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105 PCT(1087-12PCT)
ANTIBODIES AND FUSION PROTEINS

THAT INCLUDE ENGINEERED CONSTANT REGIONS

RELATED CASES

This application cléims priority to U.S. Provisional Applications 60/475,202 and

60/563,500 filed May 30, 2003 and April 19, 2004, respectively, the entire disclosures of

which are incorporated herein by this reference.
BACKGROUND

1. Technical Field

The present disclosure relates to the field of genetically engineered antibodies -
and fusion proteins. More specifically this disclosure relates to antibodies and/or fusion
proteins containing a region that includes an IgG2-derived portion and an IgG4-derived
portion.

2. Background of Related Art

Antibodies are produced by B lymphocytes and defend against infections. The
basic structure of an antibody consists of two identical light polypeptide chains and two
identical heavy polypeptide chains linked togeth\e,r by disulphide bonds. The first
domain located at the amino terminus of each chain is variable in amino acid sequence,
providing the vast spectrum of antibody binding specificities found in each individual.
These are known as variable heavy (VH) and variable light (VL) regions. The other
domains of each chain are relatively invariant in amino acid sequence and are known as
constant heavy (CH) and constant light (CL) regions. The major classes of antibodies

are IgA, IgD, IgE, IgG and IgM; and these classes may be further divided into
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subclasses (isotypes). For example, the IgG class has four subclasses, namely, IgG1,
IgG2, IgG3, and 1gG4. Of the various human antibody classes, only human IgG1, IgG2,
IgG3 and IgM are known to effectively activate the complement system.

The differences between antibody classes are derived from differences in the
heavy chains. Class switching is known to occur during antibody maturation. The basic
antibody molecule is a bifunctional structure wherein the varia‘ble regions bind antigen
while the remaining constant regions elicit certain effector functions. The hinge region
is particularly sensitive to proteolytic cleavage; such proteolysis yields two or three
fragments depending on the precise site of Cleavageq._,) The hinge region allows the
antigen binding regions (each made up of a light chain and the first two domains of a
heavy chain) to move or rotate freely relative to the rest of the antibody, which includes
the remaining heavy chain domains. Although the constant regions do not form the
antigen binding sites, the arrangement of the constant domains and hinge region confer
segmental flexibility on the molecule which allows it to bind with the antigen.

The interaction between the antigen and the antibody takes place by the
formation of multiple bonds and attractive forces such as hydrogen bonds, electrostatic
forces and Van der Waals forces. Together these fc\er considerable binding energy
which allows the antibody to bind the antigen. Antibody binding affinity and avidity have
been found to affect the physiological and pathological properties of antibodies.

The advent of genetic engineering technology has led to various means of
prqduoing unlimited quantities of uniform antibodies (monoclonal antibodies) which,
depending upon the isotype, exhibit varying degrees of éffector function. For example,
certain murine isotypes (IgG1, 1gG2) as well as human isotypes (particularly IgG1) can

2
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bind to Fc receptors on cells such as monocytes, B cells and NK cells, thereby
activating the cells to release cytokines; such antibody isotypes are also potent in
activating complement, with local or systemic inflammatory consequences. When
antibodies bearing these Fc receptor-binding constant regions are injected in vivo, a
transient but significant systemic release of tumor necrosis factor alpha (TNF-a),
interferon gamma (IFN-y), interleukin 2 (IL-2) and/or other cytokines may be released as
a consequence of activation of multiple cell types including lymphocytes or monocytes
through Fc receptor-antibody engagement. The release of cytokines is usually
accompanied by high fever, chills and headache, but less frequently may progress to
more severe and potentially life-threatening symptoms, such as pulmonary edema,
meningitis, neurotoxicity, hypotension and respiratory distress (cytokine release
syndrome or CRS). The murine antibody OKT3 is one antibody that has been observed
to cause significant cytokine release leading to CRS. The human CD3 moiety consists
of at least four invariant polypeptide chains, which are non-covalently associated with
the T cell receptors (TCR) on the surface of T-cells, typically referred to as the T cell
receptor complex. The T cell receptor complex plays an important role in the T-cell
activation upon antigen binding to the T cell receptor. Sé)me anti-CD3 antibodies, such
as OKT3, can activate T-cells in the absence of antigen-TCR ligation. Such activation
depends upon the interaction between the Fc portion of the mAb and the Fc receptors
on accessory cells, enabling crosslinking of CD3 complexes on the T-cells. Soluble
anti-CD3 mAbs do not stimulate T-cells to proliferate in vitro unless they are bound to
plastic (Which artificially promotes CD3 cross-linking) or bound to Fc receptor- bearing

cells.
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It would be desirable to reduce antibody-mediated cell activation events such as,
for example, cytokine release in settings where these events are not warranted and/or
harmful. Numerous laboratories have attempted to reduce the negative effects
associated with potent effector function, such as that observed with OKT3, by
engineering antibodies with different constant regions that exhibit features such as
reduced Fc receptor binding, lack of complement activation, etc.

Therefore it is an object herein to reduce effector function in engineered

antibodies through the incorporation of unique constant regions.

SUMMARY

Recombinant antibodies having engineered heavy chain constant regions are
described herein. The engineered constant regions include an lgG2-derived portion
and an IgG4-derived portion. Preferably, the 1gG2-derived portion includes at least the
heavy chain constant region 1 and hinge region and the IgG4-derived portion includes
most of the heavy chain constant region 2 and the entire heavy chain constant region 3.
Antibodies that bind cell surface molecules or soluble molecules that bind to cell
surface molecules having an-engineered heavy chain Consté\|1t region in accordance
with this disclosure, reduce unwanted antibody-mediated cell activation and
inflammatory events (including reduced complement activation) resulting from Fc—
receptor antibody engagement.

In another aspect, this disclosure relates to a process for producing an antibody
heavy chain which includes the steps of: (a) producing an expression vector having a
DNA sequence which includes a sequence that encodes an antibody heavy chain

4
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containing a variable region and a constant region; (b) having said constant region
comprised of a first portion derived from one or more human lgG2 antibodies and a
second portion derived from one or more human IgG4 antibodies; (c) transfecting a host
cell with the vector; and (d) culturing the transfected cell line to produce an engineered
antibody heavy chain molecule which associates with antibody light chains to produce a
functional antibody molecule.

In another aspect, this disclosure relates to methods for reducing antibody-
mediated cell activation and inflammatory events through binding cell surface molecules
or soluble molecules that bind to cell surface molecules using antibodies having an
engineered heavy chain constant region having a first portion derived from one or more
human IgG2 antibodies and a second portion derived from one or more human igG4
antibodies, associated with light chains to produce a functional antibody molecule.

In another embodiment, an engineered constant region that includes an IgG2-
derived portion and an IgG4-derived portion in accordance with this disclosure is used
as the Fc region of a fusion protein. The fusion proteins include a non-Fc component
fused to an Fc region that is engineered to include an IgG2-derived portion and an
igG4-derived portion. Preferably, the IgG2-derived portion includ\es at least the heavy
chain constant region 1 and hinge region and the IgG4-derived portion includes most of
the heavy chain constant region 2 and the entire heavy chain constant region 3.
Preferably the fusion proteins in accordance with this disclosure maintain the function of
the non-Fc component and/or have increased half-life compared to the non-Fc

component alone and/or lack unwanted antibody Fc-mediated cell activating and
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inflammatory properties including events resulting from Fc~receptor antibody
engagement and complement activation.

Recombinant DNA molecules encoding such fusion proteins are also provided.
Upon heterologous expression in transfected mammalian cells, the fusion proteins are
potently secreted in stable form, and display desired properties characteristic of the
antibody and non-Fc component predecessor molecules. These fusion proteins can be
used in applications conventionally associated with monoclonal antibodies, including

flow cytometry, immunohisto-chemistry, cell-based assays and immunoprecipitation.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 A, B, and C schematically shows examples of a chimeric (FIG. 1A),
humanized (FIG. 1B) or fully human (FIG. 1C) recombinant antibody, respectively,
having an engineered heavy chain constant region in accordance with this disclosure.

Figure 2 shows the amino acid sequence (SEQ ID NO: 1) of an engineered
heavy chain constant region in accordance with this disclosure and the nucleotide
sequence (SEQ ID NO: 2) that encodes that engineered heavy chain constant region.

Figures 3A and 3B show the human IgG2 (GenBank Accession‘\number V00554),
and human IgG4 (GenBank Accession number K01316) amino acid and nucleic acid
sequences, respectively. Figure 3C shows a schematic map of the plasmid pBR322
(GenBank Accession number J01749)..

Figure 4A shows a graphic map of the vector APEX-1 3F4VyHuGamma4. Figure
4B shows the complete nucleotide sequence of the vector (SEQ ID NO: 3) and indicates
the amino acid (SEQ ID NO: 4) and nucleotide sequences of the hlgG4 insert adjacent

6
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to an irrelevant VH region (labeled 3F4VH). The locations of the signal sequence, CH1,
hinge, CH2 and CH3 regions are indicated.

Figure 5A shows a graphic map of the vector APEX-1 3F4VyHUG2/G4. Figure
5B shows the nucleotide sequence of the vector (SEQ ID NO: 5) and the amino acid
(SEQ ID NO: 6) and nucleic acid sequence of the G2/G4 insert, and indicates the
locations of the signal sequence, irrelevant Vh (herein labeled 3F4Vh), CH1, hinge,
CH2 and CH3 regions.

Figure 6 shows the complete nucleotide and amino acid sequence of the OKT3
heavy chain variable region (GenBank Accession number A22261 ).

Figure 7 shows the complete nucleotide and amino acid sequence of the OKT3
light chain variable region (GenBank Accession number A22259).

Figure 8 shows the complete nucleotide (SEQ ID NO: 7) and amino acid (SEQ ID
NO:8) sequences of the murine OKT3 heavy chain variable region, constructed using
Expression Strategy #1, and including the murine immunoglobulin promoter, a murine
signal sequence with intron at the 5’ ends, and a splice donor site (Bam HlI) at the 3’
ends. Restriction enzyme sites are indicated.

Figure 9 shows the complete nucleotide (SEQ ID NO: 9) and amino gcid (SEQID
NO:10) sequences of the murine OKT3 light chain variable region, constructed using
Expression Strategy #1, and including the murine immunoglobulin promoter, a murine
signal sequence with intron at the 5" ends, and a splice donor site (Bam Hl) at the 3'
ends. Restriction enzyme sites are indicated.

Figure 10 shows the complete nucleotide sequence (SEQ ID NO: 11).0f the
HuG2/G4 fragment excised from the APEX-1 3F4VyHuG2/G4 vector and modified for

7
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insertion into a PUC 19 cloning vector by the addition, at the 5’ end, of a Bam HI site
and 5’ untranslated inron sequences from native human IgG4 and, at the 3’ end, of a
Bgl Il site and 3’ untranslated sequence from natural human IgG4.

Figure 11 shows a graphic map of the heavy chain expression vector
pSVgptHuG2/G4 used in Expression System #1.

Figure 12 shows a graphic map of the expression vector pSVgptHuCk used in
Expression System #1.

Figures 13 A, B, and C show the nucleotide (SEQ ID NO: 12) and amino acid
(SEQ ID NO: 13) sequences of the OKT3 heavy chain variable region and huG2/G4
constant region constructed using Expression Strategy #2. The construct lacks the 5'
leader intron and employs the original OKT3 signal sequence (indicated). Restriction
enzyme sites are also indicated.

Figures 14 A-D show the entire nucleic acid sequence of the APEX-3P G2/G4
expression vector used in Expression System #2 (SEQ ID NO: 14) , including the amino
acid sequence (SEQ ID NO: 15) of the G2/G4 insert and indicated restriction sites.

Figures 15 A and B show the entire nucleic acid sequence of the expression
vector APEX-3PmOKT3VhG2G4 (SEQ ID NO: 16), used in Expression System ¢\r2
including the amino acid sequence (SEQ ID NO: 17) of the OKT3 variable heavy region
and G2/G4 insert. Restriction enzyme sites are indicated.

Figures 16 A -F show the entire nucleic acid sequence of PUC19 (SEQ ID NO:
18) and the amino acid sequence (SEQ ID NO: 19) of the OKT3Vk and human Ck
expression cassettes used in Expression System #2. Restriction enzyme sites are

indicated.
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Figure 17 shows the entire nucleic acid sequence of the shuttle vector, LITMUS
28 (SEQ ID NO: 20), and the amino acid sequences of the OKT3VkhCk insert (SEQ ID
NO: 21) used in Expression System #2.

Figures 18 A and B show the entire nucleic acid sequence of APEX-3
OKT3Vk+Ck (SEQ ID NO: 22) and the amino acid sequences of the OKT3Vk and Ck
insert (SEQ ID NO: 23) used in Expression System #2. Restriction enzyme sites are
indicated.

Figures 19 A and B show the results of tests evaluating the ability of an antibody
containing the G2/G4 heavy chain constant regioh to bind to the FcyRI receptor on
U937 cells.

Figure 20 shows the results of tests evaluating the ability of an antibody
containing the G2/G4 heavy chain constant region to bind to the FcyRIl receptor on
K562 cells.

Figure 21 shows the results of tests designed to evaluate the ability of an
antibody containing the G2/G4 heavy chain constant region to induce cytokine
production in human PBL.

Figure 22 shows the results of tests designed to evaluate the ability of an
antibody containing the G2/G4 heavy chain constant region to induce the upregulation

of activation markers on human T cells.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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Recombinant antibodies are described with engineered heavy chain constant
regions that serve to reduce antibody-mediated cell activation and inflammation events
resulting from antibody-Fc receptor interactions. The engineered heavy chain constant
region includes a porﬁon derived from one or more human antibodies of the IgG2 sub-
class and a portion derived from one or more human antibodies of the igG4 sub-class.
As those skilled in the art will appreciate, an antibody heavy chain includes a variable
region and a constant region. The heavy chain constant region includes the heavy
chain constant region 1 (CH1), hinge region, heavy chain constant region 2 (CH2) and
heavy chain constant region 3 (CH3). At least a portion of one of the CH1, hinge
region, CH2 or CH3 are derived from a human 1gG2 antibody in the present engineered
heavy chains, with at least a portion of the balance of the engineered heavy chain being
derived from a human IgG4 antibody. Preferably, the entire engineered heavy chain is
derived from a combination of human IgG2 and IgG4 portions. |

It should be understood that two or more, non-contiguous portions of the heavy
chain constant region can be derived from an IgG2 antibody. In such circumstances,
the portions can be derived from the same or from different antibodies (i.e. those with
different allotypes) within the 1gG2 subclass. Likewise, two or more, non-contiguous
portions of the heavy chain constant region can be derived from an IgG4 antibody (note
that there is only one known IgG4 allotype).

In a particularly useful embodiment shown schematically in Figure 1, the
engineered heavy chain constant region includes a CH1 and hinge region derived from
one or more human antibodies of the IgG2 sub-class and CH2 and CH3 regions derived
primarily from an antibody of the IgG4 sub-class. The engineered antibody can be in

10
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the form of a mouse-human chimeric antibody (Figure 1A), a humanized antibody
(Figure 1B) or a fully human antibody (Figure 1C).

It should be understood that the portion derived from an IgG2 antibody and the
portion derived from an 1gG4 antibody need not terminate precisely at the junction
between constant regions and/or the hinge region. For instance, in the working
examples presented below (see Figure 2), the portion derived from an IgG2 antibody
extends beyond the hinge region by a few amino acids into the constant region 2, with
the balance of the heavy chain constant region being the portion derived from an IgG4
antibody.

One example of an engineered heavy chain constant region in accordance with
this disclosure has the sequence shown in Figure 2 (SEQ ID NO: 1). Figure 2 also
shows the nucleotide sequence (SEQ ID NO: 2) that encodes the engineered heavy
chain constant region.

The IgG2 and lgG4 portions of the heavy chain constant region are chosen to
reduce cell interactions that can result in excessive cytokine release, potentially leading
to cytokine release syndrome (CRS). The engineered heavy chain constant region in
accordance with the present disclosure also reduces the ability of the antibody to elicit
inflammatory events such as cell activation, cytokine release and complement
activation.

The heavy chain variable region of the antibody is selected for its binding
specificity and can be of any type, such as, for example, non-human, humanized or fully
human. Where the heavy chain variable region of the antibody is non-human (such as,
for example, murine) and is combined recombinantly with an engineered heavy chain

11
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constant region in accordance with this disclosure, the resulting recombinant antibody is
referred to as a chimeric antibody (see Figure 1A). Where the heavy chain variable
region of the antibody is humanized and is combined recombinantly with an engineered
heavy chain constant region in accordance with this disclosure, the resulting
recombinant antibody is referred to as a humanized antibody (see Figure 1B). Where
the heavy chain variable region of the antibody is human and is combined
recombinantly with an engineered heavy chain constant region in accordance with this
disclosure, the resulting recombinant antibody is referred to as a fully human antibody
(see Figure 1C). In the embodiment shown in Figure 1B, the variable region of the
heavy chain is humanized and includes human framework regions and non-human (in
this case murine) complementary determining regions (CDRs). It should be understood
that the framework regions can be derived from one source or more than one source
and that the CDRs can be derived from one source or more than one source. Methods
for humanization of antibodies are known to those skilled in the art and are disclosed,
for example, in U.S. Patent Nos. 6,479,284, 6,407,213, 6,350,861, 6,180,370;
6,548,640; and commonly owned, pending U.S. Patent Application Serial No. PCT/US
02/ 38450, Filed December 3, 2002. The disclosures of each of these patents and
patent applications are incorporated herein in their entirety by this reference.

The light chain of the antibody can be human, non-human or humanized. In the
embodiment shown in Figure 1B, the light chain is humanized and includes human
framework regions, non-human (in this case murine) CDRs and a human constant

region. It should be understood that the framework regions can be derived from one
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. source or more than one source and that the CDRs can be derived from one source or
more than one source.

The antibody containing the engineered heavy chain constant region is selected
based on its ability to bind to a cell surface molecule or a soluble molecule that binds to
a cell surface molecule. Thus, for example, the antibody can be selected based on its
ability to bind cell surface molecules such as cytokine receptors (e.g., IL-2R, TNF-aR,
IL-15R, etc.); adhesion molecules (e.g., E-selectin, P-selectin, L-selectin, VCAM, ICAM,
etc.); cell differentiation or activation antigens (e.g., CD3, CD4, CD8, CD20, CD25,
CD40, etc.), and others. Alternatively, the antibody can be selected based on its ability
to bind a soluble molecule that binds to cell surface molecules. Such soluble molecules
include, but are not limited to, cytokines and chemokines (e.g., interleukin-1 (IL-1), IL-2,
IL-3, IL-5, IL-B, etc.); growth factors (e.g., EGF, PGDF, GM-CSF, HGF, IGF, etc.);
molecules inducing cell differentiation (e.g., EPO, TPO, SCF, PTN, etc.), and others.

The term "antibody" as used herein includes whole antibodies and antibody
fragments that include at least two of CH1, hinge region, CH2 or CH3. Whole

monoclonal antibodies are preferred.

In general, the construction of the antibodies disclosed herein is achieved by
using recognized manipulations utilized in genetic engineering technology. For example,
techniques for isolating DNA, making and selecting vectors for expressing the DNA,
purifying and analyzing nucleic acids, specific methods for making recombinant vector
DNA, cleaving DNA with restriction enzymes, ligating DNA, introducing DNA including

vector DNA into host cells by stable or transient means, culturing the host cells in
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selective or non-selective media to select and maintain cells that.express DNA, are
generally known in the field.

The monoclonal antibodies disclosed herein may be derived using the hybridoma
method (Kohler et al., Nature, 256:495, 1975), or other recombinant DNA methods well
known in the art. In the hybridoma method, a mouse or other appropriate host animal is
immunized with a protein which elicits the production of antibodies by the lymphocytes.
Alternatively, lymphocytes may be immunized in vitro. The lymphocytes produced in
response to the antigen are then are fused with myeloma cells using a suitable fusing
agent, such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal
Antibodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). The hybridoma
cells are then seeded and grown in a suitable culture medium that preferably contains
one or more substances that inhibit the growth or survival of the unfused, parental
myeloma cells. Preferred myeloma cells are those that fuse efficiently, support stable
production of antibody by the selected antibody-producing cells, and are not sensitive to
a medium such as HAT medium (Sigma Chemical Company, St. Louis, Mo., Catalog
No. H-0262). Among these, preferred myeloma cell lines are murine myeloma lines,
such as those derived from MOPC-21 and MPC-11 mouse tumors available from the
Salk Institute Cell Distribution Center, San Diego, Calif. USA, and SP-20, NSO or X63-
Ag8-653 cells available from the American Type Culture Collection, Rockville, Md. USA.

The hybridoma cells are grown in a selective culture medium (e.g., HAT) and
surviving cells expanded and assayed for production of monoclonal antibodies directed
against the antigen. The binding specificity of monoclonal antibodies produced by
hybridoma cells may be determined by assays such as immunoprecipitation,

14
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radioimmunoassay (RIA), flow cytometry, cell activation assays or enzyme-linked
immunoabsorbent assay (ELISA).

After hybridoma cells are identified that produce antibodies of the desired
specificity, affinity, and/or activity, the clones may be subcloned by limiting dilution
procedures and grown by standard methods (Goding, Monoclonal Antibodies: Principles
and Practice, pp.59-103 (Academic Press, 1986)). In addition, the hybridoma cells may
be grown in vivo as ascites tumors in an animal. The monoclonal antibodies secreted by
the subclones are suitably separated from the culture medium, ascites fluid, or serum by
conventional immunoglobulin purification procedures such as, for example, protein A-
Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity
chromatography.  DNA encoding the monoclonal antibodies is readily isolated and
sequenced using conventional procedures (e.g., by using oligonucleotide probes that
ére capable of binding specifically to genes encoding the heavy and light chains of the
monoclonal antibodies). The hybridoma cells serve as a preferred source of such DNA.
Once isolated, the DNA may be placed into expression vectors, which are then
transfected into host cells such as E. coli cells, or mammalian cells that do not
otherwise produce immunoglobulin proteins, to obtain the synthesis of monoclonal
antibodies in the recombinant host cells. Antibodies or antibody fragments can also be
isolated from antibody phage libraries generated using the techniques described in
McCafferty et al., Nature, 348:552-554 (1990). Other publications have described the
production of high affinity (nM range) human antibodies by chain shuffling (Marks et al.,
Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection and in vivo
recombination as a strategy for constructing very large phage libraries (Waterhouse et
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al., Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these techniques are viable
alternatives to traditional monoclonal antibody hybridoma techniques for isolation of
monoclonal antibodies.

The antibédies described herein are then modified by combining the coding
sequence for the present engineered IgG2/igG4-derived human heavy-chain constant
domains with the coding sequence for a heavy chain variable domain. Where the
present recombinant antibody is based on a particular murine antibody, for example, an
engineered heavy chain constant region in accordance with this disclosure can be
substituted in place of the homologous murine sequences. Alternatively, a functional
antibody fragment can be identified (e.g., through the panning of a human phage library,
an scFv library or a Fab library) onto which the present engineered lgG2/lgG4-derived
human heavy-chain constant domains can be engineered.

In another aspect, this disclosure provides recombinant expression vectors which
include the synthetic, genomic or cDNA-derived nucleic acid fragments necessary to
produce the engineered heavy chain constant region. The nucleotide sequence coding
for any of the engineered heavy chain constant regions or antibodies containing the
engineered heavy chain constant regions in accordance with this disclosure can be
inserted into an appropriate vector which contains the necessary elements for the
transcription and translation of the inserted protein-coding sequence. Any suitable host
cell vector may be used for expression of the DNA sequences coding for the chimeric or
CDR-grafted heavy and light chains. Bacterial (e.g. E.coli) and other microbial systermns
may be used. Eukaryotic (e.g. mammalian) host cell expression systems may also be
used to obtain antibodies of the present invention. Suitable mammalian host cell

16
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include COS cells and CHO cells (Bebbington C R (1991) Methods 2 136-145); and
myeloma or hybridoma cell lines (for example NSO cells (Bebbington, et al., Bio
Technology, 10: 169-175 (1992)).

The antibodies containing the engineered heavy chain constant region can also
be used as separately administered compositions given in conjunction with therapeutic
agents. For diagnostic purposes, the antibodies may either be labeled or unlabeled.
Unlabeled antibodies can be used in combination with other labeled antibodies (second
antibodies) that are reactive with the engineered antibody, such as antibodies specific
for human immunoglobulin constant regions. Alternatively, the antibodies can be directly
labeled. A wide variety of labels may be employed, such as radionuclides, fluors,
enzymes, enzyme substrates, enzyme co-factors, enzyme inhibitors, ligands
(particularly haptens), etc. Numerous types of immunoassays are available and are well
known to those skilled in the art.

The present engineered antibodies can be administered to a patient in a composition
comprising a pharmaceutical carrier. A pharmaceutical carrier can be any compatible, non-
toxic substance suitable for delivery of the antibodies to the patient. Sterile water, alcohol,
fats, waxes, and inert solids may be included in the carrier. Pharmaceutically accepted
adjuvants (buffering agents, dispersing agent) may also be incorporated into the
pharmaceutical composition.

The antibody compositions may be administered to a patient in a variety of ways.
Preferably, the pharmaceutical compositions may be administered parenterally, e.g.,
subcutaneously, intramuscularly or intravenously. Thus, compositions for parental
administration may include a solution of the antibody, antibody fragment or a cocktail
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thereof dissolved in an acceptable carrier, preferably an aqueous carrier. A variety of
aqueous carriers can be used, e.g., water, buffered water, 0.4% saline, 0.3% glycine , etc.
These solutions are sterile and generally free of particulate matter. These compositions
may be sterilized by conventional, well known sterilization techniques. The compositions
may contain pharmaceutically acceptable auxiliary substances as required to approximate
physiological conditions such as pH adjusting and buffering agents, toxicity adjusting
agents and the like, for example sodium acetate, sodium chloride, potassium chloride,
calcium chloride, sodium lactate, etc. The concentration of antibody or antibody fragment
in these formulations can vary widely, e.g., from less than about 0.5%, usually at or at least
about 1% to as much as 15 or 20% by weight and will be selected primarily based on fluid
volumes, viscosities, etc., in accordance with the particular mode of administration
selected.

Actual methods for preparing parenterally administrable compositions and
adjustments necessary for administration to subjects will be known or apparent to those
skilled in the art and are described in more detail in, for example, Remington's
Pharmaceutical Science, 17" Ed., Mack Publishing Company, Easton, Pa (1985), which is
incorporated herein by reference.

In another embodiment the present disclosure provides fusion proteins that
include a non-Fc component fused to an Fc region that is engineered to include an
19G2-derived portion and an IgG4-derived portion. The Fc region can be an engineered
constant region in accordance with any of the various embodimenis described above
with respect to antibodies. The Fc region can include all or any portion of a CH1, hinge,
CH2 and CH3 domain, provided that the Fc region includes at least one lgG2-derived
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portion and at least one IgG4-derived portion. Preferably, the IgG2-derived portion
includes at least the heavy chain constant region 1 and hinge region and the IgG4-
derived portion includes most of the heavy chain constant region 2 and the entire heavy
chain constant region 3. A linker may optionally be provided between the non-Fc
component and the Fc region. The linker, when present, can be from 3 to 25 amino
acids long. In particularly useful embodiments, the linker assists in maintaining proper
folding and therefore function of the non-Fc component.

Preferably the fusion proteins in accordance with this disclosure maintain the
function of the non-Fc portion of the protein and/or have increased half-life compared to
the non-Fc portion alone. In addition, the fusion proteins in accordance with this
disclosure preferably lack unwanted antibody Fc-mediated cell activating and
inflammatory properties including events resulting frorr; Fc—receptor antibody
engagement and complement activation. Also, the fusion proteins in accordance with
certain embodiments of this disclosure which include the hinge region have the ability to
form disulfide bonds with other fusion protein molecules, thereby resulting in dimer
formation which may increase the avidity of the non-Fc portion for the molecule to which
\ it binds.

Fusion proteins in accordance with this disclosure may be readily secreted in
stable form by mammalian cells transfected with DNA that codes for the molecule. In
addition, they are amenable to rapid, efficient purification to homogeneity, for example,
using protein A. Because these molecules therefore are obtainable in a commercially

useful amount and form, they are advantageous substitutes for monoclonal antibodies
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in contexts such as flow cytometry, immunohistochemistry, immunoprecipitation, cell-
based assays and enzyme-linked immunoadsorbant assays (ELISAS).

Any peptide or protein that exhibits a useful property is suitable for use as the
non-Fc component to be combined with the present engineered antibody constant
region to prepare the fusion protein. Peptide or protein activities and uses include, but
are not limited to, serving as a protein agonist or antagonist, binding a receptor, binding
a membrane bound surface molecule, binding a soluble protein, binding a ligand,
binding an enzyme or structural protein, activating or inhibiting a receptor, targeted drug
delivery, or any enzymatic activity. Those peptides or proteins whose utility can be
increased from the enhanced stability and half-life conferred upon them when presented
in combination with an Fc domain are usually selected. It should be understood that
“biological activity” as used herein includes any activity associated with a molecule
having activity in a biological system, including, but not limited to, the stimulatory or
inhibitory activity triggered by protein-protein interactions as well as the kinetics
surrounding such interactions including the stability of a protein-protein complex. Thus,
non-limiting examples of molecules suitable for use as the non-Fc component include
cytékines, hormones, enzymes, ligands, growth factors, receptors and antibody
fragments.

Suitable non-Fc components suitable for use in preparing the present fusion
proteins include: peptides that bind to receptors which are activated by ligand-induced
homo-dimerization including active fragments displaying G-CSF activity, GHR activity
and prolactin activity as described in Whitty and Borysenko, Chem Biol., (1999) Apr
6(4):R107-18; other examples of suitable peptides include a nerve growth factor
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mimetic from the CD loop as described in Zaccaro et al., Med. Chem. (2000) 43(19);
3530-40; an IL-2 mimetic as described in Eckenberg, et al., J. Immunol. (2000)
165(8):4312-8; glucogon-like peptide-1 as described in Evans et al., Drugs R.D. (1999)
2(2): 75-94; tetrapeptide | (D-lysine-L-asparaginyl-L-prolyl-L-tyrosine) which stimulates
mitogen activated B cell proliferation as described in Gagnon et al., Vaccine (2000)
18(18):1886-92; the binding domain of human cytotoxic T-lymphocyte-associated
antigen 4. Peptides which exhibit receptor antagonistic activity are also contemplated.
For example, N-terminal peptide of vMIP-1l as an antagonist of CXCR4 for HIV therapy
as described in Luo et al., Biochemistry (2000) 39(44):13545-50; antagonist peptide
ligand (AFLARAA) of the thrombin receptor for antithrombotic therapy as described in
Pakala et al., Thromb. Res. (2000) 100(1): 89-96; peptide CGRP receptor antagonist
CGRP (8-37) for attenuating tolerance to narcotics as described in Powell et al., Br. J.
Pharmacol. (2000) 131(5): 875-84; parathyroid hormone (PTH)-1 receptor antagonist
known as tuberoinfundibular peptide (7-39) as described in Hoare et al., J. Pharmacol.
Exp. Ther. (2000) 295(2):761-70; opioid growth factor as described in Zagon et al., Int.
J. Oncol. (2000) 17(5): 1053-61; high affinity type | interleukin 1 receptor antagonists as
disclosec} in Yanofsky, et al., Proc. Natl. Acad. Sci. USA, Vol. 93, pp. 7381-7386, July
1996 and Vigers, et al., J. Biol. Chem., Vol 275, No 47, pages 36927-36933, 2000; and
acid fibroblast growth factor binding peptide as described in Fan et al., [UBMB Life
(2000) 49 (6) 545-48. Further examples of biologically active peptides which can be
fused with a Fc region in accordance with this disclosure include proteins secreted by
the heart as part of the body's response to congestive heart failure, such as, for
example, human brain natriuretic peptide (hBNP) as described in Mukoyama, et al., J.
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Clin. Invest. 87(4): 1402-12 (1991) and Clemens, et al., J. Pharmacol. Exp. Ther.
287(1): 67-71(1998). Additional examples of biologically active peptides which can be
used in accordance with this disclosure include proteins which have the potential to
preserve or improve beta-cell function (e.g., by inducing glucose-dependent
insulinotropic effect), such as, for example, exendin-4, GLP-1 (7-36), GPL-2 (1-34),
glucagons or PACAP-38 (see, Raufman, et al., J. Biol. Chem. 267(30): 21432-7 (1992).
It should also be understood that antibody fragments can aiso be employed as the non-
Fc‘ component of the fusion protein. Thus, for example, the non-Fc component can be
an sc-Fv, F(ab) or F(ab)',. As another example, the non-Fc component can be an
antibody variable region into which a mimetic peptide has been inserted into or in place
of one or more CDR regions as described in WO 02/46238A2, the disclosure of which is
incorporated herein in its entirety by this reference.

Thus, for example, the non-Fc component used to make the fusion protein can
be a growth factor. Examples of growth factors include platelet-derived growth factor
(PDGF), keratinocyte growth factor (KGF), epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), insulin, nerve growth factor (NGF), insulin-like growth
factor (IGF), t\ransforming growth factor (TGF), hepatic growth factor (HGF), fibroblast
growth factor (FGF), the product of the Wnt-2 proto-oncogne (wnt-2). Aaronson, supra;
Norman et al., HORMONES, pp. 719-748 (Academic Press 1987). Also, see generally,

Heath (ed.), GROWTH FACTORS, IRL Press (1990).
|. PRODUCTION OF FUSION PROTEINS
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A. Construction of Fusion Protein Expression Vectors

Any technique within the purview of those skilled in the art can be used to
produce fusion proteins which comprise an IgG2-derived portion and an IgG4-derived
portion and a non-Fc portion. Suitable techniques include, but are not limited to those
methods disclosed in U.S. Patent Nos. 5,670,625; 5,726,044; and 6,403,769. In one
such technique, where the fusion protein is secreted in stable form by mammalian cells,
DNA sequences coding for the fusion protein are subcloned into an expression vector
which is used to transfect mammalian cells. General techniques for producing fusion
proteins comprising antibody sequences are described in Coligan et al. (eds.),
CURRENT PROTOCOLS IN IMMUNOLOGY, at pp. 10.19.1-10.19.11 (Wiley
Interscience 1992), the contents of which are hereby incorporated by reference. See
also METHODS: A COMPANION TO METHODS IN ENZYMOLOGY, Volume 2 (No. 2),
Academic Press (1991), and ANTIBODY ENGINEERING: A PRACTICAL GUIDE, W. H.
Freeman and Company (1992), in which commentary relevant to production of fusion
proteins is dispersed throughout the respective texts. The present methods are not
limited to any particular method of expression. Expression thus can be achieved using
eukaryotic (e.g., nXammaHan, insect) or prokaryotic (e.g., bacteria) cells, and the fusion
proteins can be secreted by the cells or recovered from periplasm or inclusion bodies
within the cells.

Thus, one of the steps in the construction of fusion proteins is to subclone
portions of the fusion proteins into cloning vectors. In this context, a "cloning vector” isa
DNA molecule, such as a plasmid, cosmid or bacteriophage, that can replicate
autonomously in a host prokaryotic cell. Cloning vectors typically contain one or a small
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number of restriction endonuclease recognition sites at which foreign DNA sequences
can be inserted in a determinable fashion without loss of an essential biological function
of the vector, as well as a marker gene-that is suitable for use in the identification and
selection of cells transformed with the cloning vector. Marker genes typically include
genes that provide tetracycline resistance or ampicillin resistance. Suitable cloning
vectors are described by Sambrook et al. (eds.), MOLECULAR CLONING: A
LABORATORY MANUAL, Second Edition (Cold Spring Harbor Press 1989) (hereafter
"Sambrook”); by Ausubel et al. (eds.), CURRENT PROTOCOLS IN MOLECULAR
BIOLOGY (Wiley Interscience 1987) (hereafter "Ausubel"); and by Brown (ed.),
MOLECULAR BIOLOGY LABFAX (Academic Press 1991). Suitable cloning vectors are
commercially available.

The DNA sequence encoding the Fc region of the fusion protein can be obtained
using any technique within the purview of those skilled in the art. DNA sequences
encoding the non-Fc portion of the fusion protein can also be synthesized using
techniques within the purview of those skilled in the art, such as PCR with RNA isolated
from cells that produce the non-antibody protein. The DNA can include introns or can be
engineered to remove \some or all introns.

DNA sequences encoding the non-Fc component of the fusion protein are
subcloned in frame with the N-terminus of the Fc region portion of the fusion protein
Subcloning is performed in accordance with techniques within the purview of those
skilled in the art, such as the use of restriction enzyme digestion to provide appropriate
termini, the use of alkaline phosphatase treatment to avoid undesirable joining of DNA
molecules, and ligation with appropriate ligases. Techniques for such manipulation are
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described by Sambrook and Ausubel, and are well-known in the art. Techniques for
amplification of cloned DNA in bacterial hosts and isolation of cloned DNA from bacterial
hosts also are well-known.

It should, of course be understood that the Fc region can be cloned onto the
amino terminus of the non-Fc component, if desired.

The cloned fusion protein is cleaved from the cloning vector and inserted into an
expression vector. Suitable expression vectors typically contain (1) prokaryotic DNA
elements coding for a bacterial replication origin and an antibiotic resistance marker to
provide for the growth and selection of the expression vector in a bacterial host; (2)
eukaryotic DNA elements that control initiation of transcription, sucrll as a promoter; and
(3) DNA elements that control the processing of transcripts, such as a transcription
termination/polyadenylation sequence.

A fusion protein in accordance with this disclosure can be expressed in
eukaryotic cells, such as mammalian, insect and yeast cells. Mammalian cells are
especially preferred eukaryotic hosts because mammalian cells provide suitable post-
translational modifications such as glycosylatiqn. Examples of mammalian host cells
include Chinese hamster 0\>ary cells (CHO-K1; ATCC CCL61), rat pituitary cells (GH+ ;
ATCC CCL82), HeLa S3 cells (ATCC CCL2.2), rat hepatoma cells (H-4-1I-E; ATCC
CRL1548) SV40-transformed monkey kidney cells (COS-1; ATCC CRL 1650) and
murine embryonic cells (NIH-3T3; ATCC CRL 1658).

For a mammalian host, the transcriptional and translational regulatory signals
may be derived from viral sources, such as adenovirus, cytomegalovirus, bovine
papilloma virus, simian virus, or the like, in which the regulatory signals are associated
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with a particular gene which has a high level of expression. Suitable transcriptional and
translational regulatory sequences also can be obtained from mammalian genes, such
as actin, collagen, myosin, and metallothionein genes.

Transcriptional regulatory sequences include a promoter region sufficient to
direct the initiation of RNA synthesis. Suitable eukaryotic promoters include the |
promoter of the mouse metallothionein | gene (Hamer et al., J. Molec. Appl. Genet. 1:
273 (1982)]; the TK promoter of herpes virus (McKnight, Cell 31: 355 (1982)); the SV40
early promoter (Benoist et al., Nature 290: 304 (1981)); the Rous sarcoma virus
promoter (Gorman et al., Proc. Nat'l Acad. Sci. USA 79: 6777 (1982)); and the
cytomegalovirus promoter (Foecking et al., Gene 45: 101 (1980)).

Alternatively, a prokaryotic promoter, such as the bacteriophage T3 RNA
polymerase promoter, can be used to control fusion gene expression if the prokaryotic
promoter is regulated by a eukaryotic promoter. Zhou et al., Mol. Cell. Biol. 10: 4529
(1990); Kaufman et al., Nucl. Acids Res. 19: 4485 (1991).

An expression vector can be introduced into host cells using a variety of
techniques including calcium phosphate transfection, liposome-mediated transfection,
electroporation, and the like. Pre\ferably, transfected cells are selected and propagated
wherein the expression vector is stably integrated in the host cell genome to produce
stable transformants. Techniques for introducing vectors into eukaryotic cells and
techniques for selecting stable transformants using a dominant selectable marker are
described by Sambrook, by Ausubel, by Bebbington, "Expression of Antibody Genes in

Nonlymphoid Mammalian Cells," in 2 METHODS: A COMPANION TO METHODS IN
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ENZYMOLOGY 136 (1991), and by Murray (ed.), GENE TRANSFER AND
EXPRESSION PROTOCOLS (Humana Press 1991).

Stable transformants that produce a fusion protein can be identified using a
variety of methods. For example, stable transformants can be screened using an
antibody that binds either to the non-antibody portion of the fusion protein or to the
antibody portion of the fusion protein. The use of immunoprecipitation to identify cells is
a technique well known to those skilled in the art.

After fusion protein-producing cells have been identified, the cells are cultured
and fusion proteins are isolated from culture supernatants. Suitable isolation techniques
include affinity chromatography with Protein-A Sepharose, size-exclusion
chromatography and ion exchange chromatography. Protein A is a particularly useful
way to isolate fusion proteins from supernatants.

Routine assays can be performed to determine whether the non-Fc portion of the
fusion protein retains it functionality.

Fusion proteins can be detectably labeled with any appropriate marker moiety, for
example, a radioisotope, an enzyme, a fluorescent label, a chemiluminescent label, a
bioluminescent labels or a paramag>1etic label. Methods of making and detecting such
detectably-labeled fusion proteins are well-known to those of erdinary skill in the art.

In vitro and in situ detection methods may be used to assist in the diagnosis or
staging of a pathological condition. The present disclosure also contemplates the use of

fusion proteins for in vivo diagnosis.
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The fusion proteins in accordance with this disclosure can be formulated into
pharmaceutically acceptable compositions and administered in the manner described
above for the antibody;émbodiments.

The following examples are intended to illustrate but not limit the invention.
While they are typical of those that might be used, other procedures known to those
skilled in the art may alternatively be used.

EXAMPLE 1

Anti-CD3 Antibody With an Engineered Heavy Chain Constant Region

The variable heavy chain of OKT3 was joined through standard recombinant
DNA methodology to a genomic DNA cassette containing the first heavy chain constant
region (CH1), the hinge linker region, and the first few amino acids from the second
heavy chain constant region(CH2) from human IgG2. Next, a cassette containing the
balance of the second heavy chain constant region (CH2) and third heavy chain
constant region (CH3) from human IgG4 was added. The IgG2 hinge region and
following amino acids were chosen to minimize antibody binding to Fc-gamma receptors
and the IgG4 regions were chosen to prevent antibody-mediated complement
\

activation.

Preparation of Engineered Heavy Chain Constant Region

Genomic DNA encoding either the human 1gG2 heavy chain constant region
(GenBank accession # V00554; see Figure 3A) or the human 9G4 heavy chain
constant region (GenBank accession # K01316; see Figure 3B) were provided, as
inserts in the bacterial carrier plasmid pBR322 (see Figure 3C), by Dr. Ed Max of the
FDA. Restriction enzyme analysis and complete DNA sequencing confirmed that the
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correct sequences of human 19G4 and IgG2 constant regions were obtained. The IgG4-
derived inserts were released from the plasmid by performing restriction digests with
Hindlil and Xhol. Thé inserts were purified, excised, and subjected to further restriction
analysis to confirm the published sequence of the human IgG4 genomic DNA. The
genomic IgG4 insert (Hindlll/Smal restriction fragment; the Smal site is in the 3'
untranslated region approximately 30 bp 3' of the translation stop site) was then
subcloned by ligation into the expression cassette APEX-1 (see Figure 4A and 4B,
APEX-1 3F4VyHuGamma4). DNA sequence analysis was performed to confirm the
correct sequence of the human IgG4 desired regions.

The pBR322 plasmid containing genomic DNA encoding human IgG2 was used
as the source of IgG2 CH1, hinge region and the first part of CH2, which were excised
with Pmil and Bst Ell and subcloned into APEX-1 3F4V,Gamma4 to replace the
corresponding IgG4 derived sequences (see Figure 5A). The sequence of the resulting
chimeric IgG2/IlgG4 human constant region is shown in Figure 5B (APEX-1
3F4VyHUG2/G4).

Preparation of a Chimeric Antibody based upo:\m murine OKT3 variable regions and the

human G2/G4 heavy chain constant region

The murine mAb OKT3 heavy and light chain variable sequences have been
previously determined and deposited in the GenBank database (Accession numbers
A22261 (Figure 6) and A22259 (Figure7), respectively). A chimeric antibody was
generated with the OKT3 variable regions and the HuG2/G4 constant region using two

different expression systems. The heavy and light chain variable regions were
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constructed by gene synthesis using overlapping 40 mer oligonucleotides and a ligase
chain reaction for insertion into PUC 19 clohing vectors. For Expression System #1,
sequences including the murine immunoglobulin promoter and a murine leader
sequence with the leader intron, were added at the 5’ ends, and sequences including
the splice donor site were added at the 3’ ends by PCR to form expression cassettes for,
the heavy and light chain (kappa) variable regions as Hindlll to BamHI fragments. The
complete DNA and amino acid sequences of the constructed murine OKT3 heavy chain
variable region and the murine OKT3 light chain variable region used in Expression
System #1 are shown in Figures 8 and 9, respectively.

The previously described engineered heavy chain constant region was next
modified for insertion into a separate PUC19 cloning vector as follows: 5’ untranslated
intron sequence from native human IgG4 with a 5’ BamHl site was added at the 5’ end,
and 3’ untranslated sequence from natural human IgG4 with 3' EcoRlI and Bglll sites
was added at the 3’ end. The HuG2/G4 constant region was excised as a BamHl| to
Bglll fragment from Puc 19, inserted into the unique BamHl site of the heavy chain
expression vector pSVgpt.HUG2G4 and the correct orientation selected. The complete
nucleic acid sequence of the BamH]I to Bglll HuG2/G4 fragment is shown in Figure 10.

Similarly, the constructed murine OKT3 heavy chain variable region was excised
from PUC 19 as a Hindlll to BamnHI fragment and transferred to the pSVgpt.HUG2G4
expression vector coniaining the HuG2/G4 insert. The DNA sequence was confirmed to

be correct. A schematic map of the heavy chain expression vector pSVgpt.HUG2G4 is
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shown in Figure 11, and indicates the position of the HuG2/G4 constant region relative
to the constructed OKT3 variable heavy region contained within the vector.

The constructed murine OKT3 light chain variable region was also excised from
PUC 19 as a Hindlll to BamHI fragment and transferred to the expression vector
pSVhygHuCk containing the human kappa constant region (HuCk) as shown in Figure
12.

A second expression system containing a modified version of the murine OKT3
variable heavy chain region joined to the human G2/G4 constant region was also
generated. This version (Expression System #2) included the original OKT3 signal
sequence and did not contain the immunoglobulin promoter and intron sequences
described in the previous construct. The chimeric antibody was constructed by gene
synthesis and ligated into the PUC19 cloning vector containing the previously described
G2/G4 constant region. The sequences of the OKT3 VH and human G2/G4 inserts
(Expression System #2) are shown in Figure 13.

The G2/G4 constant region was excised from Puc19 by digestion with
BamHi/Bglll and gel isolated. This fragment was then ligated into the expression vector
APEX-3P at the BamH! site to generate APEX3PG2/G4 (see Figure 14). The murine
OKT3VH was isolated with BsiWl/BamHI digestion from the above PUC 19 vector and
modified by adding a BamHI site on its 5" end with a BamHI-BsiWI| adapter. The

cohesive-end adaptor duplex used to generate BamHI/BsiW| had the following

sequences:
Adaptor 5-—~GATCCGCGGCCGC 3' (Seq. ID No.50)
VT o s P— GCGCCGGCGCAT G5 (Seq. ID NO: 51)
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The APEX-3PG2/G4 vector was then opened with BamHI and the modified OKT3 Vy
region inserted to generate the expression vector APEX-3PmOKT3VhG2G4 (Figure
15). éimilarly, an alternative OKT3 light chain cassette containing the original murine
OKT3 VK signal sequence and variable kappa sequence (no intron) was ligated to a
human kappa light chain constant region. This was accomplished by constructing OKT3
VK gene sequences by gene synthesis and ligating the sequence, as a Hindlll-BamHI
fragment, to human kappa constant region gene sequences previously inserted into the
PUC19 clon{ing vector. The resulting plasmid sequence is shown in Figure. 16. Next,
the OKT3VK sequence was excised from this vector with BsiWl/EcoRlI, and the hCK
was excised with Bsgl/EcoRlI from the same vector. To transfer the two fragments into
the expression vector APEX-3P, a commercially available 'shuttle vector, LITMUS 28
was used (New England Biolabs, Inc., Beverly, MA). LITMUS 28 was opened with
BsiWl/EcoRI digestion and ligated with the OKT3 VK fragment to generate
LITMUS28mOKTS3 (vector not shown), which was then opened with EcoRI/Bsgl
digestion and ligated to the hCK fragment above to generate\ LITMUS28mOKT3VKhCK
(Figure 17). The construct was then digested with Bglll/BamHi to isolate the entire
mOKT3VKhCK fragment. The expression vector APEX-3P was opened with BamH|
and ligated with the mOKT3VKhCK fragment to generate APEX-30KT3VK+CK (Figure

18).
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Evaluation of the Ability of the Chimeric Antibody Containing @ Human G2/G4 Constant

Reaion to Bind to the Human Receptor for IgG (FcyRI)

Antibodies such as OKT3, directed against the CD3 epsilon component of the T
cell receptor complex, can activate human T cells by cross-linking the TCR. However,
cross-linking has been shown to require accessory cells, which bind the Fc portion of
the antibody through high and low affinity Fc receptors. The antibody produced in
accordance with this Example was tested to evaluate binding to the human high affinity
receptor for IgG (FcyRl). Cells of the U937 line were incubated with the indicated
concentrations of biotinylated hlgG (Sigma) for 15 minutes at 4°C, washed, incubated
with streptavidin-phycoerythrin (SA-PE) for 15 minutes at 4°C, washed, and then
analyzed by flow cytometry using a Becton Dickenson FACS Calibur flow cytometer. As
seen in Figures 19A, the resulting binding curve indicated that a concentration of
approximately 2-4ng/mL biotinylated higG was appropriate for further competition
studies. U937 cell were incubated with 3.0ng/mL biotinylated higG together with the
indicated concentrations of competing antibodies for 30 minutes on ice, washed,
incubated with SA-PE for 15 minutes, washed, and then analyzeq by flow cytometry
(Figure 19B). Preparations of mOKT3, hlgG¢ and hlgG; efficiently blocked binding of the
biotinylated hlgG to the target cells, indicating that they bound the FcyRI receptor.
However, the recombinant chimeric antibody of this Examplé (containing an engineered
lgG2/1gG4 human constant region) did not compete for binding to the FcyRI receptor on
these cells, indicating that antibodies containing this modified constant region do not

bind FcyRI.
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Evaluation Of Binding To The Low Affinity Human Recept.r For 1gG (FcyRIl)

The chimeric antibody containing an engineered 1gG2/lgG4 human constant
region produced in accordance with this Example was tested with respect to the ability
to bind the human Iow affinity receptor for IgG (FcyRil). In order to reveal binding to low
affinity Fc receptors, antibody preparations were first complexed by incubation with
equimolar concentrations of fluorescein isothiocyanate (FITC) - labeled rabbit Fab’2
anti-human Fab'2 antibodies overnight at 4°C. Cells of the K562 line, which bear both
allotypes of the human low affinity receptor for IgG (FcyRll), were incubated with the
indicated concentrations of antibody complexes for 30 minutes on ice, washed, and
analyzed for bound antibodies by flow cytometry using a Becton Dickenson FACS
Calibur flow cytometer. As seen in Figure 20, human IgG1 antibody complexes
demonstrated efficient binding to the K562 cells, while hlgG: antibody complexes
demonstrated much lower levels of binding. Human IgG4 and the chimeric OKT3
hG2/G4 recombinant antibody formed antibody complexes that were unable to bind the
low affinity FcyRIl receptors on these cells. Binding of the FITC- rabbit Fab'2 anti-
human Fab’2 antibodies alone is also indicated. \

Evaluation Of Ability To Induce Cytokine Production In PBL

A chimeric antibody of Example 1 directed against human CD3 and containing an
engineered 1gG2/IgG4 human constant region was evaluated for its ability to induce
cytokine production in peripheral blood leukocytes (PBL). Freshly isolated human
peripheral blood from a panel of donors was enriched for the leukocyte fraction by

Ficoll-Hypaque density sedimentation. The resulting PBL were incubated with the
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indicated concentrations of anti-CD3 antibodies bearing either a murine lgG2a constant
region (OKT3) or a human IgG g2ic4 constant region (OKT3 hG2/G4) (see, Figure 21).
Supernatants were collected at 24 and 36 hours and evaluated for the accumulation of
TNF-a (A), and IL-2 (B) by sandwich ELISA. The graphs shown in Figure 21 represent
the time point at which peak levels of a given cytokine were observed (e.g. 24 hours for
IL-2 and 36 hours for TNF-a). The OKT3 antibody, which binds both human FcyRI and
FcyRII receptors, induced potent levels of both cytokines. However, the chimeric
recombinant antibody OKT3 hG2/G4, which binds to the same CD3 epsilon epitope as
OKT3 but which has lost its ability to bind Fc receptors, were unable to stimulate the

production of significant levels of any of the cytokines examined.

Evaluation Of Ability To Activate Target T Cells From Human PBL

A chimeric antibody of Example 1 directed against human CD3 and containing an
engineered IgG2/IlgG4 human constant region was evaluated for the ability to activate
target T cells from human PBL. CD25 is the receptor for interleukin-2 (IL-2) and its
expressior is upregulated on the surface of T cells activated through the T.\cell receptor
complex. Similarly, CD69 is also an early T cell activation marker whose levels of
expression increase upon T cell receptor engagement. Thus both markers serve as
sensitive measures of T cell activation. Freshly isolated human peripheral blood from a
panel of donors was enriched for the leukocyte fraction by Ficoll-Hypaque density
sedimentation. The resulting PBL were incubated in the absence or presence of the

indicated concentrations of anti-CD3 antibodies bearing either a murine IgG2a constant
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region (OKT3) or a human IgG gz64 constant region (OKT3 hG2/G4); see Figure 22).
Cells were harvested at 24 hours, washed, and incubated with FITC-conjugated
monoclonal antibodies specific for human CD25 and human CD69 on ice for 30
minutes. The celis were washed and analyzed for antibody binding by flow cytometry
using a Becton Dickenson FACS Calibur flow cytometer. Data are shown in Figures
22A and 22B for one representative donor, with the percentage of cells expressing
CD25 (A) or CD69 (B) indicated.

Generation And Expression Of

A Human L-SIGN-F¢ Fusion Protein
With Human G2G4 Fc Portion

A human L-SIGN-human G2G4 fusion protein is generated by fusing two PCR
fragments derived from cDNA coding for the human L-SIGN (as the non Fc component)
and the Fc portion of human immunoglobulin HuG2G4. Oligonucleotides P1,
cagatgtgatatcTCCAAGGTCCCCAGCTCCCTAAG (SEQ ID NO: 52), and P2,
tgggctegag TTCGTCTCTGAAGCAGGCTGCG (SEQ ID NO: 53), are used to amplify the
extracellular portion of hL-SIGN from human spleen cDNA library (The regions of the
primer that are complementary to the human L-SIGN are indicated with capital \}etters).
P1 contains an upstream EcoRV restriction endonuclease site to fuse with a leader
sequence (KLV56). In P2, a downstream Xhol restriction endonuclease site is used to
fuse with the hG2G4 Fc region. The primers P3, agacgaactcGAGCGC
AAATGTTGTGTCGAGT (SEQ ID NO: 54), and P4, cggcectggcactcaTTTACCCAGA
GACAGGGAGAGGCT (SEQ ID NO: 55), are used to amplify the human G2G4 hybrid

Fc region from Glu *° of the hinge domain to the carboxy! terminus by using a plasmid
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containing the humén G2G4 constant region. Capital letters indicates complementary
regions to the human G2G4 sequence. In P3, an upstream Xhol restriction
endonuclease site is designed to ligate with hL-SIGN . P4 contains downstream
sequences for one stop codon and NgoMIV restriction endonuclease site. The PCR
amplified human L-SIGN and human G2G4 Fc region fragments are TA cloned into
pCR2.1 vector and accurate sequence confirmed. The resulting plasmid pCR2.1hL-
SIGN is digested with EcRV/Xhol, and the plasmid pCR2.1hG2G4 is digested with
XhoINgoMIV . The resulting L-SIGN and hG2G4 fragments are ligated into a modified
Apex3P plasmid (Alexion Pharmaceuticals, Inc.). EcoRV/NgoMIV contains a KLV56
leader with a Kozak sequence and ATG corresponding to the codon for the initiating
methionine (5'— CGCCCTTCCACC
ATGGACATGAGGGTCCCCGCTCAGCTCCTGGGGCTC
CTGCTACTCTGGCTCCGAGGTGCCAGATGT—3' (SEQ ID NO: 56)).

Cell culture and protein purification

293 EBNA human embryonic kidney cells transfected with Apex3P-hL-SIGNhG2G4 are
grown in DMEM (Cellgro #10-013-CV) with 10% heat inactivated FBS, 100 |U/m|
penicillin, 100 Og/ml streptomycin, 2 mM glutamine with 250 ug/mi G418 Sulfate and 1
ug/ml puromycin. Cells are grown and selected at 37°C and 5% CO,. Confluent T-175
flasks of selected cells are washed with 15 mI HBSS in order to remove serum proteins
before the addition of 30 ml! IS Pro serum free medium (Irvine Scientific, Santa Ana, CA,

Catalog # 91103) supplemented with L-Glutamine (amount noted on bottle) and
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penicillin/streptomy.cin to each flask. Two to three day supernatants are concentrated
and purified by Protein A chromatography.

Throughout this specification, various publications and patent disclosures are
referred to. The teachings and disclosures thereof, in their entireties, are hereby
incorporated by reference into this application to more fully describe the state of the art
to which the present invention pertains.

Although preferred and other embodiments of the invention have been described
herein, further embodiments may be perceived by those skilled in the art without

departing from the scope of the invention as defined by the following claims.
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We claim: b

1. A method for reducing antibody-mediated cell activation or inflammation
events comprising administering an antibody which binds to either a cell surface
molecule or a soluble molecule that binds to a cell surface molecule, the antibody
including an engineered heavy chain constant region having a first portion derived from
one or more human lgG2 antibodies and a second portion derived from one or more
human IgG4 antibodies.

2. A method as in claim 1 wherein at least the CH1 and hinge regions are
derived from one or more human IgG2 antibodies and at least a portion of the CH2 and
CH3 regions are derived from one or more human IgG4 antibodies.

3. A method as in claim 1 wherein the antibody binds to a human complement
component.

4. A method as in claim 1 wherein the antibody binds to a cytokine receptor.

5. A method as in claim 1 wherein the antibody binds to an adhesion molecule.

6. A method as in claim 1 wherein the antibody binds to a cell differentiation
antigen.

7. A method as in claim 1 wherein the antibody binds to a cell activation
antigen.

8. A method as in claim 1 wherein the antibody binds to a soluble molecule that
binds to cell surface molecules.

9. A method as in claim 1 wherein the antibody binds to a cytokine.

10. A method as in claim 1 wherein the antibody binds to a chemokine.
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11. A method as in claim 1 wherein the antibody binds to a growth factor.

12. A method as in claim 1 wherein the antibody binds to a molecule that
induces cell differentiation.

13. A method as in claim 1 wherein the antibody binds to a molecule that
induces cell activation.

14. A method as in claim 1 wherein the antibody binds to a cell surface
molecule.

15. A method for preventing or reducing cytokine release comprising
administering an antibody which binds to either a cell surface molecule or a soluble
molecule that binds to a cell surface molecule, the antibody including an engineered
heavy chain constant region having a first portion derived from one or more human
IgG2 antibodies and a second portion derived from one or more human lgG4
antibodies.

16. A method for preventing or reducing the severity of cytokine release
syndrome comprising administering an antibody which binds to either a cell surface
molecule or a soluble molecule that binds to a cell surface molecule, the antibody
including an engineered heavy chain constant region having a first portion derived from
one or more human IgG2 antibodies and a second portion derived from one or more
human IgG4 antibodies.

17. A fusion protein comprising a non-Fc component and an Fc region having a
first portion derived from one or more human IgG2 antibodies and a second portion

derived from one or more human IgG4 antibodies.
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18. The fusion protein of claim 17 wherein the Fc region includes at least a
portion of a CH4 region.

‘19, The fusion protein of claim 17 wherein the Fc region does not include any
portion of a CH4 region.

20. The fusion protein of claim 17 wherein the Fc region includes at least a part
of a hinge region.

21. The fusion protein of claim 17 wherein the non-Fc component comprises an
antibody fragment.

22. The fusion protein of claim 17 wherein the non-Fc component is a member
selected from the group consisting of single chain, scFv, f(ab) and F(ab).

23. The fusion protein of claim 17 wherein the non-Fc component comprises a
variable region of an antibody having a mimetic peptide inserted within or in place of at
least a portion of at least one CDR.

24. The fusion protein of claim 17 wherein the non-Fc component comprises a
peptide.

25. The fusion protein of claim 17 wherein the non-Fc component comprises a
protein or fragment thereof.

26. The fusion protein of claim 17 wherein the non-Fc component comprises a
member selected from the group consisting of cytokines, hormones, enzymes, ligands,
growth factors, receptors and antibody fragments.

27. The fusion protein of claim 17 wherein the non-Fc component comprises a

member selected from the group consisting of peptides displaying G-CSF activity,
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peptides displaying GHR activity, peptides displaying prolactin activity, nerve growth
factor mimetics, IL-2 mimetics, giucogon-like peptide-1, tetrapeptide | (D-lysine-L-
asparaginyl-L-prolyl-L-tyrosine), N-terminal peptide of vMIP-II, antagonist peptide
ligand (AFLARAA) of the thrombin receptor, peptide CGRP, receptor antagonist CGRP,
parathyroid hormone (PTH)-1 receptor antagonist, acid fibroblast growth factor binding
peptide, human brain natriuretic peptide (hBNP), exendin-4, GLP-1 (7-36), GPL-2 (1-
34), glucagons, PACAP-38, platelet-derived growth factor (PDGF), keratinocyte growth
factor (KGF), epidermal growth factor (EGF), vascular endothelial growth factor (VEGF),
insulin, nerve growth factor (NGF), insulin-like growth factor (IGF), transforming growth
factor (TGF), hepatic growth factor (HGF), fibroblast growth factor (FGF), the product of
the Wnit-2 proto-oncogne (wnt-2) and the binding domain of human cytotoxic T-
lymphocyte-associated antigen 4.

28. A method of increasing the half life of a non-Fc component by fusing the
non-Fc component to an Fc region having a first portion derived from one or more
human 1gG2 antibodies and a second portion derived from one or more human IgG4
antibodies.

29. A method of increasing the avidity of a non-Fc component for a molecule to
which the non-Fc component binds by fusing the non-Fc component to an Fc region
having a first portion derived from one or more human IgG2 antibodies and a second

portion derived from one or more human IgG4 antibodies.
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30. A method of forming a dimer of a non-Fc component by fusing the non-Fc
component to an Fc region having a first portion derived from one or more human IgG2
antibodies and a second pprtion derived from one or more human IgG4 antibodies.

31. A method of facilitating purification of a non-Fc component by fusing the
non-Fc component to an Fc region having a first portion derived from one or more
human IgG2 antibodies and a second portion derived from one or more human IgG4
antibodies.

32. A method of reducing or eliminating Fc receptor binding and complement
activation associated with a Fc fusion protein comprising fusing a non-Fc component to
an Fc region having a first portion derived from one or more human IgG2 antibodies and
a second portion derived from one or more human IgG4 antibodies.

33. A method as in claim 32 wherein the Fc receptor binding and complement
activation is reduced or eliminated in vitro.

34. A method of improving expression of a non-Fc component in mammalian
cells by creating a Fc fusion protein having the non-Fc component fused to an Fc region
having a first portion derived from one or more human IgG2 antibodies and a second
portion derived from one or more human IgG4 antibodies.

35. The fusion protein of claim 17 wherein the Fc region is attached to an amino
terminus of the non-Fc compenent.

36. The fusion protein of claim 17 wherein the Fc region is attached to the
carboxy terminus of the non-Fc component.

37. Nucleic acid encoding a fusion protein in accordance with claim 17.
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38. Nucleic acid as in claim 37 which includes introns.

39. Nucleic acid as in claim 37 which does not include introns.

40. An expression vector containing nucleic acid in accordance with claim 37.

41. A host cell transfected with an expression vector in accordance with claim
39.

42. A composition comprising a fusion protein in accordance with claim 17 and a

pharmaceutically acceptable carrier.
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Figure 3A

Human IgG2 amino acid and nucleic acid sequence
GenBank Accession #V00554
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ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPS SNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPKD
TLMI SRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNS TFRVVSVLTVVHQDW
LNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKN QVSLTCLVKGFYPSDI
AVEWESNGQOPENNYKTTPPMLDSDGS FFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL

SLSPGK (Seq T 1. 3)

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1321
1981

agetttetgg
ggcaggtgge
ctggaccetce
cacaccgegg
ccceetggeg
caaggactac
cgtgcacacc
gaccgtgecce
cagcaacacc
tgctggaage
agggcagcaa
tgctecaggga
gecectaccee
catatccggg
cctcageteg
gagcgcaaat
teccagetcaa
gggtgetgac
cttectette
gtgcgtggtg
cggcgtggag
cegtgtggte
gtgcaaggte
aggtgggacc
ccetgggagt
tgtacaccet
tggtcaaagg
agaacaacta
gcaagcteac
tgcatgaggce
gagtgecacg
gcacgtacce
gocctgggec
tgagtggeat

ggcgagecgg
gccagccagg
gtggatagac
tcacatggca
ccctgeteea

ttececegaac:

tteccagetg
teccagcaact
aaggtggaca
caggctcage
ggcaggecce
gagggtctte
caggccectte
aggaccctge
gacaccttcet
gttgtgtega
ggcgggacag
acgtccaccet
cccccaaaac
gtggacgtga
gtgcataatg
agegtcectea
tccaacaaag
cgcggggtat
gaccgctgtg
gcccecatee
cttctaccéee
caagaccaca
cgtggacaag
tectgeacaac
gccggcaagce
cgtgtacata
cectgegagac
gagggaggca

gcctgacttt
tgcacaccca
aagaaccgag
ccacetetet
ggagcaccte
cggtgacggt
tecctacagte
tcggcaccca
agacagttgg
cctectgeet
atctgtctcece
tggettttte
acacacaggg
ccectgaccta
ctcecteccag
gtgcccaccg
gtgececctaga
ccatctette

‘ccaaggacac

gccacgaaga
Cccaagacaaa
ccgttgtgea
gcctoccage
gagggcecaca
ccaacctetyg
cgggaggaga
agcgacateg
ccteecatge
agcaggtggce
cactacacgc
ccecegetecc
ctteccagge
tgtgatggtt

ggectttgggg
atgcccgtga
gggcctctge
tgcagcctcece
cgagagcaca
gtcgtggaac
ctcaggactc
gacctacacce
tgagaggcca
ggacgcaccce
tcaccecggag
caccaggctc
gcaggtgett
agccgaccec
atccgagtaa
tgcececaggta
gtagcctgea
ctcagcacca
ccteatgate
cecegagote
gecacgggag
ccaggactgg
cccecategag
tggacagagg
tcectacagg
tgaccaagaa
ccgtggagtg
tggactccga
agcaggggaa
agaagagcct
caggcteteg
acccagecatg
cttteogtgg

cagggagtgg
gccecagacac
gcetgggece
accaagggcce
gcecgecectgg
tcaggcgcetce
tactccctea
tgcaacgtag
gctcagggag
cggctgtgea
gcctetgecec
caggcaggca
ggctecagace
aaaggccaaa
ctceccaatet
agccagccca
tccagggaca
cctgtggeayg
tececggaccee
cagttcaact
gagcagttca
ctgaacggca
aaaaccatct
ccggcteggae
gcagccccga
cecaggtcage
ggagagcaat
cggetecite
cgtcttetea
ctceectgtet
gggtegegtg
gaaataaage
gteaggecga

gagtgogte ( 5.%. . wo. ‘()

gctaaggtga
tggaccctge
agctcetgtcee
catcggtett
getgectggt
tgaccagcgg
gcagcgtggt
atcacaagcc
ggagggtgte
gccccagecce
gceccactea
caggctgggt
tgccaaaage
ctgtecacte
tectetetgea
ggcctegecce
ggccccaget
gaccgtecagt
ctgaggtcac
ggtacgtgga
acagcacgtt
aggagtacaa
ccaaaaccaa
ccaccctctg
gaaccacagg
ctgacctgee
gggeagecgg
ttcectetaca
tgctecgtga
ccgggtaaat
aggatgcttg
acccagecgct
gtetgaggee

Samsung Bioepis Exhibit No. 1021

Page 050



WO 2005/007809

Figure 3B
Human IgG4 Amino Acid and Nucleic Acid Sequence
GenBank Accession #K01316
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STKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDW
LNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDI
AVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSL

SLSLGK (&%.‘D .00 $)

61
121
181
241

1301
361
421

481

-541
601
661
721
781
841
901
261

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
//

agetttetgg
gcaggtggeg
tggaccatcg
cacaccgegg
cececetggeg
caaggactac
cgtgcacacc
gaccgtgecc
cagcaacacc
tgctggaage
agggcagcaa
tgctcaggga
ccectaccee
tatccgggag
tcagctcaga
gtccaaatat
cagctcaagg
gtgctgacge
tettectgtt
cgtgegtagt
atggegtgga
accgtgtggt
agtgcaaggt

ggcaggcecegg
ccagccaggt
cggatagaca
tcacatggca
ccectgetceca
ttccccgaac
tteceggetg
tcecagecaget
aaggtggaca
caggctcagce
ggcatgeccce
gagggtette
aggccctgeg
gaccctgecc
caccttctct
ggtccecccat
cgggacaggt
atccacctec
ccecccaaaa
ggtggacgtg
ggtgcataat
cagegtecte
¢ctccaacaaa

aaggtgggac
gecectgggag
gtgtacacce
ctygtcaaag
gagaacaact
agcaggctaa
atgecatgagg
tgagtgccag
ggecacgtace
tgccctggge
ctgagtgaca

ccacggggty
tgaccgetgt
tgccceccate
gettctacce
acaagaccac
ccgtggacaa
ctctgcacaa
ggecggcaay
ccgtetacat
ccctogtgaga
togagggaggc

gcctgacttt
gcacacccaa
agaaccgagg
ccacctectet
ggagcacctc
cggtgacggt
tcctacagte
tgggcacgaa
agagagttgg
cctectgeet
atctgtctcec
tggattttte
catacagggc
ctgacctaag
cctececcagat
gcccatcatg
geccctagagt
atctetteoct
cccaaggaca
agccaggaag
gccaagacaa
accgtcctge
ggcctecogt
cgagggccac
gccaacctet
ccaggaggag
cagcgacatce
gecteceegtg
gagcaggtag
ccactacaca
cecccegetee
actteccagg
ctgtgatggt
agagcgggte

ggetggggge
tgcccatgag
ggectctgeg
tgcagcettcce
cgagagcaca
gtcgtggaac
ctcaggactc
gacctacacc
tgagaggcca
ggacgcaccc
tcacccggag
caccaggctc
aggtgcetgeg
cccacccecaa
ctgagtaact
cccaggtaag
ageetgeatce
cagcacctga
ctctecatgat
acccecgaggt
agccgeggga
accaggactg
cctecatcga
acggacagag
gtcectacag
atgaccaaga
geccgtggagt
ctggactccg
caggagggga
cagaagagec
ccgggetete
cacccageat
tectttecacg
ccactgtcece

agggagggagg
ccecagacact
ceetgggecce
accaagggcece
gccgeeetgg
tcaggegecce
tacteccteca
tgcaacgtag
gcacagggag
cggetgtgca
gcctetgace
ccggcaccac
ctcagacctg
aggccaaact
cccaatctte
ccaacccagd
cagggacadg
gttectggag
ctececeggacce
ccagttcaac
ggagcagtte
gectgaacggce
gaaaaccatce
gccagetegg
ggcagccceg
accaggtcag
gggagagcaa
acggctectt
atgtettete
tecteectgte
ggggtcgege
ggaaataaag
ggtcaggecg

ctaaggtgac
ggaccctgcea
agetcectgtce
catccgtett
getgectggt
tgaccagcgg
gcagegtggt
atcacaagcc
ggagggtgte
gececcagece
accccactca
aggctggatg
ccaagagceca
cteccactcee
tctctgeaga
cctegeecte
ccccageegg
ggaccatcag
cctgaggteca
tggtacgtgg
aacagecacgt
aaggagtaca
tecaaageca
ccecaccctet
agagccacag
cectgacctge
tgggcageeg
cttectctac
atgctcegtg
tctgggtaaa
gaggatgctt
cacccagccac
agtetgagge

cacactgg (5‘&% Hpe, (@)
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Figure 3C. Schematic map of the E.coli plasmid cloning vector
PBR322 (GenBank Accession #J01749.
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Apex-1 3F4VyHuGammad.
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Figure 4B. Vecto: Sequence (APEX-1 3F4VyHuGammad)

Acscmmmmmmmc:mmmmmm'mcscsm'c\mctmmeccamar@mmscmmmmmcsmmmccecsccma@ccscccmc 130
mccoccecccamemm-mmmmmmmocmermecmmcssmmocmmommmmmmnmmm@mmmmmmwmmmemn 260
mccmmccccca:rmmcsmmasmmeecccsocmmnmwmmm&mmmmmmmcrmcama\mmmﬂmcamcrmmmmT 390
GATGOGGTT TTGGCAGT ACATCAR TGG GCGTGGATAGCGGTT TGACT CAC TTCCAAGT CTCCACCCCATTGAC GTCAA TTGTTTTGGCACCARAATCAACGGGACT PTCCAAAATGT 520
u;mmmmcecoccmmosmmwsmmmmmmmmmmmmmmmmmmmmmmﬂmwmﬂmcssmmmmachccc 650
mnmmmmGa\msamcccm:esmmmmmmmmmmmmmmmmmmwsmmnmmcrcrcmmmeesmcw;mc-mccm-m 780
MGCWmmmmscscrmmmm@!mmGAGGI\GGR'IT’IG\TA‘HCACCI‘GGCOOGCGG!GMGOC!T!G\GGGIGGCCGCG&CG\NTGGTCA&\MR@\CAMCHHTGKT 910
mmnmmmmmammmmocnmm:'nmmmsﬂcmomc:mccmcrcmmmms-rccncrcocmwcmcmmsemacc@ecrmmoosmc 104C
mmmoscncmmmmmcmcrmﬂmmmccmcmmmmmmmm@cmnmmcmmmmmmscmmccrmesma\mmc 1172¢
(&Dno. M K4 5 WV ILTFLLSVYTAGYHSQVQVQQosGAELA RARTEPEPGHATSTVYEK
¢ 31’.““' ] 4Vvh

TTGTCCTGCARGGCTTC TG GCTACART T TAR TA GTTACTGG AT GCAGT! GGGTAAARCAGAGGC CTGGACAGGG TCT GGART GG ATTGGGGC TATTTATOCT GG AGATG GIGATACT AGCTACACTCAGA. 1300

LSCKASGYN!‘NSYHHQHVKQRPGQGLEWIGAIYPGDGDTSYTQ
3F4Vh

AGTTCRG GG GCARG GOCACATT GACTG CAGAT AAATCCT OCAGC ACAGC CTACATGCAACTCAG CAG CT TGGCATCT GAGGACT CTGCGGTCTATTACT GTGCARGACGTACGGTAGGRGGCTACTTTGA 143C

K!RGKATI.TADKSSSTAYHQLSBLASIDSAVYYCARRTVGG\’E‘D
—~3FAN

mmmmwmmmm&mmm&mmmwmmmmmwmmm&mmmcamcc(;mma\cmcosccmescmccmmmm\c 156C
Y'GQGT'I‘LTVSSASTKGPSVFPLAPCSRSTSISTKALGCLVKD
(S'; IF4VI _} hG4CH1
—r'@ n@mmm&mm&smmmmﬂmmmcxmmmmmmmammmmmmmmmmmmmmmmmmmsccam 169¢C
YI'EEPV'EVSHNSG'ALTEGVETFPAVLQSSGLYSL&SVVT~VP58
no. HE4CH1
5 g_ ) mwmsmmmmmcammmmmccmmmmmmsmmm >CAGCAC TGCTGGAAGCCAGECT CAGOCCTCCTG 182C
SLGTKTYTCHVDBKPSNTKVDKRV
hGACH1 !
ccmmcmmmmcmmmmcmcoc@mammmcccmmm‘mcrmmw&mmmmmmmmammmmcm&nmccaocm;G 195C
CTCCOGECACCACAGH CCX mwcmeccccmcccmcmsccaes'rGcmcscmmecmmcocmmosmwmcmocecmocmeccmocommescm 208C
mmmmmmcnsammmcnmmﬂcccmmmmmxmmcrmmmmmmmwmmmmmm@smecmwmwm&c 221¢

s
5@3:\:» KJO.?) B sxvs:."e:::.r"cp c e,
CTCCAGUTCARGGCGRG ACASG TG CCC TAGAS TA GOC TG CAT CCAGG GA CAS GCOCC AG 00 GG TGO TG ACGCATCCAC CTC CATCT CTTOC TCAGCACCIGAG TICCTCOS GO GACCATCAGTCTTCCT 234¢

( nm‘/o)nlsrnccvsvrn
L hG4CHZ
GTTCCCCCCARARCCCAAG GRCACTCT CATGATC TCCCE GACCCC ACGTGCETES CGT GAGCCAGGAAGACCCCGAGS TCCAGTT CARCT GGT ACGTG GATGGCG TGGAGGTGCAT 247C

Fe?PEKEPKDTLMISRTPRPEVTCVVVDY SQETDTPETYVYOQFSNTHKZYYVYDGYVELVHEH
hG4CH2
ARTGOCARSACARAGCCECEEGRE GRS CAGTT (A RCAGCACE TACOG TG T66 TCASCGTCCTCACOG TCCIG CACCAGG ACT GG CTGAN CAG CARSE RS TAC AN GTG CARCE TCTCC AR CARAG GOCTCC 260C
HFAKTRPREEOQPFH ST YRVVSE VLT VLHEQDHEILUNGTE KT S STYE K CEKTY S HNEKGHE
- hGACHZ—
CSTCCICCATCGRASAMRACCATCTCCARAGCC AR ASE TG GEACC CAC GG GOT GC GRG GG CCACACGEACABR GG CCAGC TOG GC CCRCCCTC TG OCC CGCTGTGCCAACCICTGTOCCTA 273C
PSSIBKTISKJ\KI

m@semsccccwccmesmmcrmccccmoc@sm&a&mccp.\smcmesmeccmmcmmmmmssmmmmmmcsmmmmmms 286C
GQPRBEQVYTLPZ’SQEEE!ZTE{HQVSLTCLVKGFY@BDIAVBE?BS
L Qxl')Al\Ha

AL

cuumc\eocssmmmme\cmcsccrcccmGcm;m:m@mammmm@mmm@mmmmmmammmmc 289C
HGQPEEHYKT!‘PPVBDSDG&S‘!‘H;‘YSRLTVDKSR“aQEGNVPSCS
hG4C
mmmmm@mmmmmamocmaas@;m&wmmcamesmccwcccmccmccmcmmeacssccmccﬂecmecmcr 312¢
VHHEEALHBENSHETYTQKSULSLSLGEEK .,
RG4CH3 !

Mmmmmmemscmmmmmmmawzmmmmmmmﬂmrcmscmcrmmmnmmm@mmmmmmmr 325C
CTGEATCGATCCCGCCATGETATC AACGCCAT AT TTC! TTACACTAGGGACCTCT TCGTTGT GTAGE CGCTGTATECC AT, ACCTTGRAACTGTCTGCATCRGOCATATAG 338C
ococcecm'm'.'Gzammmmmmecpmemcrmmwm&mcmcrwrae&m&ccmmMGCTMGscmmccmcrcmmmcccmcwmm@scmmmmecc 351C
AT CNREGECAECRACEECT TCT CCAGATARRR TAGCT FCTECK GTCCCET. ACTTCRECTAATCCCTOGRT GRGGTCTACT AGRAT AGT CAGTECSCCT OCCAT TP TGARRATTCAC 364C
TTACTIGAL CAGCT TCAGANGATE CCEEACET CO RS CLAGTRATT PTCCECCCEACTC I TANART AEA VAT G TC AR G RO RST PARCCAGGRAGT CRACT AN C TEN DG CACCT CECSETECEACAT 377C
CCTC T AT G TIGCTA { NOGCOCTOCH ﬁggemnﬂ;czm@rm AECAARAGCOTCT COLACCCAGECOY, GAATGIT TCCRCCORS !‘mmmm@_ﬁ[\j‘mﬁmnmm? 39@0
z‘.smmwsmms@ccesmocm@ecccﬁcrmcmmnmm@smmmmﬂm@&cﬂmm@scmmm@ﬂm@@mﬁsmrﬁmmmimmmﬁmmmc 403C
TS TCACARGGTCCRECACCTOCAT ROC OCCT T SR ATA G CAG TT TCE GARCGEETECEE GTC T AT CEEC CATCC 06 O0C CP ARC TC ORC OO RET TC OGCCCE TTCTCOSCCOCATEECT GACTRAATT 4160
TTTTTIATY TATGCRGAGECOGREEOCERCTCEB CCTCT GAS CT ATT CCRGR RS TAG TG RGGAS GCT TT TTT GG ASE CC TRE GO TTT T CAARARCERGCTCOCRASC AR CAGGANCCCTRRAARAG 429C
ECCE0GT T6 CTEECETT TT TOCAT AGGCTOCE CC CCCCT GAC GAGCATC ACA AN AT CEACGCT CAR GIC GAARCCCGRCAGGAC TATAARGATACCAGECGT TTCCCCCTEGAAGCTOCC 442C
TCETEOGCT CRCCTGTTOCGRECC TGCCRCTT AL CREATACC TR TOCEC CITICTCC CT I EECECTPICTCART CCTCRCEC TG TAGET ATCTCAGT TCEET CTASG TCGTT CGCTCCAR 455C
GCIBGECTRTIGTGCACGARCCCOCCGEE TCAECCCGRECECTEC OCT TATCCCE TANCTATCGT CPTGAGICCARCS CEETARS ACACERACT TATCGCCACT CRCAGCACCCAC TGS TARCAGGATTAGC 468C
FQRGO‘E\GGWGT?&GOGGI‘GC!FMGRMCTW.GTBGTGGNWMFSGGCTAC&CMG&RMGEMTTGGH&TCNCGCMGCWBO@&GI‘T&CCIICGWMGREI‘TGG'H—\GCT 481¢
CT IGATCCE GCARACRARC CACCG CTGGEREC GG TG T TIT YT GIT NGCAGT TRCGCGCAGRARRRRAGEATCTCARGAAGAT CCTTT GATCT TT ICT ACGGEGT CTGACGCT CAGTGGAR 494C
ccmmmmcmmssmnccrmma\mmmmcmmmmcmmmcnmmzmmmmnmmmmmmmmmmmmmmmmmmc 507C
mmmmmmmssmcctmmmmmmmﬂmsncm‘ocmmmccrmc:rcmmmwmmmwmmmmcﬂmmmccmmmmmma §20C
'D.CCGCGRGACCQO(ITCRCCGGCICCI\GMHNI‘CI\GNWMCAGCCAGWGGAMGGCOGAGCG(:‘\G}\AGFGGNCTGCRRC‘IHATCOGCCDUZ}\TCQ\GTCTATTN\TRGM‘GCCGGG}\AGC $33C
TAGAGTAMTAGT’ECGCG\G’(TMT}\G’HTGCGCAMGTTGT’IGOQ\TTGC!AC}\GGCATOGTGGIG'L‘CANCI‘G?TGGHTGGTMGGCPTCIH‘I’CAGCICUSGITOCCAAGGM‘CMGGCGAGTPAC& 546C
NM@CCCM’G!TGTGO\WAGCGGPTFGCTCCTW%TOC“:CGRTCGHGICAGARGTN\GETGGCCECWGFTATCACFCRTGG!TATGGCAGCACK‘GCAT}\ATFCI‘CTTPCTGTCATGCCAT §59¢C
cx:m-mmecrnmmsﬁcmmmmcrcmmmmmmmmmmosecsmo@mmmmoccscccmmeemmwcecmmecmmmm §72C
Mmmmmmmmrmme@mmumm@mmmmmmanmcmmmmmmcmmmmmmﬂmmmnmﬂmccmccm 585C
mmma\m@mmm@m@hﬂ&mmmﬂmc&mcﬁmmMmmxmmmnmmmmsmnmmcmmmsmm\mn 598C
GCESATACATAT TTGRATG TAT TTAGRARART AR ACARA TAG GG GTT CCECGCACRAT TT CCCCGARARGTGCCACCTG 6058 (5&5 6{)0 ?)
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Figure 5A. Schematic ma, of the vector Apex-1 3F4V5HuG2/G4.

Samsung Bioepis Exhibit No. 1021
Page 055



(e, T

no. 13.)

WO 2005/007809 PCT/US2004/017005

11/42
Figure 5B. Vectoi sequence (APEX—13E‘4VHHuG2/G4)

mwmmmmmnmammmm»mmmmc&mmmncccc:\mummchecmacuAAC'MAWGfAMTGGOCCOGOCNGCTG 120

ACCGCOCAACGACCOCCGCCCATT “AATAATG., CCATA CAX TTTCCATTGACGTCA GGACTATTTAL STGCCCACTTGGC 240
AGTACATCA ATATGC GCCCCCTAT TGACGTCAAT GACGG TARAT GGC CCGOC TG GCATTATG CCCAG TA CAT GACCT TATGGGACT TTCCTACT TGGCAGTACAT 360
CTACGTATTAGT CATCGCTATTACCAT GG TGATGCGGTT T ACATC TTGACTCAC CAAGTCTCCACCCCATIGACGICAATGGGAG 480

TITGITY TG GCACCAARATCAACGGGACT TTC CAAAA TG TCG TAACAAC TOCGC CCCAT TGA CGCAR SGTGTAC TATAAGCAGAGCTCGTTTAGT 600
GAACCGT CAGAATT CTG TT GGG CT CGCGETTGAT TACAAACT CT TG C TTTCCAG TAC TCTTGGA'TC XCT CCGAACGGTACT CCGCCACCGAGGGACCTGAGE 720
GAGT! mammmmamamnmmmumwmm&cmmmmmmnmmmmmm&s&mnmnr
N C GCCTT COCGTCCATCTGGTCAGAAAAGACAATC TT TTT GT TGT CAAGC TT GAG GT GTGGCAGGCT TGAGATCT GGCCATACAC TTGAGTGA. 960

Mﬂcmm«xmocmcrmcmmﬁﬂma\crcocmrcmcrmmmmmmmucc@mmmmcswcnmmmmemcro@s‘rrmcrc 1080

N X W8 WV I
—

TTCCTOCTGX ACTCCC

CCAGCAGT CT GGG GCTGAGCTGG CA. TTGGGCTT CAGTGAAGTT GTCCT TICTGGC TTT 1200
FLLSVTAGYVHSQVQYOQQSGAETLA AR P WA SVKLSBCKASGVYNT
Signal 1 AF4VR

AT TORATGC ARACA

GGATTGGGGCTATTTATCCT CTAGCTACACTC. T CACA 1320
BBY'KOHVKORPGOGLENIGAIYPGDGD!‘ASYTQKERGKAT
aF‘\Ik

'n‘mmo\mmcrmmacmamnmmmmmmmmcrmwmnmammcsmmma\mmmmmucc 1440
!afAnKlSSTAYHOLBSLA!IDBAVY!CARRTVGGY!‘DYWG

IE4R

CAAGGCACCACT CTCACAGTCT OCTCA CACCA CATCCGTCT TCCCCCT GGCGCCCT L ACCT CCGAG C XCTGGTCAAGGAC 1560
QGT?LTVS!lABTKG!SVPPLA!‘CSRSTSESTAALGCLVKD
JF4Vh. - G2G4CH1

(g T°>__
ng 13)

TACTTCCOCGAACCGGTGACGG TGICG TG GAA “CCTGACCAGK “ACACCT TCCCRGCTGT CCTACAST OC TCAGGACT CTACT CCCTCAGCABCG TGG TGACCGT G 1680
Y!'PIPVTVEKNSGALT.SGVETPPAVLOS!GLYSLSSVVTV
1

G2G4CH1
* CCCTOCAGCAACTTOGG CAC 3CTACAC CTGCAACGTAGA TCACAAGCCCAGCAACACCA X CTGCTGGA 1800
P S 8 ¥ 6 TQRTYTCNYVDEHEKTESNTIEYVDE KTV
G2G4CH1 )
CAGC “CCCGGC TG TGCAGCCCCAGCC CAGGG CAGCAAS GCA GG CCCCA TCT GT CTCCT CAC CCGGAGE CCT CT GCCCGCCCCACTC ATECTCAG 1920
CT1C 7 T CCAGG CAGGCACAGGCT GOG TG CCCCT ACC CCAGG CCCTTCACACACAGG GG CAGGTGCT TGGCT CAGACCT GOCAAAAG CCATATCC 2040

csmccmececracctuwcsncccauw:acmmmcmmcrcasczcwmmmmmwmmmcmmmmmnmmmcwmscn 2160

T ne ) E R
@4% o 4} xR
X T 2280

AATGTIG SCACCGTE AR GOCAGOCCAGGCC TCGCCCT CCAGETCA CTAG
KcCcvVvECPEPCEP
Hin
Hinge

mmmmamccmmmmmmmsrmmmwmcccmmcemmmmummmmumwmmmm 2400

(S%nna ‘g')LAPPVAGESV!LFPPKPKDTLHISRTEEVTCV
4
OCCH

G2G4CH2
CCASTTCARCTGCTACG TGS AT GECOT CRAGG TECAT AAT GCCAAGACAAAG CCG CG GGAGGAGC AS TYCARCASCACGT ACCGTGTG 2520
VVDVSQESDF‘EVQPHWYVDGVBVHNABITEZPREEQFHGTYRV

GA

G2G4CH2
GTCAGOGTCCEC FCCTGCACCAGGA GGCANGGAGTACAAS CrCCAAL CTCCCETCCTCCAT COAGANARCCATC TC CAAAGCCARAGGTGSE 2640
VSVDTVLRQDWLN’GKEYRCKVsNKGLPEEIEKTlSKI\!X
G2G4CH2 J
Acc ACGGACAGAGGC GG OCCACCCTCTGECCT  TGACCGCTGTGCCAACC TCTGTCLCTAC ZASCCCCGAGAGCCA GTACAC 2760
(,S@E—xu LR R L L
cc CCATCCCAGGA

AAGAACCAGGT CAG CCTGACC TGCCT GET CARRG GC TIC TACCCCAGOGACATC GCCRT GG AGT GGGAGAG CAR TG GECAG CCGGAGRACAR 2800
LFPSQEEHTKHQVSLTCLVRG!Y?SDIAVE'BSHGQPE“H
G2G4CHS
CTACA! CACGSCTCCC GTECTGRACT COGAL GEC TCCTT CT TCC TC TACAG CAG GC TAR OC! A

GGAATGYCTTCTCAT GCTCCGTGATGCATGA 3000
YKTTPPVLDSDGSFFLYSRLTVDHSRNQEGHVI‘SCQVHHE
— G2G40HS-

GGCTCTGCACAACCACTACACACAGAAGACOC TC TOCCT GTC TC TGS GTARATG RETGEC G GCAASCTOCCGC TCCCCATCC
A L H Y ®BYTOQEHR S L S5L S L G K .
G2B4CHS |
GAALC TTTAT A ARTAAAG CAATAGCATCACAAN TTT CACAAAT ARA GCAT T TT TTTCACTGCATTC TAGTT GT GGT TTGTCCARMI TCATCARTGTATC 3240
TTOFCIYCY! TCOCECCATCOTAT CARCECCATATT TCT AT TTACAGTAGG GAC CYCTT CO TTC TE TAS GTACCEC TCTAT TCC TAGEC MANTAGT AGACE CACCT IGARCT 33G0
GLCTCONGCAECCATAT AGCTTL TOSACTIACAANCACAGG CACAG TACTGAC AMACE CAT AC A CC O CIC TG AR FACK TAGECCYGTCICOGANCTCATTACA 3490
CCCTCTMGICAGREC TG EAATT TCECCATCANGEECIG GGECTECTCCAGATAA CTTCTGE TARCE CACTTCAGCTAMICCCEC T 3600
ALTAGRATACTCAS TECGECRCOCATT TT GARMATTICAC TIACT TGATCAGC TTC GOGGA CTCCARCICH TETCCTCCCEACTCT TAAMTAGANARTGTCAR 3720
GTCAGTTANG: TARCTGACGCAGCTG GO CT CTITTAATTAGT TGC TAGECANCEC CLTCX TEGTTTTGCAR GCAARAGCCTC 3840
TCCACCCASGTC TAGRATG TTT CCACCCARTCAT TAC TATGA CARCAC TTTIT GCAGA 5CC CGCTTACYC ARANAAGE. 3960
ITTG CTTCCRAGAGCCARCTTR TCARALC, CEECTTCIATT TCT GT CACACTST CT GCC CC TRT CACAN GG TCCAG CACCTCCATACCCCC TTTAATAN GCAGT TTGGGAAC 4080
GEGYGEGES ICT TACTCCECCC AT CCCECCOCTANCT COGCC CAGTT CCECCCATTC TCCECCOCAT GRCTGACTANTT TTT TT TAT TTATG CAGNG GC CRAGG CCG CC TORGCCTCTEA 4200
GOTATICC\GAAGT. TTTIGCGAGGCCT CTTTT CCAMAANGENGC TCCCAGCARAAGECCAGG AACCE TAAAA NG GOCGCGTT GC TEGCE TTT TTCCATAGCC TCC 4320
GOCCCOCTGALE: CAT CACAA AR AT GACCOTC 3CG. CCOGACAGRACTATAMGATACCT |‘chccm'mmmTCGTGm'ﬂ:chTGﬂccGA 4440
CCCTGCCEC TIACCEERATACCT GTOCG CCTITCTCCCTT CHGE GCTTTCTCAATGCTCACECT GTASGTATCY CAGT T CEGTE TAGGT CG TTCEC TCCAAGCT GECCTGTS 4560
TACACGAACOCCOCGTT CAGLTL X C TCETC! SCAACCC 2ACGACTTATCGCCACTGCCAGCAGCCACT GRTAACAGGRTTAGCA 4530
GA ATG TGCTA TCTTGAA! X CGGCTACKL RAGTATTT GG TATCTGCGCTCTGCT GAAGC CAGTTACC TT COGAAARAGAG 4500
ncc'm:cl'me&mccmmmmesmﬂmnmr@mmuﬁmﬂm@sc@cmmmmmmmmumumn‘cmcac 4920
GGTCTGACGCTCAGTGGAACGAARACT CACGT TAAGGGATTT TG GTCAT GAGAT TAT CAAAAAG GAT CT TCACC TAGAT CCT TT TAAAT TAA RAATG AAGTT TTAAATC AAT CTARAGTA 5040
TATATGAGTARACT TGG TCTGACAGTTACCAATGCTTAATCAGY GAG GCACC TATCT CAGCGAT CTG TCTAT TT CGT TCATC CATAG TT GCC TG ACT CCCCG TC GTG TAGATAACTACGA 5160
TACGBQGGWPTAQH\TCMCC@GTGCTGCNG\TACCGCG\GACO:ACMCAWGCT&MMTTAMGCNMCMOCAGCCGGMGGGCCGNSCGCRGMGTGGA‘C 5280
CI‘GCAACTTTATCCGWTCC&TCCM:TCEATTMTTGTTGCCGGG!\AGCTAGRGTMGTMTCG‘X:AGTIWNHTTGCGCAACGTTG‘HGCCATTGCX‘ACAGGCMCG'IGGTGTCAC 5400
GCTCGICGT TIGGTATGGCTTCAT TCA GC TCC GG TTC CCAACGA TCAAG GCGAG TTACA TGATCCCCCATGT TG TGCAAAAA AG CGG TT AGC TCCTT CE GTCCT CCG AT COT TG TCAGAA 5520
mmmmmcc&mnmmmmmuﬁmmmmcmnﬂcrcmc:mmcocuwsnmmmﬂmmmccmmmmmcmmcumanc 5640
Mmmmxccscosaocsmnecrmmccuccmmmmuruﬂccceswc&ma\mmmmecmrcmeemmameascsmmrcr 5760

TCACACTGGCGGCCECTCGAGCATGCATCTA 3120

=) CTTRACCGCTGTT GAGAT CCAGT TCG AT GTAAC CCACT CGT GCACC CARCT GATCT TCAGCAT CTT RT ACT T CRAC O TTTCT ANAACAGGANGGCAAAATG 5880
CCGCANAANIGEGANTARG GGCGAC TGAATACTCATACT CTT CCTITTT CAATATTATT GANGCATT TATCAGGGTTAT TGT CT CAT GAGCGGATACAT ATT TGAATGTA GO0
TTTAGAAANNTARACAN TTCCGCGCACATT TCCCCGARMAGTGCCACCIG 6057

Samsung Bioepis Exhibit No. 1021

Page 056



WO 2005/007809

12/42

PCT/US2004/017005

Figure 6. Amino Acid and nucleotide sequence of the murine OKT3 heavy chain variable region
(Accession #A22261)

MERHWIFLLLLSVTAGVHSQVQLOQSGAELARPGASVKMSCKASYTFTRYTMHWVKQRPGQGLEWIGY INPSRGYTN
YNQKFKDKATLTTDKSSSTAYMOLSSLTSEDSAVYYCARYYDDHYCLDYWGQGTTLTVSSAKTTAPSVYPLAPVCGD
TTGSSVILGCLVKGYFPEPVTLTWNSGSLSSGVHTFPAVLQSDLYTLSSSVTVTSSTWPSQSITCNVAHPASSTKVD
KKIEPRGPTIKPCPPCKCPAPNLLGGPSVFIFPPKIKDVLMISLSPIVICVVVDVSEDDPDVQISWFVNNVEVHTAQ
TQTHREDYNSTLRVVSALPIQHQDWMSGKEFKCKVNNKDLPAPIERTISKPKGSVRAPQVYVLPPPEEEMTKKQVTL
TCMVIDFMPEDIYVEWTNNGKTELNYKNTEPVLDSDGSYFMYSKLRVEKKNWVERNSYSCSVVHEGLHNHHTTKSFS

RTPGK | S,C%ID .no 172)

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
261
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

//

gaatteccect
tctactectg
ggctgaactg
ctttactagg
tggatacatt
cacattgact
tgaggactet
ctggggccaa
teccactggee
caagggttat
tgtgcacace
tgtaacctceg
cagcaccaag
atgcaaatgc
gatcaaggat
gagcgaggat
agctcagaca
ccecatcecag
agacctccca
acaggtatat
ctgcatggte
aacagagcta
gtacagcaag
agtggtccac
taaatgaget
tgcttecectt
aaaggaattce

ctccacagac
ttgtcagtaa
gcaagacctg
tacacgatgc
aatcctagce
acagacaaat
gcagtctatt
ggcaccactc
cctgtgtgtg
tteectgage
ttceccagetg
agcacctggce
gtggacaaga
ccagcaccta
gtactcatga
gaccecagatg
caaacccata
caccaggact
gcegeccateg
gtettgecte
acagacttca
aactacaaga
ctgagagtgg
gagggtctge
cagcacccac
gtataaataa

actgaaaact
ctgcaggtgt
gggcctecagt
actgggtaaa
gtggttatac
cctecageac
actgtgcaag
tcacagtctce
gagatacaac
cagtgacctt
tectgeagte
ccagccagtc
aaattgagcce
acctecttggg
tctecctgag
tccagatcag
gagaggatta
ggatgagtgg
agagaaccat
caccagaaga
tgcctaaaga
acactgaacc
aaaagaagaa
acaatcacca
aaaactcteca
agcaceccagce

($eg 1 no. (§)

ctgactcaac
ccactcccag
gaagatgtcc
acagaggect
taattacaat
agcctacatg
atattatgat
ctcagccaaa
tggctecteg
gacctggaac
tgacctctac
catcacctge
cagagggccc
tggaccatcc
ccecatagte
ctggtttgtg
caacagtact
caaggagttce
ctcaaaacce
agagatgact
catttacgtg
agtecctggac
ctgggtggaa
cacgactaag
ggtccaaaga
aatgectggg
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atggaaaggc
gtccagetge
tgcaaggctt
ggacagggte
cagaagttea
caactgagca
gatcattact
acaacagcecc
gtgactctag
tctggatecece
accctcagea
aatgtggccec
acaatcaagc
gtcttecatet
acatgtgtag
aacaacgtgg
ctcecgggtag
aaatgcaagg
aaagggtcag
aagaaacagg
gagtggacca
tctgatggtt
agaaatagcet
agettcetcecee
gacacccaca
accatgtaaa

ctggatctt

agcagtctgg
ctggctacac
tggaatggat
aggacaaggc
gcctgacatce
gecttgacta
catcggtcta
gatgcctggt
tgtccagtgg
gctcagtgac
acccggeaag
cectgtectee
tcecctccaaa
tggtggatgt
aagtacacac
tcagtgecct
tcaacaacaa
taagagctcce
tcactcetgac
acaacgggaa
cttacttcat
actectgtte
ggactcegag
ctcatctcea
aaaazaaaaa
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Figure 7. Amino acid and nucleotide sequence of the murine Ox T3 light chain variable

region (Accession #A22259)

MDFQVQIFSFLLISASVIISRGOIVLTQSPAIMSASPGEKVTMICSASSSVSYMNWYQQOKSGTSPKRWIYD
TSKLASGVPAHFRGSGSGTSYSLTISGMEAEDAATYYCQQWSSNPFTFGSGTKLEINRADTAPTVSIFPPS
SEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWTDQDSKDSTY SMSSTLTLTKDEYERHNSY
TCEATHKTSTSPIVKSFNRNEC (5{6 ™. no 14)

ORIGIN

/]

61

121

181

241

301

361

421

481

541

601

661

721

781

gaattcccaa agacaaaatg
ctaatcagtg
cctcagtcat aatatccaga
atcatgtetg
catctccagg ggagaaggte
agttacatga
actggtacca gcagaagtca
acatccaaac
tggcttctgg agtccctget
tactctctca
caatcagegg catggagget
tggagtagta
acccattcac gtteggctcg
actgcaccaa
ctgtatccat cttecccacca
tcagtegtgt
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Figure 8. Bxpression System #1: Nucleic Acid and amino acid sequences of murine '
OKT3 VH gene construct.
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Figure 9. Expression System #1: Nucleic acid and amino acid sequences of murine
OKT3 VL gene construct.
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Figure 10. Complete nucleotide sequence of the BamHI-Bglll restriction fragment
containing the human G2/G4 constant region.
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Figure 11. Map of the heavy chain expression vector pSVgptHuG2/G4 used in
Expression System #1.
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. Figure 12. Map of the light chain expression vector pSVgptHuCK used in Expression
Sysiem #1,
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Figure 13. Nucleotide and amino acid sequences of the OKT3 VH human G2/G4
construct used in Expression System #2,
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Figure 13 (con’t.) B
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Figure 13 (con’t)C
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Figure 14. Nucleic acid and amino acid sequences of the APEX-3P G2/G4 expression
vector used in Expression System #2
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Figure 14 B (con’t.)
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Figure 14 C (con’t.)
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ncrxma\mmmcucmmmmaamwcmmmmmcccmcrccccaocmcmmmmmmmacmmmmmcmmccmmcccacc 466C
ecuwrccaccmmcswccrm-rccecccmrcc@cccmcrcmmcmmacrmmwmnmﬂm’mcmmccsmscceccncacccrcmmcrmcca 480¢

GAAG TTTIT ..,nmccmucmmcamccrmccammanmcnmcccmcrcmccmccmwmmmmcccoeeecca‘mcecncccrc 4920

8k

GCG!ONOJTI‘CGCOGACI‘RCC&GOSACGCGCCAC‘\CCGICGAOCCGGACCGCCACATMRGCGGGTCWGRGCFGCAAGMCI‘C'ITCCT CACGCGCGTCGGGCT CGACATCGGCARG 504C
GTGTGGEGTCGOIGEA CEA 03 GOG CCGOGATEGCEA TCT GAACCACGCCGGAGAGCGTCGARGCGGGAG OGGTGTTCGCCGAGATCAGCCCGOG CATAG CCGAG TT GAG COGTTCCOIGCTE 516C

B E"

Gcmwcmmmmmmcccmcmscccmcmmcccmeemcccsccmcrrccmcccmccroacosmm CCCGACCA CCAGGGCAAG GG TCT GGBCAGCGCCATC 528C

mecrccccemereaaeamucmmmcwcasmwcccmmmmmmosccccccecmcrwcmmamOGGCTcsccrmmcrmcoscoanccmem 540C
mcccanmcnccsmcmcaecmcmsacccmccceemccrmcacccacccc\camccscmcccocmccammcscmemccmecxm:&mme 552C
Mnmmcxm&mme@mmmmmmmmmeucmmmmﬂmmmmmmmmmwmmmmccm‘cmzwwrr 564C
mmmmmnmmﬂmmmmmmmmmmmmmmmcx@sﬂmmocmcmmqmmmeccmmmrmwmm& 576C

— g
BEE 5 8

@ammmwmme@rmcnce@mmmmmmcx;cmmm&cemeaameammmmmmmam&mecmmmwcrrccee@cmc $86C
Accuecnmcamm@wmummmmmmmmmmcsmmmcrmnmmcm CCAATCANTTCT'TGCGAAGAACTGTGAATGCGC 600C

Rid41

\

mmccme@mmmmcmmmmcccdxmccmcmmmoececoecmcmmeccmncaoacmmcmcowrmcmccmmmmme&mcm 612C
c»@ecmccccmmmmmcrmcnomcceecmcccaz\mccx:eosrremaeccmecmmcmecmemmmnccmcmmecs\c.n.ccw'mmanrcscrcacocc 624C
TC'L'E’Z\N&GCQCQA@Q’-\I‘N&QG}GCMBDAODGTI\AMMGCCGCG’HGCNG%MWCGMTAGGCTCGECGCCCC’IGN:!}M@.TQ\WGI\&CTCAX\GICMGGI\Z@%& 636C

NCCCENCACTACENTNNACT. EQ“E’ECGA’ITC&CCX'GGM-‘.GCL\."’CCMTGGECTCTQCTGTEC@JZ‘DCC’FGC‘CGCMCCGGAMCCTGT@&MCICOCTI’OEGGM‘\EC@G} 648¢
Gcemcgammcr\cm@mmmsmmmmmmmmmmecmmecmaacwmm@mmmcmmmeccmmecmcecmmcmmmcmw 660C
OSETIGRGTWMOOGGGTE\RGACZ»\,CGP.C'I‘TATOECCAC’KEC-CAGCAGCCACTGGTAACZ%GATTAGCMAGCGRGGTATG'D\WCGGTGCTAC.’\GAG'I'ICTTGAAGI’GGTGGCCTMC 672C
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Figure 14 D (con’t.)

mmmwmmmmmnmuamcrcmcrcmcmmacwsﬂmcmcwmmmmmmm&mcwmmmwmccmmummmnw €840
'rt'mmacmm@mmmmmmmmmmcrmmmwcmmmmmmcrcmmammmmcp.cm'mmauhmmcmm‘c 6960
mmmcuwmamrctmccmamccrﬂmmm;\mmmnm'rcmcrmcrmmmmmcrmmmamacwmmmmarmecn 7080
oc’mmcmcum'mwmmmwcmmmrrctxmacrcccccmG'mmmmcmcsmcomccccrmccmcmcoccmcrmccm&mcmcaamc 1200
ccncccrmmpecmmm-mmocmmmocnacmammocmcommmmccrecmﬂmcceccwcmccmcrmmmﬂccceamccr 1320
mmm@memmmmmnammnmmmmcmm@ocmmeemcnoecrccrcmmerm‘:@cmmmacmeomccmanmwe 7440

EE

oammu\m'rcoccmmrmmcmmwcac*rrmcmcm‘cacrccrcccurmmmmwnmmmmm@mmmmmmmmmmmmmw 7560
mmmmmummmmﬂmmmMmmmmmmcmmuammmmmcscea\ccmﬂmcrmcocmcmma\muanm‘ 1680
mnocccacu\mmcmuamnmccmmmaommmcrmmcmmmmmwcrmcwcmnmmcc\crmumcca\m'mcca 7800
ccmmmmmmcumﬂmnmcnemﬂmmmmmmmmmwmmm&mwmmmmmmcrc 71920
n'ccmumnmnmecmmmeammmmm&mmummmmmmmmmmmmmmmcacmm'm'ccccmcm: 3040
ccmcmmmmn&ccu'rmmmmmmmcmw\mesoa'rmmcemeccx:mmmmmmmwcmwmmccrmmmmcmmece 8160
mcrmmmummoocmcmmmmummmmmmoammcccucrmrcmarcx\crcmacmoacmmmmcrcacum 8280
wmmmmnmammmmmmmmccmmcﬂwccrccmmmmcmmmecmmccmcmmccnmmcmcumw 8400
-]

u\mccccc'rmmmacuecmmc.mmcm‘mcu:'rccmcrcmcrncrccmmmmcmmmmmm@cmmcmmmccmm&\mmn 8520
nocm'n\cmccmﬂummmoemccmmcmwmmmmmaamacmmmocmmmmmmGcnmmcmccmmmmou 8640
necmmcmccmmmeamcemeccmmcmcccmummmeamecmmcmccmmmaameomecmmmmmm‘mmmuw 84760
ummmcmmmmmmmmmmwmccrumﬂmmmrmmuectwm&mmmmwmcmmmmcm@mmmmmmc 8880
muoamcmammmwmmccruwmmmmmmmmmmmmm&mmmmmmmwnecrmommmmmmmmc 9000
CTATGCTACCCAGATATAGATT A3GATAGCATATGCTAT CCAGATAT T ATGCTACCCATGGCAR CAT TAGCCCACCI TG CTCTCAGCGACCT CGTGRATATIAGGAC CAR 9120
mmecmmcrm@mcrmecemmqmmmmmmmwmmammecaccccmcrmcocoacccaccmmmac\ecmmcccaeeer@ccmme 9240
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AR TOGIT CACTA CCCICGT GGAAT CCT GA CCC CATAT AR ATA M ACCETGACAG CTCATGCOGT GRS ASATATC GCT AT TCC TIAGIRCCCT TTTAC TARCC CTAAT TCERTRICATATG 1006C
CITCCOITTCAG TA RS TATEC TATTG AR TTACGGTTAS TCTGIATAGTATATA CTA CTACC COGEARG CATAT GCTAC COS TETASCA TTARCAMI GAGEC CI TATARACACTATTECT 1020
AT GO IO S T GO C T TATO @ C CTACACASECCCe TCr GATTE ACGTTEATAT AGCCT CCORT AG TCT TC CTO CICOCCTCEAASGTA CRTER COCCCAGCATTAGTETAL 10320
IO SN A A C I AT G TR S TI AT O (RO CFECAARTT CEECT CONE BT MM G CONCE CASTITTAC NN TETECACATECATTINEAROGRT 1044C
ST CARCTACAGT CAGRG AN COCCI TIG TG TTT 6G TOC CC CCC CO TETCACATET GEARC AGG CCCCAGT TEG CARGT TG TAC CARCC A CTEAREESAT TRCATECRCTECCCS 10554
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Fig. 15A — Nucleic acid sequence (SEQ. ID No. 38) of vector APEX-3PmOKT3VhG2G4

GTGACCAATACAP™ ACARAAGCGCCCC TCATACCAGCGARGAAGGEGCAGAGAT GCCGT AT CAGGT TTAGT TC GTC CGGOGGC GGG GG ATC TG TAT GG TGCAC TCT CAGTACARTCTGCTC TGATGCCG 13(
CATAGTTARGCCAGTAT CTGCT CCCTGCT TGT GT GTTGGAGE TCGCTGAGTAGT GOGCGAGC ARART TT NG CTACARC ARG GCARG GC TTGAC CGACARTTGCATGARGRATC TGCTTAGGGT TAGGCE 26(
TTTTGOGCTGCTTCGCGAT GTACG GGCCAGATATACGCG TIGACATTGATTATT GAC TAGTTAT TAA TAGTAAT CAA TTACG GG GTCAT TAG TT CATAGCCCATATATG GRG TTCOGCE TTACATAACTT 39(
[ACGGTARAT GGCCCGCCTGGCT GRCCGCCCARCGACCCCCGC CCATTGACGTCARTART GAC GTATG TTCCC AT AGT AACGC CAATAGG GAC TT TCCAT TGACG TCART GGG TGGRC TATTTACGGTARA 52(
CT'GCOCACT TGGCAGTACA TCARG TGTATCATATGCC AAGTA CGCCCCC TRT TGACG TCAAT GACGG TARAT GG CCCGCCTGGCATTAT GCCCAGTACATGACC TTA TG GGACT TTCCTACT TGGCAGTA 65(
CATCTACGTATTAG TCATCGCTAT TACCATGG TGATGCGGTT TTGGCAG TACAT CAA TG GGC T GGATAGCG GT TTGAC TCACGGGGAT TTC CAAGT CTCCACCCCATT GRCGTCAATGGGAGT TIGTTT 78(
TGGCACCAAAAT CARCGGGACT TTCCAAARTG TCGTARCARC TCCGCCCCAT TGACGCARAT GG GOGGT AGG CG TGTACGET GG GRS GTCTATATAAGCAGAGC TCG TT TAG TGAACCG TCAGRATTCTG 91(
TTGEGCTOGCEGTTGAT TACAARC TCT TCRCGGT CTT TCCAG TACTC TTGGA TCGERARCCC GTCGGECC TOC GAACGGTACT CCGCCACCGA GG GRC CTGAGCGAGTCCCCATCGACCGGATCGGRARAAC 104
CTCTCGACTGTTGGGGTGAGTACT CCC TC TCARARGC GGECATGACT TCTGC GC TRRGATTG TCAGT TTCCARAARC GAGGAGGATT TGATATT CACCT GGCCC GCGGT GRTGCCTTTGAGGGTGECCGC 117

GTCCATCTGGTCAGARAAG ACARTCTT TT TGT TG TCAAGCTT GAGGT GTGGCAGGCT TGAGATC TGS CCATACACTT GAGTGACART GACAT CCACT TTGCC TT TCTCT CCACAGGTGTCCACTCCCAGE 13¢
amH! $iWi

TCCAACTGCAGG TCGACCG GCT TGGTACCGAGCT CGGAT COGCGGOC GCETACGGCC GCCACCATGGAT TGG GT CTGGRCCT TGCTATT CCT CT TGT CAGTAAC TGCAGGTG TCCACTCACAGG TCCAGC 141
/ M DW VW T LLFILUL SV TAGVHSQQVQ
l_seg:l:b Nno39) | signal—— o~ "1

OKTsVh—
TGCAACAGT CTGGGGCTGAACT CGCAAGACCT GGGGCCTCAG TGARGATGTCCT GCAAGGCT TCTGGCTACACG TTTAC TRGGT ACACGATG CACTG GG TARARCAG AG GCC TGGACARGGTTTGGAATG  15¢
L Q0 S GAELARZPGAST VI EKMSCKASG?YT FEFTRYTMEBHBWYV KOQRU®PGQGLEW
OKT3Vh
GATTGGATACAT TAACCCT AGCCG TGGATATACTART TACAA TCAGARGTTCARGGACAAGG CCACACT GAC TACAGACARATC TTCCAGCACAGCC TACATGCARC TGAGC AGCCTGACATCTGAGGAC 164
I G Y I NPSRGYTNTYNOQE KT FEKDI KATLTTDI KSS S TAYMOQULS S5 L TS ETD

OKTAVh-
TCCGCAGTC TAT TACTG TG CARGA TAT TATGATGATCAT TAC TG TCTCGRACTAC TGG GG CCARGGCACCALT TTGACAG TCTCC TCAGG TGAGT CCT TACARCC TCTCT CTTCTATT CAGCT TAMATAGA 182
8 AV Y YC ARYYDDHUYCLDYWGQ GTTULT VS S

OKT3Vh !
TITTACT GCATT TG TTG GG GGG GAAMT GT GTG TATCT GAATT TCAGG TCATGRAGGACT AGG GACACCT TGG GAGTC AGARAGG GTCAT TGGEAGCC CGGGC TGATGCAGRC AGACATCCTCAGCTCCCA 19¢

amHl '

GACTTCATGGOCAGAGATT TATAG GATCC TCTAGATT GRGCT TTCTGGGGCAGG OCA GG CCT GACCT TG GCT GG GGG CAGGGAG GGG GC TAAGG TGACGCAGGTGGC GCCAG OCAGG TGCACACCCARTG  20€
CCCATGAGCCCAGACAL TG GACCC TGCAT GGACCATC GCGGA TAGAC ABGAROC GAG GG GOC TC TGCGC CCT GG GOC CAGCT CTGTC CCACACC GCGGTCACATGGCACCBC CPCTC TTGCAGCCICCAC 221

A ST
(g =P o .40) oo

CARGEECCCATCCETCT TC COCCTGEC GCCCT GC TOC RSGRG CACCTCCGREAGCRCAG CCE CCCTGEECTEOC TEE TCARGGACTACT TCC CCGRACCGGT GACGE TG TOG TGERRCTCREECEICCTG 23¢
K¢ P S VPEFPFPLAUPCS® RS ST SES ST AALGCDLVYVY KDY F®PEPV TV SH®¥NSGAL

ACCAGOGGCETGCACACCT TCCOGGCT GPCCTACAGT CC TCAGEACTCTACT CCCIC AGCAGCG TEG TG AOCETGOCCTCCAGCAAL TT CGG CACCC AGAOC TR CACCT GCARC GTAGATCACARGCCCA 247
T S 6 VHTFPAVLQSSGEL Y SLSSVVTVPSSHNFGTOQTYTCNVDUHKPE

—8Xo%

CCRARCACCRESG TG GRCARGRC RS TTIGGTCAGRECOCAGCICASCEREGEAEG3 TETCT GCT GEARGCCAGE CTCREOCCTCCT ECC TG CRCGCACC CCCRC TG TEUAG CCCCAECC CAGEECAGCARSG  26(
§ ¥ T KV DK KTV

840N |
&xon

d&e&focccamercmc:amcce@a@@mcxeccoscoccacmmmcammm'mcmecﬂmmmmwpmmcecmcweesmoccmmmccmmc 2722
BCEC AGCGCREGYGLT TG ECT CAGHCCTGCCARARG OCATA TCCCEGAGEACE CTGCC CCT GACCTAAGCC GACCCCARRAG GCCARAC TET CCRACT CCCTCAGCTCGEACACC TICTC TCC TCCCAGAT 28¢
GAGTAACTCC CAATC TT CTC TC TGO RGRGCCCAAATC TIG TG TCGAG TECOCACCET COCCAGST ARGCC AT COCRGECC TCGCCCT CCAGC TCARGEOGGGACAGG TECCC TAGRG TAGCC TGCATC  29¢

mnoq’() EREKCCVECEEPC P

SXoH

CAGGGRCAGGCCCCAECTEGETGC TGRCACETCCALC TCCATCTCTITCCTCAGC ACC AL CTG TGGCAGGALC GT CAS TC TICCTCTT CCCCC CAAMACCCARGGACACCCTCAT GRTCTCCCGGACCCC T 312

(‘wgmmc&é&) IRI’EVRGPSVFLE’PPKPKDTLMISRTP
3

On
on

CACEICACSICC CT CCTCE TEEACCTCRE CCACS ARG RS CCC EACETCCAST ICARC G GTACG TES AT CEC CP CEACC TCCATART CCCARCACAARGCOGCECRRACCAEC AGTICARCAGCACGTACC 32¢
E ¥V CV Y. VDV S QEDZPEVY QF XY Y VDEVE VHNAMLAKTI EKZPREZEQ QFDNSTY
GTGTCETCACCE TCCTCAC COTCC TECAC CAGGACTE GC TEARC CECARGEAGT ACARG TGC AACGT CT CCARC ARAGGCCTCCCETCOC TCC AT CCRGARRACCATC TCCRARGCCRARGETGEGRCCCA 33t
R‘J’V’SVLTVLHQDWLHGKEYK{CKVSNKGLPSSIE{(TISKI

CCECEETEOGREGEC CRCACCEACAGRAGECCRAGCT CEECCLAL CCTCPECCCT CEEAG TG ACC ECTGTECCRACC TCT GTCCCTACRGCE CAG CC COBRGACCCACAGGTGTACACCC TGCCCCCATCCCA 35)

(‘S .L\D'ﬁl)l‘z@fQPREPQVYTLPPSQ

GGAGGAGATGACCAAGAACCAGGTCAGCCTGACC TGCCT GET CRARGGC TIC TACCCCAGCGACRTCGUCGT GG AGT GGGAG AGCAA TG GGC AG CCGGAGRACAACT ACARGACCACGCCTCCCGTGCTG  36¢
E EMT KNOQVS LTCLV KGPFY?P SDIAVETWESU NGO Q®PENUWNYI KTT®PZPVL
GACTCOGACGGC TCCTTCT TCC TC TACAGCASGC TAACC GTGGACAR GAGCAGG TGG CAGGAGGGGART GTC TTCTCATGCTCCGTG AT GCA TG AGGCTCTGCACARCCACT ACACACAGRAGAGCCTCT 375
D s DG S F FLYSRIELTVDI X SRWOQEGUHNVEFSCSVMHEERSBRBTLUHENUEYEYTQEKSL
CCCPGTCTCIGGGTMA’XGAGI‘(XZC”GGG&GGCN\GCCCCCGCT(X:CCGGGCTCNG?;GGFCGCGCGAGG&'IGC’I‘PGGC@EGTMCWG‘K}ECATMT'I‘CCCAGGCAOCCAGCATGGAAATMBGCAC 39¢

8§ L § L 6 K .
axan
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Figure 15 B (con’t.)
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CC2GTCT AT TAA TTCTTGCCEAGAAGC TAGRG TARGT AGTTC GC( '2GTTT m.amme’rmcmmcrmecmccmmmmcn:mmnmmmmmmcmc 8060
wnm&mmmnmmmwmmmmmmm;»;;mamuuu,n TCGTTGIX GA2GTAAGT TEGOCGCAGT GTT AT CAC TCATGGT TAT GG CAGCAC 8190
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mwmﬂmmnmmmmummmmmGcmmmcmmmcmcrmmwocmmmmmmmmcmmm 8450
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@nmmmmm&cmmm@mmmmmmmm TAGCATATACTACCOTAATCTCT AT TAGGATAGCATRTGCIAC CCCRA TACAGRT TRGGATRGCAT 9490
masmcccgmmmmmmmmGcmcocam\mugumammmecwmmmmmmmmmmcmmmmmmmmmmmc'mcoca 9620
%mmmmmmu@cmmmmmmmmmm@cmmnmcemcrmmmccweamc\mecccmcemcrmmommmmus 9750
PEGACCAACARCCCTAIGCTIGECECT CAGETET m@mmnmm&m&wm@cmmm@mWacmmmmﬂcccmmmmmcm 3880

IR TS\ CCE A CTG TP TN S CRGTTACA T CACCE A GTT AT TACACOCT TATTT TAC S TC OO CACEE (3B T TCRERCCTC CCCOTECCOCCICTCCRCANT 10010
mcmmmmmmx@@ccammrummx@accoammammammcmmmmmem@cmm@mﬂmmmm@mo@m@@m@emmﬁmmmem@ 1014¢
TTACAMATAGY AR T OTT (A COT T CTT CO 00 CEG O TECEACACAT CRETAATARCC CCAST AT CAT AT HG A CTA GG TIA TS TET TICCUATACCCATAANT FOS TR TG GAIES TR 1027¢

mmm@smcrccccz\cocmmgmmmmﬂm@mmmmmmmmmmmcmmmmmxme@mmmmmmmgmmmc 1040C
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CLGCRGGATNTCECTOT TCC COTTTTACTANCCCT AATTCGA TAGCATAT GCTEC COGITCRGTALCATA TG CIATT GRATT: G TAGTCTEG AT AT ATATACTACT A COBEGARGCAT 1075C

L ECTCCCCITTAGEETIARCARCEECECCT TATAALCACT AT TEC TANTG CCCEC TT Gl CECTT Acc;mmcmmczmecwcm'xmnmcmmam*m&ccmcosmgmmcro 1092C
mcocccsea@smzsmmmcccmmmmmmﬁmcmmmmsmmmzwmmﬂmﬂsmmmm&nmwgmecmcmmmsccmmmna 1105C
GCARATGTGCACAT CCATT TAT AAGGATGTCAACTACAGT GAACCCCT TT GG TTTGEE TCCCCCCOCR TR CATGTGEAAC MIGECCCAGT TOCCARI TIGTROCARCCAR CIGARGEGAT TAC 1116C

ATGCACTGCCCC 11192
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Figure 17. Nucleotide acc)luence of the LITMUS 28 shuttle vecto., gndicating the nucleic
acid and amino acid sequences of the OKT3VKhCKk insert used in Expression System #2.

o)

GTTAACTACGTCAG G- GCACT TTTOGGGGAAAT GTGCGCGGAACCCCTATT TG TTTAT TTT TC TAAAT ACATT CAR ATATG TATCC GC TCA TG AGACAATARCCCT GATARATGCT TCAATAATAT TGA 130
ARAAGGARGAGTATGAG TATTCAACAT TTCCG TG TCGCCCTTAT TCCCT TTT T GCGGCATT TTGCC TT CCTGT TTT TGCTCACCCAGARAL GC TGG TGARAGT ARAAGATG CTGAAGATCAGT TGGGTG 260
CACGAGTGGGTTACATCGARACT GGATC TCARCAGCGG TRAGATCCTTGAGAG TT TTC GC CCCGARGARC GTTCT CCAAT GAT GAGCACT TTTARAGT TC TGC TATGT GGOGC GG TAT TATCCCG TGT TGA 390
CGCCGGGCAAGAGC ARCTC GET CGCOGCATACAC TAT TC TCAGAATGAC TTGGT TGAGTACT CACCAGT CACAGARAAGCAT CT TAC GG ATGGC ATGACAGT RAGRGAATTATG CAG TGCTGCCATARCT 520
ATGAGTGATARCACTGCGG CCARCTTACT TCTGACAA CGATC GGAGGACCGARG GAG CTARCCGCTT TT TTGCACARCATGGGGGAT CATGT AR CTC GCCTT GATOG TT GGG AACCGGAGCTGARTGRAG 650
CCATACCARACGACGAGCG TGACACCACGATGCC TGTAG CAA TGGCARC ARCGT TGC GC ARACTATT AR CTG GCGAACTACT TACTC TAGCT TCCOGGCARCAATTARTAGACT GGATGGAGGCGGRTAA 780
BAGTTGCAGGACCACTTC TGCGC TCGGCCC TTCCGGCT GECTGGT TTATT GCTGA TAAAT CTG GAGCC GG TGAGC GTG GG TCTCGCGG TATCATT GCAGC ACT GGGGCCAGAT GG TRAGCCCTCOCCGTAIC 910
GTAG TTATC TACAC GACGGGGAGTCAGGCARC TATGGAT GAACGAAATAGACAGATC GCTGRGA TAGGT GCC TCACT GATTARGCAT TG GTARC TGT CAGACCARGT TTACT CATATATACT TTAGATIG 104C
ATTTRACCCCGGTTGATART CAGAAANGCCCCARARRC AGGAR GATTG TATARGCAPA TATTTAARTT GTARACG TTAATATT TTGTTARRAT TCGCG TTARATT TITGT TAAATCAGCTCATTT TTTARC 117C
CARTAGGCCGAAATCGGCAARATCCCT TATARAT CAARAGAR TAGCCCGAGA TAGGG TTGAG TG TTG TT CCAGT TTGGARCARGRGT CCACT AT TAAAGARC GT GGACTOCAACGTCARAGGGCGRAMAA 130C
CCGTCTATCAGGGCGAT GG COCAC TACGTGRACCATC ACCCARATCARG TTTTT TGG GG TCG AGGTG OC GTARAGCACTARATCGGARC CCT ARAGG GAGCCCCOGATT TAGAGCTTGACGGGGARRGCG 143C
AACG TGGCGAGAARGGAAG GGARGARAGCGAARG GAG 0G GGC GC TAG GG 0GC TG GCARG TETAGCGE TC ACG CT GOGOG TRACCACCACACC CGCOGCGCTTAATGCGCCGC TACAGGGCGCGTARAAGG 156C
ATCTRAGGTGARGATCCTTT TTGATART CTCATGACCAARATC CC TTARCGTGAG TTT TCGTT CCACT GRGUG TCAGACC COG TAGARRAGAT CARRGGATCT TC TIGAGATCCT TTT TT TCTGCGCG TAA. 169C
TCTGCTGCT TGCARRCAANARRAC CACCGCTACCAGC GG TGG TTTGT TTGCCGGATC AAGAG CTACCARCTC TT TTT CCGAAGG TAACT GGC TT CAG CRGAGCGCRGATACCARATACTGTTCT ICTAS T 182C
GTAGOCG TAGTTAGGCCAC CAC TTCARGARCT CTGTAGC ACC GCCTACATRCCT CGC TC TGC TAATCCT GTTAC CAG TG GCT GC TGC CAGTG GCGAT ARGTCGT GIC TTAOC GGGTTGGACTCAAGACGA 195C
TAGTTACCGGATARGGCGC AGC GG TCGGECTGAACGE GGGGT TCGTGCACACAG CCC AGCTT GGAGC GAACGAC CTACACOGARCTG AGATACC TAC AGCGTGAGCTAT GAGAARGCGCCACGC TTCCCG 208C
ARGGGAGABAGGCGGACAG GTATCCGG TAAGC GG CAG GG TOG GARCAGGAGAGC GCACG AGG GAGCT TC CAGGG GGAARCGC CTGGTATCTT TATAG TCCTG TCGGE TT TCGCCACC TCTGACT TGAGCG 221C
TCGATTTTTGTGAT GCTOG TCAGG GGG GCGGAGCCTATG GRAARACGCCAGC AACGCGECCT TT TTACG GTTOC TGGCC TTT TGCTG GCCTT TTGCT CACATGT ART GP GAG TTAGCTCACTCATTAGGC 234C

ACCCCAGGCTTTACACT TTATGCT TCCGECTCGTATG TTGTG TGGAATTGTGAGCGGAT ARC AATTT CACAC AG GARAC AGC TATGACC ATGAT TAC GC CARGC TACGTART AC GAC TCACTAG TGGGCA 247C
SV

G\mmma\mmc&mm@mmwc\@mmﬂmmmmﬂcm@mmmmmm@mmmmm@mmmmmm@mmc 260C
M D F v I FPSFL LI SASVIISRG I VL s P
93D ne 47) e ve VK e e

AGCAATCATGICTGCATCT CCAGGGGAARRGG TCACC AT GAC ATGCAGT GCCAGCTC AAGTG TARGT TACAT GARCT GG TRCCAGCAGAAGT CAGGCACCTCCCOCARAAGA TG GAT TTATGRCACATCA 273C

AIHSASPGEKVTMTCSASSSVSYHNWYQQKSGTSFKRNIYDTS
VK

AARCTGGCTTCTGGAGTAC CGGCTCACTT CAG GG GCAGT GGG TC TGGGACCTCT TAC TC TCT CACAATC TCAGGGAT GG AAGCT GAAGA TGC CG CAACT TATTACTGCCAGC AG TGG TCARGTAACCCAT 286C
K LASGYVYUPAUHTFRGSGSGTSYSILTISGMHMEDSREDAaRAMTTYTYCOQQVWSS NP
LYi’4

sgl

TC&CGHCGGAT@GGTECMGTWMAA@GNGCTMMCEGNmmmOCOGCQ‘X'ICI‘GATGAGCW!GBMNNGM\CIGCCNTGFWGTGCCTGCNGBAWCET 299C
FTFGSGTKLEIKRTVAAPSVE‘IE‘PPSDEQLKSGTASVVCLLNNF
VK: 1 HuCK:
mmmmmmmmmmmmo&mmmmmwmwmmcamsmcmm@smmmcmcmcamcmmcmocmesmmc 312¢
YPRERKVQWE{VDNALQSGWSQESVTEQDSKD(STYSLSSTLTLS
HUCK:

RI amHl

PARGCRGACTACGAGAARC ACARAGTC TAOECCT GOGAAGTC ACCCATCASGECCTEASCIC GCCUS TCACA RAGAG CT TCARC RGGEE AGAGTGTT AGGAA TT CCTGCAGGAT ATCTGGATCCACGAAG 325
KT-\DYEKHKVYHCEVTHQGLS'SPV'\;‘KSFNRGEC

HuCK.
CTTCCCATGGTGACGTCACCOG TTCTAGA TACCT AGG TG AGC TCTGG TACCCTC TAG TC ARG GCCTT AAGTGAG TCE TATTACG GAC TGECC GTORT TT TAC RACGTCG TGACT GEGARARCCC TEGCET 338C
TACCCAACT TRATC GOCTT GCACCACATCCCC CT TTC G CRAG CTGECGTAAT AGCEAAG AGGCCCGC R CGA TCGCC CT TCCCARCAGT TGC GCAGCCTGRATGGCGARTGE CGCTTCGCTTGG TRATAA. 351C
RECCOGCTTCEECCEECTTTITTIT 3535
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Figure 18. Nucleotide sequence (SEQ. ID No. 48) of the APEX-3 OKT3Vk+Ck vector

GTGACCAATACARAACAAAAGCGY COCAGCGAAGR TTACTTC

TCAGTACA GCC@ 130

Py

TOCE TGT GOGC ACAAGGC] T C TTAGOCT 260

TTTTGCG CTGCT TCGOGAT GTA CGCGCCA GATATACGCG TIGACATT GATTA TT GACTAGTTAT TAATAGTAAT CAATTACGGGGTCAT TAGTT CATAGCCCATATA TGGAG TTOOG CG TTACATAACT T 390

ACGGTAAAT GGCOCGIX QOGO CAACIACCOCOGCCE ATA Y OCCAATA

TTCCATTGACGTCA TATTTACGGTAAA 520

CTGCCOCACT TOG CAGTA CATCAAG TGTAT CATAT GOCAAGTA CGCCCOCTAT TGACGTCAAT GA QUG TAAAT GG CCC GC CTGGCATTAT GOCCAGTACA TGA CCTTATG GAA CT TICCTACT TGGCAGTA 650

CATCTAL CA' ATC

TCAC 'TTCCAAGTCTOCACCOCATTGACGTCAATUGGAGT TIGTTT 780
TAGCACCAARAT CAACGGGACT TTCCAAAATG TCGTAACAAL TCCGCCCCAT TG ACGCAAAT GG GOGAT AGG OG TGT ACCGT GIGAGGT CTATATAAGCAGA GCTCG TT TAG TG AACCG TCAGAATTCTG 910

TTGGGCT O3 C0G TTGAT TACAAAC TCTTC (X T GGAAA 'TOCGAAOGGTACT OCACC

C AAC 1040

CTCTCRA T GTACTOOCTCTCAAAAGCOGGCATGACT'

TTCCAAAAACGAGGAGIATT TGATATT CACCTGGCCCGOGGTGATC CIT TGAGGGTGGCOGC 1170

AGACAATCTTTT TGT CACTTGAGTGACAATGA CAT CCACTTTGOCTT TCT CTOCACAGGT GTCCACTCOCAGG 1300

TCCAACTOCA {oelcs CCGAGCTCOGAT ACCIOG! berie

GEATT TICAAGTTCAGATTTTCAGC TTCCTGCTAATCAGTGCCTCAGTCAT 1430

A(&%_Ib.né.w)ﬁnvovoxr;ﬁvnuxs;‘sv,

ANTAT 'GTTCT 'CCAGTCTYC 'CATGACA TGCAG TGCCAGCTCA. TTACATOAAC TGGTACCAGCAGAAGTCA 1560
ltRGIQXVLI‘QBPA!KEAI!GIKVTHTCBASSSVSYHIIIYQQKS
Shaal.
bl

‘GACACCT 'GACACATCAAAACTG (X IGECTC

CTCTTACTCTCTCACAATC GCTGA XXd 1620
G TSE6 P KR WIYDT S KLANSGVPAHRPRGS G EG6TSEFY FLTI S GHEAEDRA
MOKTaVK

¥ T AAGTAACCCATTCAC AGTTGGAAATCAAACGA

TTCATCTTCONGC ATC 16820
ATY YCQQ®W 8§ WP FTFOGH§UETKLEI RRTVAAPE VPIFPPESDEBEAQLEKTE
CKT 1 HeC

TERARLTGCC T ATAACT XGCCCTCCAATCCGTAACTOC CAGGAGAGTA TCACAGAGCAQGACRGCAAGGAC 1950
8 T A S VVYVCLL ¥ 88 P Y P RETANEKV QW KV DH ALQESEGH &§QE &V TEOQDS KD
HuCk

AGCAC T CAGCAQCACCCTUACGCTGRGCA, AACACAAAGT CTACGCCTGCGANGT CA COCAT!

CBCOCGTCACAMAGAGCTICALCAGAGGAGAST 2080
8 TTY¥ § LS 8TLLTL S KADY S KYEKVYACEV THQGE6 L 38 PVTHSEFPFHNRGS
1k

SgmHI

CTTAGIANTTCY o ade ANACCCTEOCGTTARCCANCTTAATCOCCTTGE 2210
S 3

AGCACATCCCOCTTTOG CCALC TG COG TARTA GCGAAGA CAC CCGCA CCGAT CCAGACATGATAAGATAC TTTGGACAAACCACAAC ARMAMATGCTTTATTTGTGAA 2340
ATTIGIGATGCTATTOCTT TATTTGTAACCA CANTTGCATTCATTTTATGI TTCAAGT TITAMGCAAGTARAACC 2470

TCTACAMATGTIGTATG CCTEATT ATGAT CCCCAGGANI CTCCTCTI TATOUTCATANACCCTAACC RO CYC TACTT CAGLAGA CATTC CANTCATACZCIGCTTAT CCRCC CY CTATA TOCTCCTATTA 2600

ATTAGSTCA AARGOAA, vy 17 ARRTA CCTTCCACTRCTGTGTT CCLK MCAGCCCACRAA 2730
TATCANCAGCRE AAACATA CANGC TGT CAGCT TT GCACAARGEC OCARCAL TCATCANIARGCACTATIGTT GCTOTCT! AAC TTTTCOCCACCTGTGTACGT 2660
TCCAZAN TTICATT TTAGATCACOAACCCAGORCT TTATCCTTATOCAAAACAGC CTTGT OET CAGTE TTCAT CYCCT GACTGTC AACTATAGCATTTTTT 2950
GECATIACAGTT TAALC: TTGGT CCTGTAGT TTGCTAACACACCCT CCAGC TC CAAAGGTT COCCACCAAS AG CAARA AMA TG AAAAT TTBACCCT TG AAT GSGTT TT CCAGCACCATTTTCAT 3120

GAGTTITTT GG TCCCT GAATA CAAGT TTAACAT A CLATTACCOCAATANC CT CAG TT TEAACAGTAACAG CT TOCCACAT CAMMA TATTT CCACAGRTTARG TCCTCATT TAMT TAGGCAAAGGANT 3250

TCOTORACCTRCAN COCARGCT TGGCACT GRCCCCAAAAATC COCCC I TEA TY TTTRAGI3 TCCEA GG TET TTGRCAG CCA CAGACGC COBATETT 03 TGT CHCRCCAGTACATEC GATCCATRCCCAG 3380

CCCATOCARAAN CCATG G TCTGT CIGCT CAS TCCAG TCGTG GACCT GACCCCACGCAACUC CCARAAGAAT AACCCOCACU AA CCATA AACCATTCCCCAT GAGGAAL COCGTOCC TAACCCAQGGGAC 3510

CCOTGK TTGOCOC OCCGA CTTTGGCT OCGAGC TTCACCC {ceelrly AAGGAAG AAACGC TGRCCCCAATIGGATCTY A 3640
TCGA \GOCCTOGIAC CBANCOOCECAIT ACAM CJACCCAACA CCOGTGCATTTTATT CTGTC T TTTAT TGCOG TCATAGCG0GGGT TCCTT OCGETAT TGT CT CCT TCOGTGTT 3770
c. GCCTCC COBATCOCC

GTCGGTTT CCACTATCGGOGAGTACTTC TACACAG OCA TCGAT CCMAA CAGCCECACT TCTGCRAGORATTIG TG TACGCCOGACA 3300

GTOCORICT CO0 GATORGACGA TT QOGS TCCCATC GRCOCTCC GCCCARG CTE CATCATCGAANT TGCCATCARCCAA GCTCT GATAGAG TTGGT CAAGACCAAT GOIGAGCATATACGCCOIGAGCCCCA 4030

CCeATOCTGCAACCTOCERATG OCTCCGO T GOBTCTGCTECTCC AGCCARCCACGGOCTOL

GIEAATCCCCGARCATCGCCTCACTCCA 4160
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Figure 18 (con’t.)
GICARTGACCGC TGTOOGTCAGGACATTGT SCGAAATCOGOGT GCAS JCGGACTTOGGGRCAGT OCT OFGCCCAANGCA TCAGC TCATCGAGAGCCTGCGOBACG 4290
GACGCACTGAMGETGTCGT CCATCACAGTTTG OCAGT AL AGCAATCGCAC, TCACGCCATY COGATTCCTTAOGGTCOGAATGRGOCGAACCOGCTCG 4420

TCTGGC

XGGCCGCACGATOGCATCCATECC CT CORCRACCGACTUCAGAA CAGCG B3 CAG TT 0BG TTTCAGG CAGGT CTTGCAAC GTGACAC CCT GTGCACGGORGG AGATGCAR TAGGTCAG 4550
GCTCTORCTGANTT COCCAATG TCAAG CACTTCCGRAAT CAGGA GOG CG GCCGA TOCAAAGT GCCGA TAAACATAAC GATCT TTGTAGAAAC CA TOGQCGCAGCTAT TTACC CGCAGGACATATCCACGC 4690
CCTCCTACATOGAA GCTGAANG CACGAGATTC TTOGC OC TCCGAGAG CTGCATCAGG TCGGAGA COC TG TOGAA CTTTT CGATCAGAAA CTT CT OGA CAGACGT CGC GG TGAGT TCAGICTTTTTCATAT 4610
CAAGCTGAT CTTGCGRCACGCTGTTGACUCTG TTANG OGGGT C3 CTU CAGAA TCGCT OUGTG TT COA GG CCA CA CGCGT CACCT TAA TATGC GAAGT GG ACC TG GGACCGOG CCGCCCCGACTICATCTG 4940
CGTGTTCGAATTOG CCAAT GACAAGACGCTUGGCAGEGT TIU TATCATCATAGAACTAANGA CATGCAAATA TATTT CTTCC GG GGA CACCG CCAGCAA ACG OGAGCAA COGGCCACAIGRATIAAGCAG 5070

CCOGA0GACACCTCGCTAACGGATTCACCACT OCANGAA TTGGAGCC AN TCAATTCT TG COGAGAAC TG TGAAT GOG CAANC CAACC CT'TGG CAGAA CATAT CCATCAC GTCOG CCATCTOCAGCAGCCG 5200

CAOGOGG O3 CAT CT ORG GG COGACGOSC GTCTIGCTAECETTUGCRALG CGAQGC CTTOCCC

TTCPOGCTTCCOGCAECATORGGA TG COCACGTTGCAGGOCA 5330
TGCTGTCCAGICAGGTAGATGA OGACCATCAGGIACAGCTICARGEA TCACT C3CUGCT CTTACCAG OG CCAGC ANA AGGOCAG GAR CCGTA AN AAGGC COCGTTAC TGRS TT TTT OCATAGGCICOIC 5460
mmmmmmmmmmmmmummmmmmwmmwmcrmmwmcmﬂcmacu.‘mm'm 5590

CCGGATACCTIT CCGOCTTTCT CCCTTORUGAM 0GT 33 O3CTT TCT CA TAGCT CACGCTGT TCTCAGTTX G TTOGCTC CAAGCTORAC!

ACGAACCCOOCGTTCAGCC 5720

OFACOGCTECOCCT TAT CCGITAACTATCGICTTGAAG TCCAA CCOGG TAAGA CAOGA CT TAT OG CCA CPGGCAG CAGOCACT GG TAA CAGGA TT AGCAGAGCGAGGTATGTAGG COG TSCTACAGAGTTC 5850

TTGANGT GG TUGCCTARCTACGACTACAL CA ' TATCTGCGCT CTGCTGAAGC CAGTTACCTTOGGAAAAAGR GTTUG TA GCT CT TGATCOGG CAAACAAACCACCGCTGGTAGCG 5980
GrOGTITTT TIGTTTRCAAGCAGCATA TTACG OGCAGAAAANAAGGA TC TCAAGARGAT CCTTTGAT CTTTT CTACGGEGTC TG ACG CTCAG TG GAACGAAAACTCACG TTAAGGGATTTTGGT CATGAG 6110

ATTATCAAAANGGATCTTCACCTAGATCCTTT TAARTTAARAATGRA ATCAATCTAARGTATA

ACTTGGTCTGACAGI TACCARTGCTTAATCAGI'GAGGCACCTATCTCAGCG 6240

AT TTTOG TTCAT(X G TGACTCCOCGTC! GATAACTACGATACG GIAIGE GCTTACCATCTGGOCCCAGT GCTGC AL TGA TA COGOGAGA OCCACGC TCACCGGCTCCAGATT 6370

TATCAGCARTAAAC CAGOCAGCOBGANGGAOC GAGOR CAGARGTOST CC TGCAACTT TATCCGCCTC CATOCAG TCT AT TAATTGTT GCCRG GAAGC TAGAG TANGTAG TTCGCCAGTTAATAGTTTGCG 6500

CAACGTTGTTGCCA AGGCATC ACICICATC TTCATTCAGCTCOGGTTCOCAACGATCANGGCGAG TTACATGATC CCOCATUTTG TG CAAAARNG OBGTTAGC €630

TCCTTOGGT CCT OCGATY  ole e ‘GITATCACIX

AGCACTGCA TRATT CTICTT ACT GTCAT GCCAT CCGTAMATGCT TTTCTGTGACTOG TGAGTACT 6760

CARCCAA T 3G CGALCH TCTTGCOCGGOGT CAAMCA QG GGA TAATACCGOGOCACATACA GAACT TTAAAAG TGC TCATCAT TGGAA AACGTTCTTCGRGGCG 6890

AARACTCTCAAGGA TCI' TACCGCTGTT GRGAT CCAGT TCGATGT ARCCCACT CG TGCAC CCAAC TGA TCTICAGCAT CT TTTACTTT CACCA GOGTT TC TG GT GAG CAAAR ACAGSAAGECARARTGCC 7020

GORRRRRRIOGA

CACACIGAA ATACTCTIOCTTTTT CAATA TTATT GARGCAT TTATCAGRGTTAT TG TCT CA TGAGCAGA TR CATAT TTEAA TETATTTAGAARAATA 7150
BACARRT QG TTOOGOGCRCATTICOCOGAAAAGT GCCACCTGACAT CTARGARACCATT AT TAT CATGA CATTARC CRATARAN ATRAG CG TAT CRCGAGECOCTT TOR TC TICAAGAATT CICATG 7280

TTTGACAGCTIATCGTAGA CATCATACGT GCT GT TG TA TAT TT CIGGC CAT CT GIC TT GTCAC CAT TT TUG TCCTC CCAMC AT GG GCAAT TG GECATACC CATUT TG TCACG TCACT CAGCT COROGC 7410

TCARCACCTICY O3 CRT TR GRARACRT TR COBACATT TA CCT G TARGL ATCOARCAGCTTTASCCTEECCTCCTTARA TY CAC CTARGAR TOR GAGCARCCRECA GG ICAG 7540

CRAARATTCADG CCCCCTTAIGAGETEGCGRCATATG CAARGGATAGCA CTC OCACT CTACT AC TIG ST ATCATATG CTGAC TG TATATGCA TACCCGGATAL 7670

wmamm@immﬂmmumcrm@um‘mﬂmm‘mﬂmmmmmmnmmmﬂmmmmmﬂmmmr:ra 7000

o CTATGCTACCC ATNTGCTAOCCA GATAX qrarce TIGGE TAGTATATGCTACCCAGATATAMTT 7930

ATATACTACCCTARTCTCTAT ATATCCTACCCGRATACAGAT AEATACTACK TAGGATAGCATATGCTACOCAGATATAGATTAGGATAGCCT 80GO
ATGOTACCC. ATATACTACCX RTATGCIRCCX XCTATGCTACOCAGATA TAGCATATCCTATCCR 8130
[ CTACCC CATTACC CCACCGIGCT CICA30GACCTX

GG CCARCRAC CCTEIGCTTIGCECT CAGECCC ARG TG TATGTAATTTGTCCT CCAGAT 9320

CATNECAAT CECEC CCCTATCT TCECC O COCACCTACT TATGCACG TATTC CCCE3 GG TEC CATTA GTOGT TT TG TG CCAAG TUG TTTGA CCGCAGT GET TR CCG AU GTT ACAAT CACOCAAGTTATT 8450

ZCRCCCTTATTIT TACAGTC CRAAACCE CACGG OO OOR TG TEGRGQCTGACCCGT AT CO AT T T TAC AL TTT TN AAA AR AMG AG TG OCACTTI TUT "TSTTTA TRG2C SO ATTOG CATAGAG00CO3T 05680

TTAATTT TCOOGEG TCT TAGAG ACAAC CAGTGGAGTC CACTGCTGTC G OGT CALT DT ITT TS X0 T T AN A8A TR S TGTAA TAACA T3 777 ZA CCTGT CTT G T0C OT 20C TEEGACACATCTT 8710

IATANCCOCAGTAT CATAT TCCAC TAGGA TTA TG TET TG CCCAT AGCCA TRAAT TCG TR TEACA TOGACATS 22 57 TTTAS UG I77 17 107 L 00 A TS AT TR TATTE TTARAGR TAT TCAGAATG €840

TTTCATT CCTACAC TAGTATITAT TCC CCARAG GG CTT TO TGAGSGTTATATTAITOT TR IRS A TR T TR L LACT Rl l 0y 53T BAATITATIUT SGGAGCUTCACC TGARACCTIRTITTCG 8970

23CACCT CACRTACALC TT ACTGTTCACAACT CAGCAGT TAT TCTAT TACGCT AAALG PAGGR GAATS AA TA T AUG OB AMG AT TTA GG AN ST TCA ST 60C 26 CTC CTTGA TC TTCAGOCACTGOCCTT 2100
GLGACTAANAIGGT TCACT ACCCT OFT CGAAT CCTEA CCOCA TG TAAAT ARAAC COTGA CRG CT AT 0GAGTIRG RS ATATCSCTUTTT TUT ASGRS 2 TTT TACTAAC CCTAATICGATAGCATATGCT 9230
TCOCATT GGUTAMATA TG CTATTGAA TTACGCT TAG TC TGGATAGTATATA CTACTAC OOG GG ANG CATAT G TAL STGTTTA JOG TT AL AR 30GSG O TA TARAC ACT AT TGCTAATGOCCTCTTG 9360

ABGGTCCOCTTATCGGTAD CTACACAGCCCOCTC TGA TTGACGT TG TG TAG OC TCC UG TAG TC TTC CTRCG OC CCT GG GAGGTACA TG TCC OC CAG CA TTG GI GTAAGAGC TT CAGCCAABAGTIACAC 9490

ATAAAGGCAATGTTGTGTTGCAGTIOCA CAGAC TG CARAG TCTGC TCCAGGAT GARAG CCACT CA GTG TTGGCARATG TG CACAT OCATT TAT AA GGA TG TCAAC TACAG TCAGA GAACCOCT TTGTGTTT 9620

GETCCOCOC OO TG TCACATETGGARCAC BECOCH A CCARCCARCTG TACATGCRACTGCOCC 9702
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Figure 19. Evaluation of m—:z)inding of the OKT3huG2/G4 antibody LO the high affinity FcyRI
receptors on U937 cells.
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Figure 19. An IgG g4 antibody does not bind the human high affinity receptor for IgG
(FcyRI). Cells of the U937 line were incubated with the indicated concentrations of biotinylated
higG (Sigma) for 15 minutes at 4°C, washed, incubated with streptavidin-phycoerythrin (SA-PE)
for 15 minutes at 40C, washed, and then analyzed by flow cytometry using a Becton Dickenson
‘FACS Calibur flow cytometer, The resulting binding curve (A) indicated that a concentration of
approximately 2-4ng/mL biotinylated hIgG was appropriate for further competition studies.
U937 cell were incubated with 3.0ng/ml biotinylated hIgG together with the indicated
concentrations of competing antibodies for 30 minutes on ice, washed, incubated with SA-PE for
15 minutes, washed, and then analyzed by flow cytometry (B). Preparations of mOKTS3 (e),
hlgG; (&) and hlgG, (&) efficiently blocked binding of the biotinylated hlgGs to the target cells,
indicating that they bound the FcyRI receptor. However, higG; antibodie= (o), or a recombinant
antibody generated using the hIgGgy/gs constant region (OKT3hG2/G4; (0) did not compete for
binding to the FcyRI receptor on these cells. Binding of biotinylated hIgG in the absence of
competing antibody is indicated (+).
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Figure 20. Evaluation of the binding of the OKT3huG2/G4 antibody to the low affinity FeyRII
receptors on K562 cells.
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Figure 20, An IgG gyq antibody does not bind the human low affinity receptor for IgG
(FeyRI). In order to reveal binding to low affinity Fc receptors, antibody preparations were first
complexed by incubation with equimolar concentrations of fluorescein isothiocyanate (FITC)-
labeled rabbit Fab’2 anti-human Fab’2 antibodies overnight at 4°C. Cells of the K562 line,
which bear both allotypes of the human low affinity receptor for IgG (FeyRII), were incubated
with the indicated concentrations of antibody complexes for 30 minutes on ice, washed, and
analyzed for bound antibodies by flow cytometry using a Becton Dickenson FACS Calibur flow
cytometer.. Human IgG, antibody complexes () demonstrated efficient binding to the K562
cells, while hIgG; antibody complexes (&) demonstrated much lower levels 0. binding. Human
IgGs (A ) and a recombinant antibody bearing an IgGezics constant region (OKT3huG2/G4 (D))
formed antibody complexes that were unable to bind the low affinity FcyRII receptors on these
cells. Binding of the FITC- rabbit Fab’2 anti-human Fab’2 antibodies alone is indicated (A).
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4 J. .
Figure 21. Evaluation of we ability of the OKT3huG2/G4 antibody 0 induce cytokine

production in human PBL.
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Figure 21. An IgG s antibody directed against human CD3 demonstrates a reduced
ability te induce cytokine production in peripheral blood leukocytes (PBL). Freshly isolated
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human peripheral blood frv..s a panel of donors was enriched for the .cukocyte fraction by Ficoll-
Hypaque density sedimentation. The resulting PBL were incubated with the indicated
concentrations of anti-CD3 antibodies bearing either a murine IgG2a constant region (OKT3) or
a human IgG /04 constant region (OKT3 hG2/G4). Supernatants were collected at 24 and 36
hours and evaluated for the accumulation of TNF-o (A) and IL-2 (B) by sandwich ELISA. The
graphs shown represent the timepoint at which peak levels of a given cytokine were observed
(e.g. 24 hours for IL-2 and 36 hours for TNF-c). The OKT3 antibody, which crosslinks T cell
receptors on T cells through the binding of human FcyRI and FeyRII receptors.on accessory
cells, induced potent levels of both cytokines. However, the recombinant antibody OKT3
hG2/G4, which has the OKT3 variable regions and so is directed at the identical CD3 epsilon
epitope as OKT3, but which has lost its ability to bind Fc receptors, was unable to stimulate the
production of significant levels of these cytokines. :
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Figure 22. Bvaluation of tue g,bility of the OKT3huG2/G4 antibody w fnduce the cell surface
expression of CD25 and CD69 on human PBL.

1

Q ]
IZ :
-~ §
[7)] d
0 ]
Q R
Y

;0; 4J
(=] JE
3] ¥k
2 3 N
P r’l 1
D ).1 B
P | L 1 1P i
é g & -~ <~ 3 g & - =
s mAb (ng/ml)
B.
40 :l | A T l T ‘ T [ T ] T | T l LIng I | T ‘ L LB | l:
o ]
a:.: u
= ]
& J
@ -
- :
(23 . 3
© E
@ - B 3
O - £ 3
® LE g8
; Kl E—_ \
M d
}: 1 ] 3
% X
£

1Al (ne/ml)

Figure 22, An IgG cugy antibody direcied againgt human CD3 demonstraics o reduced
ability to activate target T cells from humzn PBL, CD25 is the receptor for interlenkin-2 ( IL-
2) and its expression is upregulated on the surface of T cells activated through the T cell
receptor complex. Similarly, CD69 is also an early T cell activation marker whose levels of
expression increase vpon T cell receptor engagement. Thus both markers serve as sensitive
measures of T cell activation. Freshly isolated human peripheral blood from a panel of donors
was enriched for the leukocyte fraction by Ficoll-Hypaque density sedimentation. The resulting
PBL were incubated in the absence or presence of the indicated concentrations of anti-CD3
antibodies bearing either a murine IgG2a constant region (OKT3; solid bars) or a human IgG
G2/c4 constant region (OKT3hG2/G4; hatched bars). Cells were harvested at 24 hours, washed,
and incubated with FITC-conjugated monoclonal antibodies specific for human CD25 and
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human CD69 on ice for 30 ininutes. The cells were washed and anaiyZed for antibody binding
by flow cytometry using a Becton Dickenson FACS Calibur flow cytometer. Data are shown for
one representative donor, with the percentage of cells expressing CD25 (A) or CD69 (B)
indicated.
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