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BI-SPECIFIC ANTIGEN-BINDING COMPOSITIONS AND RELATED
METHODS

This application claims priority of U.S. Serial No.
60/374,930, filed April 23, 2002, the contents of which

are incorporated herein by reference.

Throughout this application, various references are
cited. Disclosure of these references in their entirety
is hereby incorporated by reference into this application
to more fully describe the state of the art to which this

invention pertains.

Background of the Invention

Defective immunity is responsible for tumor development
in cancer patients. In order to use a patient’s own
immune system to fight cancer, a number of cell-based
adoptive immunotherapy approaches have been tried (9, 11,
12, 20). These approaches include lymphokine-activated
natural killer cells, tumor-infiltrating Ilymphocytes,
auto-lymphocytes, activation of lymph node-draining T
cells, antigen-specific cytotoxic T lymphocytes, anti-
CD3-activated T cells, anti-CD3/anti-CD28 co-activated T
cells, and dendritic cells. Although these approaches
have been informative, clinical responses have usually
shown no effect because of the lack of specificity toward

any particular tumor.

New strategies have therefore been developed to combine
the specificity of antibodies with the cytotoxic
capability of T «cells. The bi-specific monoclonal
antibody (BsAb) approach is one of the new adoptive

immunotherapy strategies.
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A BsAb, in one embodiment, consists of two monoclonal
antibodies (mAbs) . cross-linked through chemical
heteroconjugation. The BsAb will therefore carry dual
specific “arms”; one arm recognizing and specifically
binding to a tumor-associated antigen (TAA) and the other
one recognizing the CD3 receptor on T cells. When a BsAb
bridges a T cell and a tumor cell, the armed T cell can
bypass the major histocompatibility complex (MHC)
restrictions and become a TAA-specific cytotoxic T
lymphocyte (CTL) against tumor cells bearing the TAA. In
vitro, these BsAbs have shown specific cytotoxicity
against tumors (25). In the treatment of cancer, BsAbs
have improved human survival rates and eradicated tumors

in animals (24).

Her2/neu is a member of the epidermal growth factor
receptor family of tyrosine kinases that is over-
expressed in several cancers, including breast cancer
(21) . A chemically heteroconjugated anti-CD3 x anti-
HER2/neu BsAb was used to treat high-risk breast cancer

(13, 21) and hormone refractory prostate cancer.

However, chemically heteroconjugated BsAbs have important
clinical limitations (1, 22, 24, 26). First, the murine-
derived mAbs induce HAMA (human anti-mouse antibody)
responses in nearly all patients (5). Second, chemical
heteroconjugation procedures are still inefficient and
inconsistent. Third, the heterogeneous conjugation
product contains a mixture of monomer, dimer and
multimef. Finally, the large molecular weight (>300 kDa)

of BsAbs may prevent rapid tumor penetration.

Advances in antibody engineering have made it possible to

overcome these restrictions by constructing recombinant
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bi-specific antibodies (re-BsAbs) that contain only the
single chain fragments of variable regions (scFv) of
mAbs, but still produce the same effector responses
against tumor cells as whole mAbs do (2, 22, 24-26). The
re-BsAbs offer several advantages over intact BsAbs.
First, the smaller molecule size (30-50 kDa) allows
higher penetration into solid tumor tissues. Second, the
HAMA reactions are largely reduced due to the lack of an
immunogenic Fc domain of mAb. Third, the process of
producing highly purified protein is greatly simplified.
Finally, the entire protein production procedure can be

done on a commercial scale.

Despite the recent advances in bi-specific antibody
technology, structural and functional limitations still

remain.
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Summary of the Invention

This invention provides a first composition of matter
comprising a first antigen-binding moiety and a second
antigen-binding moiety operably affixed to one another

via a flexible linker moiety.

This invention also provides a polypeptide comprising the
amino acid sequence set forth in Figures 20-1 to 20-15
(SEQ ID NO:2).

This invention also provides a polypeptide comprising the

amino acid sequence set forth in Figure 25 (SEQ ID NO:4).

This invention further provides a nucleic acid encoding a
polypeptide comprising a first antigen-binding moiety and
a second antigen-binding moiety operably affixed to one
another via a flexible linker moiety having a length of-

at least 16 amino residues.

This dinvention further provides a host-vector system
comprising a host cell transfected with the instant

expression vector.

This invention further provides a method for producing a
polypeptide comprising a first antigen-binding moiety and
a second antigen-binding moiety operably affixed to one
another via a linker moiety having a length of at least
16 amino residues, which method comprises (a) culturing
the instant host-vector system under conditions
permitting the expression of the polypeptide, and (b)

recovering the polypeptide so expressed.

This invention further provides a second composition of

matter comprising (a) the above-described composition and
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(b) a cell having on its surface the antigen to which the

first antigen-binding moiety specifically binds.

This invention further provides a method for increasing
the activity of a CD3+ cell comprising contacting the

cell with the instant composition.

This invention further provides a method for treating a
subject afflicted with a disorder mediated by the
presence of an abnormal cell, comprising administering to
the subject (a) an agent known to ameliorate the disorder
via contact with the abnormal cell, and (b) the instant
composition, wherein the first antigen-binding moiety
specifically binds to an antigen present on the agent,
and the second antigen-binding moiety specifically binds

to an antigen present on the abnormal cell.

This invention further provides a method for treating a
subject afflicted with a tumor comprising administering
to the subject (a) Interleukin-2 (IL-2), (b) T cells, and
(c) the antibody designated E3Bi.

This invention further provides a kit for use in treating
a subject afflicted with a disorder mediated by the
presence of an abnormal ceii, comprising (a) the instant
composition, wherein the first antigen-binding moiety
specifically binds to an antigen present on an agent
known to ameliorate the disorder and the second antigen-
binding moiéty specifically binds to an antigen present

on the abnormal cell, and (b) instructions for use.

This invention further provides a kit for use in treating
a subject afflicted with -a disorder mediated by the

presence of an abnormal cell, comprising (a) the first
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* instant composition, and (b) the agent known to

ameliorate the disorder.

Finally, this invention provides a kit for use in
5 treating a subject afflicted with a tumor comprising (a)
Interleukin-2 (IL-2), (b) T cells, (c) the antibody

designated E3Bi, and (d) instructions for use.
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Brief Description of the Figures

Figure 1

This Figure shows the over-expression of EpCAM on tumor
cell surfaces but not on normal epithelium. The EpCAM is
over-expressed in MCF-7 breast cancer cells (middle) and
colorectal cancer cells (left), but not in HBS-100 normal
breast epithelial cells (right). Cells were stained with
the GA733.2 mAb.

Figure 2

This Figure illustrates the relationship of a T cell
carrying a ch-TCR with and without the hinge spacer (H).
When the scFv binds to a specific antigen on the tumor
cell surface, the connected T cell signaling chain “Y”
initiates the T cell activation that will produce non- .

MHC-restricted tumor-killing activity.

Figure 3

Day 14 ATCs were used for these experiments. T cell
populations from both healthy donors and patients were
either not transduced (T) or transduced with the empty
retrovirus only (SAM), with the retrovirus carrying the
GA733.2-derived ch-TCR (GA), or with GA plus a hinge
(GAH) . The effector-to-target ratios are 5:1 for panels A
and B, or 2.5:1 for panel 3C. ELISAs of IFN-y and TNF-«
were performed after 24 hr incubation. Supernatants (50
nl) were collected for ELISAs in triplicate. The target

cell lysis was determined after incubation for 4 hr at

37°C by the ®*Cr-release assay. Only data from healthy
donors are shown in panel C because there is no different
cytotoxicity observed using either patients’ or normal
donors’ ATCs. Panels A and B show that cytokine

production was increased by the hinge addition (GAH with
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was also increased by about two-fold in the GAH group.

Figure 4
The ch-TCR with a hinge (GAHy-EN) shows greatly increased

T cell aggregations with the tumor cells in comparison to
the ch-TCR without the hinge (GAy-EN). These photographs

were taken after co-cultivation of tumor cells and T

cells for 4 hr at 37°C at an effector-to-target ratio of
2:1. The arrows point at tumor cells, LS174T. “T cell”,
non-transduced T cells plus tumor cells; “SAM-EN”, T
cells transduced with expression vector only without the
gene of interest; “GAy-EN”, with the hinge; “EN”, an

internal ribosome entry site in the vector.

Figure 5
The cytotoxicity of ch-TCR-transduced T cells only occurs

when they are exposed to EpCAM-positive tumor cells

(LS174T) at an E:T ratio of 5:1 for 24 hr at 37°C. The SD
is indicated in both panels. These data also demonstrate
that there is no significant difference between using the
y—- or {-chain as the ch-TCR signaling domain to induce

the cytolytic function of these transduced T cells.

Figure 6
These photographs show that the BsAb-mediated aggregation

of T cells and tumor cells is specific to the mAb used.
Day 14 cultured ATCs armed with 50 ng of OKT3/9184 BsAb
bind (aggregate) to MCF-7 (upper left). There is no
aggregation in three ﬁegative controls: ATCs armed with
50 ng of irrelevant BsAb (upper right), unarmed (lower
left), or armed with a mixture of 250 ng of non-
conjugated OKT3 and 250 ng of non-conjugated 9184 (lower
right). The effector-to-target ratio is 25:1. These

photos were taken after 24 hr co-incubation of MCF-7
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cells with the BsAb armed TC. The mAb 9184 is an anti-
Her2/neu mAb.

Figure 7
This Figure demonstrates that as few as 5 ng BsAb per

1x10° T cells can trigger the cytotoxicity mediated by
armed T cells. This cytotoxicity assay was performed
using MCF-7 cells. The data presented in this Figure are
summarized from three experiments in three different
donors. .This Figure shows composite titration curves for
unarmed TCs and ATCs armed with 0.5, 5.0 and 50.0 ng of
OKT3/9184 BsAb at effector-to-target ratios of between 5

and 25 to 1; unarmed (V¥) or armed with 0.5 (e), 5.0 (m),
and 50 (#) ng BsAb/1x10° ATCs/ml.

Figure 8
This Figure shows that 40% of mice treated with BsAb-

armed ATCs survived. The BsAb, OKT3XT84.66, was used for
this experiment. SCID mice received 3Gy of total body
irradiation to eliminate NK cells to ensure engraftment
of tumor cells. The mice received subcutaneous co-
injections of armed or unarmed ATCs (20x10° ATCs) along
with CEA-positive LS174T tumor cells (1x10° cells) (Winn
assay). The control group only received tumor cells and
no ATCs. All non-ATC mice died of tumor progression by
day 15 with tumor size >22mm. On day 100, 40% of mice
that received armed BsAb were still alive, while only 10%

were alive in the group that only received un-armed ATCs.

Figure 9
This Figure shows the construction of E3Bi into pGlEN

vector. VH-VLe, the scFv of GA733.2; VH-VL3, the ScFv of
OKT3; 8D, splicing donor; SA, splicing acceptor; His,
6xHis~tag; IRES, an internal ribosome entry site; neo®, a

neomycine phosphotransferase gene.
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Figure 10
This is an illustration of the re-BsAb, E3Bi. VL,

variable light chain of mAb; VH, variable heavy chain of
mAb; H, hinge.

Figure 11
This is an illustration of the recombinant bi-specific

antibody, E3Bi, which binds the T cell receptor on a T
cell and the tumor associated-antigen EpCAM on a tumor
cell. Once this complex is formed, the T cell will be
activated by the receptor-E3Bi binding, and will become

cytotoxic and kill a tumor cell.

Figure 12
T cell aggregation is dependent on the E3Bi doses. E:T =

10:1, Day 15 ATCs, target = LS174T.

Figure 13
This Figure shows a cytotoxicity assay (°!Cr release
assay) of E3Bi-armed T cells. Target = LS174T, 16 hr

assay.

Figure 14
This Figure shows IFN~-y production induced by different
doses of E3Bi.

Figure 15
This Figure shows the cloning of a hinge to the 3’-end of
EpCAM scFv.

Figure 16
This Figure shows the construction of OKT3 scFv.
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Figure 17
This Figure shows the assembly of E3 to pGlEN.

Figure 18
This Figure :shows the replacement of a hinge with GS-

linker GGGGSGGGGSGGGGS.

Figure 19
This Figure shows a circular map of pGlEN-EH3.His.

Figures 20-1 to 20-15

The complete DNA sequences of E3Bi and its vector have
been confirmed by DNA sequencing analysis. This DNA
plasmid is called pGLlLEN-EH3.His. The completed DNA
sequence of 8,078 base pairs (SEQ ID NO:1) and the
corresponding amino acid sequence (SEQ ID NO:2) are also
shown. The scFv of GA733.2 starts at site 1,388, the
hinge starts at site 2,169, and the scFv of OKT3 starts
at site 2,358. The 6XHis tag starts at site 3,093.

Figure 21
This Figure shows the in vivo anti-tumor response of E3Bi

in a tumor xenograft model by tumor growth delay. SCID-
Beige mice Dbearing LS174T xenografts were treated
intratumoral (IT) injections IL-2 (n=6), or IL-2/ATC
(n=8), or IL-2/ATC/E3Bi (n=6) beginning when tumor
volumes of mice reached approximately 0.5 cc. Tumor
growth delay is reported as the mean number of days (SD)
for tumor volumes of mice from each treatment group to

reach 2 cc.

p = 0.0034 is the probability by Kruskal-Wallis non-
parametric analysis that tumor growth delay is the same

for all treatment groups. p < 0.01 is the probability by
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Dunn’s multiple comparison analysis that treatment with
IL-2/ATC/E3Bi produces the same tumor growth delay in
mice as treatment with IL-2 alone; p > 0.05 for IL-2/ATC

alone.

Figure 22

This Figure shows the survival of LS174T cells from
LS174T tumor xenografts excised from SCID-Beige mice 24 h
after mice receilved treatment with: IL-2 (300
IU0/injection i.t.) alone; IL-2 and ATC (7x10’
cells/injection i.t.); or IL-2/ATC and low (1 mg/kg i.v.)
or high dose (10 mg/kg i.v.) E3Bi. After excision, tumor
cells were processed into single-cell suspensions and
seeded into cultures in four concentrations with five
replicates each. Cells were counted after 7 days.
Results are represented as the mean (*SE) surviving
fraction of cells from each treatment group compared to
the IL-2 treatment group. p < 0.001, IL-2 or IL-2/ATC
vs. IL-2/ATC/E3Bi (10 mg/kg); p < 0.001, IL-2/ATC vs. IL-
2/ATC/E3Bi (1 mg/kg); p < 0.05, IL-2/ATC/E3Bi (1 mg/kg)
vs. IL~-2/ATC/E3Bi (10 mg/kg) .

Figure 23

This Figure shows that E3Bi significantly triggers the
cytotoxicity of PBMC (p = 0.0088). l, 2, and 3 day
cytotoxicity assays (CML) were conducted on PBMC as the
effectors and LS174T colon tumor cells as target cells.
The E/T ratio is 5. 100 pmole E3Bi/10° effectors were
used. The error bars show the standard deviations from
the triplicate. This Figure also shows that there was
someé non-MHC restricted and non-specific cytolytic
activity of T cells in E3Bi- group; however,v this

cytolytic activity is insignificant, p > 0.05.
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Figure 24

The cDNA sequence of E3Bi (SEQ ID NO:3).

Figure 25
The protein sequence of E3Bi (SEQ ID NO:4).

Figures 26-1 to 26-5

Alternative protein sequence version of pGlEN-EH3.His
(SEQ ID NO:5). The completed DNA sequence of 8,078 base
pairs (SEQ ID NO:1) is also shown.
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Detailed Description of the Invention

Definitions

As used in this application, except as otherwise
expressly provided herein, each of the following terms

shall have the meaning set forth below.

“Activated T Cell,” also referred to herein as “ATC,”
shall have the meaning normally ascribed to it in the
art. Characteristics of ATC include, without limitation,
resumption of cell cycle, elevated IL-2 secretion,
upregulated IL-2 receptor expression, limited

proliferation, and differentiation into effector cells.

“Administering” shall mean delivering in a manner which
is effected or performed using any of the various methods
and delivery systems known to those skilled in the art.
Administering can be performed, for example,
intravenously, pericardially, orally, via implant, trans-
mucosally, transdermally, intramuscularly, sub-
cutaneously, intraperitoneally, intrathecally, intra-
lymphatically, intralesionally, or epidurally.
Administering can be performed, for example, once, a
plurality of times, and/or over one or more extended

periods.

The term “antibody” includes, by way of example, both
naturally occurring antibodies (e.g., IgG, IgM, IgE and
IgA) and non-naturally occurring antibodies. The term
“antibody” also includes polyclonal and monoclonal
antibodies, and fragments thereof (e.g., antigen—binding~
portions). Furthermore, the term “antibody” includes
chimeric antibodies, wholly synthetic antibodies, human

antibodies, humanized antibodies, and fragments thereof.
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“BsAb”, also referred to herein as “*bi-specific
antibody”, shall include, without limitation, a
composition of matter comprising two operably affixed
moieties, wherein each moiety is capable of binding to an
antigen and comprises an antibody. BsAbs include, for
example, (i) compositions comprising whole antibodies
tethered together, (ii) single antibodies having two
antigen~binding domains, each specific for a different
antigen, (iii) single chain polypeptides, each comprising
two antigen-binding domains linked via a region of at
least 16 amino acid residues, and (iv) compositions
comprising antigen-binding portions of antibodies

operably affixed via chemical linkers.

“E3Bi” in this application is equivalent to “E3-Bi” found

in the priority application.

“"Flexible linker moiety” shall mean any chemical or
biochemical moiety which (i) joins two antigen—bihding
moieties, (ii) comprises at least one chemical bond about
which rotation is permitted, and (iii) permits the
unhindered binding of each antigen-binding moiety joined
thereto to its respective antigen. In the preferred
embodiment, the flexible linker moiety permits binding of
the two antigen-binding moieties to their respective
antigens located on different cells (e.g., permitting the
first antigen-binding moiety to bind to its antigen on a
tumor cell, and the second antigen-binding moiety to bind

to its antigen on a T cell).

“Host cells” include, but are not limited to, bacterial
cells, yeast cells, fungal cells, insect cells, and
mammalian cells. Mammalian cells can be transfected by

methods well-known in the art such as calcium phosphate
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precipitation, electroporation and microinjection:

"Mammalian cell” shall mean any mammalian cell.
Mammalian cells include, without limitation, cells which
are normal, abnormal and transformed, and are exemplified
by neurons, epithelial cells, muscle cells, blood cells,
immune cells, stem cells, osteocytes, endothelial cells
and blast cells.

“Non-activated T cell” shall have the meaning normally
ascribed to it in the art. Characteristics of 'a non-
activated T cell include, without limitation, guiescence

of cell cycle, non-proliferation and non-differentiation.

The terms “nucleic acid”, “polynucleotide” and “nucleic
acid sequence” are used interchangeably herein, and each
refers to a polymer of deoxyribonucleotides and/or
ribonucleotides. The ‘deoxyribonucleotides and
ribonucleotides can be naturally occurring or synthetic

analogues thereof.

“Pharmaceutically acceptable carriers” are well known to
those skilled in the art and include, but are not limited
to, 0.01-0.1 M and preferably 0.05 M phosphate buffer or
0.8% saline. Additionally, such pharmaceutically
acceptable carriers can be aqueous or non-aqueous
solutions, suspensions, and emulsions. Examples of non-
agueous solventé are propylene glycol, polyethylene
glycol, vegetable oils such as olive oil, and injectable
organic esters such as ethyl oleate. - Aqueous carriers
include water, alcoholic/aqueous solutions, emulsions and
suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution,
Ringer’s dextrose, dextrose and sodium chloride, lactated

Ringer’s and fixed oils. Intravenous vehicles include
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fluid and nutrient replenishers, electrolyte replenishers
such as those based on Ringer’s dextrose, and the like.
Preservatives and other additives may also be present,
such as, for example, antimicrobials, antioxidants,

chelating agents, inert gases, and the like.

The terms “polypeptide,” “peptide” and “protein” are used
interchangeably herein, and each means a polymer of amino
acid residues. The amino acid residues can be naturally
occurring or chemical analogues thereof. Polypeptides,
peptides and proteins can also include modifications such
as glycosylation, lipid attachment, sulfation,

hydroxylation, and ADP-ribosylation.

“Specifically bind” shall mean that, with respect to the
binding of an antigen-binding moiety to its respective
antigen, the moiety binds to that antigen with a greater
affinity than that with which it binds to most or all
other antigens. In the preferred embodiment, the moiety
binds to that antigen with a greater affinity than that

with which it binds to all other antigens.

“Stem cell” shall mean, without limitation, a cell that
gives rise to a lineage of progeny cells. Examples of
stem cells include CD34+ cells and embryonic stem cells.
Surface adhesion molecules present on stem cells include,
without limitation, IL-3 receptor, IL-6 receptor, IL-11
receptor, c-kit, VLA-4, VLA-5, L-selectin, PECAM-1 and

Beta-1 integrin.

“Subject” shall mean any animal, such as a mammal or a
bird, including, without limitation, a cow, a horse, a
sheep, a pig, a dog, a cat, a rodent such as a mouse or
rat, a chicken, a turkey and a primate. In the preferred

embodiment, the subject is a human being.
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“Vector” shall mean any nucleic acid vector known in the
art. Such vectors "include, but are not limited to,
plasmid vectors, cosmid vectors, and bacteriophage

vectors.

Embodiments of the Invention

This invention provides a first composition of matter
comprising a first antigen-binding moiety and a second
antigen-binding moiety operably affixed to one another

via a flexible linker moiety.

The flexible linker moiety can comprise, for example, a
polymer or a polypeptide. In one embodiment, the
polypeptide has a length of at least 16 amino acid
residues. In another embodiment, the pelypeptide has a
length of between 16 amino acid residues and about 100
amino aéid residues. In another embodiment, the
polypeptide has a length of between 50 amino acid
residues and about 75 amino acid residues. In a further
embodiment, the polypeptide has a length of about 63
amino acid residues, and/or comprises all or a portion of
an antibody hinge region (e.g., CD8a Ig hinge-like
region). Preferably, the polypeptide has the amino acid
sequence encoded by nucleotides 2170-2358 shown in

Figures 20-1 to 20-15 (SEQ NO ID:1).

Preferably, in the first composition, the first and
second antigen-binding moieties specifically bind to
different antigens. In one embodiment, the first
antigen-binding moiety specifically binds to a tumor cell
surface antigen. In another embodiment, the first
antigen—binding moiety specifically binds to a cell

surface antigen such as CD2, CD3, CD56 or other T cell or
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NK cell surface antigen. In a further embodiment, the
first antigen-binding moiety specifically binds to a
tumor cell surface antigen, and ‘the second antigen-
binding moiety specifically binds to a CD3+ cell surface
antigen. In the preferred embodiment, the tumor cell
surface antigen is EpCAM, and the CD3+ cell surface
antigen is CD3. Other antigens include, for example, the
breast cancer-associated antigen HER2. Antibodies

against this antigen are known.

In another embodiment, the first antigen-binding moiety
comprises the antigen-binding portion of an anti-EpCaM
antibody, and the second antigen-binding moiety comprises
the antigen-binding portion of the antibody designated
OKT3. In another embodiment, the anti-EpCAM antibody
comprises the antigen-binding portion of the antibody
designated GA733.2.

In the first composition, each antigen-binding moiety
preferably comprises the antigen~binding portion of an
antibody. The antigen-binding portions can be, for

example, Fab portions.

In one embodiment of the first composition, the
composition comprises a single polypeptide chain which
forms the first and second antigen-~binding moieties and
the linker moiety. In another embodiment, each of the
first and second antigen-binding moieties further

comprises a second polypeptide chain.

This invention further provides a polypeptide comprising
the amino acid sequence set forth in Figures 20~1 to 20~
15 (SEQ ID NO:2). This polypeptide is referred to herein

as E3Bi, and comprises an anti-EpCAM and anti-CD3 domain.
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This invention further provides a polypeptide comprising
the amino acid sequence set forth in Figure 25 (SEQ ID
NO:4) .

This invention further provides a nucleic acid encoding a
polypeptide comprising a first antigen-binding moiety and
a second antigen-binding moiety operably affixed to one
another via a flexible linker moiety having a length of
at least 16 amino residues. In one embodiment, the
nucleic acid has the nucleotide sequence shown in Figures
20-1 to 20-15 (SEQ ID NO:1). In another embodiment, the
nucleic acid haslthe nucleotide seqguence shown in Figure
24 (SEQ ID NO:3).

The nucleic acid can be, for example, DNA or RNA, and is
preferably DNA. In another embodiment, the nucleic acid
is an expression vector. Expression vectors include, for
example, plasmids, cosmids, bacteriophages and eukaryotic
viruses. In one embodiment, the eukaryotic virus is an

adenovirus or a retrovirus.

This invention further provides a host-vector system
comprising a host cell transfected with the instant

exXpression vector.

This invention further provides a method for producing a
polypeptide comprising a first antigen-binding moiety and
a second antigen-binding moiety operably affixed to one
another via a flexible linker moiety having a length of
at least 16 amino residues, which method comprises (a)
culturing the instant host-~vector system under conditions
permitting the expression of the polypeptide, and (b)

recovering the polypeptide so expressed.
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This invention further provides a second composition of
matter comprising (a) the instant composition and (b) a
cell having on its surface the antigen to which the first
antigen-binding moiety specifically binds. In one
embodiment, the cell is a CD3+ cell and the first

antigen-binding moiety specifically binds to CD3.

In’ another embodiment, the cell is a T cell, the first
antigen-binding moiety comprises the antigen-binding
portion of the antibody designated OKT3, and the second
antigen-binding moiety comprises the antigen-binding
portion of the antibody designated GA733.2. In one
embodiment, the composition of (a) is present in a ratio

of from about 5-500 ng per million cells of (b).

This invention further provides a method for increasing
the activity of a CD3+ cell comprising contacting the

cell with the first composition.

This invention further provides a method for treating a
subject afflicted with a disorder mediated by the
presence of an abnormal cell, comprising administering to
the subject (a) an agent known to ameliorate thé disorder
via contact with the abnormal cell, and (b) the above-
described composition, wherein the first antigen~binding
moiety specifically binds to an antigen present on the
agent, and the second antigen-binding moiety specifically

binds to an antigen present on the abnormal cell.

In one embodiment, the subject is selected from the group’
consisting of a cow, a horse, a sheep, a pig, a dog, a
cat, a rabbit and a primate. In the preferred

embodiment, the subject is a human.

The disorder treated by the instant method can be any



WO 03/090513 PCT/US03/12772

10

15

20

25

30

35

22

disorder mediated by an abnormal cell. Such disorders
include, without limitation, cancer and specifically
tumors. Cancer includes, without limitation, solid
tumors, metastatic tumor cells and nonsolid cancers of
the blood, marrow, and lymphatic systems. Tumors include,
for example, carcinomas (canceré derived from epithelial
cells), sarcomas (derived from mesenchymal tissues),
lymphomas (solid tumors of lymphoid tissues), and
leukemias (marrow or blood borne tumors of lymphocytes or

other hematopoietic cells).

In a particular embodiment of the instant method, the
agent is a CD3+ cell, the first antigen-binding moiety
specifically binds to CD3 (or any other T cell antigen),
and the second antigen-binding moiety specifically binds
to EpCAM. In another embodiment, the composition
comprises tﬁe polypeptide whose amino acid sequence 1is
shown in Figures 20-1 to 20-15 (SEQ ID NO:2). 1In another
embodiment, the composition comprises the polypeptide
whose amino acid sequence is shown in Figure 25 (SEQ ID
NO:4).

This invention further provides a method for treating a
subject’ afflicted with a tumor comprising administering
to the subject (a) Interleukin-2 (IL-2), (b) T cells, and
(c) the antibody designated E3Bi. The T cells can be,

for example, activated T cells or non-activated T cells.

In one embodiment, the subject is selected from the group
consisting of a cow, a horse, a sheep, a pig, a dog, a
cat, a rabbit and a primate. In the preferred

embodiment, the subject is a human.

This invention further provides a kit for use in treating

a subject afflicted with a disorder mediated by the
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presence of an abnormal cell, comprising (a) the first
instant composition, wherein the first antigen-binding
moiety specifically binds to an antigen present on an
agent known to ameliorate the disorder and the second
antigen-binding moiety specifically binds to an antigen
present on the abnormal cells, and (b) instructions for

use.

This invention further provides a kit for use in treating
a subject afflicted with a disorder mediated by the

presence of an abnormal cell, comprising (a) the first

instant composition, and (b) the agent known to
ameliorate the disorder. In one embodiment of the
instant kits, the composition of (a) comprises a

polypeptide having the sequence shown in Figures 20-1 to
20-15 (SEQ 1ID NO:2). In another embodiment of the
instant kits, the composition of (a) comprises a
polypeptide having the sequence shown in Figure 25 (SEQ
ID NO:4).

Finally, this invention provides a kit for use in
treating a subject afflicted with a tumor comprising (a)
Interleukin-2 (IL-2), (b) T cells, (c) the antibody
designated E3Bi, and (d) instruqtions for use. The T
cells can be, for example, activated T cells or non-

activated T cells.

This invention will be better understood from the
Experimental Details that follow. However, one skilled
in the art will readily appreciate that the specific
methods and results discussed are merely 1llustrative of
the invention as described more fully in the claims that
follow thereafter.
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Experimental Details

Introduction

The immunotherapeutic approach of using armed T cells
with chemically conjugated bi-specific monoclonal
antibodies (BsAbs) has shown specific cytotoxity against
tumor cells. This BsAb carries dual specific “arms”, one
arm recognizing and specifically binding to a tumor
associated antigen (TAA), the other one to the D3
receptor of T cells. When a BsAb bridges a T cell and a
tumor cell, the armed T cell can bypass the major
histocompatibility complex (MHC) restriction and become a
TAA-specific cytotoxic T lymphocyte (CTL). In the
treatment of cancers, BsAbs have shown improvement of
survival in humans and complete tumor eradication in

animals.

Unfortunately, the use of these BsAbs is limited for
long-term treatments for the following reasons. (1)
Patients develop immune reactions against the BsAb
because the BsAb was originally generated in mice. (2)
The BsAb production is inconsistent from batch to batch.
Using antibody engineering technologies, a genetically
engineered recombinant BsAb (E3Bi) was constructed which
contains only the sites for tumor and T cell binding but
not the immunogenic site of the antibodies which causes
unwanted reactions in patients. Generating highly
purified protein products is greatly simplified and the

entire procedure can be used in commercial production.

The TAA that E3Bi targets is called EpCAM {epithelial
cell adhesion molecule). EpCAM 1s over-expressed in all
adenocarcinomas. Since EpCAM is a membrane protein and

there is no soluble form in the serum to block antigen
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binding sites, and since EpCAM over-expressed in nearly
all types of tumors, EpCAM was chosen as an ideal target
for the E3Bi approach.

A re-BsAb was constructed from the mAb GA733.2 and maAb
OKT3, and called E3Bi. GA733.2 recognizes EpCAM (8).

The tumor targets

EpCAM (epithelial cell adhesion molecule, also called
EGP-2, EGP-40, 17-1A, KSA) is a TAA that is over-
expressed in all adenocarcinomas (23). Since EpCAM is a
membrane protein and there is no soluble form of it in
the serum to block antigen binding sites, EpCAM is an
ideal target for the re-BsAb approach. Figure 1 shows the
surface antibody staining of EpCAM in colorectal {(left)
and breast (middle) cancer, as well as in normal

epithelium (right).

EpCAM is a well-studied and characterized tumor antigen.
Two antibodies, COl17-1A and GA733.2, bind to EpCAM, but
at different epitopes and with different affinities.
CO17-1A has been used in clinical trials to treat
colorectal cancer following surgery (6). However, there
were no detectable immune responses reported. To direct a
T cell to specifically target a TAA, the T cell receptor
(TCR) can be engineered so that it carries the binding
sites of a mAb that recognizes a TAA. This technique is
also called a “T-body” or chimeric TCR (ch-TCR) approach.
Daly et al. showed that only GA733.2 ch~TCR, not CO17-1A
ch-TCR, bound to EpCAM-positive tumor targets (4),
probably because GA733.2 has a greater affinity than does
CO17-1A (5x10° M compared with 0.7x10° M1, respectively
(8)).
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Preliminary Work

Addition of a hinge spacer can significantly
increase the tumor-binding and killing function of a
ch-TCR

Two ch-TCRs (Figure 2) have been constructed. One has a
hinge (H) insert and the other does not. Both ch-TCRs
contain the scFv of the mAb GA733.2 that binds to the
EpCAM and a T cell signaling domain that triggers T cell
activation. Both the FcR y-chain (GAHy) and TCR {-chain
(GAH() were used as the T cell signaling domain. This ch-
TCR was transduced into an activated T cell (ATC) via a
retrovirus. These results show that T cells carrying this
ch-TCR specifically and efficiently target and lyse tumor
cells (18), and the hinge spacer can increase the

specific tumor lytic function (Figures 3 and 4).

The addition of a hinge between the scFv and y-chain
greatly increased cytotoxic activity (18) (Figure 3).
These results support the belief that the hinge spacer
between these two scFv motifs improves binding efficiency

to the targets as well as cytotoxicity.

Matthias Mack’s group has designed a re-BsAb against
EpCAM that is generated from a M79 hybridism (anti-17-1A)
and they have shown its specific cytotoxicity in vitro
(10, 14, 15). A 5-amino acid linker (G,S;) bridges these
two scFvs in their respective re-BsAb. To date, they have
not reported any results from in vivo experiments or
clinical trials. However, their work has contributed to
an improved design of re-BsAb: (1) the efficacy of the
dual-headed recombinant antibody which contains only the
scFv domains; (2) the feasibility of using mammalian CHO
cells to express the fully functional recombinant

protein; (3) the unnecessary addition of a co-stimulation
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portion in a re-BsAb construct; and (4) the stability of

re-BsAb at 4°C for at least 6 months.

The mAb, GA733.2, specifically binds to EpCAM-
positive tumor cells, and not to EpCAM-negative
cells

The cell line NCI-H716 is originally generated from cecum
tumor cells that are EpCAM-negative. Using H716 as
negative control, it was demonstrated that GA733.2 only

targets EpCAM-positive cells (Figure 5).

BsAbs are effective at specifically targeting tumor
cells and generating cytolytic activity, and pre-
arming T cells with BsAb before infusion increases
the efficiency of BsAb-mediated tumor killing

To evaluate the potential efficaconf the E3Bi approach
in future cancer therapy, the chemically heteroconjugated
BsAb  (OKT3/9184) targeting Her2/neu-positive breast
cancer MCF-7 cells (21) was tested. In these experiments,
there was a significant difference observed between
adding the BsAb directly to the T cell and tumor cell
mixture and pre-arming by adding the BsAb to T cells
first, and then adding the armed T cells to the tumor
targets (21) (data not shown). Figure 6 shows, in the
upper left panel, that activated T cells (ATCs) which had
been cultured for 14 days and armed with 50 ng of BsAb
(per 10° cells) bind to and then kill MCF-7 cells. The
lower left panel shows the un-armed ATC control. The ATCs
in the upper right panel have been armed with irrelevant
mAbs and those shown in the lower right have been armed

with non-conjugated mAbs.

In order to determine the optimal arming dose for
OKT3/9184, dose titration studies were performed at
effector-to-target ratios of from 5:1 to 25:1. Increasing

the arming doses led to increasing the mean percentage
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specific cytotoxicity. Figure 7 shows the specific
cytolytic activity at different doses using ATCs from
three healthy donors.

Using SCID mice and Winn assays (co-injection of tumor
and T cells), a Bsab (OKT3xT84.66) was tested that
specifically targets CEA (carcinoembryonic antigen) -~
positive colon cancer. The CEA-positive colorectal tumor
cell line, LS174T, was used for these studies. Figure 8
shows that OKT3xT84.66 BsAb can prevent tumor progression
and death in 40% of the mice.

Further Experiments

It is maintained that (1) the re-BsAb E3Bi, derived from
mAb GA733.2, binds to EpCAM on tumor cells better than
the re-BsAb from mAb CO17-1A; (2) a hinge addition .
between two scFv motifs enhances the binding efficiency;
and (3) pre-arming ATCs with the re-BsAb before infusion

improves efficiency and minimizes clinical toxicity.

Purpose and Methods of Study

Specific Aims

To test this position, the following experiments were

designed as set forth below.

Experiment 1: Construct E3Bi from two single chain
fragments of variable regions (scFvs) of mAbs GA733.2 and
OKT3, and insert a linker from the CDSa hinge-like region
(H) between these two scFvs. As a control, the H linker
is replaced with a traditional glycine-serine linker,
(G3S1)3. A 6xHis-tag is also constructed into the C-

terminus of this recombinant protein for affinity
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purification purposes.

Experiment 2: Express E3Bi in the mammalian cell line CHO

and affinity purify E3Bi.

Experiment 3: Evaluate the specific cytolytic function of
E3Bi in vitro (using EpCAM-positive colon cancer cell
line LS174T, and using EpCAM~-negative cecum cancer cell
line H716 as a negative control) and in vivo (using

Beige-SCID mice).

Significance of the Instant Technology

The biggest challenge for cancer treatment is to direct a
patient’s own immune system to fight cancer. In general,
tumor growth is the result of a defective immune system
in which the MHC (major histocompatibility complex) fails
to present tumor antigens to the immune system and to
generate enough specific cytotoxic T lymphocytes (CTL).
Therefore, the ~adoptive immunotherapy strategies hold
promise for cancer therapy because the focus of these
treatments is to redirect a patient’s own immune system
to bypass MHC-restricted recognition and directly target

tumor cells.

There are three major approaches in recently developed
adoptive immunotherapy protocols. (1) Genetic
modification of T cells to carry a chimeric T cell
receptor (ch-TCR) that can recognize a specific tumor
cell. Upon binding to the tumor cell, the ch-TCR will
trigger the T cell to become a CTL and kill specific
tumor cells. Because of the involvement of retrovirus
production and gene transduction into ATCs in vitro, this
treatment could be very expensive. (2) Dendritic cell

(DC) -mediated tumor vaccination. Tumor antigens are
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introduced into DCs so that they can present these tumor
antigens to T cells and generate specific CTL. This
strategy has not yet shown clinical success. Because
there 1is no product that can be manufactured and
specially trained medical technicians and facilities are
required to perform this procedure, this treatment could
also be very expensive and inconsistent. (3) Use of a
conjugated bi-specific antibody (BsAb) molecule as a
bridge between a tumor cell and a T cell so that the
tumor cell will directly trigger the T cell to become a

tumor-specific CTL.

Although the ch-TCR and DC approaches are important
regarding proof-of-principle, they are very difficult,
inconsistent and expensive to use in treating patients.
Among these three approaches, the BsAb approach holds the
greatest promise for «clinical applications. It 1is

technically feasible and straightforward.

The engineered recombinant BsAb approach (re-BsAb)
overcomes the limitations of chemically heteroconjugated
BsAbs because only the binding sites of the antibodies
are selectively engineered, and not the regions that may
cause side effects such as HAMA reactions. The re-BsAb
product can be pure and consistent from lot to lot, while
the chemically conjugated BsAb is only about 15-30% pure
and the product is very inconsistent. The other advantage
of this re-BsAb is that large-scale production is

possible.

Again, this invention provides a re-BsAb with improved
tumor-killing efficiency. This 1is accomplished in
several ways: (1) using an antibody that has higher
binding affinity; (2) adding a longer spacer between two

binding sites; (3) producing this protein in mammalian
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cells; and (4) arming a patient’s T cells with this re-

BsAb in vitro before infusing the patient.

Relevance to Cancer

Relapse rates remain unacceptably high after conventional
treatments currently in use for solid tumors, 1like
adjuvant chemotherapy/radiotherapy or even stem cell
transplantation. There is an urgent need for nontoxic and
tumor-specific approaches following both conventional and
high dose chemotherapy to eradicate residual tumor cells
and improve overall and disease-free survival. The goal
of the E3Bi approach is to redirect a patient’s own
immune system to specifically eradicate residual tumor

cells following conventional treatments.

Because arming T cells with E3Bi will turn every T cell
into a tumor-antigen specific CTL, E3Bi offers a very
effective cancer immunotherapy approach. This product
will have much less toxicity because the patient’s own T
cells will be stimulated to eradicate tumor cells. Pre-
arming T cells before infusion will further increase the
efficiency and specificity of this re-BsAb. Multiple
infusions of these armed T cells over a longer period of
time are expected to eradicate residual tumor cells more
effectively compared to other immunotherapy approaches.
The specificity of E3Bi is unique because these armed T
cells will locally deposit at a specific tumor site and
kill tumor cells. Furthermore, they will also attack
residual tumor cells that have already spread prior to

surgery.

Because colorectal cancer has the highest incidence among
all types of cancer in the U.S., patients with colorectal

cancer are envisioned as an important treatment group.
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Since EpCAM, the cell surface tumor marker recognized by
E3Bi, 1is over-expressed in all adenocarcinomas (23), a
very important aspect of E3Bi is that it has use with

respect to most solid tumors as well.
It is ‘expected that this re~BsAb will not only eradicate
residual tumor cells, but will be part of adjuvant

therapy for a variety of EpCAM+ tumors.

Features of E3Bi

The design of E3Bi 1is unique and offers several
advantages over other re-BsAbs that have been published
(25) .

(1) The vector pGlEN is used for production of re-BsAb
for the first time. Based on previous experience, this
vector is highly effective in penetrating mammalian cell
membranes, . integrating cDNA into the host genome and

promoting gene expression.

(ii) Mammalian cells (CHO cells) are used as E3Bi
producer cells because mammalian proteins produced in the
traditional bacterial cell E. coli may not fold properly

and therefore may not function correctly.

(iii) The hinge spacer (63 amino acids) used for E3Bi has
never been used for re-BsAb construction. The longer
linker between two scFvs in E3Bi will provide the space
needed for the interaction of a tumor cell and a T cell
(18) and, therefore, is expected to increase the binding

and tumor killing efficiency of E3Bi.

(iv) mAb GA733.2 is used for constructing a re-BsAb for
the first time. Both GA733.2 and COl7-1A target EpCAM,
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but at two different epitopes (7). GA733.2 has a higher
affinity for EpCAM antigen than does COl7-1A and produces
stronger cytotoxicity against EpCAM-positive tumor cells
(4) . Increasing the affinity for a tumor antigen enhances

the cytotoxicity of a bi-specific antibody.

(v) T cells from a patient are activated, expanded, armed
with E3Bi and frozen for later infusion into the same
patient. This in vitro arming protocol is the first of
its kind used for a re-BsAb. It is believed that this
approach not only provides a large quantity of activated
and armed tumor-killing T cells, but also reduces the

possible toxicity and increases the efficiency of E3Bi.

Detailed Experimental Methods

(1) Construction of E3Bi c¢DNA into a high expression -
vector

Figures 9-11 illustrate the design of E3Bi. (Also shown
are the cloning of a hinge to the 3'-end of EpCAM scFv
(Figure 15), the construction of OKT3 scFv (Figure 16),
the assembly of E3 to pGlEN (Figure 17), the replacement
of a hinge with GS-linker GGGGSGGGGSGGGGS (Figure 18),
and a circular map of pGlEN-~EH3.His (Figure 19)).

The E3Bi cDNA is generated by combining variable light
(Vy) and heavy (Vy) chains of mAbs GA733.2 and OKT3 that
are amplified by PCR. The E3Bi cDNA is then inserted into
an expression vector, pGlEN. PGlEN is generated from the
Maloney murine leukemia virus (MMLV) and is replication
incompetent due to the lack of three genes that are
essential for virus formation, gag, env and pol.‘This
insures against retroviral replication. Based on previous
expefience (18), this wvector 1is highly efficient in

producing stably transduced mammalian cells and promoting
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gene expression. The anti-CD3 scFv is generated‘from OKT3

hybridoma cells (ATCC, Rockville, MD) .

The E3Bi gene expression is driven by long terminal
repeats (LTR). This vector contains a leader sequence
from the k light chain to penetrate cell membranes, a
neomycin phosphotransferase gene (neo®) for drug
selection, a splicing donor (SD)/splicing acceptor (SAa)
to enhance the efficiency of transcription, and an
internal ribosome entry site (IRES) for driving neo® gene
transcription. A 6xHis-tag is added to the C-~terminal end
for affinity purification of this re-BsAb protein. These
two scFvs are linked through a long hinge that is cloned
from the CD8a hinge-like region. By adding distance from
the scFv to the plasma membrane, the hinge spacer has
shown increased tumor binding.and killing activity in
connection with the chimeric TCR approach (16, 18).
Figure 3 shows that in both healthy donors and patients,
the ch~TCR with a hinge (GAH) significantly increased the

specific tumor cytotoxicity and cytokine secretion (IFN-y

and TNF-a) by about two~fold (compared to a ch-TCR
without a hinge) (18). However, the hinge approach has
never before been applied for re-BsAb construction. The
hinge is expected to give the re-BsAb flexibility and
rotational freedom leading to a better bridge between a

tumor cell and a T cell.
(2) Expression of E3Bi in eukaryotic cells

Most re-BsAbs are expressed in a traditional prokaryotic
expression system (24). However, the re~BsAb protein may
not fold properly in prokaryotic cells (14). Therefore, a
eukaryotic cell line, the Chinese hamster ovary cell line
(CHOC, GIBCO Life-technologies, Rockville, MD), is
transfected. Specifically, CHO is transfected with the
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standard CaPO, precipitation method (17) and cultured in
the presence of the selection drug, G418. The stably
transfected CHO cells form colonies after 10~14 days. The
colonies are selected for the highest quantity of the re-
BsAb production and evaluated by ELISA for‘the presence
of a 6xHis-tag (Ni-NTA HisSorb Plates, QIAGEN, Valencia,

CA). The re-BsAb is secreted into the culture medium that

,is used directly for functional evaluation without

further purification. The CHO clone with the highest
yield of re-BsAb is grown as non-adherent cells in a
serum-free medium specially constituted for CHO (CD-CHO,
GIBCO). The medium containing E3Bi is collected every 24

hr or as otherwise determined.
(3) Functional assays of E3Bi
(3.1) In vitro studies

Specific cytolytic and cytokine production assays are
performed in both EpCAM-positive (LS174T from ATCC) and
negative cells (H716 from ATCC) using the same techniques
as described before (18, 21). Figure 8 demonstrates
that, using anti-EpCAM mAb (GA733.2) staining, L8174T
colorectal cells show very strong surface EpCAM

exXpression.

For these in vitro studies, T cells from healthy donozrs
are isolated from 40 cc peripheral blood, activated with
anti-CD3 mAb at 10-50 ng/1x10° T cells/ml, and expanded
for 14 days in the presence of 100 IU of IL-2 and 10%
fetal calf serum in the medium, RPMI-1640 (BioWittaker,
Walkersville, MD). On day 14, the ATCs are armed with
different doses of E3Bi and rocked for 1 hr at 4°C. The
cells are washed twice with RPMI-1640 to eliminate excess

unbound E3Bi. The armed and unarmed ATCs are added to the
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target tumor cells at effector-to-target ratios from 1:1
to 10:1. Cytotoxicity assays (°’Cr release assay) and IFN-
Y production assays (ELISA) are performed in triplicate.
The dose, time and temperature in the arming procedure
are evaluated. To test the specific targeting of E3Bi
against EpCAM, a blocking assay is performed using the
anti-Id antibody against the scFv of GA733.2. The
cytotoxicity and ELISA assays are analyzed statistically
with a standard statistical package, a paired t-test or
Wilcoxon signed tank test using the SigmaStat. All in
vitro assays are repeated with at least 5 unrelated
subjects. The significant cytotoxic functions of E3Bi are
analyzed with a paired t-test or Wilcoxon signed tank

test using SigmaStat.
(3.2) In vivo studies

In vivo functional assays are performed in animal models.
Four to eight week-old female beige SCID mice are used
for these studies (Taconic Pharm, Germantown, NY). These
mice carry the SCID mutation that causes a deficiency of
both T and B cells resulting in cytotoxic T cell and
macrophage defects as well as selective impairment of NK
cell function. The animals are maintained in accordance

with NIH animal care guidelines.
(3.2.1) Winn assay

The mice are divided into two groups; one group with
“Winn Assay”, which means 1x10° tumor cells are co-
injected with armed ATCs (dose range from 1x10° to 10x10°)
subcutaneously into the upper right thigh of each animal
or with unarmed T cells as a control. Tumor development
is documented weekly. The other group is injected only

with 1x10° tumor cells subcutaneously into the upper right
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thigh of each animal. Once the tumor is established
(>5mm, about 4 weeks), armed or unarmed T cells at
different doses are injected twice a week directly into
the center of the tumor mass. As a control, mice from
both groups are divided into three sub-groups: the first
group receives no T cells; the second group is injected
with unarmed T cells, and the third group is injected
with armed T cells with E3Bi. The tumor development is
measured and documented every 2 days. The tumor cells
used for these in vivo studies are LS174T (human
colorectal adenocarcinoma cells). T cells are extracted
from the peripheral blood of both healthy donors and
patients. The animals are sacrificed by CO; gas overdose
once the tumor size exceeds 1.5 cm. By week 8-10 after
treatment, all animals are sacrificed. All data are
analyzed using a paired t-test or Wilcox test on signed

tank test using SigmaStat.

(3.2.2) Tumor xenograft model - Xenografted
mice with EpCAM+ tumor cells

The in vivo anti-tumor response of E3Bi was also
evaluated in a tumor xenograft model by tumor growth
delay assay. In SCID-Beige mice bearing =xenografted
LS174T tumors, the average time for tumors to reach four
times their pre-treatment volume (0.5 «cc) wvaried
significantly between the following three treatment
groups (p = 0.0034): animals treated by intratumoral
(i.t.) injections with IL-2 alone; with IL-2 plus ATC;
and with IL-2 plus E3Bi/ATC. Administration of ATC with
IL-2 resulted in a tumor growth delay of 7 days compared
to IL-2 treatment alone (p > 0.05), while addition of
E3Bi to the treatment regimen significantly increased
tumor growth delay by 12 days compared to IL-2 alone. (p
< 0.01).
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As shown in Figure 21, these results show that E3Bi
significantly prolongs the survival rate of tumor-bearing
mice, and therefore, provide a therapeutic advantage for
using E3Bi with ATC/IL-2 to increase tumor growth

inhibitions.

The same xenografted mouse model was also used to
evaluate the trafficking and high does tolerance of
parenterally-administered E3Bi in vivo. Four-week old
SCID-Beige mice were divided into four groups: i.t.
injection of IL-2 only (1x10® IU/kg); i.t. injection of
IL-2 and ATC (2x10° cells/kg); i.v. injection of a low (1
mg/kg) or high (10 mg/kg) dose E3Bi along with an i.t.
injection of IL-2/ATC. Each mouse received two 1.v.
injections (day 1 and day 3) of E3Bi and two i.t.
injections of IL-2/ATC, day 1 with 14-day old ATC from a
healthy donor (N4) and day 3 with 17-day old. Tumoxr
necrosis was observed within 48 h after the injection in
mice receiving high dose E3Bi, but not in mice receiving
low dose E3Bi, ATC/IL-2 or IL-2 only. High dose E3Bi was

well-tolerated with no evidence of any side effects.

The tumor size more than doubled in the mice receiving
only ATC/IL-2 while it remained largely unchanged in mice
receiving low dose E3Bi after 7 days from the first
injection. 1In addition to the observed necrosis (E) of
tumors in mice receiving high dose of E3Bi, the tumors in
these mice demonstrate partial regression within 7 days

of initial treatment.

Figure 22 further supports the targeting specificity of
E3Bi to EpCAM+ over-expressing tumors in vivo. Mice with
established LS174T tumors were treated with ATC or ATC
followed by an IV injection of low or high does E3Bi, and

excised 24 h later. The viability of treated cells was
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measured as the surviving fraction of tumor cells after
in vivo treatment with IL-2, IL-2/ATC and IL-2/ATC/E3Bi.
Though ATC treatment alone produced no cytotoxic effect
on tumor cells, administration of low dose (1 mg/kg) E3Bi
in conjunction with ATC treatment produced a 40% decrease
in tumor cell survival. Increasing the E3Bi dose to 10
mg/kg significantly decreased the tumor cell survival by
90% (p < 0.05). Combined with the tumor growth
inhibition studies, these results show that E3Bi1
delivered systematically traffics, binds and produces
cytotoxic effects to EpCAM+ over-expressing tumor cells

in vivo.

(3.2.3) E3Bi triggered cytotoxicity of non-
activated T cell activation

E3Bi also directly triggers non-activating T-cells to
kill tumor cells. For example, E3Bi triggered CD4+ and
CD8+ populations in peripheral blood mononuclear cells
(PBMC) to become activated in the presence of LS174T
tumor cells (data not shown). Both T cell activation
markers, CD25 and CD69, increased upon activation by E3Bi
and resulted in increased cytolytic activity of T-cells,

as shown in Figure 23.

Figure 23 illustrates that E3Bi triggers cytotoxicity in
PMBC, which include non-activated T cells. 1, 2, and 3
day cytotoxicity assays (CML) were conducted using PBMC
as the effectors and LS174T colon tumor cells as target
cells. On day 3, the cytotoxicity of PBMC rose to 70%,
and therefore, shows that E3Bi significantly triggérs the
cytotoxicity of PBMC (p = 0.0088). This Figure also
shows some non-MHC restricted and non-specific cytolytic
activity of T cells in the E3Bi- group; however, this

cytolytic activity is insignificant, p > 0.05.
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(3.3) Anticipated obstacles

(3.3.1) Clearance of E3Bi by kidney before it

can attack tumors
One major concern for a small sized re-BsAb is that it
can be cleared rapidly by the kidney, and therefore, the
amount of its retention by the tumor is very limited (3,
22) . To overcocme this problem, T cells are pre-armed in
vitro with E3Bi before infusion so that the small E3Bi
will remain attached to the CD3 receptor on the T cells
while traveling in the body and, therefore, be protected
from rapid kidney clearance. More importantly, pre-arming
the T cells in vitro will dramatically improve the
killing efficiency (data not shown). Existing methodology
enables one to pre-arm T cells in vitro for future
clinical trials. The pre-arming procedure includes (1)
mixing day 14 ATCs with different doses of E3Bi in a tube
and rocking for one hour at 4°C; (2) washing twice to
remove unbound E3Bi; and (3) infusing the armed T cells

at a concentration of 1x10’ cells/ml.
(3.3.2) No costimulation

Without CD28 costimulation, T cell activation can result

in activation-induced T cell apoptosis (AICD) and as a

consequence, reduced tumor killing efficiency in vivo.
These phenomena have not been observed using ch-TCR (18,
19) and BéAb (10) . However, to confirm that there is no
AICD in re-BsAb-mediated tumor killing activities and the
armed ATCs can be recycled in vivo, bystander-killing
assays, apoptosis assays (Annexin V staining) and *[H]-
thymidine proliferation assays are performed. Following
tumor exposure, the fate of armed T cells is studied with

and without the E3Bi.
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(4) Affinity purification of E3Bi

The high producer cells are grown in suspension in the
serum-free medium, CHO-S-SFM II (GIBCO), which is a
constituted medium developed specifically for CHO cells
growing in suspension. The supernatant containing the
released E3Bi 1s collected every 24 hr and affinity
purified by applying it to Ni-NTA spin columns. These
columns can purify up to 150 mg of E3Bi in a one-step
affinity purification of 6xHis-tag-containing recombinant
protein (QIAGEN). The columns are washed and eluted
according to the manufacturer’s instructions. The quality
of the purified product is evaluated by denaturing gel
electrophoresis and Western blot. For the short term,
E3Bi is stored in phosphate-buffered saline at 4°C,
lyophilized and stored at -20°C for the long term.

(5) Affinity purification of E3Bi

Collected supernatant containing the E3Bi is applied to a
Ni-NTA agarose column (nickel-charged resin, QIAGEN). The
concentration of eluted E3Bi i1s tested with the BCA
testing kit (BCA-200 Protein Assay Kit, Bio-Rad,
Hercules, CA). The final product is filtered through a
0.22 mm filter, aliquoted in 1 mg protein/ml PBS/vial and
stored in the -20°C freezer. This affinity purification is

conducted in a cold box (4°C) in the GMP lab.
(6) Activation and expansion of T cells in vitro

It is routine to activate T cells in gas—-permeable
plastic bags with anti-CD3 antibody, OKT3 (OrthoBiotech,
Raritan, NJ). Briefly, T cells from healthy donors or
patients are transferred into bags at a concentration of

1x10° CD3* cells/ml RPMI culture medium (BioWittaker)
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supplemented with 2-5% human serum, 100-500 IU of IL~2/ml
and 20 ng OKT3/ml. T cells are maintained at a

concentration of 1x10° cells/ml for 14 days.
(7) Arming activated T cells with E3Bi

The procedure for arming T cells with E3Bi is adopted
from established procedures for using chemically
heteroconjugated BsAb. Briefly, day 14 ATCs are
transferred into a tube, washed and re-suspended in an
optimal volume of culture medium containing the optimized
dose of E3Bi. After incubation, excess E3Bi is washed
twice Dby centrifugations. The armed ATCs are either
aliguoted and frozen or directly used for functional

studies.
(8) E3Bi-Mediated T Cell Killing

As shown in Figure 12, T cell aggregation is dependent on
the E3Bi doses. Specifically, three photos show the
binding of T cells (small round dots) and tumor cells
(growing in “island-like” groups) mediated by E3Bi. The
CHO cell culture supernatant that contains E3Bi was added
to the T cell and tumor cell mixture. Panel A contains
no CHO supernatant and there is no binding or aggregation
between T cells and tumor cells. In panel B (12.5%),
there are a significant number of T cells attached to the
tumor cells. In panel C (25%), all tumor cells are
aggregated with T cells. These panels clearly show that
E3Bi can direct T cells to kill tumor cells. The
concentration of E3Bi in the supernatant was not
determined. As a control, the same CHO supernatant that
contains ;ecombinant protein other than E3Bi did not

produce the same aggregation effects (data not shown) .
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Figure 13 shows a °Cr release assay of E3Bi-armed T
cells. This cytotoxicity assay shows the percentage of
targets (tumor cells) that are killed by the effectors (T
cells) in the presence of E3Bi. “E/T” indicates the
number of T cells per tumor cell. These data show that
at 16 hours, about 70% of tumor cells are killed at E/T =
10, and 50% at E/T = 5. Supernatant collected from 50%
confluent E3Bi-transduced CHO cell culture was used for
this assay. The “mock” is a control, wherein only an
“empty vector” (i.e., without an E3Bi insert) was

transduced into CHO cells and the supernatant was used.

As shown in Figure 14, IFN-y production is induced by
different doses of E3Bi. CHO cell culture supernatant
containing secreted E3Bi was added to T cell and tumor
cell mixtures at different doses in microliters as
indicated. The absolute concentration of E3Bi was not
determined. The cytotoxic function of T cells is usually
indicated by the amount of their IFN-y production. These
data clearly show that E3Bi induces significant iFN—v
production in a dose-dependent manner, while the control

group does not stimulate IFN-y production.
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What is claimed is:

1.

5
2.

10
3.
15 4.
5.

20
6.

25
7.
8.

30
9.

35

A composition of matter comprising a first antigen-
binding moiety and a second antigen-binding moiety
operably affixed to one another via a flexible

linker moiety.

The composition of claim 1, wherein the flexible

linker moiety comprises a polymer.

The composition of claim 1, wherein the flexible

linker moiety comprises a polypeptide.

The composition of claim 3, wherein the polypeptide

has a length of at least 16 amino acid residues.

The composition of claim 4, wherein the polypeptide
has a length of between 16 amino acid residues and

about 100 amino acid residues.

The composition of claim 5, wherein the polypeptide
has a length of between 50 amino acid residues and

about 75 amino acid residues.

The composition of claim 6, wherein the polypeptide

has a length of about 63 amino acid residues.

The composition of claim 7, wherein the polypeptide
comprises the amino acid sequence encoded Dby
nucleotide 2170-2358 shown in Figures 20-1 to 20-15
(SEQ ID NO:1).

The composition of claim 3, wherein the polypeptide

comprises all or a portion of an antibody hinge
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region.

The composition of claim 1, wherein the first and
second antigen-binding moieties specifically bind to

different antigens.

The composition of claim 10, wherein the first
antigen-binding moiety specifically binds to a tumor

cell surface antigen.

The composition of claim 10, wherein the first
antigen-binding moiety specifically binds to a CD3+

cell surface antigen.

The composition of claim 10, wherein the first
antigen-binding moiety specifically binds to a tumor
cell surface antigen, and the second antigen-binding
moiety specifically binds to a CD3+ cell surface

antigen.

The composition of claim 13, wherein the tumor cell
surface antigen is EpCAM, and the CD3+ cell surface

antigen is CD3.

The composition of claim 14, wherein the first
antigen-binding moiety comprises the antigen-binding
portion of an anti-EpCAM antibody, and the second
antigen-binding moiety comprises the antigen-binding

portion of the antibody designated OKT3.
The composition of claim 15, wherein the anti-EpCAM
antibody comprises the antigen-binding portioh of

the antibody designated GA733.2.

A polypeptide comprising the amino acid sequence set
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forth in Figures 20-1 to 20-15 (SEQ ID NO:2).

A polypeptide comprising the amino acid sequence set
forth in Figure 25 (SEQ ID NO:4).

The composition of claim 1, wherein each antigen-
binding moiety comprises the antigen-binding portion

of an antibody.

The composition of claim 19, wherein each antigen-

binding portion of the antibody is a Fab portion.

The composition of claim 19, wherein the antibody is

chimeric.

The composition of claim 3, wherein the composition
comprises a single polypeptide chain which forms the
first and second antigen-binding moieties and the

linker moiety.

The composition of claim 22, wherein each of the
first and second antigen-binding moieties further

comprises a second polypeptide chain.

A nucleic acid encoding a polypeptide comprising a
first antigen-binding moiety and a second antigen-
binding moiety operably affixed to one another via a
flexible linker moiety having a length of at least

16 amino residues.
The nucleic acid of claim 24 having the nucleotide
sequence shown in. Figures 20-1 to 20-15 (SEQ ID

NO:1).

The nucleic acid of claim 24 having the nucleotide
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sequence shown in Figure 24 (SEQ ID NO:3).

27. The nucleic acid of claim 24, wherein the nucleic

acid is DNA or RNA.

5

28. The nucleic acid of claim 27, wherein the nucleic
acid is DNA.

29. The nucleic acid of claim 24, wherein the nucleic

10 acid is an expression vector.

30. The nucleic acid of claim 29, wherein the expression
vector is selected from the group consisting of a
plasmid, a cosmid, a bacteriophage and a eukaryotic

15 virus.

31. The nucleic acid of claim 30, wherein the eukaryotic

virus is an adenovirus or a retrovirus.

20 32. A host-vector system comprising a host cell

transfected with the expression vector of claim 29.

33. A method for producing a polypeptide comprising a
first antigen-binding moiety and a second antigen-

25 binding moiety operably affixed to one another via a
flexible linker moiety having a length of at least

16 ‘amino residues, which method comprises (a)
culturing the host-vector system of claim 32 under

conditions permitting the expression of the

30 polypeptide, and (b) recovering the polypeptide so
expressed.
34, A composition of matter comprising (a) the

composition of claim 1 and (b) a cell having on its

35 surface the antigen to which the first antigen-
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binding moiety specifically binds.

The composition of claim 34, wherein the cell is a
CD3+ cell and the first antigen-binding moiety
specifically binds to CD3.

The composition of claim 35, wherein the cell is a
T-cell, the first antigen-binding moiety comprises
the antigen-binding portion of the antibody
designated OKT3, and the second antigen-binding
moiety comprises the antigen-binding portion of the
antibody designated GA733.2.

The composition of claim 34, wherein the composition
of (a) is present in a ratio of from about 5-500 ng

per million cells of (b).

A method for increasing the activity of a CD3+ cell
comprising contacting the cell with the composition

of claim 1.

A method for treating a subject afflicted with a
disorder mediated by the presence of an abnormal
cell, comprising administering to the subject (a) an
agent known to ameliorate the disorder via contact
with the abnormal cell, and (b) the composition of
claim 1, wherein the first antigen-binding moiety
specifically binds to an antigen present on the
agent, and the second antigen-binding moiety
specifically binds to an antigen present on the

abnormal cell.

The method of claim 39, wherein the subject is
selected from the group consisting of a cow, a

horse, a sheep, a pig, a dog, a cat, a rabbit and a
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primate.

The method of claim 40, wherein the subject 1s a

human.

The method of claim 39, wherein the disorder is a

tumor.

The method of claim 42, wherein the agent is a CD3+
cell, the first antigen-binding moiety specifically
binds to CD3, and the second antigen-binding moiety

specifically binds to EpCAM.

The method of claim 39, wherein the composition
comprises the polypeptide whose amino acid sequence

is shown in Figures 20-1 to 20-15 (SEQ ID NO:2).

The method of claim 39, wherein the composition
comprises the polypeptide whose amino acid sequence

is shown in Figure 25 (SEQ ID NO:4).

A method for treating a subject afflicted with a
tumor comprising administering to the subject (a)
Interleukin-2 (IL-2), (b) T cells, and (c) the
antibody designated E3Bi.

The method of claim 46, wherein the T cells are

activated T cells.

The method of claim 46, wherein the T cells are non-

activated T cells.

The method of claim 46, wherein the subject 1is
selected from the group consisting of a cow, a

horse, a sheep, a pig, a dog, a cat, a rabbit and a
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primate.

The method of claim 49, wherein the subject is a

human.

A kit for use in treating a subject afflicted with a
disorder mediated by the presence of an abnormal
cell, comprising (a) the composition of claim 1,
wherein the first antigen-binding moiety
specifically binds to an antigen present on an agent
known to ameliorate the disorder and the second
antigen-binding moiety specifically binds to an
antigen present on the abnormal cell, and ' (b)

instructions for use.

A kit for use in treating a subject afflicted with a
disorder mediated by the presence of an abnormal
cell, comprising (a) the composition of claim 1, and

(b) the agent known to ameliorate the disorder.

The kit of claim 51 or 52, wherein the composition
of (a) comprises a polypeptide having the sequence

shown in Figures 20-1 to 20-15 (SEQ ID NO:2) .

The kit of claim 51 or 52, wherein the composition
of (a) comprises a polypeptide having the sequence
shown in Figure 25 (SEQ ID NO:4).

A kit for use in treating a subject afflicted with a
tumor comprising (a) Interleukin-2 (IL-2), (b) T
cells, (c) the antibody designated E3Bi, and (d)

instructions for use.

The kit of claim 55, wherein the T cells are

activated T cells.
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57. The kit of claim 55, wherein the T cells are non-

activated T cells.
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FIGURE 10
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Figure 9. E3Bi induces ATC to produce significant tumor growth delay in mice. SCID-Beige mice bearing
LS174T xenografts were treated i.t. with IL-2 (n=6), or IL-2/ATC (n=8), or IL-2/ATC/E3Bi (n=6) beginning
when tumor volumes of mice reached approximately 0.5 cc. Tumor growth delay is reported as the mean
number of days (+SD) for tumor volumes of mice from each treatment group to reach 2 cc. P =0.0034 is the
probability by Kruskel-Wallis non-parametric analysis that tumor growth delay is the same for all treatment
groups. P < 0.01 is the probability by Dunn’s multiple comparison analysis that treatment with IL-2/ATC/E3BI

produces the same tumor growth delay in mice as treatment with 1L-2 alone; P>0.05 for IL-2/ATC alone.
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E3Bi cDNA Sequence
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Protein sequence of E3Bi

MDFQVQIFSFLLISASVIMSRGSIVMIQSHKFMSTSVGDSVSITCKASQDVSTAVAWYQQ
KPGQSPKLLIYSASDRYTGVPDRFTGSGSGTDFTFTISSVQAEDLAVYYCHQHYITPRTF
GGGTKLEIKGSTSGSGKSSEGKGQVQLOQSGAEVMRPGASVKISCKATGYTEFTRYYIQWG
KNRPGHGLEWIGEILPGTLTNYNEKFKGKAAFTADRSSNTAYMQLSSLTSEDSAVYYCAR
DGPWFAYWGQGTLVTVSAADLSNSIMYFSHEFVPVFLPAKPTTTPAPRPPTPAPTIASQPL
SLRPEACRPAAGGAVHTRGLDFADPQVQLQOQSGAELARPGASVEMSCKASGYTFTRYTMH
WVKQRPGQGLEWIGYINPSRGYTNYNQRKFRDKATLTTDKSSSTAYMQLSSLTSEDSAVYY
CARYYDDHYCLDYWGQGTTLTVSSGSTSGSGRKSSEGKGQVLQIVLTQSPAIMSASPGEKV
TMTCSASSSVSYMNWYQQKSGTSPRKRWIYDTSKLASGVPAHFRGSGSGTSYSLTISGMEA
EDAATYYCQQWS SNPFTFGSGTKLEINRHHHHHH*
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FIGURE 26-1 The Sequence of pE3Bi
(8078 residue sequence starting "AGCCCACAAC")

l1s p Q P L TRUR®AS L P I D CV A R V P
1 AGCCCACAACCCCTCACTCGGCGCGCCAGTCTTCCGATAGACTGCGTCGCCCGGGTACCC
2lv F P I K P L A VvV C I R I V V 3 L F L G
61 GTATTCCCAATAAAGCCTCTTGCTGTTTGCATCCGAATCGTGGTCTCGCTGTTCCTTGGG
4R V 8 8 E * L T T H D G 6 L & F G & & 8§
121 AGGGTCTCCTCTGAGTGATTGACTACCCACGACGGGGGTCTTTCATTTGGGGGCTCGTCC
61 66 I W R P L P R D H R P T T G R * A G Q
181 GGGATTTGGAGACCCCTGCCCAGGGACCACCGACCCACCACCGGGAGGTAAGCTGGCCAG
81 P I C V C P I V * C L C L M L £ B C V
241 CAACCTATCTGTGTCTGTCCGATTGTCTAGTGTCTATGTTTGATGTTATGCGCCTGCGTC
rc¢c T 8 * L T $§ 8 V S G G P V vV E L T S 5
301 TGTACTAGTTAGCTAACTAGCTCTGTATCTGGCGGACCCGTGGTGGAACTGACGAGTTCT
12LE H P A A T Q G D V P 6 T L G A V ¥ V A
361 GAACACCCGGCCGCAACCCAGGGAGACGTCCCAGGGACTTTGGGGGCCGTTTTTGTGGCC
141 R P E E G § R C 6 I R P R Q D M W F W =*
421 CGACCTGAGGAAGGGAGTCGATGTGGAATCCGACCCCGTCAGGATATGTGGTTCTGGTAG
i1l E T R T * N $ 8§ R L R L ¥ F C F R F G T
481 GAGACGAGAACCTAAAACAGTTCCCGCCTCCGTCTGAATTTTTGCTTTCGGTTTGGAACC
1l E A A R L VvV C C S I VL ¢ C L ¢C L T V F
541 GAAGCCGCGCGTCTTGTCTGCTGCAGCATCGTTCTGTGTTGTCTCTGTCTGACTGTGTTT
200L Y L 8 BE N * G Q T V T T P L S L T L G
601 CTGTATTTGTCTGAAAATTAGGGCCAGACTGTTACCACTCCCTTAAGTTTGACCTTAGGT
221 H W K D V E R I A H N Q 53 V D V K K R R
661 CACTGGAAAGATGTCGAGCGGATCGCTCACAACCAGTCGGTAGATGTCAAGAAGAGACGT
241w v T F C S A E W P T F N V G W P R D G
721 TGGGTTACCTTCTGCTCTGCAGAATGGCCAACCTTTAACGTCGGATGGCCGCGAGACGGC
26l T F N R D L I T Q V K I K V F S P G P H
781 ACCTTTAACCGAGACCTCATCACCCAGGTTAAGATCAAGGTCTTTTCACCTGGCCCGCAT
28 G H P D Q V P Y I V T W E A L A F D P P
841 GGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGCCTTGGCTTTTGACCCCCCT
30l P W V K P F V H P K P P P P L P P S A P
901 CCCTGGGTCAAGCCCTTTGTACACCCTAAGCCTCCGCCTCCTCTTCCTCCATCCGCCCCG
322 8 L. P L E P P R S5 T P P R S § L Y P A L
961 TCTCTCCCCCTTGAACCTCCTCGTTCGACCCCGCCTCGATCCTCCCTTTATCCAGCCCTC
341 T P § L G A 6 I R G R D K S Y * @ P L S
1021 ACTCCTTCTCTAGGCGCCGGAATTCGCGGCCGTGACAAGAGTTACTAACAGCCCCTCTCT
36l P 8§ $S L. T 6 $ L L § P A R S L E T S8 G G
1081 CCAAGCTCACTTACAGGCTCTCTACTTAGTCCAGCACGAAGTCTGGAGACCTCTGGCGGC
331 s . P R T T G P T G G T S P L P S R R H
1141 AGCCTACCAAGAACRACTGGACCGACCGGTGGTACCTCACCCTTACCGAGTCGGCGACAC
40l s v ¢ P P T P D * E P R T S L E R T L H
1201 AGTGTGGGTCCGCCGACACCAGACTAAGAACCTAGAACCTCGCTGGRAARGGACCTTACAC
421 s P A D H P H R P Q S R R HR S L D T R
1261 AGTCCTGCAGACCACCCCCACCGCCCTCARAAGTAGACGGCATCGCAGCTTGGATACACGC
441 R P R E 6 C R P R G W T I S R L T R P L
1321 CGCCCACGTGAAGGCTGCCGACCCCGGGGGTGGACCATCTCTAGACTGACGCGGCCGCTA
46l R T M D F ¢ V ¢ I F S F L L I S A S8 V I
1381 CGTACCATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATA
481 M 8§ R G 8§ I VvV M T Q S H K F M S T S V G
1441 ATGTCTAGAGGGAGCATTGTAATGACCCAATCTCACAAATTCATGTCCACATCAGTAGGA
501 b s v s I T CIK AS QD VS T AV A W Y
1501 GACAGTGTCAGCATCACCTGCAAGGCCAGTCAGGATGTGAGTACTGCTGTAGCCTGGTAT
5219 ¢ K P G ¢ $ P K L L I ¥ S A S D K Y T
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1561 CAACAGAAACCAGGACAATCTCCTAAACTACTGATTTACTCGGCATCCGACCGGTACACT
541 G VvV P D R F T G S G 8 G T D F T F T I §
1621 GGAGTCCCTGATCGCTTCACTGGCAGTGGATCTGGGACGGATTTCACTTTCACCATCAGC
561 s vV Q A E D L A V ¥ Y C H Q H Y I T P R
1681 AGTGTGCAGGCTGAAGACCTGGCAGTTTATTACTGTCACCAACATTATATTACTCCTCGG
581 T F 6 G 6 T K L E I K G 85 T 8 G & G K S
1741 ACGTTCGGTGGAGGCACAARAGCTGGAAATAAARAGGGTCGACTTCCGGTAGCGGCARATCC
601 s E G K 6 ¢ V ¢ L Q0 Q § G A E V M R F G
1801 TCTGAAGGCAAAGGTCAGGTCCAGCTGCAGCAGTCTGGAGCTGAGGTGATGAGGCCTGGG
620 A s v K I 8 ¢ K A T G ¥ T » T R ¥ VY 1 Q
1861 GCCTCAGTGAAGATATCCTGCAAGGCTACTGGCTACACATTCACTAGGTACTACATACAR
641 W G K N R P G H G L E W I G E I L P G T
1921 TGGGGTAAAAACAGGCCTGGACATGGCCTTGAGTGGATTGGAGAGATTTTACCTGGAACT
66l L T N Y W E K F K G K A & F T A D R & 8§
1981 CTTACTAATTACAATGAGAAATTCAAGGGCAAGGCCGCATTCACTGCAGATAGATCCTCC
681 N T A Y M ¢ L S 8 L T S E D S A V Y Y C
2041 AACACAGCCTACATGCAACTCAGCAGCCTITACATCTGAGGACTCTGCCGTCTATTACTGT
701A R D G P W F A Y W G @ G T L V T V S A
2101 GCAAGAGATGGTCCCTGGTTTGCTTACTGGGGCCAAGGAACCCTGGTCACCGTCTCTGCA
72z A D L 5 ¥ § I M Y F S H F V P V F L P A
2161 GCGGATCTGAGCARACTCCATCATGTACTTCAGCCACTTCGTGCCGGTCTTCCTGCCAGCE
741 K p T T T P A P R P P T P A P T I A2 S OQ
222]1 AAGCCCACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAG
761 P L S L R P E A C R P A A G G A V H T R
2281 CCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGCGGGGGGCGCAGTCCACACGAGG
781 6 L D F A D P Q V O L Q Q S G A E L A R
2341 GGGCTGGACTTCGCGGATCCACAGGTCCAGCTACAGCAGTCTGGGGCTGAACTGGCAAGA
gl p 6 A §$ V KM 8 C K A S G Y T F T R Y T
2401 CCTGGGGCCTCAGTGAAGATGTCCTGCAAGGCTTCTGGCTACACCTTTACTAGGTACACG
82l M H W V K Q R P G Q0 G L E W I G ¥ I N P
2461 ATGCACTGGGTAAAACAGRGGCCTGGACAGGGTCTGGAATGGATTGGATACATTAATCCT
84l s R G Y T N Y N Q¢ K F X D K A T L T T D
2521 AGCCGTGGTTATACTAATTACAATCAGAAGTTCAAGGACAAGGCCACATTGACTACAGAC
861 K s s s T A Y M ¢ L §$ S L T S E D § A V
2581 AAATCCTCCAGCACAGCCTACATGCAACTGAGCAGCCTGACATCTGAGGACTCTGCAGTC
g8l Yy Y C A R Y Y D D H Y C L D Y W G @ G T
2641 TATTACTGTGCAAGATATTATGATGATCATTACTGCCTTGACTACTGGGGCCAAGGCACC
%01 T L. T VvV § S 6 S T S G S8 G6 K S S E G K G
2701 ACTCTCACAGTCTCCTCAGGATCTACTTCAGGTAGCGGTAAATCATCTGAAGGTAAAGGT
92 ¢ Vv Q Q I vV L T ¢ S P A I M S A S8 F G E
2761 CAGGTCCAGCAARATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAGGGGAG
941 K v T M T C 8 A 8§ S S V 3 ¥ M N W Y O O
2821 AAGGTCACCATGACCTGCAGTGCCAGCTCAAGTGTAAGTTACATGAACTGGTACCAGCAG
9¢1 K s 6 T $ P K R W I Y D T S K L A § G V
2881 AAGTCAGGCACCTCCCCCAAAAGATGGATTTATGACACATCCAAACTGGCTTCTGGAGTC
981 P A H F R G S G §$ G T S ¥ § L T I S G M
2941 CCTGCTCACTTCAGGGGCAGTGGGTCTGGGACCTCTTACTCTCTCACAATCAGCGGCATG

100l A E D A A T Y Y C Q Q W 35 8 N P F T F
3001 GAGGCTGAAGATGCTGCCACTTATTACTGCCAGCAGTGGAGTAGTAACCCATTCACGTTC
102 6 s G T K L E I N R H H H H H H * T R G
3061 GGCTCGGGGACAAAGTTGGAAATAAACCGGCACCATCACCATCACCATTAGACTCGAGGA
1041 s 1 P P L 8 L P P P * R Y W P K P L G I
3121 TCAATTCCGCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATA
106l R P V C V C L Y V I F H H I A V F W ¢ C
3181 AGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCAATGT
108l ¢ P E T W P C L L D E H S * G 8 F P 8§
3241 GAGGGCCCGGAAACCTGGCCCTGTCTTCTTGACGAGCATTCCTAGGGGTCTTTCCCCTCT
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1101 R ¢ R N A R 8§ V E C R E 6 8§ S 8§ 8 G S F
3301 CGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTC
1121 L K T N N V ¢ 8 D P L Q A A E P P T W R
3361 TTGAAGACARACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGCGA
1141 9 v P L R P K A T C I R Y T C K G G T T
3421 CAGGTGCCTCTGCGGCCARAAGCCACGTGTATAAGATACACCTGCARAGGCGGCACAACC
1161 P vV P R C E L D S C 6 K § Q M A L L XK R
3481 CCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCARATGGCTCTCCTCAAGCGT
1181 T ¢ ¢ G A E G C P E G T P L Y G I =~ &8 G
3541 ATTCAACAAGGGGCTGARGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGG

1200A 8§ V B M L ¥ M C L V E V K XKZ R L G P P
3601 GCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAARARCGTCTAGGCCCCCCE
1221 N H G PV V F L * K T R * Y H 6 N S R W

3661 AACCACGGGGACGTGGTTTTCCTTTGARAAACACGATAATACCATGGGAATTCARGATGG
12411 A R R F § G R L G 6 E A I R L * L G T
3721 ATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACA
l261T D N R L L * C R R V P A V S A G A P G
3781 ACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGT
i281 s ¥ ¢ ¢ D R P V R C P E * T A G R G S A
3841 TCTTTITTGTCAAGACCGACCTGTCCGGTGCCCTGRAATGAACTGCAGGACGAGGCAGCGCG
136l A I V A G H D G R 8 L R 8 C A R R C H *
3901 GCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGA
1331 s 6 K 6 .. A A I G R S A G A G S P V I 8
3961 AGCGGGAAGGGACTGGCTGCTATTGGGCGARAGTGCCGGGGCAGGATCTCCTGTCATCTCA
1341 P ¢ 8 ¢C R E 8§ I H H G * C¢C N A A A A Y A
4021 CCTTGCTCCTGCCGAGRAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCT
1361 s 6 Yy L P I R P P 5 E T S H R A S T Y
4081 TGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTAC
138.8s D 6 s R 8§ ¢ R 8§ G * S G R R A S G A R
4141 TCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGC
1401 A $S R T V R 0 A 9§ G A H A R R R G 8 R R
4201 GCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGT
1421 D P W R C L L A E Y H G G K W P L F W I
4261 GACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATT
l443 H R L W P A G C G G P L $ G H S8 V G Y P
4321 CATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCG
l4p1 » Y C * R A W R R M G * P L P R A L R Y
4381 TGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTAT
1481 R R S R F A A H R L L 8 P S * R V L L S
4441 CGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGC
150166 T L G I R * N K R F Y L VvV 8 R K R G E
4501 GGGACTCTGGGGATCCGATAAAATAAAAGATTTTATTTAGTCTCCAGARAAAGGGGGGAA
1522 X T Pp P V. G L A S * L XK * R H F A R H
4561 TGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTTAAGTAACGCCATTTTGCAAGGCAT
1541 ¢ K I H N # E * R 8 S D QQ G Q E @ M E 0
4621 GGAAAAATACATAACTGAGAATAGAGAAGTTCAGATCAAGGTCAGGAACAGATGGAACAG
1561 L N M G Q T G Y L W * A V P A P A @ G 0O
4681 CTGAATATGGGCCAAACAGGATATCTGTGGTAAGCAGTTCCTGCCCCGGCTCAGGGCCAA
158l E ¢ M E ¢ L N M G Q T G Y L W * A V P A
4741 GAACAGATGGAACAGCTGAATATGGGCCARACAGGATATCTGTGGTAAGCAGTTCCTGCC
lé0l P A Q G Q E 0 M V P R C 6 P A L S8 8§ F =
4801 CCGGCTCAGGGCCAAGAACAGATGGTCCCCAGATGCGGTCCAGCCCTCAGCAGTTTCTAG
lé22 R T I R C F Q G A P R T * N D P V P Y L
4861 AGAACCATCAGATGTTTCCAGGGTGCCCCAAGGACCTGAAATGACCCTGTGCCTTATTTG
legp N *» P I $ $S L L A S V R A L L L P E L N
4921 AACTAACCAATCAGTTCGCTTCTCGCTTCTGTTCGCGCGCTTCTGCTCCCCGAGCTCAAT
1661 K R A H N P §$ L G A P V L R L T E S5 P G
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4981 AAAAGAGCCCACAACCCCTCACTCGGGGCGCCAGTCCTCCGATTGACTGAGTCGCCCGGE
el Yy P C I Q@ * T L L Q L H P T C G L & V P
5041 TACCCGTGTATCCAATAAACCCTCTTGCAGTTGCATCCGACTTGTGGTCTCGCTGTTCCT
1701 W B 6 L L * vV I DY P S A G V F H L G A
5101 TGGGAGGGTCTCCTCTGAGTGATTGACTACCCGTCAGCGGGGGTCTTTCATTTGGGGGCT
1721 R P G S ¢ D P C P G T T D P P P G G K L
5161 CGTCCGGGATCGGGAGACCCCTGCCCAGGGACCACCGACCCACCACCGGGAGGTAAGCTG
1741 A A 8§ R V 8 VvV M T V K T 8 D T C 8 3 kK R
5221 GCTGCCTCGCGCGTTTCGGTGATGACGGTGARAACCTCTGACACATGCAGCTCCCGGAGA
1761 R 5 ¢ L V ¢ K R M P G A D K P V R A R 0O
5281 CGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACARGCCCGTCAGGGCGCGTCAG
1781 R V L A G V G A Q P * P 8 H V A I A E C
5341 CGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGT
g6 I L A * L ¢ G I KR A D C T E S A P Y A V
5401 ATACTGGCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTG
82l * N T A ¢ M R K E K I P H ¢Q A L F R F L
5461 TGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGCTTCCTC
1841 A H * L A A L G R S A A A 8 G I § 3 L K
5521 GCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCARA
186l 6 ¢ N T Vv I H R I R G * R R K E H V § K
5581 GGCGGTAATACGGTTATCCACAGRATCAGGGGATAACGCAGGAAAGAACATGTGAGCARA
1881 R P A K G @ E P * K G R V A G V F P * A
5641 AGGCCAGCAAAAGGCCAGGAACCGTARAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCT
i0rp P P * R A 8§ © K S T L K S E V A K P D
5701 CCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGARACCCGAC
1822 R T I K I P G V & P W K L P R A L S C 8
5761 AGGACTATAARAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCC
1941 D P A A ¥ R I P V R L 8 P F G K R G A F
5821 GACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTC
161 8 M L T L * V S5 ¢ F G V 66 R § L ¢ A G L
5881 TCAATGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCARGCTGGGCTG
181 ¢ A R T P R § A R P L R L I R * I, S § =+
5941 TGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGA
200 v ¢ P G K T R L I A T G S S H W * O D *
6001 GTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAG
2022 Q 8§ E VvV ¢ R R C Y R V L E V V A * L R 1L
6061 CAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTA
201 H * K D § I W Y L R 8§ A E A S Y L R K K
6121 CACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
206l s w * L L I R @ T N H R W * R W F F C L
6181 AGTTGGTAGCTCTTGATCCGGCARACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTG
20819 A A D Y A QQ K K R I $ R R S F D L F Y
6241 CRAGCAGCAGATTACGCGCAGAAAARAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAC
21016 VvV * R § V E R K L T L R D F G H E 1 I
6301 GGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
212K K D L H L D P F K L K M K F * I N L K
6361 AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCRAATCTAAAG
2141y I * vV N L V * Q L P M L N ¢g * G T Y L
6421 TATATATGAGTARACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTC
261 s b L $ I 5 F I H $ C¢C L T P R R V D N Y
6481 AGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATRARACTAC
2181 D T G 6 L T I W B Q C C N D T A R P T L
6541 GATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTC
220 T 6 s R F I 85 N K P A S R K G R A O K W
6601 ACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGE
2221 s ¢ N F I R L H P V Y * I L P G S * S8 K
6661 TCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAG
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2241 - F A 8 * ~ F A ¢ R C C HE C C R HE R G V
6721 TAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTC
2261 T L V V W Y G F I Q L R F P T I XK A S Y
6781 ACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCARGGCGAGTTAC
2281 M I P H V V Q K § G * L L R § S D R C Q
6841 ATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAG
2301 K - vV 6 KR 8 V I T H G Y 6 8 T A ~ F § Y
6901 AAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTAC
2321 ¢ H A I R K M L F C D W * V L N O VvV 1 L
6961 TGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG
2341 R I VY B A T E L L L P G V N T ¢ ~ ¥ R
7021 AGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCARCACGGGATAATACCGE
2361 A T * O N F K S A H H W K T F F G A K T
7081 GCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGRAAACGTTCTTCGGGECGARRACT
2381 L, X b L T A V E I Q F D V T H 5 C T o L
7141 CTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTG
2401 T F 8§ I F Y F H Q R F W VvV 8 XK N R K A K
7201 ATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCARAR
2421 C R K K ¢ N K G D T E M L N T H T L P F
7261 TGCCGCARARARGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTT
24418 I L L K H L 8 6 L L S H E R I H I * M
7321 TCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG

246 Y L E K * T N R G S A H I 8§ P K 8§ A T *
7381 TATTTAGAAAAATAAACARATAGGGGTTCCGCGCACATTTCCCCGARAAGTGCCACCTGA
2431 R. L R N H ¥ Y H D I N L * X * A Y H E A

7441 CGTCTAAGRAACCATTATTATCATGACATTAACCTATAAARATAGGCGTATCACGAGGCC
2501 .. s §s 8 R I H T R 8 P K T V L Q9 M C P P
7501 CTTTCGTCTTCAAGAATTCATACCAGATCACCGARAACTGTCCTCCARATGTGTCCCCCT
2521 R T P K F A G ¥ C S * T T L P Y .§ P H S
7561 CACACTCCCAAATTCGCGGGCTTCTGCTCTTAGACCACTCTACCCTATTCCCCACACTCA
251 P E P K FP R P F R F FA F ER P H P + v
7621 CCGGAGCCAAAGCCGCGGCCCTTCCGTTTCTTTGCTTTTGARAAGACCCCACCCGTAGGTG
2561 A 5 * L K ¥ KR H F A R H G K I H N * E *
7681 GCAAGCTAGCTTAAGTAACGCCACTTTGCAAGGCATGGAAAAATACATAACTGAGAATAG
268l E 8 8 D 0 G Q E Q R N 8 * I P N R I S V
7741 GAAAGTTCAGATCAAGGTCAGGAACAAAGAAACAGCTGAATACCARACAGGATATCTGTG
2001 V. s 6 8 ¢ P G S 6 P R T D E T A E * W A
7801 GTAAGCGGTTCCTGCCCCGGCTCAGGGCCAAGAACAGATGAGACAGCTGAGTGATGGGCC
2621 K @ D I C G K Q@ F L P R L G A K N R W S
7861 AAACAGGATATCTGTGGTAAGCAGTTCUTGCCCCGGCTCGGGGCCAAGAACAGATGGTCC

2641 P D A V Q P S A YV 8 S E 8 8 D V 8 kK V P
7921 CCAGATGCGGTCCAGCCCTCAGCAGTTTCTAGTGAATCATCAGATGTTTCCAGGGTGCCC
2061 Q G P E N D P V P Y L N * P I § 85 L L A

7981 CAAGGACCTGARAATGACCCTGTACCTTATTTGAACTARCCAATCAGTTCGCTTCTCGCT
26818 V R A L F L S E L N K
8041 TCTGTTCGCGCGCTTCCGCTCTCCGAGCTCAATAARAG

E3Bi cDNA: from 1389 to 3110
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<110>
<120>
<130> 6553

<140> Not

<141>
<1l60> 5
<170>
<210> 1

<211> 8078
<212> DNA
<213>

<220>
<223>

<400> 1
agcccacaac

gtattcccaa
agggtctect
gggatttgga
caacctatct
tgtactagtt
gaacacccgg
cgacctgagg
gagacgagaa
gaagccgegce
ctgtatttgt
cactggaaag
tgggttacct
acctttaacc
ggacacccag
ccetgggtca
tctetecece
actccttete
ccaagctcac

agcctaccaa

agtgtgggtc

3-A-PCT

Yet Known

Herewith

ccctcacteg
taaagcctcect
ctgagtgatt
gacccetgee
gtgtetgtcc
agctaactag
ccgcaaccca
aagggagtcg
cctaaaacag
gtecttgtetg
ctgaaaatta
atgtcgageg
tctgetetge
gagacctcat
accaggtecc
agccctttgt
ttgaacctce
taggcgceegg
ttacaggctc
gaacaactgg

cgcegacacc

SEQUENCE LISTING

PatentIn version 3.2

Artificial Sequence

gcgegecagt
tgctgtttge
gactacccac
cagggaccac
gattgtctag
ctctgtatct
gggagacgtc
atgtggaatc
étcccgcctc
ctgcagcatc
gggccagact
gatcgcteac
agaatggcca
cacccaggtt
ctacategtg
acaccctaag
tegttegace
aattcgegge
tctacttagt
accgaccggt

agactaagaa

Roger Williams Hospital et al.

cttecgatag
atccgaatcg
gacgggggtce
cgacccacca
tgactatgtt
ggcggaccceg
ccagggactt
cgaccccegte
cgtectgaatt
gttetgtgtt
gttaccacte
aaccagtcgg
acctttaacg
aagatcaagg
acctgggaag
ccteecgecte
ccgectegat
cgtgacaaga
ccagcacgaa
ggtacctcac

cctagaacct

actgcgtege
tggtcteget
ttteatttgg
ccgggaggta
tgatgttatg
tggtggaact
tgggggccgt
aggatatgtg
tttgettteg

gtctctgtet

ccttaagttt

tagatgtcaa
teggatggece
tetttteace
ccttggettt
ctcttectee
cctecettta
gttactaaca
gtetggagac
ccttaccgag

cgctggaaag

PCT/US03/12772

BI~-SPECIFIC ANTIGEN-BINDING COMPOSITIONS AND RELATED METHODS

cDNA Sequence of pGLlEN-EH3.His (E3-Bi and Vector)

ccgggtaccce
gttecttggg
gggctegtcece
agctggecag
cgcctgegte
gacgagttct
ttttgtggee
gttctggtag
gtttggaacc
gactgtgttt
gaccttaggt
gaagagacgt
gcgagacggc
tggccegeat
tgaccceect
atccgccecg
tcecageccete
gcccctetcet
ctctggegge
tcggcgacac

gaccttacac

60

120

180

240

300

360

420

480

540

600

660

720
780
840
900
260
1020
1080
1140
1200

1260



WO 03/090513

agtcctgcag
cgecccacgtyg
cgtaccatgg
atgtctagag
gacagtgtca
caacagaaac
ggagtccetg
agtgtgcagg
acgttcggtg
tctgaaggca
gcctecagtga
tggggtaaaa
cttactaatt
aacacagcet
gcaagagatg
gcggatctga
aagcccacca
ccecetgtece
gggctggact
cctggggect
atgcactggg
agccgtggtt
aaatcctcca
tattactgtg
actctcacag
caggtccagce
aaggtcacca
aagtcaggca
cctgectecact
gaggctgaag
ggctegggga

tcaattcege

accaccccca
aaggétgccg
attttcaggt
ggagcattgt
gecatcacctg
caggacaatc
atcgcttcac
ctgaagacct
gaggcacaaa
aaggtcaggt
agatatcctg
acaggcctgg
acaatgagaa
acatgcaact
gteccetggtt
gcaactccat
cgacgccagce
tgcgecceccaga
tcgeggatcece
cagtgaagat
taaaacagag
atactaatta
gcacagccta
caagatatta
tctectecagg
aaattgttct
tgacctgcag
cctccceccaa
tcaggggcag
atgctgccac
caaagttgga

ccctetecet

ccgecctcaa
accccgggag
gcagatttte
aatgacccaa
caaggccagt

tcctaaacta

tggcagtgga

ggcagtttat
gctggaaata
ccagctgecag
caaggctact
acatggecctt
attcaagggce
cagcagccett
tgcttactgg
catgtacttc
gccgcgacca
ggcgtgecgg
acaggtccag
gtcctgeaag
gcctggacag
caatcagaag
catgcaactg
tgatgatcat
atctacttca
cacccagtet
tgccagctea
aagatggatt
tgggtcetggg
ttattactge
aataaaccgg

ccgeeeccecece

agtagacggc
tggaccatct
agcttcetge
tctcacaaat
caggatgtga
ctgatttact
tctgggacgg
tactgtcacc
aaagggtcga
cagtectggag
ggctacacat
gagtggattg
aaggccgcat
acatctgagg
ggccaaggaa
agccacttcg
ccaacaccgg
ccagecggegg
ctacagcagt
gcttetgget
ggtctggaat
ttcaaggaca
agcagcctga
tactgcettg
ggtagcggta
ccagcaatca
égtgtaagtt
tatgacacat
acctcttact
cagcagtgga
caccatcacc

taacgttact

atcgcagcett
ctagactgac
taatcagtgce
tcatgtccac
gtactgectgt
cggcatcecga
atttcacttt
aacattatat
ctteecggtag
ctgaggtgat
tcactaggta
‘gagagatttt
tcactgcaga
actctgcegt
ccetggtceac
tgecggtett
cgcccaccat
ggggcgcagt
ctggggctga
acacctttac
ggattggata
aggccacatt
catctgagga
actactgggg
aatcatctga
tgtctgeatc
acatgaactg
ccaaactggce
ctctecacaat
gtagtaaccc

atcaccatta

ggcegaagcc

PCT/US03/12772

ggatacacgce
gcggecgeta
ctcagtcata
atcagtagga
agcctggtat
ccggtacact
caccatcagce
tactcctegg
cggcaaatcce
gaggcctggg
ctacatacaa
acctggaact
tagatcctcc
ctattactgt
cgtectetgea
cctgeccageg
cgcgtegcag
ccacacgagqg
actggcaaga
taggtacacg
cattaatcct
gactacagac
ctctgecagtce
ccaaggcacc
aggtaaaggt
tccaggggag
gtaccagcag
ttectggagte
cagcggecatg
attcacgttce
gactégagga

gcttggaata

1320
1380
1440
1500
1560
1620
1680

1740

© 1800

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120

3180
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aggccggtgt
gagggcecegg
cgccaaagga
ttgaagacaa
caggtgceccetce
ccagtgccac
attcaacaag
gceteggtge
aaccacgggg
attgcacgca
acagacaatc
tetttttgte
gctatecgtgg
agcgggaagg
ccttgetect
tgatccgget
tcggatggaa
gccagccgaa
gacccatggce
catcgactgt
tgatattget
cgecgetecc
gggactctgg
tgaaagaccc
ggaaaaatac
ctgaatatgg
gaacagatgg
ccggctecagg
agaaccatca
aactaaccaa
aaaagagccc
tacccgtgta

tgggagggtc

gegtttgtet
aaacctggcc
atgcaaggtc
acaacgtctg
tgcggccaaa
gttgtgagtt
gggctgaagg
acatgcttta
acgtggtttt
ggttetececgg
ggctgectctg
aagaccgacc
ctggccacga
gactggctgce
gcecgagaaag
acctgcccecat
gcecggtettg
ctgttegeca
gatgecctget
ggccggctgg
gaagagcttg
gattcgcage
ggatccgata
cacctgtagg
ataactgaga
gccaaacagg
aacagctgaa
gccaagaaca
gatgtttcca
tcagtteget
acaacccctc
tccaataaac

tectetgagt

atatgttatt
ctgtcttett
tgttgaatgt
tagcgéccct
agccacgtgt
ggatagttgt
atgcccagaa
catgtgttta
cctttgaaaa
ccgettgggt
atgccgecegt
tgtceggtge
cgggegttec
tattgggcga
tatccatcat
tcgaccacca
tcgatcagga
ggctcaaggce
tgeccgaatat
gtgtggecgga
gcggegaatg
gcatecgectt
aaataaaaga
tttggcaagc
atagagaagt
atatctgtgg
tatgggccaa
gatggteccce
gggtgcceca
tectegettet
actcggggcg
cctettgeag

gattgactac

ttccaccata
gacgagcatt
cgtgaaggaa
ttgcaggcag
ataagataca
ggaaagagtc
ggtaccccat
gtcgaggtta
acacgataat
ggagaggcta
gttceggetg
cctgaatgaa
ttgegcaget
agtgceggag
ggctgatgea
agcgaaacat
tgatctggac
gcgeatgecec
catggtggaa
écgctatcag
ggctgaccgce
ctatcgectt
ttttatttag
tagcttaagt
tcagatcaag
taagcagttc
acaggatatc
agatgcggtce
aggacctgaa
gttegegege
ccagtcecctec
ttgcatccga

ccgtecagegg

ttgececgtett
cctaggggtce
gcagttccte
cggaacccec
cctgcaaagg
aaatggctct
tgtatgggat
aaaaacgtct
accatgggaa
ttecggetatg
tecagegcagg
ctgcaggacg
gtgctcgacg
caggatctcce
atgcggcggce
cgcatcgage
gaagagcatc
gacggcgagg
aatggeccgcet
gacatagcgt
ttecectegtge
cttgacgagt
tcteccagaaa
aacgccattt
gtcaggaaca
ctgceecegge
tgtggtaagc
cagccctcag
atgaccctgt
ttectgcteece
gattgactga
cttgtggtcet

gggtctttca
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ttggcaatgt
tttececectet
tggaagcttce
cacctggcga
cggcacaacc
cctcaagegt
ctgatctggg
aggccececeg
ttcaagatgg
actgggcaca
ggcgceceggt
aggcagcgcg
ttgtcactga
tgtcatctca
tgcatacgct
gagcacgtac
aggggctcge
atctcgtegt
tttctggatt
tggctaccecg
tttacggtat
tettetgage
aaggggggaa
tgcaaggcat
gatggaacag
tcagggccaa
agttecctgece
cagtttctag
gcecttatttg
cgagctcaat
gtegeceggg
cgetgttect

tttgggggcet

3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800

4860

4920

4980
5040
5100

5160
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cgtcegggat
gctgectege
cggtéacagc
cgggtgttgg
atactggctt
tgaaataccg
gctcactgac
ggcggtaata
aggccagcaa
ccgeceoceceect
aggactataa
gaccctgceceg
tcaatgctea
tgtgecacgaa
gtccaacccyg
cagagcgagg
cactagaagg
agttggtagc
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggceteca
tcctgecaact
tagttecgceca
acgctcgteg
atgatcccecce
aagtaagttg
tgtcatgcecca

agaatagtgt

cgggagaccce
gecgttteggt
ttgtctgtaa
cgggtgtegg
aactatgegg
cacagatgcyg
tcgetgeget
cggttatcca
aaggccagga
gacgégcatc
agataccagg
cttaccggat
cgctgtaggt
cceccecegtte
gtaagacacg
tatgtaggceg
acagtatttg
tcttgatceceg
attacgecgea
gctcagtgga
ttcacctaga
taaacttggt
ctatttegtt
ggcttaccat
gatttatcag
ttatccgect
gttaatagtt
tttggtatgg
atgttgtgca
gccgecagtgt
tcecgtaagat

atgcggcgac

ctgcccaggg
gatgacggtg
gcggatgecg
ggcgecagcca
catcagagca
taaggagaaa
cggtegtteg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgtttccece
acctgtecge
atctcagtte
agcccgaccg
acttatcgece
gtgctacaga
gtatctgege
gcaaacaaac
gaaaaaaadg
acgaaaactc
tccttttaaa
ctgacagtta
catccatagt
ctggccceccag
caataaacca
ccatccagtc
tgcgcaacgt
cttcattcag
aaaaagcggt
tatcactcat
gcttttetgt

cgagttgcte

accaccgacc
aaaacctctg
ggagcagaca
tgacccagtce
gattgtactg
ataccgcatc
gctgeggega
ggataacgca
ggcegegttg
acgctcaagt
tggaagctce
ctttetceceet
ggtgtaggtc
ctgegectta
actggcagca
gttettgaag
tctgetgaag
caccgetggt
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgctta
fgcctgactc
fgctgcaatg
gccagecgga
tattaattgt
tgttgcecatt
ctceggttec
tagectcecette
ggttatggeca
gactggtgag

ttgeceeggeg

caccaccggg
acacatgcag
agceccgteag
acgtagcgat
agagtgcacc
aggcgcectcett
gcggtatcag
ggaaagaaca
ctggcgtttt
cagaggtgge
ctecgtgceget
tcgggaageg
gttcgectcecea
tecggtaact
geccactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
ccegtegtgt
ataccécgag
agggccgagce
tgccgggaag
gctgcaggca
caacgatcaa
ggtectecga
gcactgcata
tactcaacca

tcaacacggg
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aggtaagctg
ctecececggaga
ggcgegteag
agcggagtgt
atatgcggtg
ccgettceete
ctcactcaaa
tgtgagcaaa
tcecataggcet
gaaacccgac
ctectgttee
tggegettte
agctgggcetg
atcgtettga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tettttctac
tgagattatc
caatctaaag
cacctatctc
agataactac
acccacgcte
gcagaagtgg
ctagagtaag
tegtggtgte
ggcgagttac
tecgttgtecag
attctettac
agtcattctg

ataataccgce

5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020

7080
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gccacatage
ctcaaggatc
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cgtctaagaa
ctttegtett
cacactccca
ccggagccaa
gcaagctagce
gaaagttcag
étaagcggtt
aaacaggata
ccagatgcegg
caaggacctg
tctgttegeg
<210> 2
<211> 2606
<212> PRT
<213>

<220>
<223>

<400> 2

Ser Pro Gln
1

Ala Arg Val

Ile vVal val
35

His Asp Gly
50

Leu Pro Arg
65

agaactttaa
ttaccgctgt
tcttttactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
caagaattca
aattcgecgygy
agccgcggec
ttaagtaacyg
atcaaggtca
cctgecceegyg
tctgtggtaa
tccageccecte
aaaatgaccc

cgcttccget

Pro Leu

Pro Val

20

Ser Leu

Leu

Gly

Asp

Phe

Phe

Ser

Arg
70

aagtgctcat
tgagatccag
tcaccagcgt
gggcgacacg
atcagggtta
taggggttce
tcatgacatt
taccagatca
cttetgetet
cttecgttte
ccactttgcea
ggaacaaada
ctcagggcca
gcagttectg
agcagtttct
tgtaccttat

ctcecgagcectce

Artificial Sequence

Thr Arg Arg Ala Ser

Pro Ile Lys Pro

cattggaaaa
ttecgatgtaa
ttetgggtga
gaaatgttga
ttgtctecatg
gcgecacattt
aacctataaa
ccgaaaactg
tagaccactc
kttgcttttg
aggcatggaa
aacagctgaa
agaacagatg
ccceggetaeg
agtgaatcat
ftgaactaac

aataaaag

Protein Sequence of pGlEN-EH3.His (E3-Bi

Leu
10

25

Leu
40

Phe
55

Pro

Gly Arg Val

Gly Gly Ser

Thr Thr Gly

Ser

75

Leu Ala

Ser Gly

Arg Ala

cgttecttegg
cccactegtg
gcaaaaacag
atactcatac
agcggataca
ccccgaaaag
aataggcgta
tcctecaaat
taccctatte
aaagacccca
aaatacataa
taccaaacag
agacagctga
gggccaagaa
cagatgtttc

caatcagttce

and Vec

Pro Ile Asp

Val Cys
30

Glu Leu
45

Ser

Ile Trp
60

Gly Gln

PCT/US03/12772

ggcgaaaact
cacccaactg
gaaggcaaaa
tettectttt
tatttgaatg
tgccacctga
tcacgaggce
gtgtcccecect
cceacactca
ccegtaggtg
ctgagaatag
gatatctgtg
gtgatgggce
cagatggtcc
cagggtgccc

gcttecteget

tor)

Cys Val

15

Ile Arg

Thr Thr

Arg Pro

Gln Pro

80

7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040

8078
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Ile Cys Val Cys

val

Leu

Thr

Gly

145

Ser

Ala

val

Sexr

Gln

225

Glu

Ala

Pro

305

Arg

Leu

cys

Thr

Leu

130

Ile

Ser

Arg

Phe

Leu

210

Ser

Trp

Asp

Gly

Phe

290

Pro

Ser

Gly

Thr

Sexr

115

Gly

Arg

Arg

Leu

Leu

195

Thr

vVal

Pro

Leu

His

275

Asp

Pro

Thr

Ala

Ser

100

Ser

Ala

Pro

Leu

Val

180

Tyxr

Leu

Asp

Thr

Ile

260

Pro

Pro

Leu

Pro

Gly

Pro

85

Leu

Glu

Val

Arg

Arg

165

Cys

Leu

Gly

val

Phe

245

Thr

Asp

Pro

Pro

Pro

325

Ile

Ile

Thr

Phe

Gln

150

Leu

Cys

Ser

Lys

230

Asn

Gln

Gln

Pro

Pro

310

Arg

Arg

Val

Ser

Pro

Val

135

Asp

Asn

Ser

Glu

Trp
215

Lys

Val

Val

Val

Trp

295

Ser

Ser

Gly

Cys
Ser
Ala
120
Ala
Met
Phe
Ile
Asn
200
Lys
Arg
Gly
Lys
Pro
280
Val
Ala
Ser

Arg

Leu
Val
105
Ala
Arg
Trp
Cys
val
185
Gly
Asp
Arg
Trp
Ile
265
Tyr
Lys
Pro

Leu

Asp

Cys

90

Ser

Thr

Pro

Phe

Phe

170

Leu

Gln

Val

Trp

Pro

250

Lys

Ile

Pro

Ser

TyTr

330

Lys

Leu

Gly

Gln

Glu

Trp

155

Arg

Cys

Thr

Glu

val

235

Arg

Val

Val

Phe

Leu

315

Pro

Ser

Met
Gly
Gly
Glu
140
Glu
Phe
Cys
Val
Arg
220
Thr
Asp
Phe
Thr
Val
300
Pro

Ala

Tyr

Leu

Pro

Asp

125

Gly

Thr

Gly

Leu

Thr

205

Ile

Phe

Gly

Ser

Trp

285

Leu

Leu

Gln

Cys

Val

110

vVal

Ser

Arg

Thr

Cys

190

Thr

Ala

Cys

Thr

Pro

270

Glu

Pro

Glu

Thr

Pro

Ala

Val

Pro

Arg

Thr

Glu

175

Leu

Pro

His

Ser

Phe

255

Gly

Ala

Lys

Pro

Pro

335

Leu

PCT/US03/12772

Cys

Glu

Gly

Cys

Asn

160

Ala

Thr

Leu

Asn

Ala

240

Asn

Pro

Leu

Pro

Pro

320

Ser

Ser
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Pro

Thr

Ser

385

Glu

Pro

Pro

Arg

Leu

465

Gln

Thy

Gln

Arg

Asp

545

Tyr

Thr

Glu

Ser

Ser

370

Pro

Pro

His

Arg

Pro

450

Tle

Ser

Cys

Lys

Tyr

530

Phe

Tyr

Lys

Gly

Sex

355

Gly

Leu

Arg

Arg

Glu

435

Leu

Ser

His

Lys

Pro

515

Thr

Thy

cys

Leu

Lys
595

340

Leu

Gly

Pro

Thr

Pro

420

Gly

Arg

Ala

Lys

Ala

500

Gly

Gly

Phe

His

Glu

580

Gly

Thr

ser

Ser

Ser

405

Gln

Cys

Thr

Ser

Phe

485

Ser

Gln

Val

Thr

Gln

565

Ile

Gln

Gly

Leu

Arg

390

Leu

Ser

Arg

Met

Val

470

Met

Gln

Ser

Pro

Ile

550

His

Lys

Val

Ser

Pro

375

Arg

Glu

Arg

Pro

Asp

455

Ile

Ser

Asp

535

Ser

YL

Gly

Gln

Leu
360

Arg

Arg

Arg

Arg

440

Phe

Met

Thr

Val

Lys

520

Arg

Ser

Ile

Ser

Leu
600

345

Leu

Thr

Ser

Thr

His

425

Gly

Gln

Ser

Ser

Ser

505

Leu

Phe

Val

Thr

Thr

585

Gln

Ser

Thr

Val

Leu

410

Arg

Trp

Val

Arg

Val

490

Thxr

Leu

Thr

Gln

Pro

570

Ser

Gln

Pro

Gly

Gly

395

Ser

Thr

Gln

Gly

475

Gly

Ala

Ile

Gly

Ala

555

Arg

Gly

Ser

Ala

Pro

380

Pro

Ser

Leu

Ile

Ile

460

Ser

Asp

Val

Tyr

Ser

540

Glu

Thr

Ser

Gly

Arg

365

Thr

Pro

Pro

Asp

Ser

445

Phe

Ile

Ser

Ala

Ser

525

Gly

Asp

Phe

Gly

Ala
605

350

Ser

Gly

Thr

Ala

Thr

430

Arg

Ser

Val

Val

Trp

510

Ala

Ser

Leu

Gly

Lys

590

Glu

Leu

Gly

Pro

Asp

415

Arg

Leu

Phe

Met

Ser

495

Tyr

Ser

Gly

Ala

Gly

575

Ser

Val
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Glu

Thr

Asp

400

Arg

Thr

Leu

Thr

480

Ile

Gln

Asp

Thr

Val

560

Gly

Ser

Met
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Arg

Phe

625

Leu

Glu

Thr

Tyr

Thr

705

Phe

Pro

Leu

His

Ser

785

Lys

Gln

Arg

Thr

Pro

610

Thr

Glu

Lys

Ala

Tyr

690

Leu

Ser

Ala

Ser

Thr

770

Gly

Ala

Arg

Gly

Thr
850

Gly

Arg

Trp

Phe

Tyr

675

Cys

Val

His

Pro

Leu

755

Arg

Ala

Ser

Pro

Tyr

835

Asp

Ala

Tyr

Ile

Lys

660

Met

Ala

Thr

Phe

Arg

740

Arg

Gly

Glu

Gly

Gly

820

Thr

Lys

Ser

Tyr

Gly

645

Gly

Gln

Arg

Val

Val

725

Pro

Pro

Leu

Leu

Tyr

805

Gln

Asn

Ser

Val

Ile

630

Glu

Lys

Leu

Asp

Ser

710

Pro

Pro

Glu

Asp

Ala

790

Thr

Gly

Tyr

Ser

Lys

615

Gln

Ile

Ala

Ser

Gly

695

Ala

Val

Thr

Ala

Phe

775

Arg

Phe

Leu

Asn

Ser
855

Ile

Trp

Leu

Ala

Ser

680

Pro

Ala

Phe

bro

Cys

760

Ala

Pro

Thr

Glu

Gln

840

Thr

Ser

Gly

Pro

Phe

665

Leu

Trp

Asp

Leu

Ala

745

Arg

Asp

Gly

Arg

Trp

825

Lys

Ala

Cys

Lys

Gly

650

Thr

Thr

Phe

Leu

Pro

730

bPro

Pro

Pro

Ala

Tyr

810

Ile

Phe

Tyr

Lys

Asn

635

Thr

Ala

Ser

Ala

Ser

715

Ala

Thr

Ala

Gln

Ser

795

Thxr

Gly

Lys

Met

Ala

620

Arg

Leu

Asp

Glu

Tyxr

700

Asn

Lys

Ile

Ala

Val

780

Val

Met

Tyxr

Asp

Gln
860

Thr

Pro

Thr

Arg

Asp

685

Trp

Ser

Pro

Ala

Gly

765

Gln

Lys

Ile

Lys
845

Leu

Gly

Gly

Asn

Ser

670

Ser

Gly

Ile

Thr

Ser

750

Gly

Leu

Met

Trp

Asn

830

Ala

Ser

TyT

655

Ser

Ala

Gln

Met

Thr

735

Gln

Ala

Gln

Ser

Val

815

Pro

Thr

Ser
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Thr

Gly

640

Asn

Asn

Val

Gly

Tyxr

720

Thr

Pro

Val

Gln

Cys

800

Lys

Ser

Leu

Leu



WO 03/090513

Thr

865

ser

Val

Pro

Tyx

945

Ile

Gly

Ala

Phe

His

Pro

Val

Cys

Gly

Arg

Ser

Tyr

Gly

Gln

Gly
930

Met

Tyr

Ser

Glu

Thr
1010

His
1025

Pro
1040

Cys
1055

Glu
1070

Ser
1085

Glu
1100

Glu Asp

Cys

Ser

Gln

215

Glu

Asn

Asp

Gly

Leu

Thr
900

Ser

Asp

885

Ser

Ile Val

Lys

Trp

Thr

Ser
980

Asp Ala

995

Phe

His

Arg

Leu

Gly

Phe

Gly

Gly

His

Tyxr

Tyr

Pro

Pro

Ser

val

Tyr

Ser

965

Gly

Ala

Ser

Thr

Trp

Val

Glu

Ser

Ser

Ala

870

Tyxr

Gly

Leu

Thr

Gln

950

Lys

Thr

Thr

Gly

Arg

Pro

Ile

Thxr

Arg

Sexr

Val

Tyr Tyr

Trp Gly Gln

Ser Gly Lys

905

Thr Gln Ser
920

Met Thr Cys

935

Gln Lys Ser

Leu Ala Ser

Ser Tyr Ser

985

Cys

Gly

890

Ser

Pro

Ser

Gly

Gly

970

Leu

Ala

875

Thr

Ser

Ala

Ala

Thr

955

Val

Thr

Arg

Thr

Glu

Ile

Ser

940

Ser

Pro

Ile

Tyr

Leu

Gly

Met

925

Ser

Pro

Ala

Ser

Tyr

Thr

Lys

910

Ser

Ser

Lys

His

Gly
990

Asp

Val

895

Gly

Ala

Val

Arg

Phe

975

Met
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Asp

880

Ser

Gln

Ser

Ser

Trp

960

Arg

Glu

Tyr Tyr Cys Gln Gln Trp Ser Ser Asn Pro
1000

Thr
1015

Gly
1030

Lys
1045

Phe
1060

Trp
1075

Gln
1090

Ser
1105

Lys Leu

Ser Ile

Pro Leu

His His

Pro Cys

Arg Asn

Gly Ser

Glu

Pro

Gly

Tle

Leu

Ala

Phe

Ile
Pro
Ile
Ala
Leu
arg

Leu

1005

1020

Leu

1035

Arg

1050

Val

1065

Asp

1080

Ser

1095

Lys

1110

Asn Axrg His His

Ser Leu Pro

Pro Val Cys

Phe Trp Gln

Glu His Ser

Val Glu Cys

Thr Asn Asn
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Val

Gln

Lys

Gly

Glu

Ser

Leu

Tyr

Leu

Leu

Ser

Arg

Arg

Ile

Ser

Cys
1115

Val
1130

Gly
1145

Lys
1160

Gly
1175

Val
1190

Gly
1205

His
1220

Gly
1235

Leu
1250

Phe
1265

Gly
1280

Ser
1295

Gly
1310

Cys
1325

Ala
1340

Arg

Ser Asp

Pro

Gly

Ser

Pro

Gly

Gly

Cys

Cys

Serxr

Cys

Arg

Arg

Ser

Ala

Leu

Thr

Gln

Pro

Met

Pro

Asn

Glu

Arg

Gln

Ala

Ala

Ser

Glu

Gly

Ser

Pro

Arg

Thr

Met

Glu

Leu

Asn

Ser

Ala

Arg

Asp

Ala

Arg

Ala

Ser

Tyr

Thr

Leu

Pro

Pro

Ala

Gly

TyY

Arg

Ile

Val

Arg

Ile

Arg

Gly

Ile

Leu

TYyT

Gln
1120

Lys
1135

Val
1150

Leu
1165

Thr
1180

Met
1195

Gly
1210

Trp
1225

Arg
1240

Pro
1255

Pro
1270

Val
1285

Cys
1300

Ala
1315

His
1330

Pro
1345

Ser

Ala

Ala

Pxo

Leu

Pro

Cys

Asp

Ile

Leu

Ala

Val

Ala

His

Gly

His

Ile

Asp

Ala

Thr

Arg

Lys

Leu

Leu

val

Ala

Leu

val

Arg

Gly

Ser

Ser

Gly

Arg

Gly

10

Glu

Cys

Cys

Arg

Tyr

Val

Val

Arg

Gly

Ser

cys

His

Gly

Pro

Cys

Pro

Ser

Pro

Ile

Glu

Ile

Gly

Glu

Phe

Arg

Thr

Ala

Pro

Asp

Lys

Val

Asn

Pro

Arg

Pro
1125

Arg
1140

Leu
1155

Gln
1170

Ile
1185

Val
1200

Leu
1215

Phe
1230

Thr
1245

Gly
1260

Glu
1275

Gly
1290

Gly
1305

Ile
1320

Ala
1335

Ser
1350

Ser

Thr

Tyr

Asp

Gln

Ser

Lys

Lys

Ser

Asp

Ala

Thr

Arg

Leu

Ser

Ala

Glu

Cys

Trp

Thr

Ser

Gly

Gly

Lys

Thr

Gly

Asn

Pro

Ala

Sexr

Ala

Pro

Ala

Thx

Arg

PCT/US03/12772

Arg

Cys

Cys

Ala

Ala

Arg

Arg

Arg

Arg

Gly

Gly

Leu

Ala

Cys

Ala

Ser

Ser
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Gly

Arg

Asp

Pro

Pro

Arg

Arg

Sexr

Arg

Lys

Ser

Thxr

Gln

val

Gly

Ala

1355

Ser
1370

Gln
1385

Pxro
1400

Leu
1415

Leu
1430

Arg
1445

Phe
1460

Gly
1475

Liys
1490

Arg
1508

Asp
1520

Gly
1535

Met
1550

Pro
1565

Pro
1580

Pro
1595

Gly

Ala

Trp

Phe

Ser

Met

Ala

Thr

Arg

His

Gln

Tyr

Glu

Ala

Ala

Arg

Arg

Gln

Arg

Trp

Gly

Gly

Ala

Leu

Gly

Phe

Gly

Leu

Gln

Pro

Leu

Thr

Arg

Gly

Cys

Ile

His

Pro

His

Gly

Glu

Ala

Gln

Trp

Leu

Ala

Ser

Asn

Ala

Ala

Leu

Sexr

Leu

Arg

Ile

Lys

Arg

Glu

Ala

Asn

Gln

Ser

Asp

1360

Ser
1375

His
1390

Leu
1405

Arg
1420

Val
1435

Pro
1450

Leu
1465

Arg
1480

Thr
1495

His
1510

Gln
1525

Val
1540

Met
1555

Gly
1570

Phe
1585

Pro
1600

Gly

Ala

Ala

Leu

Gly

Arg

Leu

Asn

Pro

Gly

Met

Pro

Gly

Gln

Arg

Val

11

Ala

Arg

Glu

Trp

Tyr

Ala

Ser

Lys

Pro

Lys

Glu

Ala

Gln

Glu

Thr

Pro

Arg

Arg

Tyr

Pro

Pro

Leu

Pro

Arg

Val

Ile

Gln

Pro

Thr

Gln

Ile

Tyr

Ala

Arg

His

Ala

Tyr

Arg

Ser

Phe

Gly

His

Leu

Ala

Gly

Met

Arg

Leu

1365

Ser
1380

Gly
1395

Gly
1410

Gly
1425

Cys
1440

Tyr
1455

Arg
1470

Tyr
1485

Leu
1500

Asn
1515

Asn
1530

Gln
1545

Tyr
1560

Val
1575

Cys
1590

Asn
1605

Arg

Ser

Gly

Cys

Arg

Arg

Val

Leu

Ala

Glu

Met

Gly

Leu

Pro

Phe

Pro

Thr

Arg

Lys

Gly

Ala

Arg

Leu

Val

Ser

Arg

Gly

Gln

Trp

Arg

Gln

Ile

PCT/US03/12772

Val

Arg

Trp

Gly

Trp

Ser

Leu

Ser

Leu

Ser

Gln

Glu

Ala

cys

Gly

Ser
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Ser

Lys

Thx

Ile

Gly

Gly

Sexr

Arg

Leu

Glu

Ser

Ile

Leu

Gly

val

Leu
1610

Arg
1625

Glu
1640

Pro
1655

Asp
1670

Ser
1685

Lys
1700

Asp
1715

Met
1730

Ala
1745

Cys
1760

Ala
1775

Pro
17390

Gly
1805

Asn
1820

Ser
1835

Leu

Ala

Ser

Thr

Tyr

Gly

Leu

Thxr

Pro

Gly

Ile

Pro

His

Arg

Thr

Lys

Ala

Pro

Cys

Pro

Asp

Ala

Cys

Gly

vVal

Leu

Tyr

Gln

Ser

Val

Arg

Ser

Asn

Gly

Gly

Ser

Pro

Ala

Ser

Ala

Gly

Ala

Ala

Ala

Ala

Ile

Pro

val

Pro

Tyr

Leu

Ala

Cys

Ser

Sexr

Asp

Ala

Leu

Val

Leu

Ala

His

Ala

Arg
1615

Ser
1630

Pro
1645

Ala
1660

Gly
1675

Pro
1690

Arg
1705

Arg
1720

Lys
1735

Gln
1750

Cys
1765

Asn
1780

Phe
1795

Ala
1810

Arg
1825

Lys
1840

Ala

Leu

Cys

Val

Val

Gly

Val

Arg

Pro

Pro

Gly

Thr

Arg

Ser

Ile

Gly

Leu

Gly

Ile

Pro

Phe

Thr

Ser

Arg

val

Pro

Ile

Ala

Phe

Gly

Arg

Gln

12

Leu

Ala

Gln

Trp

Thr

Val

Ser

Axrg

Ser

Arg

Gln

Leu

Ile

Gly

Glu

Leu

Pro

Thr

Glu

Leu

Asp

Met

Gln

Ala

His

Ala

Met

Ala

Ser

Arg

Pro

Pro
1620

Val
1635

Leu
1650

Gly
1665

Gly
1680

Pro
1695

Thr
1710

Leu
1725

Arg
1740

Val
1755

Asp
1770

Arg
1785

His
1800

Ser
1815

Arg
1830

Lys
1845

Glu

Leu

Leu

Leu

Ala

Pro

Val

Val

Gln

Ala

Cys

Lys

Leu

Leu

Lys

Gly

Leu

Arg

Gln

Leu

Arg

Pro

Lys

Cys

Arg

Ile

Thr

Glu

Ala

Lys

Glu

Arg

PCT/US03/12772

Asn

Leu

Leu

Val

Pro

Gly

Thx

Lys

Val

Ala

Glu

Lys

Ala

Val
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Ala

Thr

Pro

Asp

Lys

vVal

Ser

Gly

Gln

Ala

Glu

Thr

Tyr

Tyr

Gly

Leu

Gly Val

1850

Leu
1865

Gly
1880

Pro
1895

Arg
1910

Gly
1925

Ala
1940

Lys
1955

Ser
1970

Leu
1985

Ala
2000

Asn
2015

Ala
2030

Gly
2045

His
2060

Lys
2075

Lys

Val

Ala

Gly

Arg

Thr

Glu

Arg

Ser

Gln

val

Glu

Met

Phe

Sexr

Ser

Ala

Ala

ser

Pro

Arg

Val

Leu

Tyxr

Arg

Lys

Arg

Ile

Lys

Pro

Glu

Pro

Tyr

Phe

Leu

Leu

Leu

Leu

Trp

Lys

Ser

Ile

Phe

Ala

val

Trp

Arg

sexr

Gln

Arg

Ile

Arg

Lys

Arg

Arg

Arg

val

Lys

Ile

Pro

Pro

1855

Ala
1870

Lys
1885

Ile
1500

Met
1915

Ala
1930

Leu
1945

Ala
1960

Arg
1975

Asp
1990

Lys
2005

Trp
2020

Ile
2035

Glu
2050

Lys
2065

Asn
2080

Lys

Leu

Pro

Leu

Gly

Tle

Thr

Cys

Ser

Lys

Phe

Ser

Arg

Asp

Leu

Pro

Pro

Pro

Val

Thxr

Leu

Arg

Gly

Tyr

Ile

Ser

Phe

Arg

Lys

Leu

Lys

13

Arg

Asp

Arg

Arg

Leu

Cys

Leu

Ser

Arg

Trp

Trp

Cys

Arg

Leu

His

Tyr

Ala

Arg

Ala

Leu

Val

Ala

Ser

Ser

Val

TYyL

Leu

Leu

Ser

Thr

Leu

Ile

Ser
1860

Thr
1875

Leu
1890

Ser
1905

Ser
1920

Arg
1935

Ser
1950

His
1965

Leu
1980

Leu
1995

Leu
2010

Gln
2025

Phe
2040

Leu
2055

Asp

2070

Val
2085

Gln

Ile

Ser

Pro

Gln

Thr

Val

Trp

Glu

Arg

Ile

Ala

Asp

Arg

Pro

Asn

Lys

Lys

Cys

Phe

Phe

Pro

Gln

Gin

val

Ser

Arg

Ala

Leu

Asp

Phe

Leu

PCT/US03/12772

Ser

Tle

Ser

Gly

Gly

Arg

Pro

Asp

Val

Ala

Gln

Asp

Phe

Phe

Lys

Val
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Gln

Ile

Tyr

Thr

Pro

Ile

Ala

Val

Thr

Gly

Val

Ala

Ile

Val

Ala

Ile

Leu
2090

Ser
2105

Asp
2120

Ala
2135

Ala
2150

Arg
2165

Ser
2180

Thr
2195

Ile
2210

Leu
2225

Tle
2240

Ile
2255

Leu
2270

Asn
2285

Trp
2300

Val
2315

Phe

Pro

Phe

Thr

Arg

Ser

Leu

Phe

Leu

Lys

Leu

Thr

Arg

Arg

Thr

Lys

Glu

Ser

Met

Ile

Gly

Pro

Arg

His

Ala

Val

Ala

Arg

His

Lys

Ile

Gly

Thr

Ile

Ile

Leu

His

Gly

Thr

Lys

Pro

Gln

Val

Ser

Ser

Gly

Met

Val

Tyr

Phe

Gln

Phe

Asn

Serx

Leu

Leu

Gly

Val

Arg

Trp

YT

Ser

TyTr

Leu

Tyx

Arg

Phe

Phe

TyT

Gln
2095

Cys
2110

Thr
2125

Thr
2140

Arg
2155

Tyr
2170

Cys
2185

Tyr
2200

Met
2215

Asp
2230

Gly
2245

Phe
2260

Ala
2275

Ala
2290

Gly
2305

Agsp
2320

Phe

Gly

Leu

Ile

Gly

Ala

Leu

Cys

Gly

Ile

Arg

Ser

Cys

Ala

Thr

Ala

Val

His

Thr

Thr

Trp

Ser

Gln

Leu

Phe

Pro

Cys

Thr

Asp

Thr

Gln

Lys

Thr

Gln

14

Tyr Leu Ser

Pro

Pro

Arg

Lys

Pro

Cys

Ile

Gln

Ala

Trp

Glu

Asn

Thr

Arg

Arg

Gln

Phe

Trp

Gly

Cys

Gln

Val

Lys

Phe

Val

Leu

Phe

Leu

Ser

Phe

2100

Arg
2115

Cys
2130

Ile
2145

Ser
2160

Ser
2175

Arg
2190

Leu
2205

Val
2220

Val
2235

Ser
2250

Leu
2265

Leu
2280

Lys
2295

Lys
2310

Cys
2325

Trp

Asp
val
Cys
Ser
Cys
Ser
His
Arg
Gln
Gly
Tyr
Asn
Leu
Ser
Asp
Thr

val

Leu

Asp

Asn

Asn

Asn

Lys

Arg

Phe

Lys

Arg

Cys

Gln

Pro

Ala

Leu

Gln

Ser

PCT/US03/12772

Ser

Asn

Asp

Lys

Phe

Phe

Gly

Pro

Ser

Ser

His

Val

Gly

His

Thr

Leu

Lys



WO 03/090513

Asn

Glu

Hig

Leu

Ala

Ala

Pro

Ala

Glu

His

Ile

sexr

Ser

Ile

Trp

Ser

2330

Arg
2345

Met
2360

Leu
2375

Glu
2390

Thr
2405

Tyr
2420

Lys
2435

Gly
2450

Pro
2465

Pro
2480

His
2495

Ile
2510

Gly
2525

Cys
2540

Ser
2555

Asp
2570

Lys

Leu

Ser

Lys

Arg

His

Thr

Phe

Lys

Vval

Asn

Pro

Pro

Gly

Pro

Val

Ala

Asn

Gly

Thi

Leu

Glu

Val

Cys

Pro

Ala

Glu

Asn

Arg

Lys

Asp

Sex

Lys

Thr

Leu

Asn

Arg

Ala

Leu

Ser

Arg

Ser

Glu

Arg

Thr

Gln

Ala

Arg

Cys

His

Leu

Arg

Asn

Leu

Gln

Thr

Pro

Leu

Ser

Ile

Asp

Phe

Val

Val

2335

Arg
2350

Thr
2365

Ser
2380

Gly
2395

His
2410

Ser
2425

Met
2440

Thr
2455

Phe
2470

Lys
2485

Ser
2500

Ser
2515

Glu
2530

Leu
2545

Gln
2560

Pro
2575

Lys

Leu

Ser

Tyr

Ser

Cys

Leu

Arg

Axg

Asp

Val

Thr

Pro

Pro

Gln

Lys

Pro

Glu

Ala

Tyr

Sexr

Pro

Pro

Phe

His

Gln

Val

Ala

Arg

Ser

Gly

15

Gly

Phe

Arg

Pro

Tyr

Phe

Phe

Gly

Ser

Glu

Leu

Ala

Pro

Asn

Ser

Ile

Ile

Asp

Ile

Ser

Ala

Ala

Gln

Gly

Trp

Gly

vVal

Glu

2340

Lys
2355

Ile
2370

Hig
2385

Ser
2400

Ile
2415

His
2430

Thr
2445

Pro
2460

Phe
2475

Arg
2490

Glu
2505

Ser
2520

Ala
2535

Ala
2550

Ser
2565

Asn
2580

Gly

Leu

Ile

Pro

Asn

Thr

Pro

Glu

Gln

Cys

Lys

Lys

Ser

Asp

Asp

Leu

Met

Lys

Leu

Arg

Lys

Ser

Arg

Gly

Arg

Pro

Gln

Asn

Glu

Pro

PCT/US03/12772

Thr

Lys

Tyr

Ser

Lys

Ser

Phe

Pro

Pro

Lys

Asn

Gly

Asp

Arg

Serxr

Val
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Pro Tyr Leu Asn Pro Ile Ser

2585

Leu Pro Leu Ser Glu Leu Asn Lys

2600

<210> 3

<21i> 1731
<212> DNA
<213>

<220>
<223>

<400> 3
atggattttce

agagggagca
gtcagcatca
aaaccaggac
cctgateget
caggctgaag
ggtggaggca
ggcaaaggtc
gtgaagatat
aaaaacaggc
aattacaatg
gcctacatge
gatggtccct
ctgagcaact
accacgacgc
tcectgegee
gacttcgegg
gcectcagtga
‘tgggtaaaac
ggttatacta
tccagcacag
tgtgcaagat

acagtctect

aggtgcagat
ttgtaatgac
cctgcaaggce
aatctcctaa
tcactggcag
acctggcagt
caaagctgga
aggteccaget
cctgecaaggce
ctggacatgg
agaaattcaa
aactcagcag
ggtttgctta
ccatcatgta
cagcgecgeg
cagaggcgtg
atccacaggt
agatgtcctg
agaggcctgg
attacaatca
cctacatgeca
attatgatga

caggatctac

2590

2605

Artificial Sequence

E3Bi cDNA Sequence

tttecagette
ccaatctcac
cagtcaggat
actactgatt
tggatctggg
ttattactgt
aataaaaggg
gcagcagtct

tactggctac

ccttgagtgg’

gggcaaggcc

ccttacatct
ctggggccaa
cttcagccac
accaccaaca
ccggecageg
ccagcfacag
caaggcttct
acagggtctg
gaagttcaag
actgagcagc
tcattactgce

ttcaggtage

‘ctgctaatca
aaattcatgt
gtgagtactg
tactcggcat
acggatttca
caccaacatt
tcgacttecg
ggagctgagg
acattcacta
attggagaga
gcattcactg
gaggactctg
ggaaccctgg
ttegtgeegg
ccggegecca
gcggggggeg
cagtctgggg
ggctacacct
gaatggattg
gacaaggcca
ctgacatctg
cttgactact

ggtaaatcat

16

2595

gtgcctcagt
ccacatcagt
ctgtagecctg
ccgaccggta
ctttcaccat
atattactcc
gtagcggcaa
tgatgaggcc
ggtactacat
ttttacctgg
cagatagatc
ccgtectatta
tcaccgtctc
tecttectgee
ccatcgegte
cagtccacac
ctgaactgge
ttactaggta
gatacattaa
cattgactac
aggactctgc

ggggccaagg
ctgaaggtaa

PCT/US03/12772

Ser Leu Leu Ala Ser Val Arg Ala

cataatgtct
aggégacagt
gtatcaacag
cactggagtc
cagcagtgtg
tcggacgtte
atcctctgaa
tggggcctcea
acaatggggt
aactcttact
ctccaacaca
ctgtgcaaga
tgcagcggat
agcgaagccce
gcagccectg
gagggggctyg
aagacctggg
cacgatgcac
tcctagecgt
agacaaatcc
agtctattac
caccactctc

aggtcaggtc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
9200
9260

1020
1080
1140
1200
1260
1320

1380
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ctccaaattg
accatgacct
ggcacctecc
cacttcaggg
gaagatgctg

gggacaaagt

<210> 4

<211l> 574
<212> PRT
<213>

<220>
<223>

<400> 4

Met Asp Phe
1

Val Ile Met

Met Ser

35

Gln Asp Val

50

Ser Pro Lys

Pro Asp
Ile

Ser

Tle
115

His Tyr

Lys Gly Ser

130

Val
145

Gln

Val Lys Ile

Thr

Arg

Ser

Leu

ttctcaccca
gcagtgccag
ccaaaagatg

gcagtgggtc
ccacttatta

tggaaataaa

Gln val Gl
5

Ser Arg

Ser Val

Ser Thr Al

Leu Leu

70

Phe Thr

85

vVal Gln

100

Thr Pro

Thxr Ser

Gln Gln

15

Ser Cys

165

Gly

Gly

Ile

Gly

Ala

Arg

Gly

Ser

Lys

gtcteccagea
ctcaagtgta
gatttatgac
tgggacctct
ctgcecagcag

ceggeaccat

Artificial Sequence

Protein Sequence of E3Bi

n Ile Phe

Ile

Ser

Ser
40

Asp

a Val Ala

55

Tyr Ser

Ser Gly

Glu Asp

Thr Phe

120

Ser
135

Gly

Gly Ala

0

Ala Thr

atcatgtctyg
agttacatga
écatccaaac
tactctctea
tggagtagta

caccatcacc

Phe
10

Ser Leu

Val Met Thr

Val Ser Ile

Trp Tyr Gln

Ala Ser Asp

75

Ser Gly Thr

90

Leu Ala Val

105

Gly Gly Gly

Lys Ser Ser

Glu Val Met

155

Gly Tyr Thr

170

17

catctccagg
actggtacca
tggcttctgg
caatcagcgg
acccattcac

attagactecg

Leu Ile

Gln Ser

30

Thr Cys

45

Gln
60

Lys

Arg Tyr

Asp Phe

Tyr Tyr

Thr Lys

125

Glu
140

Gly
Pro

Arg

Phe Thr

Ser

His

Lys

Pro

Thr

Thr

Cys

110

Leu

Lys

Gly

Arg

PCT/US03/12772

ggagaaggtc
gcagaagtca
agtcectget
catggaggct
gttecggetceg

a

Ala
15

Ser
Phe

Lys

Ala Ser

Gln

Gly

Val
80

Gly

Phe
95

Thr

His Gln

Glu Ile

Gly Gln

Ala Ser

160

Tyr
175

Tyr

1440
1500
1560
1620
1680

1731
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Ile

Glu

Lys

Leu

225

Asp

Ser

Pro

Pro

Glu

305

Asp

Ala

Thr

Gly

Tyxr

385

Ser

Ala

Gln

Ile

Ala

210

Ser

Gly

Ala

Val

Thr

290

Ala

Phe

Arg

Phe

Leu

370

Agsn

Ser

Val

Trp

Leu

195

Ala

Sexr

Pro

Ala

Phe

275

Pro

Ccys

Ala

Pro

Thx

355

Glu

Gln

Thxr

TYyx

Gly

180

Pro

Phe

Leu

Trp

Asp

260

Leu

Ala

Arg

Asp

Gly

340

Arg

Trp

Lys

Ala

Tyx
420

Lys

Gly

Thr

Thx

Phe

245

Leu

Pro

Pro

Pro

Pro

325

Ala

Tyr

Ile

Phe

Tyr

405

Cys

Asn

Thr

Ala

Ser

230

Ala

Ser

Ala

Thxr

Ala

310

Gln

Ser

Thr

Gly

Lys

390

Met

Ala

Arg

Leu

Asp

215

Glu

Tyxr

Asn

Lys

Ile

295

Ala

Val

Val

Met

Tyr
375

Asp-

Gln

Arg

Pro

Thr

200

Arg

Asp

Trp

Ser

Pro

280

Ala

Gly

Gln

Lys

His

360

Ile

Lys

Leu

Tyr

Gly

185

Asn

Ser

Ser

Gly

Ile

265

Thr

Ser

Gly

Leu

Met

345

Trp

Asn

Ala

ser

VL
425

Tyxr
Ser
Ala
Gln
250
Met
Thr
Gln
Ala
Gin
330
Ser
Val
Pro
Thr
Ser

410

Asp

18

Gly

Asn

Asn

val

235

Gly

TYY

Thr

Pro

Val

315

Gln

Cys

Lys

Ser

Leu

395

Leu

Asp

Leu

Glu

Thr

220

Tyr

Thr

Phe

Pro

Leu

300

His

Ser

Lys

Gln

Arg

380

Thr

Thr

Glu

Lys

205

Ala

Tyr

Leu

Ser

Ala

285

Ser

Thr

Gly

Ala

Arg

365

Gly

Thr

Ser

Tyr

Trp Ile
190

Phe Lys

Tyr Met

Cys Ala

Val Thr
255

His Phe
270

Pro Arg

Leu Arg

Arg Gly

Ala Glu
335

Ser Gly
350

Pro Gly

Tyr Thr

Asp Lys

Glu Asp

415

Cys Leu
430

PCT/US03/12772

Gly

Gly

Gln

Arg

240

val

Val

Pro

Pro

Leu

320

Leu

Tyr

Gln

Asn

Ser

400

Ser

Asp
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Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser Gly Ser Thr Ser
435 440 445

Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly Gln Val Leu Gln Ile Val
450 455 460

Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly Glu Lys Val
465 470 475 480

Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met Asn Trp Tyr
485 490 495

Gln Gln Lys Ser Gly Thr Ser Pro Lys Arg Trp Ile Tyr Asp Thr Ser
500 505 510

Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg Gly Ser Gly Ser Gly
515 520 525

Thr Ser Tyr Ser Leu Thr Ile Ser Gly Met Glu Ala Glu Asp Ala Ala
530 535 540

Thr Tyr Tyr Cys Glun Gln Trp Ser Ser Asn Pro Phe Thr Phe Gly Ser
545 550 555 560

Gly Thr Lys Leu Glu Ile Asn Arg His His His His His His

565 570
<210> 5
<211> 2606
<212> PRT

<213> Artificial Sequence

<220>
<223> Alternative Protein Sequence of pGlEN-EH3.His (E3-Bi and Vector)

<400> 5

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

Ala Arg Val Pro Val Phe Pro Ile Lys Pro Leu Ala Val Cys Ile Arg
20 25 30

Ile Val Val Ser Leu Phe Leu Gly Arg Val Ser Ser Glu Leu Thr Thr
35 40 45

His Asp Gly Gly Leu Ser Phe Gly Gly Ser Ser Gly Ile Trp Arg Pro
50 55 60

Leu Pro Arg Asp His Arg Pro Thr Thr Gly Arg Ala Gly Gln Gln Pro
65 70 75 80

19
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Ile

val

Leu

Thr

Gly

145

Ser

Ala

val

Ser

Gln

225

Glu

Ala

Pro
305

Arg

Cys

Cys

Thr

Leu

130

Ile

Ser

Arg

Phe

Leu

210

Ser

Trp

Asp

Gly

Phe

290

Pro

Ser

Val

Thr

Ser

115

Gly

Arg

Arg

Leu

Leu

195

Thr

val

Pro

Leu

His
275
Asp

Pro

Thr

Cys

Ser

100

Ser

Ala

Pro

Leu

Val

180

Tyr

Leu

Asp

Thr

Ile

260

Pro

Pro

Leu

Pro

Pro

Leu

Glu

val

Arg

Arg

165

Cys

Leu

Gly

val

Phe

245

Thr

Asp

Pro

Pro

Pro
325

Ile

Thr

Phe

Gln

150

Leu

Cys

Ser

His

Lys

230

Asn

Gln

Gln

Pro

Pro

310

Arg

val

Ser

Pro

Vval

135

Asp

Asn

Ser

Glu

Trp

215

Lys

Val

Val

Val

Trp

295

Ser

Ser

Cys

Ser

Ala

120

Ala

Met

Phe

Ile

Asn

200

Lys

Arg

Gly

Lys

Pro

280

Val

bAla

Sexr

Leu
Val
105
Ala
Arg
Trp
Cys
val
185
Gly
Asp
Arg
Trp
Ile
265
Tyr
Lys

Pro

Leu

20

Cys

90

Ser

Thr

Pro

Phe

Phe

170

Leu

Gln

val

Trp

Pro

250

Lys

Ile

Pro

Sexr

Tyr
330

Leu

Gly

Gln

Glu

Trp

155

Arg

Cys

Thr

Glu

Val

235

Arg

val

Val

Phe

Leu

315

Pro

Met

Gly

Gly

Glu

140

Glu

Phe

Cys

Val

Arg

220

Thr

Asp

Phe

Thr

Val

300

Pro

Ala

Leu

Pro

Asp

125

Gly

Thy

Gly

Leu

Thr

205

Ile

Phe

Gly

Ser

Trp

285

Leu

Leu

Cys

Val

110

Val

Ser

Arg

Thr

Cys

190

Thr

Ala

Cys

Thr

bPro

270

Glu

Pro

Glu

Thr

Ala

95

Val

Pro

Arg

Thr

Glu

175

Leu

Pro

His

Ser

Phe

255

Gly

Ala

Lys

Pro

Pro
335
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Cys

Glu

Gly

Cys

Asn

160

Ala

Thr

Leu

Asn

Ala

240

Asn

Pro

Leu

Pro

Pro

320

Ser
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Leu Gly Ala

Pro

Thr

Ser

385

Glu

Pro

Pro

Arg

Leu

465

Gln

Thr

Gln

Arg

Asp

545

TyT

Thr

Ser
Ser
370

Pro

Pro

Arg

Pro

450

Ile

Ser

Cys

Lys

Tyx

530

Phe

Tyxr

Lys

Ser

355

Gly

Leu

Arg

Arg

Glu

435

Leu

Ser

His

Lys

Pro

515

Thr

Thr

Cys

Leu

Gly

340

Leu

Gly

Pro

Thr

Pro

420

Gly

Arg

Ala

Lys

Ala

500

Gly

Gly

Phe

Glu
580

Ile
Thr
Ser
Ser
Ser
405
Gln
Cys
Thr
Ser
Phe
485
Ser
Gln
Val
Thr
Gln

565

Ile

Arg

Gly

Leu

Arg

390

Leu

Ser

Arg

Met

Val

470

Met

Gln

Ser

Pro

Ile

550

His

Lys

Gly

Ser

Pro

375

Arg

Glu

Arg

Pro

Asp

455

Ile

Ser

Asp

Pro

Asp

535

Ser

Tyr

Gly

Arg

Leu

360

Arg

Arg

Arg

Arg

440

Phe

Met

Thr

Val

Lys

520

Arg

Ser

Ile

Ser

Asp

345

Leu

Thr

Ser

Thr

His

425

Gly

Gln

Ser

Ser

Ser

505

Leu

Phe

val

Thr

Thr
585

21

Lys
Ser
Thr
Val
Leu
410
Arg
Trp
val
o
vVal
490
Thr
Leu
Thr
Gln
Pro

570

Ser

Ser

Pro

Gly

Gly

395

His

Ser

Thr

Gln

Gly

475

Gly

Ala

Ile

Gly

Ala

555

Arg

Gly

Tyr

Ala

Pro

380

Pro

Ser

Leu

Ile

Ile

460

Ser

Asp

Val

Tyr

Ser

540

Glu

Thr

Ser

Gln

Arg

365

Thr

Pro

Pro

Asp

Ser

445

Phe

Ile

Ser

Ala

Ser

525

Gly

Asp

Phe

Gly

Pro

350

Ser

Gly

Thr

Ala

Thr

430

Arg

Ser

Val

Val

Trp

510

Ala

Ser

Leu

Gly

Lys
590

Leu

Leu

Gly

Pro

Asp

415

Arg

Leu

Phe

Met

Ser

495

Tyxr

Ser

Gly

Ala

Gly

575

Ser
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Ser

Glu

Thr

Asp

400

Arg

Thr

Leu

Thr

480

Ile

Gln

Asp

Thr

Val

560

Gly

Ser
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Glu Gly Lys

Arg

Phe

625

Leu

Glu

Thr

TyY

Thr

705

Phe

Pro

Leu

His

Sexr

785

Lys

Gln

Arg

Thr

Pro

610

Thr

Glu

Lys

Ala

Tyr

690

Leu

Ser

Ala

Ser

Thr
770

Gly

Ala

Arg

Gly

Thr

595

Gly

Arg

Trp

Phe

Tyx

675

Cys

val

His

Pro

Leu

755

Arg

Ala

Ser

Pro

TyT

835

Asp

Gly

Ala

Tyr

Tle

Lys

660

Met

Ala

Thr

Phe

Arg

740

Arg

Gly

Glu

Gly

Gly

820

Thx

Lys

Gln

Ser

Tyxr

Gly

645

Gly

Gln

Arg

val

Val

725

Pro

Pro

Leu

Leu

TyY

805

Gln

Asn

Ser

Val

Val

Ile

630

Glu

Lys

Leu

Asp

Ser

710

Pro

Pro

Glu

Asp

Ala

790

Thr

Gly

Tyr

Ser

Gln
Lys
615
Gln
Ile
Ala
Ser
Gly
695
Ala
val
Thr
Ala
Phe
775
Arg
Phe
Leu

Asn

ser

Leu
600

Ile
Trp
Leu
Ala
Ser
680
Pro
Ala
Phe
Pro
Cys
760
Ala
Pro
Thr
Glu
Gln

840

Thr

Gln

Ser

Gly

Pro

Phe

665

Leu

Trp

Asp

Leu

Ala

745

Arg

Asp

Gly

Arg

Trp

825

Lys

Ala

22

Gln

Cys

Lys

Gly

650

Thr

Thr

Phe

Leu

Pro

730

Pro

Pro

Pro

Ala

Tyr

810

Ile

Phe

Tyxr

Sexr

Lys

Asn

635

Thr

Ala

Ser

Ala

Ser

715

Ala

Thr

Ala

Gln

Ser

795

Thr

Gly

Lys

Met

Gly
Ala
620
Arg
Leu
Asp
Glu
Tyr
700
Asn
Lys
Ile
Ala
Val
780
Val
Met
Tyr

Asp

Gln

Ala
605
Thr
Pro
Thr
Arg
Asp
685
Trp
Ser
Pro
Ala
Gly
765
Gln
Lys
His
Tle
Lys
845

Leu

Glu

Gly

Gly

Asn

Ser

670

Ser

Gly

Ile

Thr

Ser

750

Gly

Leu

Met

Trp

Asn

830

Ala

Ser

Val

Tyx

655

Ser

Ala

Gln

Met

Thx

735

Gln

Ala

Gln

Ser

Val

815

Pro

Thr

Ser

PCT/US03/12772

Met

Thr

Gly

640

Asn

Asn

Val

Gly

Tyr

720

Thr

Pro

Val

Gln

Cys

800

Lys

Ser

Leu

Leu
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Thr

865

His

Ser

Val

Pro

Tyx

945

Ile

Gly

Ala

Phe

His

Pro

Val

Cys

Gly

Arg

PCT/US03/12772

850 855 860

Ser Glu Asp Ser Ala Val Tyr Tyr Cys Ala Arg Tyr Tyr Asp Asp
870 875 880

Tyr Cys Leu Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser

885 890 895
Gly Ser Thr Ser Gly Ser Gly Lys Ser Ser Glu Gly Lys Gly Gln
900 205 210
Gln Gln Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser
215 920 - 925

Gly Glu Lys Val Thr Met Thr Cys Ser Ala Ser Ser Ser Val Ser

930 935 940

Met Asn Trp Tyr Gln Gln Lys Ser Gly Thr Ser Pro Lys Arg Trp
950 955 . 960

Tyr Asp Thr Ser Lys Leu Ala Ser Gly Val Pro Ala His Phe Arg

965 970 975
Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Gly Met Glu
980 985 990
Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Trp Ser Ser Asn Pro
995 1000 1005

Thr Phe Gly Ser Gly Thr Lys Leu Glu Ile Asn Arg His His

1010 1015 1020

His His His Thr Arg Gly Ser Ile Pro Pro Leu Ser Leu Pro

1025 1030 1035

Pro Arg Tyr Trp Pro Lys Pro Leu Gly Ile Arg Pro Val Cys

1040 1045 1050

Cys Leu Tyr Val Ile Phe His His Ile Ala Val Phe Trp Gln

1055 1060 1065

Glu Gly Pro Glu Thr Trp Pro Cys Leu Leu Asp Glu His Ser

1070 1075 1080

Ser Phe Pro Ser Arg Gln Arg Asn Ala Arg Ser Val Glu Cys

1085 1090 1095

Glu Gly Ser Ser Ser Ser Gly Ser Phe Leu Lys Thr Asn Asn

1100 1105 1110

23
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val

Gln

Lys

Gly

Glu

Ser

Leu

Tyxr

Leu

Leu

Ser

Arg

Arg

Ile

Ser

Tyr

Cys
1115

Val
1130

Gly
1145

Lys
1160

Gly
1175

Val
1190

Gly
1205

His
1220

Gly
1235

Leu
1250

Phe
1265

Gly
1280

Ser
1295

Gly
1310

Cys
1325

Ala
1340

Ser

Pro

Gly

Ser

Cys

His

Pro

Gly

Gly

Cys

cys

Ser

Cys

Arg

Arg

Ser

Asp

Leu

Thr

Gln

Pro

Met

Pro

Asn

Glu

Arg

Gln

Ala

Ala

Ser

Glu

Gly

Pro

Arg

Thr

Met

Glu

Leu

Asn

Ser

Ala

Arg

Asp

Ala

Arg

Ala

Ser

Tyr

Leu

Pro

Pro

Ala

Gly

Tyx

His

Arg

Ile

Val

Arg

Ile

Arg

Gly

Ile

Leu

Gln
1120

Lys
1135

Val
1150

Leu
1165

Thr
1180

Met
1195

Gly
1210

Trp
1225

Arg
1240

Pro
1255

Pro
1270

Val
1285

Cys
1300

Ala
1315

His
1330

Pro
1345

Ala

Ala

Pro

Leu

Pro

Cys

Asp

Ile

Leu

Ala

Val

Ala

His

Ile

24

Ala

Thr

Arg

Lys

Leu

Leu

Val

Ala

Leu

Val

Arg

Gly

Ser

Ser

Gly

Arg

Glu

Ccys

Cys

Arg

Tyr

Val

Val

Arg

Gly

Ser

Cys

His

Gly

Pro

Cys

Pro

Pro

Ile

Glu

Ile

Gly

Glu

Phe

Arg

Thr

Ala

Pro

Asp

Lys

val

Asn

Pro

Pro
1125

Arg
1140

Leu
1155

Gln
1170

Ile
1185

Val
1200

Leu
1215

Phe
1230

Thr
1245

Gly
1260

Glu
1275

Gly
1290

Gly
1305

Ile
1320

Ala
1335

Ser
1350

Thr

Tyx

Asp

Gln

Ser

Lys

Lys

Ser

Asp

Ala

Thr

Arg

Leu

Ser

Ala

Glu

Trp

Thr

Ser

Gly

Gly

Lys

Thr

Gly

Asn

Pro

Ala

Ser

Ala

Pro

Ala

Thr
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Arg

Cys

Cys

Ala

Ala

Arg

Arg

Arg

Arg

Gly

Gly

Leu

Ala

Cys

Ala

Ser
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His Arg Ala

Gly

Arg

Asp

Pro

Pro

Arg

Arg

Ser

Arg

Lys

Ser

Thr

Gln

Val

Gly

1355

Ser
1370

Gln
1385

Pro
1400

Leu
1415

Leu
1430

Arg
1445

Phe
1460

Gly
1475

Lys
1490

Arg
1505

Asp
1520

Gly
1535

Met
1550

Pro
1565

Pro
1580

Gly

Ala

Trp

Phe

Ser

Met

Ala

Thr

Arg

His

Gln

Tyr

Glu

Ala

Ala

sSexr

Arg

Gln

Arg

Trp

Gly

Gly

Ala

Leu

Gly

Phe

Gly

Leu

Gln

Pro

Leu

Thr

Arg

Gly

Cys

Ile

Pro

Gly

Glu

Ala

Gln

Trp

Leu

Ala

Ser

Tyr

Ala

Ala

Leu

His

Ser

Leu

Arg

Ile

Lys

Arg

Glu

Ala

Asn

Gln

Ser

Ser
1360

Ser
1375

His
1390

Leu
1405

Arg
1420

Val
1435

Pro
1450

Leu
1465

Arg
1480

Thr
1495

His
1510

Gin
1525

Val
1540

Met
1555

Gly
1570

Phe
1585

Asp

Gly

Ala

Ala

Leu

Gly

Arg

Leu

Asn

Pro

Gly

Met

Pro

Gly

Gln

Arg

Gly

Ala

Arg

Glu

Trp

Tyr

Ala

Ser

Lys

Pro

Lys

Glu

Ala

Gln

Glu

Thr

25

Ser

Arg

Arg

Tyr

Pro

Pro

Leu

Pro

Arg

Val

Ile

Glin

Pro

Thxr

Gln

Ile

Arg

2la

Arg

His

Ala

Tyr

Arg

Ser

Phe

Gly

His

Leu

Ala

Gly

Met

Arg

Ser
1365

Ser
1380

Gly
1395

Gly
1410

Gly
1425

Cys
1440

Tyr
1455

Arg
1470

Tyr
1485

Leu
1500

Asn
1515

Asn
1530

Gln
1545

Tyr
1560

Val
1575

Cys
1590

Cys

Arg

Ser

Gly

Cys

Arg

Arg

Val

Leu

Ala

Glu

Met

Giy

Leu

Pro

Phe

Arg

Thr

Arg

Lys

Gly

Ala

Arg

Leu

Val

Ser

Arg

Gly

Gln

Trp

Arg

Gln
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Ser

Val

Arg

Trp

Gly

Trp

Ser

Leu

Ser

Leu

Ser

Gln

Glu

Ala

Cys

Gly
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Ala Pro Arg
1595

Ser Leu Leu
1610

Lys Arg Ala
1625

Thr Glu Ser
1640

His Pro Thr
1655

Ile Asp Tyr
1670

Gly Ser Gly
1685

Gly Lys Leu
1700

Ser Asp Thr
1715

Arg Met Pro
1730

Leu Ala Gly
1745

Glu Cys Ile
1760

Sexr Ala Pro
1775

Ile Pro His
1790

Leu Gly Arg
1805

Gly Asn Thr
1820

Val Ser Lys

Thr

Ala

Pro

Cys

Pro

Asp

Ala

Cys

Gly

val

Leu

Tyr

Gln

Ser

val

Arg

Asn

Ser

Asn

Gly

Gly

Ser

Pro

Ala

Ser

Ala

Gly

Ala

Ala

Ala

Ala

Ile

Pro

Asp

Val

Pro

Tyr

Leu

Pro
1600

Arg
1615

Ser
1630

Pro
1645

Ala

1660

Ala

Cys

Ser

Sexr

Asp

Ala

Leu

val

Leu

Ala

His

Ala

Gly
1675

Pro
1690

Arg
1705

Arg
1720

Lys
1735

Gln
1750

Cys
1765

Asn
1780

Phe
1795

Ala
1810

Arg
1825

Lys

Val

Ala

Leu

Cys

Val

Val

Gly

Val

Arg

Pro

Pro

Gly

Thr

Arg

Ser

Ile

Gly

Pro

Leu

Gly

Ile

Pro

Phe

Thr

Ser

Arg

Val

Pro

Ile

Ala

Phe

Gly

Arg

Gln

26

Tyr

Leu

Ala

Gln

Trp

His

Thr

Val

Ser

Arg

Ser

Arg

Gln

Leu

Ile

Gly

Glu

Leu

Leu

Pro

Thr

Glu

Leu

Asp

Met

Gln

Ala

His

Ala

Met

Ala

Ser

Arg

Pro

Asn
1605

Pro
1620

Val
1635

Leu
1650

Gly
1665

Gly

. 1680

Pro
1695

Thr
1710

Leu
1725

Arg
1740

Val
1755

Asp
1770

Arg
1785

His
1800

Ser
1815

Arg
1830

Lys

Pro

Glu

Leu

Leu

Leu

Ala

Pro

Val

Val

Gln

Ala

Cys

Lys

Leu

Leu

Lys

Gly

Ile

Leu

Arg

Gln

Leu

Arg

Pro

Lys

Cys

Arg

Tle

Thr

Glu

Ala

Lys

Glu

Arg
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Ser

Asn

Leu

Leu

Val

Pro

Gly

Thr

Lys

Val

Ala

Glu

Lys

Ala

Gly

His

Val



WO 03/090513

Ala

Thr

Pro

Asp

Lys

Val

Ser

Gly

Gln

Ala

Glu

Thr

Tyr

Tyr

Gly

Leu

1835

Gly
1850

Leu
1865

Gly
1880

Pro
1895

Arg
1910

Gly
1925

Ala
1940

Lys
1955

Ser
1970

Leu
1985

Ala
2000

Asn
2015

Ala
2030

Gly
2045

His
2060

Lys
2075

val

Lys

Val

Ala

Gly

Arg

Arg

Thr

Glu

Axrg

Ser

His

Gln

Val

Glu

Met

Phe

Ser

Ser

Ala

Ala

Ser

Pro

Arg

val

Leu

Tyx

Arg

Lys

Arg

Ile

Lys

Pro

Glu

Pro

Tyr

Phe

Leu

Leu

Leu

Cys

His

Leu

Trp

Lys

Sexr

Ile

Phe

Ala

Val

Trp

1840

Pro
1855

Ala
1870

Lys

- 1885

Arg

Ser

Gln

Arg

Ile

Arg

Lys

Arg

Arg

Arg

Val

Lys

Ile

Ile
1900

Met
1915

Ala
1930

Leu
1945

Ala
1960

Arg
1975

Asp
1990

Lys
2005

Trp
2020

Ile
2035

Glu
2050

Lys
2065

Asn
2080

Pro,

Lys

Leu

Pro

Leu

Gly

Ile

Thr

Cys

Ser

Lys

Phe

Ser

Arg

Asp

Leu

27

Pro

Pro

bPro

Val

Thr

Leu

arg

Gly

Ty

Ile

Ser

Phe

Arg

Lys

Leu

Lys

Arg

Asp

Arg

Arg

Leu

Cys

Leu

Ser

Arg

Trp

Trp

Cys

Axrg

Leu

Tyr

Ala

Arg

Ala

Leu

val

Ala

Ser

Ser

val

Tyr

Leu

Leu

Ser

Thr

Leu

Ile

1845

Ser
1860

Thr
1875

Leu
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