 24 of the highest producing wells (2 from 2H2a, 5 from
2G10, 17 from 1G2) were chosen for expansion into a
24-well plate and grown to confluency. Supernatants were'
collected from each well and assayed using the human IgG,«x
ELISA. The human IgG concentration ranged 1.2 mg/ml - 9.2
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Supernatants fromthe six highest producing wells for the TM29! transfecteﬁ?iﬁﬁﬁ
CHO clones (1C7, 1D9, 1®&, 2Gl, 2Gl0, 2H2a) were then assayed: by fl %m4 11597
cytonmetry. Al six sanples stained Jurkat_cells positively (neén chalﬁﬁ

fl uorescence ranged 313.68 - 356. 87) and @ d not stain HPB cel ks positively
(mean channel fluorescence ranged 7.59 - 8.16). Each of the SI{ sanples was
expanded to a 25 cnferr] flask, frozen and stored under |iquid-ntroger————
The three h|gnsdmlpnﬂiﬁhlﬂy\MﬁqQ?QENEPﬂQEPtERE%qmﬂﬂf 9¢2-28PB} ‘were chosen

for SUbC|0”'”§u B adh e | - dnd e HeO H U ééﬁngéséﬁedné}ﬁhmtk|£o£3EHé
was cl oned by _| mtlnq_ﬁﬁllutlon simlar to

9_wells utln t he
cel | concent r &%dn MR & tesdSHG tﬁ%P?ﬁ%ﬂ?%d(Z%%'c%ﬂbﬁy b?ﬁ ﬂgaé ré
observed ten dage alssayed wy rm.owTh:;nﬁiﬁa-ya fKEEhfoutt samples staihed

froma frozenJﬁ?@aé“ﬁ%le(%é¥y€¥%é¥9 fmeéﬂrghanngi Pluorescence ranged
211.51 - 292.45) and did not stain HPB cells positively
(mean channel fluorescence ranged 8.36 - 8.80). Each of
the four samples was expanded to a 25 cm’ flask.

Second subcloning of TM29 transfected CHO cell clones by
limiting dilution.

The two best TM29 transfected CHO cell clones
(2C3-1G2-2G5 and 2C3-1G2-1H6), based on the combined
results of the ELISA and flow cytometry data, were chosen
for a second subcloning by limiting dilution. At this
time, one vial of each of the clones (as well as one vial
of each of 2C3-1G2-2H12 and 2C3-1G2-2E9) was frozen and
stored under liquid nitrogen. Twelve days after
subcloning, colony growth was observed in numerous wells
on each of the 0.5 cell/well plates for 2G5 and 1H6.
Therefore, supernatants from those wells possessing colony
growth were collected and assayed using the human IgGx
ELISA. All wells exhibiting cell growth were positive in
the ELISA, yielding a cloning efficiency of 100%. A total
of 24 of the highest producing wells (20 from 2G5, 4 from
1H6) were chosen for expansion into a 24-well plate
(#646-101) and grown to confluency. Supernatants were
coliected from each well and assayed using the human IgG«
ELISA. Due to lost activity with the human IgG;x standard
used in the assay, the concentrations for the unknown
samples could not be determined. Therefore, the highest
producing wells were determined by optical density. The
six highest producing wells (5 from 2G5, 1 from 1H6) were
chosen for expansion into 25 cm’ flasks, then into 75 cm?
flasks and grown to confluency. Supernatants were
collected from each flask and assayed using the human
IgG,« ELISA. The human IgG concentration ranged 14.6
mg/ml - 21.2 mg/ml, with an average concentration of 18.6
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was repeated using this new culture. Sixteen days after cl T,
nost confluent wells fromthe 0.5 cell/well plates (1B5, 1013 14
2F3, 2F9) were chosen for expansion into a 24-well plate. Each mell
subsequent |y expanded to a 25 cnR flask and then to a 75 cpf %rrﬂ4twappgand
grown to confluency. Supernatants were $p||ected fromeach tlask and
assayed using the human Igderr] ELI SA #e human I gG conchnfrarrwn“mas~6—
ng/ m . Each flask was then frozen and stored under |iquid hitrogen.

2. et

Expansi on of uncl oned TM29 transfected CHO cell cultures to roller bottle

scal e ohe bRl 9BeBerPRRduEg cuRl Iche Ui 192BED ddransleohesh OHO cel | s

(2C3, 291.9 were al so chosen for

expansi on |nFSaQEfGEFGPrFHPI&§P§1&§e§ndpgﬁedlgﬂltaféé ABYGy 2K ne2F9
were then assayed by flow cytometry (#646-122). All six

samples stained Jurkat cells positively (mean channel
fluorescence ranged 304.51 - 383.00) and did not stain HPB
cell positively (mean channel fluorescence ranged 8.67 -
10.25).

Preparation of a frozen cell stock for the TM29
transfected CHO cell clone.

The TM29 transfected CHO cell clone chosen to
prepare a frozen cell stock was 2C3-1G2-1H6-2F5. This
clone was expanded from one 75 cm’ flask to five 225 cm?
flasks in order to provide a sufficient number of cells to
establish a frozen cell bank for research purposes. The
frozen cell bank was prepared following the SOP
TMB1-001.00. The cells were treated with trypsin,
collected from each flask and pooled. The pooled cell
suspension was found to contain 3.2 x 10" cells, with a
99% viability. Seventy-two vials were prepared, each
containing 2 x 10° cells in a 1 ml volume. All vials for
the clone have been labelled TM29-646-132.
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one vial of each of the TM29 cultures (as well as one vial-gﬁ?Lﬁbtdeﬁt#éﬁﬁﬁl

DNA transfected CHO cell culture) was frozen and stored junder Iiaﬁfd

ni trogen. Each of e [ffures was then expanded t{o {a 1% $A¥ 4997
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flasks whil e decgeasi Qeru oncentration in the aMEN nedrunTfrommtteo

to 5% Each of the 75 cnferr] flasks for both 2C3 and 2B6 s then expanded

toa 2L roller bottle. All 3 75 cn? flasks for 2C4 were frozen and stored
under |iquid pxdmpigers Once the cultures were in the roller bottles, the
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the 2C3 bottles appeared to be -25% confluent. The supernatanésjf
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2B6 and 2C3 bottles were collected on Day 9 Day 14, and Day 16, {after which

the cells were ﬂv)lected %gpernatants were cen }'fugg@ﬁ@nwgy
stored at -20[ énzéagg i'quot} of each‘Of the three harvest ¢d
supernatants f r bot nd 208 was assayed using the human{l g&erri

ELI SA. The total quantity of human 1gG for 2B6 was determinedito be 820 ny:;

for 2C3, 1923 gm29Subcl oniitl eheThRGuenzes et akt R@rseidncl ones by

limting dilut he thr, Lahest .pr,qduci,ng | or the TM29

transfected C}Eﬁggrl cloﬁégg(gé3gp ) Agg %E”m%%%ﬂékéwma, 4.1 mg/

2C3-2Gl10, 4.0 mMeel.R wer withoSekof &r (IF)clehdnge by linmiting dilution.

Fourt een days §?5g[3subcbqg_ %XéfoEgngMyym@dy;ggyggyxgagﬁbég NUNer ous
I I

wel l's on each of the 0.5 ce pl ates for 2Gl0 and 2H2a.
Example 8
Scatchard Analvsis of TM29 mAb

Scatchard analyses of TM29 and 16G8 antibodies
were performed in three independent experiments. The
table below shows the Kd determined from each of the

experiments.
Exp. TM29 (Kd M) 16G8 (Ka M)
1 1.45 x 10 2.86 x 10*
2 1.65 x 10° 2.65 x 10°
3 1.15 x 10" 2.44 x 107
Mean 1.42 x 107 2.65 x 10"
Example 9

Summa f Work on Chimeric

Chimerics in COS and CHO:

* V(D)J region cDNAs were cloned into CHO cell
expression vectors, pTCSLNeo (H) and pTCSLDHFR (k) in cDNA
configuration. ' .

* Expression plasmids were co-transfected into COS and
CHO.

* Ab concentration in supernatant from COS cells ~35
ng/ml. '

* CHO cell transfectants were analyzed (by FAC§ and

ELISA), cloned once, and were amplified with MTX (20 nM,
100 nM and 500 nM).
* The antibody concentration from unamplified CHO cell .

This Sheet Has Been Replaced
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col.lected and assayed using the human Igderr] ELISA . Al wel |l s; exhlbltlng '
cell growth were positive in the ELISA, yielding a cloning efh|C|eﬁdan¢g9?

100% A total of 24 of the highest prOdUCLﬁp wells (2 fron12H7 g 5 from
I

Therefore, supernatants fromthose wells possessing col ony gromﬁh meren

2Gl0, 17 from 1&) were chosen for expansi'on into a 24-well| pljate amdtgrow
to confluency. Supernatants were collected fromeach well andjassayed using
the human Igerr] ELISA. The human 1gG concentration ranged 1.2 ng/m - -
9.2~ mg/n, %Lasaaaave&a%/mng%w %tﬂaqméa Furkd®/ &é118U Egsw@mgsfrom

t he four hlghest produci.ng we 9 transfected subcl on
(2G5, 2H12, 1FRe EEQ?P%éFéeQI§&°&§§aﬁ&§QnFq94ﬁﬂtﬂﬂ ry. All four sanples

st ai ned

Example 10

ssion of Chi i i S a CH
16G8 Chimeric

Light chain and heavy chain constructs contained

complete mouse V region with human constant region in the
same expression vectors used for CDR-grafted constructs:
PTCSDHFR link pTCSNeo link - the constructs had double
‘selection capability.

COS cell transfectants - ~ 35 ng/ml
CHO cell transfectants - 16 positive wells/54 wells

ng/ml gg;;eg;ed for volume
1A1 151.6
1A6 166.6
1B3 107.2
1B6 179.6
1D2 101.0
1D5 215.1 2.2 upg/ml
2A4 199.8
2B1 184.5
2B2 213.8 2.1 ug/ml
2B4 130.6
2C2 119.6
2C6 214.4 2.1 pg/ml
2D3 216.6 2.2 ug/ml
2D6 139.7
3Al1 198.7
3a2 172.2

all expanded to 25 cm’ flasks

* Flow cytometry performed.
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Jurkat cells positively (mean channel fluorescence ranged 211.51"7.-292: A5Y ]
and did not -stain HPB cells positively (nean channel quores¢engﬁ fanged ﬂdEET
8.36 - 8.80). Each of the four sanples was expanded to a 25 éni fl ask.
Second subcl oning of TMR9 transfected CHO cell clones by |IHL ng1ﬂ|lﬁHT9§ﬂ.
The two best TMR9 transfected CHO cell cl ges (2C3-1&X-2G6 dj
2C3-1 - 1H6), based on the conbi ned result's of the ELI SA andjf |Omlcy[0nE[r
data, were chosen for a second subcloning by limting diluti Al _this
time, one vial of each of the clones (as well as one vial of each of

2C3-1 &-2H 2 ??ngfé'f -2E9) was frozen and stored under |iquid nitrogen.
Twel ve days a subcl oni ng, colony growth was observed in nunerous wells
on each of thSummarye@f/Werk gnaIM3a9fior 2G5 and 1H6. Therefore,
supernatants fromthose wells possessing col ony

TM29

TM29 in COS/CHO:

* cDNA was prepared from the CDR-grafted V regions in
NSO producing line, amplified by PRCR, sequenced.

* DNA fragments were cloned into pTCSLNeo (H) and
pTCSLDHFR (k) in cDNA configuration.

* 'Plasmids were co-transfected into COS and CHO.
* Supernatant from COS cells contains -2 ug/ml Ab.
* CHO cell transfectants secreted -3 ug/ml Ab before

cloning and amplification, supernatant stained Jurkat
cells positively. Cell bank from the best unamplified Ab
producer was prepared after three times of cloning.

* The CHO cell lines were amplified under various
concentration of MTX.

Example 12
Comparison of TM27L, TM27I and TM23 in 4H11-FITC
Competition Assay

Exp 1:
slope TM23
= 1.56
"slope TM27L
slope TM23
= 2.04

slope TM271
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T —

grow h were collected and assayed using the human | gderr] ELPSA "I SHEET
wel I's exhibiting cell gromh were positive in the ELISA, yieldung a clﬁﬁrng~'
efficiency of 100% A total of 24 of the highest producing mnl 1204

2G5, 4 from 1H6) were chosen for expansion into a 24-well plat #646 1%??
and grown to confluency. Supernatants werescol |l ected from eagh

assayed using the human Igderr] ELISA Due to lost activity,with the human
lgd err] standard used in the assay, the concentrations for the unknown
sanpl es could not be determ ned. Therefore, the highest producing wells
were determ by optical density. The six highest producing wells (5 from
2G5, | from1l e ch g for expansion into 25 cnferr] flasks, then
into 75 cnferr] flﬁ RE®a g gromm to confluency. Supernatants were coll ected
fromeach flask and _assayed usi ng=t he g err] ELISA. The human |gG

concentration.ranggqoﬁé.gm-,L

L vvcn feir e

slope TM23

slope TM271

compared with TM23, the values from both TM27L and T™271
are all <3 fold.

Example 13
TM27 Methotrexate Amplification

Productivity (micrograms/10° cells/day)
Methotrexate Level (nM) _

0 20 100 10-200 20-200
c? *7730 27 nd nd nd 265.8

*7/22 3.5 nd 19.2 14.7 34.2
7/6 2.6 nd nd 9.1 nd
6/25 2 4.8 4.5 nd nd
6/18 3 8.9 nd nd nd
H9  *7/30 22.7 nd nd nd 181.9
- &7/22 3.9 nd 9.4 11.6 34.4
6/25 1.5 1.8 4.7 3.6 nd
6/18 1.8 1.5 nd nd nd

* No interassay comparison.



ng/m - 21.2 ng/mM, with an average concentration of 18.6 74 ng/ .
Supernatants fromthe six flasks for the TM9 transfected CHO-subel ones =
(1B5, 1D1, | FIl, 2B10, 2F5, 2F9) were then assayed by flow cytometry :~:T SHEET
(#646-122). Al six sanples stained Jurkat cells positively{(rean channel

fl uorescence ranged 304.51 - 383.00) and did not stain HPB cgll; pp%ivt;_jl;.ygjgy
(mean channel fluorescence ranged 8.67 - ®P 25). Preparationjof a frozen
cell stock for the TM29 transfected CHO cell clone. The TM29it
CHO cell clone chosen to prepare a frozen cell stock was 2C3{1Q&-1| H6- 2F5.
Thi s

Intra-assay relative value

o] 20 100 20-100 20-200

c7 *7/30 1 nd nd nd 9.8

*7/22 1 nd 5.5 4.2 9.8

7/6 1 nd nd 3.5 nd

6/25 1 2.4 2.3 nd nd

6/18 1 3.0 nd nd nd
H9  *7/30 1 nd nd nd 8.0

*7/22 1 nd 2.4 3.0 8.8

6/25 1 1.2 3.1 2.4 nd

6/18 b § 0.8 nd nd nd
Status

¢ 20 100 20-100 20-200

C7 8/11 fm fm,s,sf4 fn fm fm,s*
H9 8/11 fm discard fm,s,f2 fm © fm,s*

Key fm = froze 1 tube mixed culture
s = subculture by one limiting dilution
s* = first limiting dilution in progress
f# = froze one vial of each of # wells
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order to provLQe.a-sufficientn@rnber of cells to establish

bank for research \\g
SOP TMB1-001. Oﬁ‘mﬁm‘ treated with trypsin, coll

flask and pool e xpodlea cell suspensi®n was found to
10[err] cells, with a 99% viability. Seventy-two vials wer
containing 2 x 10" cells in a1 m volune. Al vials for t

frozen cell bank was preparéd-f-6ll.ou

njerr] flasks in

a.frozem gl

ected from each
cqnt Aifn i 299

e jpr epar ed, eac

he cl one have

been | abel | ed TM29- 646- 132. 75 Exanple 7 Sequences of GCBR-G-afted TMO

Ant i bodi es Conpared to O her
CLAIMS

1. A humanized antibody or binding protein thereof

having an amino acid sequence that comprises
portion of CDRs substantially derived from a

all or a
monoclonal

antibody having a specificity for a select subpopulation
of T cells, in conjunction with select variable framework
residues also derived from said monoclonal antibody, said
humanized antibody or binding protein thereof capable of
binding to said select subpopulations of T cells with a
binding affinity at least comparable to that exhibited by
said monoclonal antibody.

2. The humanized antibody or binding protein
thereof of claim 1 comprising all or a portion of the
following amino acid sequence:

T™™27 Vk

1l DIQMTQSPSSLSASVGDRVTITCSASQGISNYLNWYQQTPGKAPKLLIYY 50
51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQYSKLPRTFGQ 100
101 GTKLQIT 107

3. The humanized antibody or binding protein
thereof of claim 2 further comprising all or a portion of

the following sequence:

™27 VH
1 QVQLQESGPGLVRPSQTLSLTCTVSGFSLTAYGVNWVROPPGRGLEWLGM 50

S1 IWGDGNTDYNSALKSRVTMLKDTSKNQKSLRLSSVTAADTAVYYCARDRV 100

101 TATLYAMDYWGQGSLVTVSS 120



# At 4 e o e s e
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14 JAN 197

Framewor k Regi ons TM29 WK 1.

DI Q\/ITQSPSSLSASVG??"]” NY! YWYQQTPGXAPKLLI YYT 50 REI
-- Q-Ql zXYLN ymlﬁm{ EA 16G3_ENVL- Al M=LnEK- NS
KSDAS-W 10 H & ERA=LS- (B%- 8SYLA- K=Q R- GA 51
SNLAPGVPSRFSGSGSGTDYTFTI SSLOPED! ATYYCQOFTSSPFTFGOG 100 RE

YQzL=Y 168 ---T---- SSLI\/EGA 15 HC -SR-TwW-D D - i

FLI RE- FV--YC 101 TKI Q_R =K TM29 VH 1
EVQLVESGGGWQPERSLRL scssaher @MRQ&%%CEW%%H“! Ihg pedketn
thereof of Claim 1 comprising all or a portion of the :
following sequence:

a8 b b+ 18" s s o = 20
Fally
P $Anas By gy

”@.u »

THZ VK

1 DIQMTQSPSSLSASVGDRVTITCRASSSVN YIYWYQQTPGKAPKLLIYYT 50
51 SNLAPGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQFTSSPFTFGQGT 100
101 KLQIT 106

5. The humanized antibody or binding-protein
thereof of claim 4 further comprising all or a portion of
the following sequence:

TM29 VH

1 EVQLVESGGGVVQPGRSLRLSCSSSGFTF SNFGMHWVRQAPGKGLEWVAY

51 ISSGSSTIYYADTLKGRFTISRDNSKNTLFLQMDSLRPEDTGVYFCARRG

101 EGAM DYWGQGTPVTVSS

6. The humanized antibody of any one of claims 1 to
5 which is a complete Ig.

7. The humanized antibody of claim 6 which is of
isotype IgG2a.

8. The humanized antibody of claim 6 or claim 7

wherein one or more residues in the constant domains of
the Ig has been altered in order to alter the effector

function of said constant domain.

9. The humanized antibody or binding portion
thereof of any one of claims 1 to 8 produced by
recombinant DNA technology.



P

25 KO | =- SYAY
- L= G-XAADV\EA -G=G --A  --hND-NN - |
51 - ss&ssn KNTLFLQ\/DSLRPEDTGVYFCARRG 100-1 30

2 38907

V\DDG DQH- sv D= 16@8 |- -
PS===AMEY VEA -GGSGe-- - V---N- =Y- Y==SR&A-YY 101 EGAM | ‘:
DYVEEEWPVTVSS 35 KOL GHGFCSSASCFGP- 168 --S WVEA W N
----- D-n 76 TM29 with the sequences of 1st versi o
10. A method for producing a humanized antibody or

binding protein thereof of any one of claims 1 to 9, which
method comprises:

- a) isolating a first DNA sequence encoding at least
one CDR substantially derived from a murine
monoclonal antibody having a specificity for a
select subpopulation of T cells;

b) cloning said first DNA sequence into a suitable
vector; _

c) introducing select human framework amino acids
through mutagenesis, thereby forming a CDR
grafted construct;

d) transforming a host cell with said construct of
step c); and

e) culturing said host cell so transformed to
produce said humanized antibody or binding
protein thereof.

11. The method of claim 10 wherein the host cell is
a CHO cell.

12. A humanized antibody or binding protein thereof
in accordance with any one of claims 1 to 9 for use in
therapy.

13. ' A pharmaceutical composition comprising a

humanized antibody or binding protein thereof in
accordance with any one of claims 1 to 9 in combination
with a pharmaceutically acceptable excipient.

14. A method for treating Crohn’s disease which
comprises administering to a patient in need of such
treatment an effactive amount of a humanized antibody or
binding protein thereof according to any one of claims 4
to 7.

18. A method for treating MS which comprises
administering to a patient in need of such treatment an
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TK29. 1 with SS to AA (23-24) changes TM9. 2 wth S go B £) Ghan
TM29. 3 with GV/'F~to AMY (92-93/95) changes Exanpl e 8‘Scat ¢har-d. + »id
Anal ysi s of TM29 hard anal yses of TM29 and 16G8 @ntibodies were
performed in thr m‘gm erl ments. The tabl e bel bw sHehd AthayKd
determ ned frome rrents. Bup. TM29 ( d; M)

16&8 (Kd M1 1. 45 X 10[err] 2.86 x 10-{" 2 L X
10 2.65 x 10[err] 3 1.15 x 10" 2.44 x 10l err]
Mean 1.42 x 10[err] 2.65 x 10[err

Work on Chi neéffedt@e amount of a humanized anti

ody or

eb:.nds‘ mrary of

protein thereof according to any one of claims 2, 3, 6 or

7.
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Chinerics in COS and CHO * V(D)J region cDNAs were cl aned: int
expression vectors, pTCSLNeo (H) and pTCSLDHFR (k) in ¢ | confT guratrion. {*
Expressi on plasm ds were co-transfected into COS and CHO. j epjﬁﬂqgg7
concentration in supernatant from COS cells -35 ng/n. * %CH& cel T
transfectants were anal yzed (by FACS and ELI SA), cl oned ongélane-—nere——-
anplified with MIX (20 nM 100 nM and 50gsnM . * The anribody
concentration fromunanplified CHO cell 77,

s -

5 CHO ¢ RtH]

HUMANIZED ANTIBODIES AND USES THEREOF

ABSTRACT

The present invention relates to humanized antibodies
and binding proteins thereof, capable of binding to T cells
exhibiting particular variable beta chains, and
particularly those subpopulations expressing human VB 5.2
and/or 5.3, and VB 8.1. The present invention also relates
to the preparation of such antibodies, to pharmaceutical
compositions containing them, and therapeutic utilization
of the antibodies, specificélly in autoimmune diseases.
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clones was -3 [err]/m; and stained Jurkat cells positively. %HJLACEMENT SHEET
unanplified clones were frozen in LN err] Exanple 10 Expressi pnj of Chi iertT
16GB in COS and CHO Cells 16GB Chineric Light chain and heavy Cha”“%dAN‘@??
constructs cont afned-comptete—euge V region with human constant region
the same express DI, SRR HAS BEEN ] o CDR-grafted constructs: pT DHFR J'nk
pTCSNeo |ink - the cofMEPEACEDR had {doubl e del ection capability. COS cell

transfectants - - 35 ng/m CHO Cell transfectants - 16 positive WeITS/I 574
well's ng/m corrected for volune | Al 151.6 1A6 166. 6
1B3 107. 2
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The CHO cel

*

producer was prepared after three tines of cloning.
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2. 04 sl ope TM27I

- e m ot A mmt hm Gimm S awee e e AP b S e e St e e wh b S Gl AR Gam W M e e S SSe G A R D S e e e ew SUm em osem e

and TM23 in 4H11-FI TC Conpetition Assay Exp 1

were anplified under various concentration of MIX. Exanple 12 Conpari son of
TMR7I

TNRTL,
1.56 sl ope TM27L sl ope TM23
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79 Exp 2:
with TM23,

sl ope TM23 1. 82 sl ope TM27L sl ope TM23 2. 44 sl ope TM271 Conpared

the val ues fromboth TMR7L and TM271 are all <3 f
TVMR7 Met hotrexate Amplification Productivity (nicrograns/ 10[}

Met hot rexate Level (nM. O 20

nd nd

265. 8

MEAN CHANNEL FLOURESCENCE

UG/ML

5.000
3.750
2.500
1.875
1.250
0.938
0.625
0.312
0.156

100 10-200 20-200 C7

S

FIG.3

"4

4
k

Qleds Examply %
ert}_ceLls

30
i 4 73- u;"“‘i W

nd

T

COMPARISON OF TM27L/NS0 AND

TM27L/CHO IN A COMPETITION

ASSAY WITH 4H11

—— MURINE 4H11
—e— TM27L/NSO
—e— TM27U/CHO

299.073
328.207
342.667
358.120
374.003
378.773
395.623
401.297
402.853

0 10 20 30 40 50 60
% UNLABELED
MURINE4H11 y=393.85-5.0535x RA2 = 0.985
TM27LNSO  y=415.77-2.3218x RA2=0.939
TM27UCHO  y=415.64-2.1880x RA2 = 0.987
%UNLABELED MURINE4H11 TM27LNSO TM27L/CHO

50.000 149.687  303.633

42900 181.330 296.867

33.300 219.803 349,850

27.300 951.783 367.640

20.000 288.993 360.657

15800 308113 380.870

11.100 333.177 388.950

5.900 349383 405483

3.030 380.860  400.113

0.000 417797 417797

0.000

417.792
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*7/ 22 3.5 nd 19.2 14.7 34.2 7/6 2.6 nd nd ET RODGHE '
2. 4.8 4.5 nd nd 6/18 3 89 nd nd ndHo %ﬂﬁg..ef:%wm
nd nd nd 181.9 &7/22 3.9 nd 9.4 11.634.46/25| | 15 1.8 |
4.7 3.6 nd 6/18 1.8 1.5 nd nd hnd * No interassay éonﬁ)érsﬁ%@éﬁ?g
Intra-assay relative value 0O 20 100 20-100 20-200 C7 * 4/ 30 1

nd nd nd 9.8 *7/22 1 nd 55 4.2 9.8

FIG.4

TM27 SCATCHARD ANALYSIS - HPB CELLS

b/t

—
100000

0 50000
b

Kd (nM)
@ TM27CHO 123

¢ TM27NSO 82
B 4H1 4.5



716 1 nd nd " 3.5 'nd 6/25 1 2.4 2.3

| ACENENTSHEET

1 3.0 nd nd nd H9 *7/ 30 1 nd nd nd . T ara

nd 2.4 3.0 8.8 6/25 1 1.2 3.1 2.4 nd 6/18 0} n
nd nd Status O 20 100 20- 100 0 RYAROE 11
fm fms,sf4 fm fm fms* H 8/111 fm _ discaltd
fms,f2 fm fme* Key fm= froze 1 tube fixed culture s -

subculture by one limting dilution s* = first limting didier—tn
progress f=af PYAcseAuental entodioll paArs @€l #shuman Ig chain is fused to
a DNA sequence encoding the amino acid sequence of a

polypeptide effector or reporter molecule. Thus "antibody"
encompasses hybrid antibodies (see below).

The term "binding protein" as used herein refers
to a construct having a particular amino acid sequence
derived from an antibody or combination of antibodies, saiad
sequence sterically configured in such a manner as to form
at least one antigen binding site. .

'The abbreviation "mAb" is used to indicate a
monoclonal antibody as produced by a hybridoma or derivative
cell line. .

The term "recombinant antibody”" is used to
describe an antibody produced by a process involving the use
of recombinant DNA technology.

The term "CDR" or "complementarity determining
region" refers to those portions of an antibody’s heavy
chain or light chain variable regions juxtapositioned in
three-dimensional space to form an antigen binding surface.

The term "chimeric antibody" is used to describe
an antibody in which the variable domains as a whole are
derived from an antibody from a first mammalian species and
have been fused onto at least one constant domain from an
antibody from a different mammalian species. o

The term "CDR-grafted" is used to describe an
antibody. or portion thereof in which the CDRs are
substantially derived from an antibody from a first—
mammalian species, grafted into a variable framework regions
substantially derived from a second mammalian species.
Certain select amino acids in said framework regions may
also be derived from said first mammalian species.

The term "hybrid antibody" is used to describe a
protein comprising at least the binding portion of an Ig
attached by peptide linkage to at least part of another
protein. It will be appreciated that certain skilled
workers may alsc use the word;"chimeric" to describe such
constructs, but in the present specifi;ation such constructs
are referred to as hybrid antibodies and the term chimeric




CLAI M5 1. A humani zed anti body or bindi ng protei n-thereet—h uuvluu
am no acid sequence that conprises all or a portion of djﬂ§4§ﬂﬁ§ﬂﬁﬂ?l
derived from a nonocl onal antibody having a specificity ~a~Ser ect
subpopul ation of T cells, in conjunctiogyMth select var a | e ég@\r@g«;gk
resi dues al so derived from said nonocl onal anti body, said humani zed

anti body or binding protein thereof capable of binding t¢ jd—set-ect
subpopul ations of T cells with a binding affinity at | east conparable to

that exhibited bJMsapdlaghdbctbaah anti body. 2. The—tromaniZed
antibody ory bi r@t@@z@épgstgAéJa@éﬁ%eraﬁE%'mMdﬁé&&?&tnf{zﬁ Pgpt i on

of the foIIovm ngNam no aci
LAPGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQFTSSPFTFGQG 100

101 TKIQIT 10s

TM 27 light chain
1 DIQMTQSPSSLSASVGDRVTITCSASQGISNYLNWYQQTPGKAPKLLIYY 50
51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQYSKLPRTFGQ 100
101 GTKLQIT ; 107

alone or in combination with all or a portion of a variable
heavy chain selected from the following group:

TM 29 heavy chain
1 EVQLVESGGGVVQPGRSLRLSCS$SGPTFSNFGMHWVRQAPGKGLEWVAY S50
51 ISSGSSTIYYADTLKGRFTISRDNSKNTLFLQMDSLRPEDTGVYFCARRG 100
101 EGAMDYWGQGTPVTVSS 117

TM 27 heavy chain
1 QVQLQESGPGLVRPSQILSLTCTVSGFSLTAYGVNWVRQPPGRGLEWLGM 50
51 IWGDGNTDYNSALKSRVTMLKDTSKNQFSLRLSSVTAADTAVYYCARDRV 100
101 TATLYAMDYWGQGSLVTVSS 120

Select framework residues in the vicinity of the
individual CDRs are important to the support of the three-
dimensional conformation of the CDRs (Foote and Winter,
(1992) J. Mol. Biol. 224:487-499). Thus, in certain
preferred embodiments, modified heavy chains were designed.
In the first at residues 66 to 69 inclusive and 73, the
murine sequence Leu-Ser-Ile-Ser (66-69) and Asp (73) are
substituted for the human counterparts.

In other preferred embodiments, murine residues
valine and phenylaline are provided at positions 78 and 79,
respectively, or murine arginine is provided at position 92.

Figure 1 exemplifies éhese substitutions, showing
the CDRs in bold and underlining. These preferred antibody
constructs (including binding proteins thereof) bind to V8
5.2/5.3.



TMR7 Vk 1 DI QUIQSPSSLSASVGDRVTI TCSASQG SNYLNWYQQTPGKAPKL {REFLACEMENT SHEET
TSSLHSGVPSRFSGSGSGIDYTFTI SSLQPEDI ATYYCQQYSKLPRTFGQ 100 101} GIRCQY T I07 3.
The huneni zed anti body or binding protein thereof of claim2;ifursfan 998
conprising all or a portion of the follqw ng sequence: TM2Y VH 1
QVQLQESGPALVRPSQTLSLTCTVSGFSLTAYGVNW/ GRGLEW.GM 50 51

| WGDGNTDYNSALKSRVTM_KDTSKNQKSLRLSSVTAADTAVYYCARDRV 100 101

TATLYAMDYWGQGSLVTVSS 120 4. The humani zed anti body or_brmarmng-
prot ei n t herfxgm oth€l frameweokprigingsal | The arpsniktdéngoicompesite CDRs

may then be transferred as the "antigen binding site”, while
the remainder of the antibody, if it is desired to construct
a complete Ig, will include the heavy and light chain
constant domains and remaining framework residues. The
latter portions may be based on human antibodies of
different classes.

Constant domains may be selected to have desired
effector functions appropriate to the intended use of the
antibody so constructed. For example, human IgG isotypes,
IgG, and IgG; are effective for complement fixation and cell
mediated lysis. For other purposes, other isotypes, such as
IgG, and IgG,, or other classes, such as IgM and IgE, may be
more suitable.

‘For human therapy, it is particularly desirable to
use human isotypes, to minimize antiglobulin responses
during therapy. Human constant domain DNA segquences,
preferably in conjunction "with their variable domain
framework regions can be prepared in accordance with well-
known procedures. An example of this is CAMPATH 1H
available from Burréughs Wellcome Ltd.

In accordance with preferred embodiments of the
present invention, certain CDR-grafted antibodies are
provided which contain select alterations to the human-like
framework region (in other words, outside of the CDRs of the
variable domains), resulting in a CDR-grafted antibody with
satisfactory binding affinity. Such binding affinity is
preferably from about 10 M to about 10-12 M and is more
preferably at 1least about 10-® pM. Most preferably the
binding affinity is about equal ﬁo or greater than that of
the prototype antibedy (in preferred instances, this
prototype antibody would be murine).

In constructing the CDR-grafted antibodies of the
present invention, the V, and/or V, gene segments may be
altered by mutagenesis. One skilled in the art will also
understand that various other nucleotides coding for amino
acid residues or sequences contained in the Fc portion or
other areas of the antibody may be altered in like manner



fol | owi ng sequence: TM29 Vk 1 DI QUTQSPSSLSASVGDRVTI TCRASSSUN

Yl YWQQTPGKAPKLLI YYT 50 51 REPLACEMENT SHEET
SNLAPGVPSRFSGSGSGTDYTFTI SSLQPEDI ATYYCQQFTSSPFTFGQGT 100 101 Kt-erTt06—5

The humani zed anti body or binding protein thereof of claimé fugwﬁ‘gw%
conprising all or a portion of the foll ow ng sequence: TM9{VH
EVQLVESGGGVQPGRSLRLSCSSSGFTF  SNFAVHWRQARBPGKGLEW/AY 51

| SSGSSTI YYADTLKGRFTI SRDNSKNTLFLQVDSLRPEDTGVYFCARRG 101 EGAM
DYWGQGTPVTVSS 6. The humani zed anti body of any one‘ef—ctarms—t—to5

which is a conplete Ig. 7. The humani zed anti body of claim6 which
i s of isotyBsapg&eal

TM27 - SYNOPSIS OF WORK

1. BALB/C mice were immunized with the T cell leukemia
cell line HPB-All (once intraperitoneally and twice
intravenously).

2. Spleen cells were harvested from these mice and fused
with mouse myeloma immortalizing cell line P3X53AG8.653.
3. Selection of appropriate clones was accomplished in
HAT media.

4. Screening of the clones so selected for appropriate
binding was accomplished by immunoprecipitation of
radiclabelled HPB-ALL.

5. Subcloning was accomplished by limiting dilution.

6. Specificity was checked by PBL stimulation and CD3
modulation studies.

7. A Hybridoma secreting apprdpriate antibody was
designated 4H11l. .

8. RNA was obtained from this clone and mRNA isolated.
¢DNA to the mRNA was prepared. '

9. The cDNA was sequenced and checked for accuracy.

10. The isolated cDNAs (H and K) were cloned into

M13 vectors.

11. Select human framework regions were introduced
through mutagenesis, as exemplified in Example 2.

12. Humanized antibodies (-1 mg each) were purified from
NSO transfectants for preliminary evaluation.

Five different TM27's have been made:

TM27L: with Leucine at position 48 of heavy chain.
T™™M271: with isoleucine at position 48 of heavy chain.
TM27.1: with FS to VF (78-79) changes.

TM27.2: with VTML/T to LSIS/N (67-70/73) changes.
TM27.3: with V to R (92) changes.




8 The humani zed anti body of claim6 or claim7 whe @P&&Q@%NTMT

résidues in the constant donains of the I g has been alterefd | n order to

alter the effector function of said constant domain.

humani zed anti body or binding portion thereof of any one of glains 1 to 8

produced by reconbi nant DNA t echnol ogy. 1@g

9. ThEAR 1998

A met hod—for-productrg

a humani zed anti body or binding protein thereof of any one _of clains 1 to
9, which nethod conprises: a) isolating a first DNA sequence encodi ng at

| east one CDR substantially derived froma nurine nonocl onal anti body
havi ng a specifici@%FqQ%ala and eluted fractions were measured by human

IgGl/kappa ELISA. The pPH 3.0

fraction contained

approximately 3.9 mg of antibody in 25 ml. The material was
concentrated on a Centriprep-30 concentrator (Amicon) and
5 the human IgGl/ kappa ELISA was repeated. Total yield of

TM27L was ~3.2 mg at 1.6 mg/ml.

? Primary characterization of purified antibody
Flow cytometry was performed on -~2.5 mg of
10 material from each of the pPH 3.0 and pH 4.0 fractions and
TM27 purified from NSO cells. Inténsity of staining on HPB
cells, as indicated by mean channel fluorescence, was
measured as follows: 283.46 for the pH 3.0 fraction; 321.98
for the pH 4.0 fraction; 506.79 for NSO-derived TM27. On
15 Jurkat cells, staining was at background 1level for all

samples.

Example 2

20 ~° Sequences of CDR Grafted TM27 Antibodies Compared to Human

Framework Cassettes
™27 Vx

25 1 DIQMTQSPSSLSASVGDRVTITCSASQGISNYLNWYQQTPGKAPKLLIYY 50
REI Q D=IK E
WAL . = R===§ K A

30 51 TSSLHSGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQYSKLPRTFGQ 100

o~
A4

S=sm=m===SYSTLISs==

REI A=N=QA =
TM23 SL===N=E
WAL A===Q===T F=L

35 101 GTKLQIT

REI =m====m==
TM23 ==m=E=K
WAL ==R=E=K

107




. 4 i
sel ect subpopul ation of T cells; b) cloning said first ﬂﬁ&é&é&@ﬂqréﬂﬂﬁﬂf

a suitable vector; c) i ntroduci ng sel ect human framework jani no acid
d) 2 MAR 1998 $

t hrough nutagenesis, thereby formng a CDR grafted construdt;
transform ng a host cell with said construct of step c); ard je) culturin
said host cell so transfornmed to produce sgpd humani zed ant|i body or bi ndi ng
protein thereof. 11. The nmethod of claim 10 wherein t
a CHO cell. 12. A humani zed anti body or binding protein thereof in
accordance with fﬁgg'%%F of claims 1 to 9 for use in therapy.

1% QVQLQESGPGLVRPSQTLSLTCTVSGFSLTAYGVNWVRQPPGRGLEWLGM 50
NEWM mm==EQ: STFSNDYYT =Y
5 T™™2] m=masKzsenmzmminzmeSas] K seeemmenaaray

HIL ==KaVQA=G=V=QmuGRS=R=S=]A=mcxTFSN==MHammn)unKunuxVAY

51  IWGDGNTDYNSALKSRVTMLKDTSKNQFSLRLSSVTAADTAVYYCARDRV100
NEWM VFYH=TS=DTTPLR=====aV: NLI

10 TM23 ====—=mm—se=zm=c]STS==N==SaVF=KMN=LQTD=usRunsmnme
HIL -Yujéry-cnsv=csrszsa-u-nmnznzun-nnx- PD

101 TATLYAMDYWGQGSLVTVSS 120

15 T™23 ==mamwomoroesTSmmmops i
HIL IL=AFSFmmmamn{]mmas

* HuVHL has L AT #48

20 TM27L with Leucine at position 48 of heavy chain.
TM271 with Isoleucine at position 48 of heavy chain.
TM27.1  with FS to VF (78-79) changes.

T™27.2 with VIML/T to LSIS/N (67-70/73) changes.
T™™27.3 with V to R (92) changes.

25

Example 3

Scatchard Analvsis of TM23

Exp Kd Receptors/cell
30 617:096 3.27e-8 M 3.04e5

617:115 2.30e-8'M  2.43e5

617:119 2.46e-8 M 2.46e5

Mean
35 Kad = 2,52 (+0.67)e-8 M

Receptors/cell = 2.64e5



13. A pharmaceutical conposition conprising a humani

bi nding protein thereof in accordance with any one of Cla,ﬂﬁﬂﬂﬁﬂ&%@ﬁ@ﬁSﬂEET
conbi nation with a pharnaceutically acceptabl e excipient.
met hod for treating Crohn's disease wgigch conprises adninlsterlﬁbﬁéﬂ>@$8
patient in need of such treatnent an effective anount of g Aynanlzed

anti body or binding protein thereof according to any one of clains 4 to /.
15. A nmethod for treating M5 which conprises adm ni sitering ta.a
patient in o diffecert M s have bedd gwadee anopunt of a humani zed

ant i body orﬂw Q@lng protein thereof according to any one of clains 2, 3, 6
or

T™M29.1 with S5 to AA (23-24) changes.
™29 .2 with S to P (75) change.
TM29 .3 with GV/F to AM/Y (92-93/95) changes.

A D_EX MENTATION - TM29
Isolation of the human kappa chain constant region by the
PCR mathod.

Using the undigested plasmid
pSV184DH-Neo/DNS-V.C, (pSVHuk which contains the human
kappa chain constant region) PCR was performed with two
primers (one forward, one reverse) to isolate the constant
region. Thé oligomers (primers) were obtained from
Operon. The PCR reaction reagents were from the GeneAnp
DNA amplification reagent kit with AmpliTaqg (Perkin-Elmer

" Cetus). The PCR reactions were set up in three different
concentrations of Mg’". Aligquots of the PCR products were
analyzed on a 1% agarose gel. The PCR product from the
first sample of Mg®" (concentration 1.5 mM) was chosen.
The primers, which flank the C region, were designed
containing restriction enzyme sites for cloning purposes.
Thus, the amplified DNA was digested with EcoRI (at the 3’
end). The site at the S5’ end (PvuII) was not digested.
The digested DNA fragment was then run on a 1% agarcse gel
and the 300 bp band excised. The DNA was extracted from
the gel and a small aliquot was analyzed on a 1% agarose
gel to determine gquality and to estimate quantity. The
300 bp band appeared to be clean and the total amount of
DNA estimated to be -140 ng.

Human kappa chain constant region cloned into the pBS KS
vector and sequenced.

The EcoR I -digested DNA fragment of the human
kappa chain constant region wa's inserted into the vector
pPBS KS*, which had been digestéd with Sma I and EcoR I,
using T4 DNA ligase. This ligation mixture was used to
transform E. coli DHSa competent cells. Single colonies
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REPLACEMENT SHEE:

75

Example 7
Sequences of CDR Grafted TM29 Antibodies Compared to Other

Framework Regions

TM29 Vk

1 DIQMTQSPSSLSASVGDRVTITCRASSSVNYIYWYQQTPGKAPKLLIYYT 50

REX mmmoﬂqnzzxm EA
16G8 ENVL9L====3 IM===[aFK==MS=—rarxxec=nemeak SDA S===f====

HIC E=VL====GT==L=P=ERA=LS====Qm=sssylA===aK==Q==R====GA

51 SNLAPGVPSRFSGSGSGTDYTFTISSLQPEDIATYYCQQFTSSPFTFGQG 100
REI ===QA\: YQuL =Y mecmma

16G8 T NS=SL=m=aMEG==X S=

HIC =SR=T=I=D===smzm===F=La==R=E=_sFzV====={Gwe=af===== i

101 TKLQIT 106

16G8 ===E=K
HIC ==VE=K

TM29 VH

1 EVQLVESGGGVVQPGRSLRLSCSSSGFTFSNFGMHWVRQAPGKGLEWVAY 50

16G8 D===r=mm==u]====G=RK===AA D
WEA QE-D-EL-—.E=G======A==§=ANDBN LSTF

51 -ISSGSSTIYYADTLKGRFTISRDNSKNTLFLQMDSLRPEDTGVYFCARRG 100~

KOL =WDDG=DQH===SV D=
16G8 ====== Pe=s=mm—=Tom=S===AM=Y=====
WEA =GGSG=======SV========NB===S=y===S===ji===A=Y{== ==
101 EGAM DYWGQGTPVTVSS

KOL GHGFCSSASCFGP

16G8 ==m=m= = § o



[REPLACEMENT SHESTY

2 M2 998
s . 76

Ramaan g UL T Y

TM29 -+with the segquences of 1st version
T™™29.1 with SS to AA (23-24) changes

TM29.2 with S to P (75) change

TM29.3 with GV/F to AM/Y (92-93/95) changes

Example 8

Scatchard Analysis of TM29 mAb
Scatchard analyses of TM29 and 16G8 antibodies

were performed in three independent experiments. The
table below shows the Kd determined from each of the
experiments.

Exp. TM29 (Kd M) 16G8 (Kd M)

1 1.45 x 10" 2.86 x 10"

2 1.65 x 10° 2.65 x 10

3 1.15 x 10 | 2.44 x 10"

Mean 1.42 x 10¥ 2.65 x 10°
Example 9

Summary of Work on Chimeric TM29

Chimerics in COS and CHO:

* V(D)J region cDNAs were cloned into CHO cell
expression vectors, pTCSLNeo (H) and pTCSLDHFR (k) in cDNA
configuration. _

* Expression plasmids were co-transfected into COS and
CHO.

* Ab concentration in supernatant from COS cells ~35
ng/ml. '

* CHO cell transfectants were analyzed (by FACS and
ELISA), cloned once, and were amplified with MTX (20 nM,
100 nM and 500 nM).

* The antibody concentration from unamplified CHO cell
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