o

ol

e

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 : (11) International Publication Number: WO 94/19466
-V

ZCII/%I;, lAsé}:;’i gj%,SCMK 15/00, C12P (43) International Publication Date: 1 September 1994 (01.09.94)

(¥3)) International Application Number: PCT/US94/01709 | (81) Designated States: AU, CA, JP, European patent (AT, BE,

(22) International Filing Date: 16 February 1994 (16.02.94)

(30) Priority Data:

08/017,570 16 February 1993 (16.02.93) Us

(71) Applicants: THE DOW CHEMICAL COMPANY [US/US];
2030 Dow Center, Abbott Road, Midland, MI 48640 (US).
THE UNITED STATES OF AMERICA, as represented by
THE SECRETARY OF THE DEPARTMENT OF HEALTH
AND HUMAN SERVICES [US/US}; Washington, DC
s).

(72) Inventors: GOURLIE, Brian, B.; 3713 Orchard Drive, Mid-
land, MI 48640 (US). RIXON, Mark, W.; 4110 Castle
Drive, Midland, MI 48640 (US). MEZES, Peter, S.; 25
Sill Lane, Oldlyme, CT 06371 (US). KAPLAN, Donald,
A.; 1106 Saint Paul Place, Cincinnati, OH 45202 (US).
SCHLOM, Jeffrey; 10525 Tyler Terrace, Potomac, MD
20854 (US).

(74) Agent: ULMER, Duane, C.; The Dow Chemical Company,
Patent Dept., P.O. Box 1967, Midland, MI 48641-1967
(US).

CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

Published
Without international search report and to be republished
upon receipt of that report.

(54) Title: A NOVEL FAMILY OF ANTI-CARCINOEMBRYONIC ANTIGEN CHIMERIC ANTIBODIES

(57) Abstract

The present invention discloses novel chimeric monoclonal antibodies directed against human carcinoembryonic antigen, having
antigen-specific variable regions. DNA constructs for the light and heavy chain variable regions comprising the novel antibodies of the
invention are also disclosed. Eukaryotic host cells capable of expression of the chimeric antibodies and comprising the novel chimeric

antibody-encoding DNA constructs are also described.




applications under the PCT.
AT Austria

AU Australia

BB Barbados

BE Belgium

BF Burkina Faso
BG Bulgaria

BJ Benin

BR Brazil

BY Belarus

CA Canada

CF Central African Republic
CG Congo

CH Switzerland
CI Cote d'Ivoire
CM Cameroon

CN China

cs Czechoslovakia
cz Czech Republic
DE Germany

DK Denmark

ES Spain

FI Finland

FR France

GA Gabon

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Italy

Japan

Kenya

Kyrgystan
Democratic People’s Republic
of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia

Mauritania
Malawi

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovenia

Slovakia

Senegal

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

United States of America
Uzbekistan

Viet Nam




WO 94/19466 PCT/US94/01709

A NOVEL FAMILY OF ANTI-CARCINOEMBRYONIC
ANTIGEN CHIMERIC ANTIBODIES

The present invention relates to novel chimeric
antibodies directed against human carcinoembryonic
antigen, and DNA constructs coding for such antibodies.

Carcinoembryonic antigen (CEA) is the best
characterized human tumor-associated antigen and the
most widely used tumor marker for the in vitro diagnosis

10 of human colon cancers. CEA is one of a family of
closely related gene products including normal fecal
antigen, non-specific cross-reacting antigen, meconium
antigen, and biliary glycoprotein. See, for example,
Muraro et al. Cancer Research, 45:5769-5780 (1985); and

Rodgers Biochim. Biophys. Acta, 695:227-249 (1983).

15

The development of antigen-specific monoclonal
antibodies (MAbs) for invitro and in vivo diagnosis and
20 therapy has resulted in the production of a MAb which
has an affinity constant in the range of 2.6 x 1010 M1
for CEA (U.S. Patent 5,075,432; T84.66 ATCC Accession
No. BH 8747) and little or no cross reactivity to other
members of the CEA gene family.

25
Most available MAbs, however, are derived from

murine hybridomas. The invitro application of murine
antibodies in immunoassays presents potential problems
associated with false positive results which are

30 attributable to the reaction of serum components with
murine immunoglobulins. More importantly however, the
inviwo application of murine antibodies in human medicine
is often limited due to their inherent immunogenicity.

35 The administration of murine antibodies will, in many
patients, induce an immune response which results in a
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gradual decline in the efficacy of the antibodies during
multiple dose regimens. The decrease in efficacy is
attributable, at least in part, to the rapid clearance
from circulation or alteration of pharmacokinetic
properties of murine antibodies by the patient's immune
response. The immunogenicity associated with murine
monoclonal antibodies, therefore, precludes multiple
dose administrations over an extended period of time, or
even a single administration if there has been prior
exposure, and substantially impacts their potential
clinical value.

Chimeric antibodies, in which the binding or
variable regions of antibodies derived from one species
are combined with the constant regions of antibodies
derived from a different species, have been constructed
by recombinant DNA methodology. See, for example,
Sahagen et al., J.Immunol., 137:1066-1074 (1986);

Sun et al., Proc.Natl. Acad. Sci. USA, 82:214-218 (1987);
Nishimura et al., CancerRes., 47:999-1005 (1987); and
Lie et al. Proc.Natl. Acad. Sci. USA, 84:3439-3443 (1987)
which describe chimeric antibodies to tumor-associated
antigens. Typically, the variable region of a murine
antibody is joined with the constant region of a human
antibody. It is expected that, as such, chimeric
antibodies are largely human in composition, and will be
substantially less immunogenic than murine antibodies.
Accordingly, chimeric antibodies are highly desirable |
for invivo application.

While the general concept of chimeric
antibodies has been described, it is known that the
function of antibody molecules is dependent on its three
dimensional structure, which in turn is dependent on its
primary amino acid structure. Thus, changing the amino
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acid sequence of an antibody may adversely affect its
activity, see for example, Horgan et al., J.Immunology,
149:127-135 (1992). Moreover, a change in the DNA
sequence coding for an antibody may affect the ability
of the cell containing the DNA sequence to express,
secrete or assemble the antibody.

Although chimeric antibodies against tumors
have been described, there exists a need for the
development of novel chimeric antibodies having

10 specificity for antigens of human CEA.

The present invention provides expression
vectors containing DNA sequences which encode chimeric
COL-1 (ChCOL-1) or chimeric COL-1 R' (ChCOL-1 R')

15 antibodies and portions thereof which are directed

against CEA, using murine variable regions and human

constant region genes. In particular, the present

invention is a chimeric murine-human COL-1 or COL-1 R'

5o antibody having a light chain variable region
substantially the same as that encoded by the nucleotide
sequence of SEQ ID NO:1. In another aspect, the present
invention is a chimeric murine-human COL-1 antibody
having a heavy chain variable region substantially the

25 same as that encoded by the DNA sequence of SEQ ID NO:3
or a chimeric murine-human COL-1 R' antibody having a
heavy chain variable region substantially the same as
that encoded by the DNA sequence of SEQ ID NO:5.

30 The present invention also provides cells
transformed with expression vectors containing a DNA
sequence which encodes for chimeric COL-1 or chimeric
COL-1 R' antibodies.

35
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In another aspect, the present invention
provides a ChCOL-1 ¢~ ChCOL-1 R' monoclonal antibody
comprising a light chain variable region having the
amino acid sequence substantially the same as that of
SEQ ID NO:2. The present invention further provides a
ChCOL-1 or ChCOL-1 R' monoclonal antibody comprising a
heavy chain variable region having the amino acid
sequence substantially the same as that of SEQ ID NO:4
or SEQ ID NO:6. 1In still another aspect, the present
invention provides a chimeric monoclonal antibody
comprising a light chain variable region having an amino
acid sequence substantially the same as that of SEQ ID
NO:2 and a heavy chain variable region having an amino
acid sequence substantially the same as that of SEQ IN
NO:4 or substantially the same as that of SEQ ID NO:6.

In addition, the present invention provides
novel chimeric antibodies for use in invitro and ir vivo
diagnostic assays and invivo therapy.

Description of the Figures

Figure 1 illustrates the plasmid map of pCOL-1
vl. The murine COL-1 heavy chain variable region is
indicated by the stippled bar and the human yl constant
region is indicated by the black bar.

Figure 2 illustrates the plasmid map of pCOL-1
vY4. The murine COL-1 heavy chain variable region is
indicated by the stippled bar and the human y4 constant
region is indicated by the black bar.

Figure 3 illustrates the plasmid map of
pRL 1003. This is a universal light chain expression
vector in that any BamHI-HindIII V; DNA fragment cloned
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in the comparable sites of pRL 1003 can give a chimeric
light chain polypeptide.

Figure 4 illustrates the plasmid map of
pRL 301. The murine COL-1 light chain variable region
is indicated by the open bar, the human « constant
region is indicated by the black bar and the the human
Subgroup IV promoter region is indicated by the stippled
bar. '

Figure 5 illustrates the human heavy chain
constant region and the oligonucleotide primers (with
wagging tails), used to generate the DNA fragments a-x,
y-bl and y-b2.

The entire teaching of all references cited
herein are hereby incorporated by reference. The
procedures for molecular cloning are as those described
in Sambrook et al., Molecular Cloning, Cold Spring Harbor
Press, New York, 2nd Ed. (1989) and Ausubel et al.,-
Current Protocols in Molecular Biology, John Wiley and Sons,

New York (1992).

Nucleic acids, amino acids, peptides,
protective groups, active groups and such, when
abbreviated, are abbreviated according to the IUPAC IUB
(Commission on Biological Nomenclature) or the practice
in the fields concerned.

As used herein, the term "variable region"
refers to the region, or domain, of the light (V;) and
heavy (Vy) chain antibody molecules which contain the
determinants for binding recognition specificity to the
antigen and overall affinity of a MAb. The variable
domains of each pair of light and heavy chains form the
antigen binding site. The domains of the light and
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heavy chains have the same general structure and each
domain has four framework (FR) regions, whose sequences
are relatively conserved, connected by three
complementarity determining regions (CDRs). The FR
regions maintain structural integrity of the variable
domain. The CDRs are the polypeptide segments within
the variable domain that mediate binding of the antigen.

The term "constant region", as used herein,
refers to the domain of the light (Cy)and heavy (Cy)
chain antibody molecules which provide structural
stability and other biological functions such as
antibody chain association, secretion, transplacental
mobility, and complement binding, but is not involved
with binding CEA. The amino acid sequence and
corresponding exon sequences in the genes of the
constant region will be dependent upon the species from
which it is derived; however, variations in the amino
acid sequence leading to allotypes will be relatively
limited for particular constant regions within a
species.

The variable region of each chain is joined to
the constant region by a linking polypeptide sequence.
The linkage sequence is coded by a "J" sequence in the
light chain gene, and a combination of a "D" sequence
and a "J" sequence in the heavy chain gene.

"Chimeric antibody" for purposes of this
invention refers to an antibody having in the heavy and
light chain a variable region amino acid sequence
encoded by a nucleotide sequence derived from a murine
immunoglobulin gene and a constant region amino acid
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sequence encoded by a nucleotide sequence derived from a
human immunoglobulin zene.

As used herein, the term "transformation"
refers to the change in the genome of a host cell by
introduction of DNA into the recipient host cell. "Host
cells" refer to cells which can be transformed with
vectors constructed using recombinant DNA techniques,
and for the vectors to persist within the cell for
expression of a recombinant protein product.

As used herein, the terms "antibody" or
"immunoglobulin" include segments of proteolytically-
-cleaved or recombinantly-prepared portions of an
antibody molecule that are capable of selectively
reacting with a particular antigen or antigen family.
Nonlimiting examples of such proteolytic and/or
recombinant fragments include Fab, F(ab')z, Fab', Fv,
fragments, and single chain antibodies (scFv) containing
a V;, and Vy domain joined by a peptide linker. The
scFv's may be covalently or non-covalently linked to
form antibodies having two or more binding sites.

The DNA coding sequences of the present
invention have a first DNA sequence encoding the light
or heavy chain variable domains having a specificity for
CEA and a second DNA sequence encoding the light or
heavy chain constant domains of chimeric antibodies.

In accordance with the present invention, DNA
constructs for the light chains of chimeric antibodies
directed against CEA comprise a first DNA sequence
encoding a light chain variable region which is
substantially the same as that of SEQ ID NO:l.
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Also, in accordance with the present invention,
DMA constructs for heavy chains of chimeric antibodies
directed against CEA comprise a first DNA sequence
encoding for a heavy chain variable region which is
substantially the same as that of SEQ ID NO:3 or SEQ ID
NO:5.

The amino acid sequences of the chimeric
polypeptides comprising the novel chimeric antibodies of
the present invention can be determined from the DNA
sequences disclosed herein. Accordingly, the COL-1 and
COL-1 R' chimeric antibodies of the present invention
directed against CEA comprise a light chain variable
region having an amino acid sequence substantially the
same as that of SEQ ID NO:2. Additionally, the novel
chimeric antibodies of the present invention comprise a
heavy chain variable region having an amino acid
sequence substantially the same as that of SEQ ID NO:4
or SEQ ID NO:6.

"Substantially the same" means minor
modifications to the nucleotide sequences encoding or
amino acid sequences of the chimeric polypeptides
disclosed herein which would result in variable regions
that are substantially equivalent in the binding of CEA.
These modifications are contemplated by the present
invention provided the requisite specificity for CEA is
retained.

The CDRs from the variable regions of the COL-1
and COL-1 R' antibodies may be grafted onto human FR
regions, see, for example, EPO Publication No. 0239400.
These new antibodies are called humanized antibodies and
the process by which the murine antibody is converted
into a human antibody by combining the CDRs with a human
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FR is called humanization. Humanized antibodies are
important because they bind to the same antigen as the
original antibodies but, again, like the chimeric
antibodies, are less immunogenic when injected into
humans. The CDRs of the COL-1 light chain variable
domain are represented in SEQ ID NO:2 by amino acid
positions 24 to 38 for CDR1, 54 to 60 for CDR2 and 93 to
100 for CDR3. The CDRs of the COL-1 and COL-1 R' heavy
chain variable domains are represented in SEQ ID NO:4
and SEQ ID NO:6 by amino acid positions 31 to 35 for
CDR1, 50 to 66 for CDR2 and 99 to 113 for CDR3.

Preferably, the first DNA coding sequences for
the light and heavy chain variable regions comprise a
DNA sequence coding for a leader peptide for expression
and secretion of these polypeptides by eukaryotic host
cells. The DNA sequences for a leader peptide include a
translational start signal, i.e., a sequence within the
transcribed mRNA sequence that initiates translation of
functional polypeptides. Those skilled in the art will
recognize that, as the leader peptide is not present in
the mature protein and does not function in the binding
of CEA, various DNA sequences encoding for leader
peptides may be suitably utilized in the present
invention. Prior to secretion of the mature
polypeptides, the nascent light and heavy chain
polypeptides are cleaved at the signal peptide cleavage
site, which removes the leader peptides or signal
sequences from each of the chains.

It will be appreciated by those skilled in the
art that the first DNA coding sequences comprising the
DNA constructs of the invention may be modified by a
number of methods known in the art, for example, by
site-directed mutagenesis to provide DNA constructs
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which are substantially equivalent. These modified DNA
coding sequences are in~luded in the invention  provided
they are capable of being translated into substantially
the same chimeric polypeptides as described herein. The
use of site-directed mutagenesis may, in certain cases,
modify the affinity of the resulting chimeric
polypeptides for CEA.

Preferably, the first DNA coding sequences of
the DNA constructs of the present invention are derived
from the genomic DNA of a murine hybridoma expressing
monoclonal antibody directed against CEA, designated
COL-1, see, for example, Muraro et al., supra.

Genomic DNA for use in the invention can be
obtained and cloned by conventional techniques and in a
variety of ways. Such techniques are described in Basic
Methods in Molecular Biology, edited by Davis et al.,
Elsevier, New York (1986); Sambrook et al., Molecular
Cloning, Cold Spring Harbor Press, New York, 2nd Ed.
(1989) and Ausubel et al., CurrentProtocolsin Molecular
Biology, John Wiley and Sons, New York (1992). For
example, hybridoma cellular DNA may be isolated by
standard procedures, the genomic DNA digested into
fragments by restriction endonucleases, and the
resulting fragments cloned into suitable recombinant DNA
cloning vectors and screened with radiolabeled or
enzymatically labeled probes for the presence of the DNA
sequences disclosed herein.

The first DNA sequences of the DNA constructs
of the invention, encoding for polypeptides which are
light and heavy chain variable regions of chimeric
antibodies, can also be obtained from cDNA derived from
hybridom mRNA. Procedures for obtaining and cloning

=10~
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cDNA are well known and described by Sambrook et al.,
supr1, and Ausubel et al., supra. Accordingly, cDNA can
be cloned by standard procedures and the resulting
clones screened with a suitable probe for cDNA coding
for the variable regions defined herein. After the
desired clones have been isolated, the cDNA may be
manipulated in essentially the same manner as genomic
DNA.

In addition, the sequences can be obtained by
polymerase chain reaction (PCR), after the sequences of
the mRNAs have been determined from cDNA by use of
primers from the constant regions. From the cDNA
sequences of the variable region exons, PCR primers are
used to amplify the variable region exons. These PCR
primers will have non-homologous extensions which allow
insertion into appropriate expression vectors.

Alternatively, the first DNA sequences,
containing the requisite genetic information for light
and heavy chain variable region specificity for CEA, may
be synthetically prepared using conventional procedures.

After confirmation of the MAb DNA sequences in
the vector, transfection into eukaryotic host cells, and
expression of chimeric antibody, the supernatants are
screened for binding to CEA by detection of their human
constant regions.

The second DNA sequences of the DNA constructs
of the invention, encoding light and heavy chain
constant regions of chimeric antibodies, can be cloned
from genomic DNA and cDNA, or prepared synthetically.
The use of DNA sequences coding human constant regions
is expected to result in the production of chimeric

-11-
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light and heavy chain polypeptides which minimize
iﬁmunogenicity. Preferred for use are the DNA sequences
derived from the human light (kappa, and allotypes
thereof) chain and the human heavy (gamma or other
classes} and the various isotypes or allotypes thereof)
chain genes. More preferred are the human gamma
isotypes yl and Y4, each of which confers unique
biological properties to the resultant chimeric
antibodies. For a general review of human gamma
isotypes, see, for example, "The Human IgG Subclasses",
R.G. Hamilton, Doc. No. CB0051-289, Calbiochem
Corporation (1989).

The recombinant DNA techniques necessary to
prepare the chimeric DNA constructs of the invention,
and incorporate these constructs into appropriate
recombinant DNA cloning vectors and DNA expression
vectors, are known in the art. See, for example,
Sambrook, supra, and Ausubel, supra.

The DNA constructs of the present invention,
containing the genes encoding for light and heavy chain
chimeric polypeptides, are introduced into appropriate
eukaryotic host cells as part of an expression vector.
In general, such vectors contain control sequences which
are derived from species compatible with a host cell.
The vector ordinarily carries a specific gene(s) which
is (are) capable of providing phenotypic selection in
transformed cells. These constructs can be contained on
a single eukaryotic expression vector or maintained
separately, with separate expression vectors each
comprising a single chimeric gene construct. For
expression of the chimeric polypeptides it is necessary
to include transcriptional and translational regulatory

-12-
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sequences which are functional in the selected
eukaryotic host cells.

A wide variety of recombinant host-vector
expression systems for eukaryotic cells are known and
may be used in the invention. For example, Saccharomyces
cerevisize, or common baker's yeast, is the most commonly
used among eukaryotic microorganisms, although a number
of other strains, such as Pichia pastoris, are available.
Cell lines derived from multicellular organisms such as
Sp2/0 or Chinese Hamster Ovary (CHO), which are
available from the ATCC, may also be used as hosts.
Typical vector plasmids suitable for eukaryotic cell
transformations are, for example, pSV2neo and pSV2gpt
(ATCC), pSVL and pSVK3 (Pharmacia), and pBPV-1/pML2d
(International Biotechnology, Inc.).

The eukaryotic host cells useful in the present
invention are, preferably, hybridoma, myeloma,
plasmacytoma or lymphoma cells. However, other
eukaryotic host cells may be suitably utilized provided
the mammalian host cells are capable of recognizing
transcriptional and translational DNA sequences for
expression of the chimeric proteins; processing the
leader peptide by cleavage of the leader sequence and
secretion of the chimeric proteins; and providing
post-translational modifications of the chimeric
proteins, e.g., glycosylation.

Accordingly, the present invention provides
eukaryotic host cells which are transformed by
recombinant expression vectors comprising the chimeric
gene constructs disclosed herein and which are capable
of expressing the chimeric proteins of the invention.
The transformed host cells of the invention, therefore,

-13-
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comprise at least one DNA construct comprising the
chime~ic light and heavy chain genes described herein,
and transcriptional and translational sequences which
are positioned in relation to the light and heavy
chain-encoding DNA sequences to direct expression of
these chimeric proteins.

The host cells used in the invention may be
transformed in a variety of ways by standard
transfection procedures well known in the art. Among
the standard transfection procedures which may be used
are electroporation techniques, protoplast fusion and
calcium—phosphate precipitation techniques. Such
techniques are generally described by
F. Toneguzzo et al., Mol. Cell.Biol., 6:703-706 (1986);
G. Chu et al., Nucleic Acid Res., 15:1311-1325 (1987);
D. Rice et al., Proc.Natl. Acad. Sci. USA, 79:7862-7865
(1979); and V. Oi et al., Proc.Natl. Acad.Sci. USA,
80:825-829 (1983). ‘

The recombinant expression vectors comprising
the chimeric constructs of the present invention are
transfected sequentially into a host cell. For example,
the expression vectors comprising the chimeric light
chain DNA constructs are first transfected into the host
cells and transformed host cells expressing the chimeric
light chain polypeptides are selected by standard
procedures known in the art. The expression vectors
comprising the chimeric heavy chain DNA constructs are,
thereafter, transfected into the selected light chain
expressing host cell. Alternatively, both the chimeric
light and heavy chain expression vectors can be
introduced simultaneously into the host cells.

1)Y=
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The novel chimeric antibodies provided by the
present invention are useful for both inuvitro ané invivo
application. For example, the chimeric antibodies of
the invention may be utilized in invitro immunoassays for
the detection of CEA and monitoring of the tumor-
-associated antigen, e.g., during therapy. Moreover,
because it is expected that immunogenicity will be
substantially reduced or eliminated, the chimeric
antibodies of the inventions are highly desirable for
invivo diagnostic and therapeutic application.
Accordingly, the chimeric antibodies provided by the
invention are of substantial utility for the invivo
imaging and treatment of tumors associated with
colorectal and breast carcinomas as well as tumors of
the gastrointestinal tract, lung, ovary, and pancreas.

The chimeric antibodies of the invention may be
used as unmodified antibodies or may be conjugated to
suitable diagnostic or therapeutic agents. Examples of
diagnostic or therapeutic agents include radionuclides,
such as, 1257, 1317 1237 1lly, 105gy  153gy  67cy,
67ga, 16bgy, 1771, 186ge 188Re 99myc 90y ang 47gcs
drugs, such as methotrexate and adriamycin; biological
response modifies, such as interferon and lymphokines;
and toxins, such as ricin.

A useful method of labeling antibodies with
radionuclides is by means of a bifunctional chelating
agent. A bifunctional chelating agent is a chemical
compound that has a metal chelating moiety, which is
capable of sequestering or chelating metals, and a
reactive group by which the chelating agent is
covalently coupled to a protein. Bifunctional chelators
are well known in the art and include, for example,
those disclosed in European Patent Application 292689;

-15=-
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PCT Application WO 89/12631, published December 18,
1989; U.S. Patents 4,678,667; 4,831,175; and 4,882,142,

Additionally, antibody fragments retaining the
essential binding function of the chimeric antibodies of
the invention, or mixtures including the antibodies, may
be utilized depending upon the particular clinical
application of the invention.

Moreover, a pharmaceutical composition
comprising the novel chimeric antibodies of the present
invention in a pharmaceutically acceptable, non-toxic,
sterile carrier such as physiological saline, or
non-toxic buffer is also possible.

The invention will be further clarified by a
consideration of the following examples, which are
intended to be purely exemplary of the present
invention.

-16-
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EXAMPLES

Example 1 - Replacement of Mouse Constant Regions
in COL-1

A. Preparation of COL-1 Heavy and Light Chain Variable
Region

1. Isolation of COL-1 Heavy Chain Variable Region

a. Sequencing of COL-1 Heavy Chain Variable
Region RNA

Total RNA from COL-1 cells (murine IgGp,,k)
[Muraro et al., supra] was extracted by the guanidinium
isothiocyanate/CsCl method of Chirgwin et al.,
Biochemistry, 18:5294-5299 (1979). Poly A+ RNA was
purified by passage over an oligo dT-cellulose column.

RNA sequencing was performed according to Geliebter,
Bethesda Research Laboratories FOCUS 9:5-8 (1987).

RNA sequencing was initially conducted using
oligonucleotides complementary to all four Jy regions,
however, only the Jy1 oligonucleotide primed synthesis.
The sequence of the Jyl1 oligonucleotide (SEQ ID NO:7) is
as follows:

5'-GAGGAGACGGTGACCGTGGTCCC-3'

The RNA sequence data obtained corresponded to 41
nucleotides of the 5' nontranslated region, the entire
leader peptide coding region and the entire variable
region. This RNA sequence data was used as positive
identification for acquisition of genomic DNA clones
coding for the variable region.

b. Genomic Cloning of COL-1 Heavy Chain
Variable Region

COL-1 DNA was purified from the COL-1 hybridoma
line as described in Sambrook et al., supra. A genomic

-17-
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DNA Southern blot hybridization of COL-1 DNA digested
with EcoRI indicated a unique 5.6 kb fragment tha.
hybridized with a murine heavy chain Jy - Cp intron
hybridization probe. A genomic DNA library was
constructed from restriction enzyme-digested, size-
-fractionated DNA using the lambda bacteriophage cloning
vector, A-ZAP (Stratagene, La Jolla, CA) following the
manufacturer's protocols for ligation and bacteriophage
packaging. Genomic library screening was performed as
described in Sambrook et al. supra, using the same heavy
chain Jg - Cp intron hybridization probe as employed in
the genomic blot hybridization. This hybridization
probe detects the productively rearranged variable
region gene sequence in an immunoglobulin gene which is
directly linked to the constant region gene sequences.
Nine hundred thousand plaques were screened and three
positively hybridizing plaques were purified. Plasmid
recovery from the A-ZAP bacteriophage was performed as
described by Stratagene. The heavy chain variable
region gene from COL-1 was isolated as an approximately
5.6 kilobase pair (kb) EcoRI fragment. All three lambda
bacteriophage contained the 5.6 kb EcoRI fragment.

¢. Sequence of COL-1 Heavy Chain Variable
Region Gene

Plasmid DNA was sequenced using the
Sequenase™ DNA sequencing kit obtained from United
States Biochemicals (USB) (Cleveland, OH) following the
manufacturer's protocol. DNA sequence was initially
performed using a Jyl1 oligonucleotide for positive
identification through comparison with the sequence
obtained by RNA sequencing.

In addition to the Jyl oligonucleotide, the
following oligonucleotides were used to completely

-18-
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sequence the COL-1 heavy chain variable region gene (SEQ
ID NO:3): o ‘

DC 108 (SEQ ID NO:8): 5'-CACTATGACTACAGACACATCCTC-3'
DC 109 (SEQ ID NO:9): 5'-GAGGATGTGTCTGTAGTCATAGTG-3'
DC 110 (SEQ ID NO:10): 5'~CTCTGTGACAGTGGCAATCAC-3'
DC 111 (SEQ ID NO:11): 5'-GTGATTGCCACTGTCACAGAG-3'

The COL-1 heavy chain variable region utilized an SP2.2
D segment [see, Kabat et al., Sequences of Proteins of
Immunological Interest, Fourth Edition, U.S. Department of
Health and Human Services, National Institutes of Health
(1991)] in its productive rearrangement. The heavy
chain variable region of COL-1 fits the sequence
criteria to be classified as a member of mouse heavy
chain subgroup II(C) by Kabat et al., supra, and as a

- member of Group 1 by Dildrop, Immunol. Today, 5:85-86

(1984). The predicted amino acid sequence is that of
SEQ ID NO:4.

A comparison was made between the mRNA sequence
obtained above and the DNA sequence. Based on this
comparison, the plasmid clone was identified to contain
the correct DNA sequence to code for the COL-1 heavy
chain variable region.

The nucleotide sequence of the COL-1 heavy
chain variable region was compared to the GenBank
(version 62) DNA Sequence database and the precursor
germline gene was identified. This gene has been
designated Vy2b-3 [Schiff et al., J.Exp.Med., 163:573-587
(1986)]. There are no productively fearranged genes in
the GenBank® database (version 65) that are derived from
Vy2b-3. A comparison of the nucleotide sequence of
COL-1 heavy chain variable region and the variable
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region of Vy2b-3 shows that there are three somatic
mutations that lead to three amino acid substitutions.

2. Isolation of COL-1 Light Chain Variable Region

a. Sequencing of COL-1 Light Chain Variable
Region mRNA

Total RNA from COL-1 cells (murine IgG,,,k) was
prepared as described above in I.A.1%l.a.

Initial sequence data was collected on the
light chain variable region of COL-1 using a murine k
specific oligonucleotide designated Cx. The nucleotide
sequence of Ck (SEQ ID NO:12) is as follows:

5'-GGAAGATGGATACAGTTGGTGC-3"'.

Further sequence was obtained using an J1
oligonucleotide specific for the murine J1, and an
COL1LFR3 oligonucleotide designed from the framework 3
region. The nucleotide sequence for J1(-) (SEQ ID
NO:13) and COL1LFR3(-) (SEQ ID NO:14) are as follows:

J1 (-): 5'-CGTTTGATTTCCAGCTTGGTGCC-3'
COL1LFR3(-): 5'-CAGACCCACTGCCACTGAACC-3'

The sequence obtained using the above
oligonucleotides as primers corresponded to
19 nucleotides of the 5' nontranslated sequence, the
entire leader peptide coding region and the entire
variable region. This RNA sequence data was used as
positive identification for acquisition of DNA clones
coding for the variable region.
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b. PCR-mediated Cloning of COL-1 Light Chain
Variable Region

Using the sequence information obtained from
the sequericing of the COL-1 light chain RNA,
oligonucleotide primers were designed to be used in a
polymerase chain reaction (PCR) amplification
[Saiki et al., Science, 239:487-491 (1989)] to isolate the
COL-1 light chain variable region cDNA. The primers,

5' primer: designated COLIL5PCR and 3' primer:
designated COL1L3PCR, were designed to yield a DNA
product that could be directly cloned into an expression
vector that contained the human k constant region gene
sequences. The sequence of the primers used were:

COL1L5PCR (SEQ ID NO:15)
5'-CTCGGATCCTCATTGTCCATTACTGACTACAGGTGCCTACGGTGACATTGTGCTGACACAG-3 '

BamHI

COL1L3PCR (SEQ ID NO:16)

5'-CATTAAGCTTAGAAAAGTGTACTTACGTTTGATTTCCAGCTTGGTGCC- 3!
Hind11l

The double underlined nucleotides indicate the splice
acceptor and donor sites in the introns.

An initial reverse transcriptase cDNA synthesis
step was performed prior to the PCR amplification.
Briefly, one microgram of COL-1 poly A+ RNA was primed
with COL1L3PCR and 13.5 units of AMV reverse
transcriptase (Boehringer Mannheim, Indianapolis, IN).
The subsequent PCR amplification yielded a 397 bp
fragment. This fragment was digested with BamHI and
HindIII and cloned into the human Kk constant region gene
expression vector pRL1003 (see Example I.B.3. below).
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Several clones were obtained having the correct
restriction enzyme profile. '

c. Sequence of COL-1 Light Chain Variable
Region

DNA sequencing was performed by directly

sequencing plasmid DNA using the Sequenase™ DNA
sequencing kit (United States Biochemicals, Cleveland,
OH) following the manufacturer's protocol.

The DNA sequence was determined for two clones
using the primers HindIII Ck (-) and COL1LFR3(-). The
sequence (SEQ ID NO:17) of HindIII Ck (-) is as follows:

5'-AGAGGATATTGAAATAATTAAATAGCAC-3'

The sequences of the two clones were identical.

The nucleotide and predicted amino acid
sequences of the COL-1 light chain variable region are
given by SEQ ID NO:1 and SEQ ID NO:2, respectively. The
light chain variable region sequence matched the
sequence determined from RNA sequencing and indicated
that the clone contained the productively rearranged
COL-1 light chain variable region sequences.

The nucleotide sequence of the COL-1 light
chain variable region was compared to the GenBank
version 62 DNA Sequence database. This comparison
revealed that the COL-1 light chain variable region was
derived from the germline Vk-21E 1.5 Kb gene (Heinrich,
J.Exp. Med., 159:417-U435 (1984). No other productively
rearranged variable region genes derived from Vx-21E
were found in the database. A comparison between the
nucleotide and predicted amino acid sequence of the
COL-1 light chain variable region and the VK-21E 1.5 Kb
gene indicates there are 5 somatic mutations that lead

-20-



WO 94/19466 PCT/US94/01709

10

15

20

25

30

to 5 amino acid substitutions in the COL-1 light chain
variable region. The light chain variable region of
COL-1 fits the sequence criteria to be classified as a
member of mouse kappa light chain III by Kabat et al.

supra.

B. Chimeric COL-1 Gene Constructs

1. Human Constant Region Genes

a. Human heavy chain constant region genes

Plasmid constructs containing the y1 and yd
human heavy chain constant regions (pyl, and pyd4) were
provided by Dr. Ilan R. Kirsch of the National Cancer
Institute, Bethesda, MD. Restriction enzyme mapping was
performed on these genes to confirm their identity.

A description of y1 is set forth in
Ellison et al., Nucl. Acid Res., 10:4071-4079 (1982) and
Takahashi et al., Cell, 29:671-679 (1982.)

A description of y4 is set forth in
Ellison et al., DNA, 1:11-18 (1981), Krawinkel and
Rabbitts, EMBOJ., 1:403-407 (1982), and
Takahashi et al., supra.

b. Human Light Chain Constant Region Gene

Plasmid pHumCx, containing the human Cy
constant regions gene, was obtained from Dr. John Roder,
Mt. Sinai Research Institute, Toronto, Ontario. Canada.
A description of Cy is set forth in Hieter et al., Cell,
22:197-207 (1980).

»
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2. Chimeriec COL-1 Heavy Chains

The plasmid vector used to carry the chimeric
heavy chain constructs is designated pSV2gpt, set forth
in Mulligan and Berg, Proc.Natl. Acad.,Sci.(USA),
78:2072-2076 (1981). pSvVv2gpt is a pBR322 derived
plasmid containing the selectable marker gene guanine
phosphoribosyl transferase (gpt), which can be used for
selective growth in media containing mycophenolic acid.
To prepare pSV2gpt as a recipient for the human Cy1 and
10 CyY4 exons, it was digested with EcoRI and BamHI. The

digested DNA was fractionated on a U percent

polyacrylamide gel and the 4.5 kb vector fragment was

recovered from the gel by electroelution as described in
» Sambrook et al., supra. This linearized plasmid is able
15 to accept EcoRI-BamHI ended fragments.

The 5' HindIII site, present on the human y1
constant region exon fragment, was linker converted to
an EcoRI site while the Puvul site, located 3' to the y1
exons, was linker converted to a BamHI site for
directed cloning into the EcoRI-BamHI sites of pSV2gpt.

20

For the Y4 constant region exons, instead of linker
converting the HindIII site to an EcoRI site and a 3'
site to BamHI, the EcoRI and BamHI sites that exist in
the pBR322 derived vector sequences were used for

25

directed cloning into the EcoRI-BamHI sites of pSV2gpt.
The resulting plasmids were designated pSV2-gpt y1-2.3
and pSV2-gpt y4, respectively.

30
The approximately 5.6 kb EcoRI fragment

containing the COL-1 heavy chain variable region was
ligated into the EcoRI site of the human y1 and vy4
constant region expression vectors, pSV2-gpt y1-2.3 and
pSV2-gpt y4, respectively, to generate the chimeric
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COL-1 heavy chain variable region-human constant region
genes contained in plasmids pCOL-1 y1 (Figure 1) and
pCOL-1 y4 (Figure 2), respectively. Prior to
electroporation, both of these plasmids were linearized
with the restriction endonuclease Pvul at a site that

2 would not interrupt the chimeric gene transcriptional
unit. These plasmids are derived from the plasmid
pSV2gpt (Mulligan et al., supra) and their presence in
transformed mammalian cells can be positively selected

10 for by growth in the presence of mycophenolic acid.

3. Chimeric Light Chain

The cloning of the COL-1 light chain variable
region was accomplished utilizing a "universal" light
15 chain cloning/expression vector (see A.2.b. above) shown
in Figure 3. This plasmid is designated pRL1003. Not
only does this vector allow for rapid cloning of
antibody light chain variable regiohs, but it results in
a tfanscriptionally intact chimeric light chain gene

20 utilizing a human light chain variable region promoter
(derived from Subgroup IV), the human x intron enhancer
and the human x constant region. The "universal" light
chain cloning/expression vector is a derivative of

25 pSV2neo [Southern and Berg, J.Mol. App.Gen., 1:327 341

(1982)] and its existence in transformed mammalian cells
can be positively selected for by growth in the presence
of an analog of neomycin, G-418, available under the
trade name Geneticin from Life Technologies, Grand

30 Island, N.Y. The plasmid containing the chimeric COL-1
light chain was designated pRL301 and is shown in Figure
4, Prior to electroporation, this plasmid was
linearized by digestion with the restriction enzyme Clal
such that the chimeric light chain gene was left intact.
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C. Transformation of Chimeric Gene Plasmids into Mouse
Myeloma Cells

1. Targeted Transformation

Using a method designated targeted
transformation, constructs containing light and heavy
chain chimeric immunoglobulin genes were sequentially
transformed into Sp2/0 mouse plasmacytoma cells. This
method involves transforming cells with a chimeric light
chain vector containing a drug-resistance gene, for
example neomycin phosphotransferase (neo’), and then
selecting for the cells that incorporate that gene by
using a medium containing a selectable drug, in this
case, Geneticin at a concentration of 1 mg/mL. A second
transformation integrates a chimeriec heavy chain vector
with another drug selection gene, gpt. Selection is
then performed using a medium containing both Geneticin
and 0.3 pg/mL mycophenolic acid, 250 pg/mL xanthine, and
10 pg/mL hypoxanthine for selection of the neor and gpt
genés.

2. Preparation of neo Resistant Transformed Sp2/0

Cell Lines Carrying Chimeric COL-1 Light Chain
Gene Construct

Sp2/0 mouse plasmacytoma cells (ATCC number
CRL 1581, Rockville, MD) were initially transformed with
the light chain-containing vector (pRL301) as follows.
Cells were grown in RPMI 1640 medium (Life Technologies,
Grand Island, N.Y.) with 5 percent fetal calf serum.
Cells were washed in phosphate buffered saline (PBS) and
suspended to a concentration of 1 x 107 viable cells/mL
PBS. About 0.8 mL of cells were transferred to an
electroporation cuvette (on ice) containing 20 ng of
light chain-containing Clal linearized pRL301. After
15 minutes on ice, electroporation was performed using a
Gene Pulser electroporation apparatus with added

-26-



WO 94/19466 PCT/US94/01709

10

15

20

25

30

capacitance extender (BioRad, Richmond, CA) at
0.2 kvolts and 960 pF. The time constant (1) was
generally about 26 msec.

After transformation, cells were allowed to
recover on ice for 15 minutes to allow relaxation of
perturbed membranes. Afterwards, the cells were
suspended in 24 mL of RPMI 1640 medium containing
5 percent fetal calf serum and transferred to a 96 or 2l
well tissue culture plate. The cells were incubated at
37°C and 5 percent CO, atmosphere.

After 48 hours (to allow for the expression of
the drug resistance gene), the medium was removed and
replaced with medium containing 1 mg/mL Geneticin.

After 10-14 days, the Geneticin-resistant
colonies were evaluated for the production of klight
chains by a x enzyme linked immunosorbent assays
(ELISA). The detection of chimeric light chain
expression was performed using a goat anti-human x
(GAHK) trap and GAHK probe. Antibodies used for
detection in the ELISA were purchased from Southern
Biotech Associates (Birmingham, AL). The alkaline
phosphatase substrate system was obtained from
Kirkegaard & Perry Labs (Gaithersburg, MD). Subclones
were identified on the basis of consistently high values
on two separate k ELISAs. Subclone COL-1kD4/F2 was
chosen as the target cell line to receive the chimeric
heavy chain genes.

3. Preparation of neo and gpt Resistant Transformed

Sp2/0 Cell Lines Carrying Chimeric COL-1 Light
and Heavy Chain Gene Construct

COL-1kDY4/F2 was used as a target for the
chimeric heavy chain constructs. The COL-1kDY4/F2 cells
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were separately electroporated with linearized pCOL-1 ¥1
and pCOL-1 y4. The conditions for 2lectroporation were
as described above except that after the
electroporation, the cells were suspended in 24 mL of
RPMI 1640 medium containing 5 percent fetal calf serum
and 1 mg/mL Geneticin and transferred to a 96 or 24 well
tissue culture plate. The cells were incubated at 37°C

and 5 percent CO, atmosphere.

After 48 hours (to allow for the expression of
the newly incorporated drug resistance gene gpt), the
medium was removed and replaced with the same medium
containing in addition, 0.3 pg/mL mycophenolic acid,
250 pg/mL xanthine, and 10 pg/mL hypoxanthine.

10

15 After 10 to 14 days, the non-mycophenolic acid

sensitive colonies were assayed for the production of
antibody using IgG ELISAs. The detection of whole
chimeric immunoglobulin was performed using a goat
anti-human IgG (GAHIgG) trap and a GAHIgG probe. In
some cases, the trap antibody was goat anti-human Ig
(GAHIg). Subclones were maintained that gave
consistently high IgG ELISA results. A cell line
designated ChCOL-1 y1 was identified that expressed the
25 chimeric COL-1 antibody.

20

D. In Vitro Characterization of Chimeric COL-1

1. Purification of ChCOL-1 y1 Protein.

The cell line ChCOL-1 y1 was chosen to produce
antibody for purification of research grade protein. A
1 liter spinner flask of RPMI 1640 containing no
selectable drugs was inoculated with about 108 cells and
grown for 5 days. At the end of the growth period, the
spinner flask contained about 2 X 109 cells at about
6 percent viability. The culture supernatant containing

30
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the chimeric antibody was obtained by centrifugation at
8,000 x g for 20 minutes. Final clarification was
achieved by filtration through a 0.2 um Gelman
(Ann Arbor, MI) filter disc. The ChCOL-1 was bound to a
Nygene (Yonkers, NY) Protein A cartridge (50 mg IgG
capacity) according to the manufacturer's
specifications. The antibody was eluted with 0.1 M
sodium citrate (pH 3.0) and the pH of the collected
fractions was immediately raised to neutrality by the
addition of 1 M Trizma base (Sigma, St. Louis, MO) at pH
9.0. Antibody fractions were pooled and concentrated to
about 200 pL using a Centriprep 30 microconcentrator
device (Amicon, Danvers, MA). Final purification was
achieved using a Pharmacia Superose 12 HR16/50 gel
filtration column (Piscataway, NJ) with 0.2 M phosphate
(pH 7.0) as the column buffer. Approximately 6.8 mg of
purified protein were obtained.

2. Sodium Dodecyl Sulfate-Polyacrylamide Gel

Electrophoresis (SDS-PAGE) and Isoelectric
Focusing (IEF) Gel Analysis of ChCOL-1 y1

Protein samples of ChCOL-1 y1 (7.5 ng) were
analyzed by denaturing polyacrylaminde gel
electrophoresis by the method of Laemmli, Nature,
277:630-685 (1970). Gradient gels (3-12 percent
polyacrylamide) were purchased from Integrated
Separation Systems (Hyde Park, MA). The gel was stained
with Coomassie Brilliant Blue R-250 (Biorad
Laboratories, Richmond, CA).

An SDS-PAGE analysis of purified ChCOL-1 ¥1
under non-reducing conditions yielded a product of about
150,000 daltons. Under reducing conditions, the ChCOL-1
yielded a band of about 50,000 daltons corresponding to
the heavy chain and a band of about 25,000 daltons’

-29-



WO 94/19466 PCT/US94/01709

10

15

20

25

30

corresponding to the light chain. These results
compared favorably with the size expected for chimeric’
light and heavy chain (y1) polypeptides. The SDS-PAGE
analysis indicated that an intact antibody molecule with
heavy and light chains was being expressed by the
transformed Sp2/0 cell line ChCOL-1 y1.

For isoelectric focusing, protein samples
(between 15 and 20 pg) were desalted using a
Centricon-30 (Amicon, Danvers, MA) with three changes of
1 percent glycine buffer. The desalted protein samples
were applied to an FMC Bioproducts (Rockland, ME)
agarose IEF gel having a pH gradient of 3 to 10.
Isoelectric focusing was performed at a constant power
of one watt for the first 10 minutes and then continued
at 10 watts for another 90 minutes. The gel was stained
with Coomassie Brilliant Blue R-250 and then analyzed
using a Biomed Instruments (Fullerton, CA) scanning
densitometer to determine the isoelectriec points. The
protein standards were obtained from Biorad Laboratories
(Richmond, CA) and Sigma (St. Louis, MO).

The IEF gel analysis of ChCOL-1 y1 showed a
unique pattern of bands compared to the murine
COL-1 MAb. Densitometric scanning of the Coomassie blue
stained gel indicated that the major band from the
ChCOL-1 y1 sample represented about 81 percent of the
total while the fainter, minor band immediately above it
represented about 18 percent of the total. Based on the
assignment of known pI values to the protein standards,
the 2 major ChCOL-1 y1 isoelectric forms were calculated
to be 7.8 and 7.6. The minor form at pI = 7.6 is likely
the result of a post-translational deamidation of a
glutamine or asparagine residue which can occur in
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proteins produced from mammalian cells [Wilson et al.,
J.Biol. Chem., 257:14830-14834 (1982)].

3. ChCOL-1 y1 NH, Terminal Protein Sequence

Eighty micrograms of ChCOL-1y1 were reduced,
alkylated and the heavy and light chains separated by
reverse phase high performance liquid chromatography.

The separated heavy and light chains were subjected to
amino terminal amino acid sequence analysis using the
Edman degradation method as modified by G. Tarr (1986)

in "Manual Edman Sequencing System", Microcharacterization of
Polypeptides: A Practical Manual, (John E. Shively, ed.,

Humana Press, Inc., Clifton, NJ, pp 155-194.

Ten amino acid residues were determined from
both the light chain and heavy chain. The sequences
matched the DNA encoded predicted sequence for the
mature protein, demonstrating that the chimeric protein
is processed correctly in both chains.

4. CEA and LS1T4T ELISAs

The ability of ChCOL-1 y1 to bind to CEA was
tested in two different ELISA procedures. The first
ELISA was a CEA ELISA. In this case, purified CEA
(Chemicon, E1 Segundo, CA) was used as the trap and
GAHIgG was used as the probe. In addition, the
ChCOL-1 y1 antibody was also tested for binding to
LS1T4T cells. LS1T4T cells (ATCC number CL 188) are
derived from a human colon carcinoma cell line that
express CEA and other tumor antigens [Muraro et al.,
Cancer Res., 45:5769-5780 (1985); Muraro et al., Cancer
Res., 48:4588-4596 (1988)]. Both ELISAs demonstrated
that ChCOL-1 y1 bound to CEA and LS1THT cells
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respectively and was recognized by anti-human
immunoglobulin r.agents.

E. In Vivo Characterization of Chimeric COL-1 Antibody

The chimeric antibody used in the animal
studies shown in Tables I and II below was labeled with
Nal251 using as an iodination reagent
1,3,4,6-tetrachloro-3a-6a-diphenylglycoluril (IODO-GEN™
Pierce Chemical, Rockford, IL) More specifically, from
about 0.5 - 2 mg of chimeric antibody was adjusted to
about 0.5 mL 0.1 M sodium phosphate buffer (pH T7.2) and
then added to a 12 em x 75 em glass tube coated with
50 pg of IODO-GEN™ followed by addition of from
0.1 - 0.5 mCi of Nal?3I (New England Nuclear, Boston,
MA). After a 2 min. incubation at room temperature, the
protein was removed from the insoluble IODO-GEN™, and
the unincorporated 1251 was separated from the antibody
by gel filtration through a 10 mL column of Sephadex
G-25 using PBS as the buffer. The iodination protocol
yielded radiolabeled IgG chimeric antibody with a
specific activity of 0.05 to 0.2 pCi/pg.

Female athymic mice (nu/nu) on a CD1 background
were obtained from Charles River at approximately
4 weeks of age. Nine days later, the mice were
inoculated subcutaneously (0.1 mL/mouse) with the LS1T4T
cells (1 x 100 cells/animal).

Athymic mice bearing carcinomas 70 to 400 mg in
weight, approximately 12 to 13 days after inoculation of
the LS1T4T cells, were given injections intravenously of
from 0.5 to 2.0 puCi (10 - 50 pg protein) in PBS of the
chimeric antibody, which had been iodinated as deseribed
above. Groups of five mice were sacrificed at varying
times by exsanguination. The carcinoma and normal
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tissues were excised and weighed, and the counts per

minute (cpm) was measured in a gamma counter. The

cpm/mg of each tissue was then determined and compared

to that found in the carcinoma.

The biodistribution results for ChCOL-1 y1 are
shown in Tables I and II.

TABLE I
Percent Injected Dose per Gram of 12571 _LABELED

ChCOL-y1 Antibody

Tissue 3 hours h;ﬁis H;ELS Hlﬁgs
Blood, total 26.73 17.04 15.33 10.67
Liver 5.55 3.40 2.4Y4 2.14
Spleen 4,81 4,20 2.67 2.42
Kidney 3.75 2.03 2.42 1.17
Tumor 11.86 | 25.88 | 26.17 | 26.u4
Lung 18.38 5.98 4.4 3.12
Tumor weight 0.30 0.23 0.13 0.17
(gram)
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As shown in Table I, at approximately 120 hours -

post-injection, the injected dose per gram to tumor for
ChCOL-1 y1 was 26.44 per cent.

in targeting the human tumor insitu.

ChCOL-1 y1 was efficient

This demonstrates

that the chimeric antibody of the present invention was

efficient for invivo carcinoma targeting.

TABLE II
Percent Injected Dose per Organ of 1251 _LABELED

ChCOL-y1 Antibody

Tissue > hours héﬁis H;ﬁis Hgﬁgs
Blood, total 38.42 23.14 20.45 16.60
Liver 6.47 3.76 3.13 2.71
Spleen 0.57 0.33 0.26 0.23
Kidney 0.90 0.u46 0.55 0.31
Tumor 3.85 5.99 3.49 4,54
Lung 3.57 0.83 |  0.61 0.49
GI Tract 8.22 3.96 3.85 2.53
Carcass 54.27 40.72 41.82 33.93
Whole Body 99.36 67.33 65.02 53.55
Retention
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As shown in Table II, at 120 hours post-
~injection, the injected dose per organ of tumor for
ChCOL-1 y1 was 4.54 per cent. The chimeric monoclonal
antibody was efficient in targeting the human tumor
insitu. This demonstrates that the chimeric monoclonal
antibody of the present invention was efficient for
invivo carcinoma targeting and, thus, is useful for in vivo
treatment of cancer.

F. Deposit of Cell Lines Producing Chimeric Antibodies

Two cell lines secreting chimeric antibodies,
both having a kappa light chain, made by the above
example were deposited at the American Type Culture
Collection on December 9, 1992, Specifically, the
following cell lines have been deposited:

(1) ChCOL-1 y1: a cell line having COL-1 Vy, COL-1 Vi
and constant region of human IgG1 (ATCC No. CRL 11217) 3
and (2) ChCOL-1 y4: a cell line having COL-1 Vg, COL-1
Vi,» and constant region of human IgG4 (ATCC No.

CRL 11214).

The present invention is not to be limited in
Scope by the cell lines deposited since the deposited
embodiment is intended as a single illustration of one
aspect of the invention and all cell lines which are
functionally equivalent are within the scope of the
invention.
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Example 2 - Genetically Altered Versions of Chimeric
COL-1

A. Shortened Heavy Chain Gene Constructs

The shortened heavy chain gene constructs, Fab
and F(ab'),, for chimeric COL-1 were genetically
produced by sequential removal of the C-terminal domains
of the y1 or y3 human heavy chains. The F(ab'),-like
construction was generated by removing both the Cy2 and
Cy3 domains of the human y1 heavy chain leaving the
hinge and Cy1 domains. The yl1 isotype was used for
construction of the F(ab'), molecules. However, when
designing the Fab-sized molecule, which is 1/3 the size
of the intact antibody, removal of the hinge domain
would eliminate the site of attachment of the light
chain. Therefore, the human y3 heavy chain was used for
the Fab construction. The Cyl domain of the human y3
heavy chain differs from the Cy1 domain of the human Y1
heavy chain in only Y4 out of 98 amino acids. Ser-127 of
y1 Cy1 is replaced by Cys-127 in y3 which serves as the
site of attachment of the light chain. Of the three
other amino acid differences between y1 and y3, two of
them are conservative replacements (Lys to Arg), Huck et
al., Nucl.Acids Res., 14:1779-1789 (1986).

1. PCR and SOE Methods

PCR was done according to the method described
by Saiki, et al., Science, 239:487-491 (1988) and splicing
by overlap extension (SOE) according to the method
described by Ho et al., Gene, T7:51-59 (1989) and
Horton et al., Gene, T7:61-68 (1989).

Template and primer concentrations were
0.1-1.0 ng/mL and 1 nmole/mL, respectively, in 0.1 mL
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[Saiki et al., supral. PCR and SOE conditions were:
denaturation: 2 minutes at 92° to 96°C; cnnealing:

3 minutes at 50°C; and extension: 10 minutes at 71° to
74°C (30 cycles).

2. Design of Oligonucleotide Primers for PCR/SOE

The VDJ exon, the Cyl exon of y3, and the hinge
and Cy2 exons of yl all posses at their 3' ends the
first nucleotide of the first codon of the next exon.
This partial codon was omitted when designing the
oligonucleotide primers. The primers used in generating
the shortened heavy chain gene constructs are as
follows:

y (SEQ ID NO:18)
5'-GGCCCTTTCGTCTTCAAGAATTC-3'
EcoRI

x (SEQ ID NO:19)
5'-TATCTTATCATGTCTGGATCC-3'
BamHIl

a (SEQ ID NO:20)
5'-GGTAAATGAGTGCGACGG-3'

bl (SEQ ID NO:21)
5'-CCGTCGCACTCATTTACCAACTCTCTTGTCCACCTT-3'

b2 (SEQ ID NO:22)
5'-CCGTCGCACTCATTTACCTGGGCACGGTGGGCATGT-3"

The sequence of primer y was derived from the
DNA sequence 5' of the EcoRI site of the pSV2gpt
[Mulligan et al, Proc.Natl. Acad. Sci. USA, 78:2072-2076
(1981)]. The sequence of primer x was derived from the
DNA sequence 3' of the BamHI site of pSV2gpt
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(Mulligan et al., supra). The region from which these
sequences were derived was originally cloned from
pBR322. The sequence of primer a begins with the last
two codons (Gly-Lys) of the Cy3 exon of Human vyl.

5 The sequences of primers bl, and b2 were
designed so that the 5' half would be non-annealing and
be exactly complementary to the 5' 18 nucleotides of
primer a. The 3' half of primer bl is complementary to
the 6 complete C-terminal codons of the Cyl exon of

0 human v3. The 3' half of primer b2 is complementary to

the 6 complete C-terminal codons of the hinge exon of

human yl.
3. Preparation of neo and gpt Resistant Transformed

15 Sp2/0 Cell Lines Carrying Chimerie COL-1 Light

and Shortened Heavy Chain Gene Constructs (Fab
and F(ab'),)

The general procedure utilizing SOE to

construct the shortened heavy chains of the present

20 invention is illustrated in Figure 5. The fragment a-x
(~404 basepairs (bp)) was generated by PCR using the
oligonucleotide primers, a and x, and the
Ndel-linearized template, pyl-gpt, which contains the
human yl gene. Fragment y-bl (544 bp) was produced by

25 pcr using the primers y and bl on the pSV2gpty3

template, a plasmid construct similar to pSV2gptyl and

pSV2gpty4 which has the human y3 gene in place of the

human yl or y4 gene. Fragment y-b2 (977 bp) was

30 produced on the pSV2gptyl-2.3 template using the primers
y and b2. The fragments y-bl-x (~948 bp) and y-b2-x
(~1381 bp) were generated by SOE technology after
annealing the fragments y-bl and y-b2, respectively with
fragment a-x followed by PCR extension with primers y
and x.

-38-



WO 94/19466 PCT/US94/01709

10

15

20

25

30

After purification, the two DNA fragments are
mixed, denatured, and re-annealed over the regions of
overlap derived from the non-annealing segment. After
another PCR, using the outermost oligonucleotide primers
(a and d), the overlapping fragments are extended and
amplified as a single fragment.

Genes for the heavy chain constant regions all
encode lysine as the last amino acid after glycine and
before the termination codon [Dunnick et al., Nucl. Acids
Res., 8:1475-1484 (1980); Kabat et al., Sequencesof Proteins
of Immunological Interest, U.S. Department of health and
Human Services, National Institutes of Health, 5th.
edition (1991)]. However, the C-terminus of secreted
mature heavy chain protein has been found to be glycine,
(Kabat et al., supra), indicating post-translational
processing of the terminal lysine. Because of the
possibility that this post-translational processing may
be required for efficient expression, each shortened
construct was terminated with the last two amino acids
of the Cy3 domain of the human y1 heavy chain. Thus,
the 404 bp DNA fragment a-x, starts with the Gly-Lys and
termination codons, and includes the polyadenylation
signal sequence. This fragment was used as the 3'
joining fragment for all of the constructs. Since the
DNA sequence of the 3'-most 190 bp of this fragment is
not known, the PCR was performed from a 3' primer
derived from the adjacent vector sequence which is known
and included the BamHI restriction site of the
fragment.

The initial products of the first two PCR's,
fragments y-b1 and a-x were purified and subjected to
SOE reaction which generated the y-bi-x fragment for the
Fab vector construction. The genetic F(ab'), fragment
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was constructed by similar methods utilizing the
3'primer b2 and the human y1 template, which yielded the
y-b2-x fragment after SOE reactions. After
phenol/chloroform extraction and ethanol precipitation
of the SOE reactions, the fragments were digested with
both EcoRI and BamHI and gel purified. Each fragment
was ligated with the EcoRI/BamHI fragment of the
pSV2-gpt vector.

The EcoRI fragment containing the COL-1 heavy
chain variable region was ligated into the EcoRI site of
each of the shortened heavy chain vectors in the correct
orientation as described in Example 1.

4, Selection and Expression

Each of the chimeric COL-1 shortened heavy
chain vectors was linearized with Puvul and
electroporated into target cells (COL-1kD4/F2) which
express the chimeric COL-1 light chain. Mycophenolic
acid-resistant colonies were selected for expression of
shortened heavy chain ChCOL-1 antibodies by ELISA for
binding to plates coated with CEA (AMAC, Inc.,
Westbrook, ME) and detected with alkaline
phosphatase-conjugated goat anti-human kappa antibody
(Southern Biotechnology Associates, Inc., Birmingham,
AL).
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B. Invivo Characterization of Chimeric COL-1 Fab and
F(ab')2

After purification from culture supernatants,
the ChCOL-1 Fab was used in animal studies by
5 radiolabeling with Nal?’I and detecting its
-biodistribution as described in Example 1.

The biodistribution results for ChCOL-1 Fab are
shown in Tables III and IV.

10 TABLE III _
Percent Injected Dose per Gram of 129I-LABELED
ChCOL~-Fab y1 Antibody

15 Tissue mlg. m?g. Hoﬁrs Hozrs Héﬁis
Blood, total 19.13 | 10.61 5.21 2.71 0.32
Liver 4.40 3.06 1.81 1.07 0.35
Spleen 4.29 3.49 2.33 1.42 0.36

20 Kidney 117.42| 96.50 | 17.04 7.91 1.36
Tumor 2.45 3.28 3.43 2.19 0.98
Lung 6.51| 14.67 3.85 2.39 0.51
Tumor weight 0.23 0.19 0.33 0.24 0.17
(gram)

25

As shown in Table III, at approximately
24 hours post-injection, the injected dose per gram to
tumor for ChCOL-1 Fab was 0.98 per cent. ChCOL-1 Fab
was efficient in targeting the human tumor insitu. The
30 results demonstrate that the chimeric antibody fragments
of the present invention are efficient for inuvivo
carcinoma targeting.
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TABLE IV

Percent Injected Dose per Organ of 1251 _LABELED
ChCOL-y1 Fab Antibody

Tissue mlg. mgg. Hoﬁrs Hozrs Héﬁis
Blood, total 30.11 16.36 | 78.3 3.89 0.52
Liver 6.41 3.94 2.28 1.26 0.49
Spleen 0.60 0.42 0.28 0.18 0.05
Kidney 34.89 | 24.52 5.53 1.95 0.39
Tumor 0.59 0.58 1.14 0.54 0.17
Lung 1.27 2.15 0.2 0.36 0.09
GI Tract 6.09 9.60| 20.85 11.69 0.29
Carcass 36.91| 33.72| 30.01| 16.30 1.U46
Whole Body 97.45 | 85.27| 65.32| 33.14 3.26
Retention

As shown in Table IV, at 24 hours post-
-injection, the injected dose per 6rgan to tumor for
ChCOL 2D1 Fab was 0.17 per cent The chimeric antibody
fragment was efficient in targeting the human tumor
insitu. These results demonstrate that the chimberic
antibody fragments of the present invention are
efficient for invivo carcinoma targeting.

C. Mutant Chimeric COL-1 (ChCOL-1 R')

l. Genetic Mutation in Jy

The oligo, designated COL1x-R'(3'), was
designed based on mRNA sequence data from the COL-1
heavy chain. The nucleotide sequence of this oligo was
based on the assumption that there were no differences
from the germline Jyl sequence. The nucleotide sequence
of COL1x-R'(3') (SEQ ID NO:23) is as follows:
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5'-GATGCGGCCGCTCTT§£C [TIGA GGA GAC GG[T] GAC C-3'
NotI

The bracketed nucleotides indicate the differences of
the cloned COL-1 V; genomic DNA sequence from the
germline Jyl sequence. The first T difference is a
silent mutation, while the second T difference results
in a mutation of Alall0 to Thr!!0., The double underlined
nucleotides indicate the splice donor site in the
intron.

a. PCR amplification of COL1x-R' Heavy Chain
from mRNA

The reverse transcription reaction utilized (in
90 pL) 1 pg of COL-1 poly A+ mRNA; 10 pmoles of
COL1x-R'(3'); and 9 pL of 10x buffer (lx = 50 mM Tris
(pH = 8.2); 6 mM MgCl,; 100 mM NaCl); 0.22 mM dNTPs.
The sample was heated to 80°C for 3 minutes then cooled
to 45°C. Then 0.5 pL (12.5 units) of AMV reverse
transcriptase (Boehringer Mannheim, Indianapolis, IN)
was added and allowed to extend for 30 minutes. The PCR
was continued by the addition of 1 pL 10x buffer;
100 pmoles of COLl-y; 90 pmoles of COL1x-R'j; 0.5 pL
(2.5 units) of Taq polymerase (Stratagene, La Jolla,
CA.) The nucleotide sequence of COLl-y (SEQ ID NO:24)
is as follows:

5'-CGTGTCGACAGGC ATC AAT TCA GAG G-3'
Sall

The double underlined nucleotides indicate the splice
acceptor site in the intron. After covering with 2
drops of mineral oil, thermal cycling between 94°C, 37°C
and 72°C (30 seconds each) was performed 25 times using
a 100 pL reaction volume. The 405 bp PCR product was
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gel purified. After trimming the ends of this DNA
insert with Sall and No!l restriction enzymes, the
fragment was ligated into the phosphatased, gel-purified

pV-yl vector previously digested with Sall and NotI.

2. Preparation of Neo and Gpt Resistant
Transformed Sp2/0 Cell Lines Carrying Chimeric
COL-1 Light and Mutant (R') Heavy Chain Gene
Constructs

The chimeric pCOL1-R' heavy chain vector was
electroporated into the cell line expressing the ChCOL-1
light chain, COL-1xD4/F2, after linearization with Puul.

Drug resistant colonies in 96 well plates were
screened by ELISA using both CEA antigen traps and goat
anti-human kappa or goat anti-human IgG antibody traps
(Southern Biotechnology Associates, Birmingham, AL).
Chimeric antibody bound to these traps was detected with
goat anti-human kappa antibody conjugated with alkaline
phosphatase in a standard ELISA assay. Individual
primary clones which were'positive on all 3 traps were
subcloned and the cell lines expressing the highest
levels of antibody were each frozen in cryovials.
ChCOL-1 R' antibodies were purified from culture
supernatants as described in Example I using protein A
chromatography.

D. InVivo Characterization of ChCOL-1 R'

The ChCOL-1 R' for use in animal studies was
labeled with Nal?3I and used for detecting carcinoma
tissue as described in Example 1. The biodistribution
results for ChCOL-1 R' are shown in Tables V and VI.
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TABLE V

Percent Injected Dose per Gram of l23I-LABELED
ChCOL-1 R' Antibody

PCT/US94/01709

Tissue 5 hours hgﬁis H;gis Hgﬁgs
Blood, total 22.16 13.64 11.44 10.73
Liver 5.95 2.79 2.26 2.42
Spleen 5.18 2.41 2.17 2.24
Kidney 3.25 1.38 1.57 1.21
Tumor 8.15 23.74 31.93 42.34
Lung 6.09 3.52 3.33 3.24
Tumor weight 0.26 0.32 0.14 0.10
(gram)

As shown in Table V, at approximately 120 hours

post-injection, the injected dose per gram to tumor for
ChCOL-1 R' was 42.34 per cent.
in targeting the human tumor insitu, demonstrating that
the ChCOL-1 R' of the present invention was efficient

for invivo carcinoma targeting.

-U5-
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TABLE VI

Percent Injected Dose per Organ of 1251 _LABELED
ChCOL-1 R' Antibody

Tissue 5 hours héﬁ;s H;ﬁis Hgigs
Blood, total 32.32 19.30 15.91 15.79
Liver 5.95 3.45 2.87 2.85
Spleen 0.59 0.28 0.26 0.26
Kidney 0.76 0.35 0.36 0.29
Tumor 2.04 7.33 4.4y 5.63
Lung 0.89 0.57 0.51 0.47
GI Tract T.61 3.43 3.15 2.79
Carcass 46.10 36.60 33.16 32.00
Whole Body 82.50 62.10 55.68 51.45
Retention

As shown in Table VI, at 120 hours post-
-injection, the injected dose per organ to tumor for
ChCOL-1 R' was 5.63 per cent. Compared with ChCOL-1,
the ChCOL-1 R' showed approximately 50 percent more
accumulation in the tumors at 120 hours post injection.

E. Deposit of Cell Lines Producing Genetically Altered
Chimeric Antibodies

Three cell lines secreting genetically altered
chimeric antibodies, all having a kappa light chain,
made by the above example were deposited at the American
Type Culture Collection on December 8, 1992.
Specifically, the following cell lines have been
deposited: (1) ChCOL 2D1 Fab: a cell line having COL-1
Vy, COL-1 Vp, and constant region of human IgG3 Fab
(ATCC No. CRL 11218); (2) ChCOL 2D1 F(ab'),: a cell line
having COL-1 Vg, COL-1 V;, and constant region of human
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IgG1 F(ab'), (ATCC No. CRL 11216); and (2) ChCOL-1 R': a
cell line having COL-1 V; containing a single amino acid
mutation, COL-1 Vp, and constant region of human IgG1
(ATCC No. CRL 11215).

The present invention is not to be limited in
scope by the cell lines deposited since the deposited
embodiment is intended as a single illustration of one
aspect of the invention and all cell lines which are
functionally equivalent are within the scope of the

invention.

While this invention has been described in
detail and with reference to specific embodiments
thereof, it will be apparent to one skilled in the art
that various changes and modifications could be made

~therein without departing from the spirit and scope of

the appended claims.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT: THE DOW CHEMICAL COMPANY
U.S.A. DEPT. OF HEALTH AND HUMAN SERVICES

(ii) TITLE OF INVENTION: A NOVEL FAMILY OF ANTI-CARCINOEMBRYONIC
ANTIGEN CHIMERIC ANTIBODIES

(iii) NUMBER OF SEQUENCES: 24

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Duane C. Ulmer
(B) STREET: P.O. Box 1967
(C) CITY: Midland
(D) STATE: MI
(E) COUNTRY: US
(F) 2IP: 48641-1967

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version §1.25

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: ULMER, DUANE C
(B) REGISTRATION NUMBER: 34,941
(C) REFERENCE/DOCKET NUMBER: 38,777-F

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (517) 636-8104

(2) INFORMATION FOR SEQ ID NO:1l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 331 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
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GAC
Asp

CTG
Leu

GGC
Gly

Lys

AGG
Arg
65

CCT

Pro

GAG
Glu

(ii) MOLECULE TYPE: cDNA

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Mus muscaris

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..331

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

ATT
Ile

AGG
Arg

TAT
Tyr

CTC
Leu
50

TTC
Phe

GTG
val

CTT
Leu

GTG
Val

GCe
Ala

AGT
Ser

CTG
Leu

ACC
Thr
20

TAT
Tyr

35

CTC
Leu

AGT
Ser

GAG
Glu

CCG
Pro

ATC
Ile

GGC
Gly

GAG
Glu

ACG
Thr
100

ACA
Thr
5

ATC
Ile

ATG
Met

TAT
Tyr

AGT
Ser

GAG
Glu
85

TTC
Phe

CAG
Gln

TCA
Ser

CAC
His

CTT
Leu

GGG
Gly
70

GAT
Asp

GGT
Gly

TCT
Ser

TGC
Cys

TGG
Trp

GCA
Ala
55

TCT

Ser

GCT
Ala

GGA
Gly

CCT GCT TCC TTA
Pro Ala Ser Leu

AGG
Arg

TAC

Tyr.

40
TCC

Ser

GGG
Gly

GCA
Ala

GGC
Gly

GCC
Ala
25

CAA
Gln

AAC
Asn

ACA
Thr

ACC
Thr

ACC
Thr
105

-49-

10

AGC
Ser

CAG
Gln

CTA
Leu

GAC
Asp

TAT
Tyr
90

AAG
Lys

Lys

AGA
Arg

CAA
Gln

TTC
Phe
75

TAC
Tyr

CTG
Leu

ACT
Thr

AGT
Ser

CcCa
Pro

TCT
Ser
60

ACC
Thr

TGT
Cys

GAA
Glu

GTA
val

GTC
Val

GGA
Gly
45

GGG
Gly

CTC
Leu

CAG
Gln

ATC
Ile

TCT
Ser

AGT
Ser
30

CAG
Gln

GTC
Val

AAC
Asn

CAC
His

AAA
Lys
110

PCT/US94/01709

CTG
Leu
15

GCA
Ala

Cca
Pro

CCT
Pro

ATC
Ile

AGT
Ser
95

c

GGG
Gly

TCT
Ser

ccc
Pro

GCC
Ala

CAT
His
80

AGG
Arg

48

96

144

192

240

288

331
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(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 110 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Thr Val Ser Leu Gly
1 5 10 15

Leu Arg Ala Thr Ile Ser Cys Arg Ala Ser Lys Ser Val Ser Ala Ser
20 25 30

Gly Tyr Ser Tyr Met His Trp Tyr Gln Gln Arg Pro Gly Gln Pro Pro
35 40 45

Lys Leu Leu Ile Tyr Leu Ala Ser Asn Leu Gln Ser Gly Val Pro Ala
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile His
65 70 75 80

Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyt Cys Gln His Ser Arg
85 90 95

Glu Leu Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys
100 105 110

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 373 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Mus muscaris

(ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION: 1..373

-50-



WO 94/19466

“GAG
Gla

TCA
Ser

TAT
Tyr

GGA
Gly

-CAG
Gln
65

CTG
Leu

AAT
Asn

GTC
Val

(2)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

GTT
Val

GTC
Val

ATG
Met

TGG
Trp
50

GGC
Gly

CAG
Gln

ACA
Thr

TGG
Trp

INFORMATION FOR SEQ ID NO:4:

CAG
Gln

AAG
Lys

CAC
His
35

ATT
Ile

AAG
Lys

CTC
Leu

CGG
Arg

GGC
Gly
115

CTG
Leu

ATG
Met
20

TGG
Trp

GAT
Asp

GCC
Ala

AGC
Ser

GGT
Gly
100

GCA
Ala

CAG CAG
Gln Gln
5

TCC TGC
Ser Cys

GTG AAG
Val Lys

CCT GAG
Pro Glu

ACT ATG
Thr Met
70

AGC CTG
Ser Leu
85

CTA TCT

Leu Ser

GGG ACC
Gly Thr

(B) TYPE:
(D) TOPOLOGY: linear

TCT
Ser

ACA
Thr

CAG
Gln

AAT
Asn
55

ACT
Thr

ACA
Thr

ACT
Thr

ACG
Thr

124 amino acids
amino acid

GGG GCA GAG
Gly Ala Glu

GCT
Ala

AGG
Arg
40

GGT
Gly

ACA
Thr

TCT
Ser

ATG
Met

GTC
val
120

TCT
Ser
25

CcCcT
Pro

GAT
Asp

GAC
Asp

GAG
Glu

ATT
Ile
105

GCC
Ala

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:

(ii) MOLECULE TYPE: protein

10
GGC
Gly

GAA
Glu

ACT
Thr

ACA
Thr

GAC
Asp

ACG
Thr

GTC
val

CTT
Leu

TTC
Phe

CAG
Gln

GAA
Glu

TCC
Ser
75

ACT
Thr

acG
Thr

TCC
Ser

GTG
val

AAC
Asn

GGC
Gly

TAT
Tyr

. 60

TCC
Ser

GCC
Ala

CGT
Arg

TCT
Ser

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

AGG
Arg

ATT
Ile

CTG
Leu
45

GCC
Ala

AAC
Asn

GTC
val

TGG
Trp

G

TCA
Ser

Lys
30

GAG
Glu

CCG
Pro

ACA
Thr

TAT
Tyr

TTC
Phe
110

GGG
Gly
15

GAC
Asp

TGG
Trp

AAG
Lys

GCC
Ala

TAC
Tyr
95

TTC
Phe

GCC
Ala

TAC
Tyr

ATT
Ile

TTC
Phe

TAC
Tyr
80

TGT

Cys

GAT
Asp

Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Arg Ser Gly Ala

1

5

10

15

Ser Val Lys Met Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Tyr

20

25
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Tyr

Gly

Gln

65

Leu

Asn

val

(2)

GAG
Glu

TCA
Ser

TAT
Tyr

GGA
Gly

Met

Trp

50

Gly

Gln

Thr

Trp

His Trp
35

Ile Asp

Lys Ala

Leu Ser

Arqg Gly

100

Gly Ala
115

val

Pro

Thr

Ser

85

Leu

Gly

INFORMATION FOR

Lys

Glu

Met

70

Leu

Ser

Thr

SEQ ID NO:5:

Gln

Asn

55

Thr

Thr

Thr

Thr

Arg

40

Gly

Thr

Ser

Met

vVal
120

Pro

Asp

Asp

Glu

Ile

105

Ala

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 373 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION:

1..373

Glu

Thr

Thr

Asp

90

Thr

val

Gln

Glu

Ser

75

Thr

Thr

Ser

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GTT
Val

GTC
val

ATG
Met

TGG
Trp
50

CAG CTG
Gln Leu

AAG ATG
Lys Met
20

CAC TGG
His Trp
35

ATT GAT
Ile Asp

CAG
Gln
5

TCC

Ser

GTG
vVal

CCT
Pro

CAG
Gln

TGC
Cys

AAG
Lys

GAG
Glu

TCT
Ser

ACA
Thr

CAG
Gln

AAT
Asn
55

GGG
Gly

GCT
Ala

AGG
Arg
40

GGT
Gly

GCA
Ala

TCT
Ser
25

cCcT

Pro

GAT
Asp
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GAG
Glu
10

GGC
Gly

GAA
Glu

ACT
Thr

CTT
Leu

TTC
Phe

CAG
Gin

GAA
Glu

Gly

Tyr

60

Ser

Ala

Arg

Ser

GTG
vVal

AAC
Asn

GGC
Gly

TAT
Tyr
60

Leu
45

Ala

Asn

Val

Trp

AGG
Arg

ATT
Ile

CTG
Leu
45

GCC
Ala

PCT/US94/01709

Glu Trp

Pro Lys

Thr Ala

Tyr Tyr

95

Phe Phe
110

TCA GGG
Ser Gly
15

AAA GAC
Lys Asp
30

GAG TGG
Glu Trp

CCG AAG
Pro Lys

Ile

Phe

Tyr
80

Cys

Asp

GCC
Ala

TAC
Tyr

ATT
Ile

TTC
Phe

48

96

144

192
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CAG
Gln
65

CTG

Leu

AAT
Asn

GTC
val

(2)

Glu

Ser

Tyr

Gly

Gln

65

Leu

GGC
Gly

CAG
Gln

ACA
Thr

TGG
Trp

AAG
Lys

CTC
Leu

CGG
Arg

GGC
Gly
115

GCC
Ala

AGC
Ser

GGT
Gly
100

GCA
Ala

ACT
Thr

AGC
Ser
85

CTa

Leu

GGG
Gly

INFORMATION FOR

(A) LENGTH:

ATG
Met
70

CTG

Leu

TCT
Ser

ACC
Thr

SEQ ID NO:6:

ACT
Thr

ACA
Thr

ACT
Thr

ACG
Thr

ACA
Thr

TCT
Ser

ATG
Met

GTC
Val
120

GAC
Asy

GAG
Glu

ATT
Ile
105

ACC
Thr

(i) SEQUENCE CHARACTERISTICS:
124 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE

(xi) SEQUENCE

val Gln Leu Gln

Val
Met
Trp

50

Gly

Gln

Lys

His

35

Ile

Lys

Leu

Met

20

Trp

Asp

Ala

Ser

5

Ser

val

Pro

Thr

Ser
85

TYPE: protein

ACA
Thr

GAC
Asp
90

ACG
Thr

GTC
val

DESCRIPTION: SEQ ID

Gln Ser Gly Ala Glu

Cys

Lys

Glu

Met

70

Leu

Thr

Gln

Asn

55

Thr

Thr

Ala

Arg

40

Gly

Thr

Ser

Ser

25

Pro

Asp

Asp

Glu

-53=

10

Gly

Glu

Thr

Thr

Asp
90

TCC
Ser
75

ACT
Thr

ACG
Thr

TCC
Ser

TCC
Ser

GCC

Ala.

CGT
Arg

TCA
Ser

NO:6:

Leu

Phe

Gln

Glu

Ser

75

Thr

val

Asn

Gly

Tyr

60

Ser

Ala

AAC
Asn

GTC
val

TGG
Trp

Arg

Ile

Leu

45

Ala

Asn

Val

ACA
Thr

TAT
Tyr

TTC
Phe
110

Ser

Lys

30

Glu

Pro

Thr

Tyr

PCT/US94/01709

GCC
Ala

TAC
Tyr

TTC
Phe

Gly

15

Asp

Trp

Lys

Ala

Tyr
95

TAC
Tyr
80

TGT
Cys

GAT
Asp

Ala

Tyr

Ile

Phe

Tyr

Cys

240

288

336

373
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Asn Thr Arg Gly Leu Ser Thr Met Ile Thr Thr Arg Trp Phe Phe Asp

100 105
Val Trp Gly Ala Gly Thr Thr Val Thr Val Ser Ser
115 120

(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GAGGAGACGG TGACCGTGGT CCC
(2) INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
CACTATGACT ACAGACACAT CCTC
(2) INFORMATION FOR SEQ ID NO:9:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GAGGATGTGT CTGTAGTCAT AGTG
(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs

-5l
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24
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(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

CTCTGTGACA GTGGCAATCA C

(2) INFORMATION FOR SEQ ID NO:1l:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

GTGATTGCCA CTGTCACAGA G

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

GGAAGATGGA TACAGTTGGT GC

(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

CGTTTGATTT CCAGCTTGGT GCC
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(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
CAGACCCACT GCCACTGAAC C
(2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 61 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: misc feature
(B) LOCATION: 4..9
(D) OTHER INFORMATION: /label= BamHI site

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
CTCGGATCCT CATTGTCCAT TACTGACTAC AGGTGCCTAC GGTGACATTG
TGCTGACACA G
(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 48 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 5..10
(D) OTHER INFORMATION: /label= HindIII site
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(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:16:
CATTAAGCTT ATAAAAGTGT ACTTACGTTT GATTTCCAGC TTGGTGCC
(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
AGAGGATATT GAAATAATTA AATAGCAC
(2) INFORMATION FOR SEQ ID NO:18:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
GGCCCTTTCG TCTTCAAGAA TTC
(2) INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

TATCTTATCA TGTCTGGATC C

-57-

PCT/US94/01709

" 48

28

23

21



WO 94/19466 PCT/US94/01709

(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:
GGTAAATGAG TGCGACGG 18
(2) INFORMATION FOR SEQ ID NO:21:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
CCGTCGCACT CATTTACCAA CTCTCTTGTC CACCTT ’ 36
(2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

CCGTCGCACT CATTTACCTG GGCACGGTGG GCATGT 36
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(2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(%xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GATGCGGCCG CTCTTACCTG AGGAGACGGT GACC 34
(2) INFORMATION FOR SEQ ID NO:24:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

CGTGTCGACA GGCATCAATT CAGAGG ' ' 26
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CLAIMS

1. A DNA construct comprising a first DNA
sequence which encodes a light chain variable region of
a chimeric monoclonal antibody, the first DNA sequence
coding for an amino acid sequence substantially the same
as that of SEQ ID NO:2.

2. The DNA construct according to Claim 1
where the first DNA strand coding sequence is
substantially the same as the of SEQ ID NO:1l.

3. The DNA construct of Claim 1 wherein the
DNA construct further comprises a second DNA strand
sequence which encodes the light chain constant region
of the chimeric monoclonal antibody.

4. A DNA construct comprising a first DNA
sequence which encodes for a heavy chain variable region
of a chimeric monoclonal antibody, the first DNA
sequence coding for an amino acid sequence substantially
the same as that of SEQ ID NO:4 or SEQ ID NO:6.

5. The DNA construct of Claim 4 which codes
for an amino acid sequence substantially the same as
that of SEQ ID NO:4.

6. The DNA construct according to Claim 5
wherein the first DNA strand coding sequence is
substantially the same as that of SEQ ID NO:3.

7. The DNA construct of Claim 5 wherein the
DNA construct further comprises a second DNA sequence
which encodes a heavy chain constant region of the
chimeric monoclonal antibody.
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8. The DNA construct of Claim 4 which codes
for an amino acid sequence substantially the same as
that of SEQ ID NO:6.

9. The DNA construct according to Claim 8
wherein the first DNA strand coding sequence is
substantially the same as that of SEQ ID NO:5.

10. The DNA construct of Claim 8 wherein the
DNA construct further comprises a second DNA sequence
which encodes a heavy chain constant region of the
chimeric monoclonal antibody.

11. A chimeric monoclonal antibody comprising a
light chain variable region having an amino acid
sequence substantially the same as that of SEQ ID NO:2.

12. A chimeric monoclonal antibody comprising a
heavy chain variable region having an amino acid
sequence substantially the same as that of SEQ ID NO:4
or SEQ ID NO:6.

13. The chimeric monoclonal antibody of
Claim 12 having an amino acid sequence substantially the
same as that of SEQ ID NO:4.

14, The chimeric monoclonal antibody of
Claim 12 having an amino acid sequence substantially the
same as that of SEQ ID NO:6. '

15. A chimeric monoclonal antibody comprising a
light chain variable region substantially the same as
that of SEQ ID NO:2 and a heavy chain variable region
having the amino acid sequence substantially the same as
that of SEQ ID NO:4 or SEQ ID NO:6.
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16. The chimeric monoclonal antibody of
Claim 15 wherein the light chain —ariable region is
substantially the same as that of SEQ ID NO:2 and a
heavy chain variable region substantially the same as
that of SEQ ID NO:4.

17. The chimeric monoclonal antibody of
Claim 16 wherein the antibody is produced by the cell
line ATCC No. CRL 11214, ATCC No. CRL 11216, ATCC No.
CRL 11217 or ATCC No. CRL 11218.

18. The chimeric monoclonal antibody of
Claim 15 wherein the light chain variable region is
substantially the same as that of SEQ ID NO:2 and a
heavy chain variable region substantially the same as
that of SEQ ID NO:6.

19. The chimeric monoclonal antibody of
Claim 18 wherein the antibody is produced by the cell
line ATCC No. CRL 11215. '

20. A composition comprising an antibody of
Claim 15 in a pharmaceutically acceptable, non-toxic,
sterile carrier.

21. An altered antibody in which the CDRs from
the light chain variable region of SEQ ID NO:2 or the
heavy chain variable region of SEQ ID NO:4 are grafted
onto the framework regions of a human antibody.
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FIGURE 4
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FIGURE 5
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