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monocl onal a“tdxﬂé}&h%'ﬁniuﬂe GPEof) LeRE\(Fridman, W.H. (Sept. 1991) The FASEB Journal Vol. 5.
2684-2690). Murine antibodies, which are directed against FcRs have been made (See e.g.
15  U.S. Patent No. 4,954,617 entitled Monoclonal Antibodies To Fec Receptors for
Immunoglobulin G on Human Moronuclear Phagocytes and International Patent Application
Publication No. WO 91/05871 entitled Monoclonal Antibody Specific For IgA Receptor).

Murine monoclonal antibodies can be useful as human therapeutics and can be
20  produced free of contamination by human pathogens such as the hepatitis or human
immunodeficiency virus. However, use of murine monoclonal antibodies in some human
therapies, have resulted in the development of an immune response to the "foreign" murine
proteins. This response has been termed a human anti-mouse antibody or HAMA response
| (Schroff, R. et al. (1985), Cancer Res., 45, 879-885) and is a condition which causes serum -
25  sickness in humans and results in rapid clearance of the murine antibodies from an _
individual's circulation. The immune response in humans has been shown to be against both
the variable and the constant regions of murine immunoglobulins.

Recombinant DNA technology can be used to alter antibodies, for example, by

30 substituting specific immunoglobulin regions from one species with immunoglobulin regions
from another species. Neuberger et al. (Patent Cooperation Treaty Patent Application No.
PCT/GB85/00392) describes a process whereby the complementary heavy and light chain
variable domains of an Ig molecule from one species may be combined with the
complementary heavy and light chain Ig constant domains from another species. This

35 process may be used to substitute the murine constant region domains to create a "chimeric"
antibody which may be used for human therapy. A chimeric antibody produced as described
by Neuberger et al. has a human Fe region for efficient stimulation of antibody mediated
effector functions, such as complement fixation, but still has the potential to elicit an immune
response in humans against the murine ("foreign") variable regions.
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merely replacing the CDRs with complementary CDRs from another antibody which is -
specific for an antigen such as a viral or bacterial protein, does not always result in an altered

15 antibody which retains the desired binding capacity. In practice, some amino acids in the
framework of the antibody variable region interact with the amino acid residues that make up
the CDRs so that amino acid substitutions into the human Ig variable regions are likely to be
required to restore antigen binding.

20 - Bispecific molecules, (e.g., heteroantibodies) comprising an anti-Fc receptor
portion and an anti-target portion have been formulated and used therapeutically, e.g., for
treating cancer (e.g. breast or ovarian) or pathogenic infections {(e.g., HIV) (See, e.g.,
International Patent Application Publication No. WO 91/05871 entitled Bispecific
Heteroantibodies With Dual Effector Functions; and International Patent Application

25  Publication No. WO 91/00360 entitled Bispecific Reagents for AIDS Therapy). In addition,
bispecific molecules, which recognize antigens and antigen presenting cells can be
administered to a subject to stimulate an immune response (See, €.g., International Patent
Application Publication No. WO 92/05793 entitled Targeted Immunostimulation With
Bispecific Reagents).
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Recombmant antibodies and multispecific molecules generated therefrom can
be engineered to have increased affinity and specificity. Further, humanized antibodies are
typically less immunogenic when administered to a human. Other features and advantages of
the present invention will become better understood by reference to the following Detailed

25 Description and Claims.

Brief Description of the Drawings

Figure 1 is a diagram showing the nucleotide and amino acid residue
30 sequences of a portion of the hinge region of 2 humanized Fcy RI antibody, H22. [A] that
was altered to produce a truncated single-sulfthydryl version [B] and then altered further to
engineer two unique cloning sites [C]. Underlined nucleotides indicate changes from the
previous sequence. Overlmed nucleotides are the recognition sequences for the indicated
restriction sites.

Figure 2 is a schematic representation of the heavy chain-EGF fusion
expression construct pJGO055.



WD 96/ 40789

PCT/ US96/ 09988 - 3-
Sumarary of the Invention I n one aspect, the invention
features multjispecific, mnultival ent nolecules, whi ch ngdyinadkdsss

conprise an alt 51‘—'378?eceptor portion, an anti-target portion and optionally
5 an anti-enhancenent factor (anti-EF) poffion. In pref erred enbodi nent s,
the anti-Fc recept or portion is an antlbody frag ment Fab or
(Fab')2 fragment), the %lﬂtlﬁeﬁtla?@@ren}%nemﬁeqf%ﬂoao the gemeration f ai-F& TP
fragment and ligsddidpecifit nideclesn i s an antibody directed agai nst a surface
protein involved in cytotoxic activity. In a particularly preferred

embodi nent, the reconbi nant. anti-FcR antib ragnents or and
are "humani zed" (e.g., Figy®4is asehematigrepresentation ‘gﬂ‘eﬁ"‘é B AN 5§°fitf

det er m ni ng r&ﬁﬁg"lhémtydﬂme\&ﬁhahmﬁymm&umdemﬂ gloodly factor fusiopgrafein.
marine) with the remaining portion(s) being human in origin). _

I n anot her aspect, the invention features methods for generatin

mul tispecific no| Eiguteddis ampb;m&rﬂommﬂu@wm@mw&gﬂ’m are

encoded in t hgdfafish ¥0%E emdﬁig%f%& LoncNtRfiRAS Sfkpididmal s ewi fador (BGF) Rifdn

" econbi nant 'y PRIRE OREE-PE dpsion] ot fuminage bispHae (oS BT ig BGR TP Y, o

anot her vila (EGFR)sxipfessiog ¥483ellsli ng of the C-term nus hinge regions of the

heavy chain. In a particularly preferred enbodi nent, the hinge region
Is nodified to contain gnly one sulfhydryl res e, t.0
conj ugat i on. Flgur% 6is agrapL, which %)/lots the {)mé'ing of various goncentrauons of the

EGF fusion protein or the BsAb H447 to A431 cells in the presence and absence of murine
antibody M425, which binds EGFR.
15
Figure 7 is a graph, which plots the antibody dependent cytotoxicity (ADCC)
resulting from the binding of various concentrations of the EGF fusion protein, BsAb H447
or the H425 antibody to A431 celis.

20 Figure 8 is a a bar graph which plots the ADCC resulting from the binding of
EGF fusion protein, BsAb H447 or the H425 antibody in the presence of media alone, media -
containing 25% human serum (HS) or media containing a fab fragment of the Fcy receptor
antibody m22.

25 Figure 9 is a schematic diagram representing the number of viable A431 cells
cultured in the presence of various amounts of EGF, H22-EGF, the Fab fragment of H22
(H22 Fab), or the F(ab'), fragment of H425 (H425 F(ab')2).

Figure 10 shows the amino acid sequence of the H22Fd-HRG fusion protein.
30 '
Figure 11 is a histogram indicating the percentage of specific PC-3 or SKBr-3
tumor cell killing resulting from incubation of these cells with interferon-y-treated monocytes

and a 1:3 or 1:30 dilation of supernatant from myeloma cells expressing an H22-heregulin
fusion protein. ' '
35 :
Figure 12 is a diagram indicating the percentage of PC-3 tumor cell lysis in
the presence of monocytes and in the presence of various concentrations of H22-bombesin

fusion protein concentrations.
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PCT/ US96/ 09988 Figure 15 is a graph, which plots the antibody dependent cytotoxiejty resulting

from the binding of 0-PDM and DTNB derived BsAb 447 to A431 cells.

Figure 16 is a flow chart that depicts the construction of trispecific antibodies.

10 Figure 17 depicts the transformation of a bivalent, bispecific antibody into a
trivalent, bispecific antibody. The bivalent, bispecific conjugate is reduced and mixed with
o-PDM-treated 520C9 Fab' resulting in the TsAb. '

Figure 18 depicts a bifunctional fluorescence-activated cell sorting assay for
HER2/neu (panel A) and EGFR (panel B).

15 Figure 19 is a graph which plots the binding of various concentrations of
antibody, either BsAb or TsAb, to target cells. Mean Fluorescence Intensity (MF1) increases
as Ab binding increases. It shows that the TsAb bound both HER2/neu on SKBr-3 cells and

-soluble FcyRI simultaneously in a dose-dependent fashion.

Figure 20 is a graph that shows the TsAb bound both EGFR on A431 celis and
20  soluble FeyRI simultaneously in a dose-dependent fashion. The assay is similar to that used
in Figure 19.

Figure 21 is a graph that shows the TsAb, M22 x H425x 520C9, and the
BsAb, M22 x 520C9 were capable of inducing ADCC of SKBR-3 cells but the BsAb, M22 x
H425, was not. Various concentrations of antibodies were incubated with SKBR-3 cells and
25  pre-activated PMNs.

Figure 22 is a graph that shows the TsAb, M22 x H425x 520C9, and the
BsAb, M22 x H425 were capable of inducing ADCC of A431 cells but the BsAb, M22 x
. 520C9, was not. The assay was performed in a similar manner as the assay in Fig. 21.

Figure 23 is a flow chart for a whole blood modulation assay (panel A) and the
30 results from the assay (panel B). This trivalent antibody rapidly modulates FcyRI from the
surface of monocytes.
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(H425 F(ab') 2)esulting from incubation of various amounts of the fusion proteins MDXH210, FAb22-
TT830, and Fab22-TT833S to FcyRI positive U937 cells. :

- 15 Figure 27 is a graphic representation of the proliferation of T cells incubated
with irradiated monocytes and various concentrations of TT830, Fab22-TT830, TT, or
TT947, showing that the fusion protein Fab22-TT830 enhances the presentation of the Th
epitope by about 1000 fold as compared to TT830.

20 Figure 28 represents a histogram showing the proliferation of T cells
incubated with TT830 at 1000 nM or FAb22-TT830 at 10 nM and monocytes, preincubated
or not with saturating amounts of mAb 22 F(ab')2 prior to addition of the T cells and the
antigen.

25 Figure 29 represents a histogram showing the proliferation of T cells
incubated with monocytes and Fab22-TT830 at 5 nM or TT830 at 1000 nM in the absence
(control) or presence of IgG.

Figure 30, panels A and B, are graphic representations showing the
30 concentration of IFN-y (panel A) and IL-4 (panel B) in the supernatant of T cells cultured for
2 days with monocytes and various concentrations of TT830 or Fab22-TT830.

Figure 31 is a graphic representation depicting the proliferation of T cells
incubated with monocytes and various concentrations of TT833S, Fab22-TT833S, or TT830.
35 .
Figure 32 is a graphic representation of the proliferation of T cells incubated
for 2 days with TT830 and monocytes, preincubed overnight with various concentrations of
TT833S.
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10 Figure 35 is a histogram representing the concentration of interferon-y (IFN-y)
and IL-4 in the supernatant of T cells cultured with monocytes and TT830, FAb22-TT830, -
TT833S, and Fab22-TT833S.

Figure 36 is a graphic representation of the proliferation of T cells stimulated
15  for one day with monocytes in medium alone, with TT833S, or with Fab22-TT833S and then
restimulated with monocytes and various concentrations of TT830 for two days, indicating
that TT833S and Fab22-TT833S do not lead to T cell anergy.

Figure 37 is a graphic representation of two expression constructs encoding
20 single chain bispecific molecules having one binding specificity for an FcyRI (H22) and one
binding specificity for a carcinoembryonic antigen (CEA) (constructs 321 adn 323) and one
expression construct encoding a single chain antibody having one binding specificity for an
FeyRl. The coding regions are under the control of the CMV promoter (CMV Pr). In
addition to the variable regions from the heavy (VH) and light chains (VL) of the antibodies,
25  the proteins encoded by these constructs are fused to a peptide from ¢-myc (c-myc) and to a
hexa-histidine peptide (H-6).

Figure 38 shows a histogram indicating the level of binding of the single chain
bispecific molecules H22-anti-CEA encoded by the expression constructs 321 (321-A5 and _
30 321-B4)and 323 (323-B2 and 323-C4) and the single chain H22 antibody encoded by the
construct 225 (225-C2) as measured by bispecific ELISA.

- Figure 39 shows the nucleic acid sequence of the single chain humanized anti-
FeyRI antibody and the amino acid sequence encoded by the nucleic acid.

Figure 40 shows the nucleic acid sequence of the single chain bispecific
molecule having one binding specificity for the FcyRI and one binding specificity for CEA
and the amino acid sequence encoded by the nucleic acid.
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An "anti-Fc receptor portion" refers to an antibody, a functional antibody

15 fragment (e.g., Fab fragment) or a ligand that recognizes and binds an Fc receptor on an
effector cell. Preferred antibodies for use in the subject invention bind the Fc receptor on an
effector cell at a site which is not bound by endogenous immunoglobulin. Most preferably,
the anti-Fc receptor portion binds a human FcyR (i.e., FeyR1, FcyRII or FeyRII). Preferred
humanized anti-FcyR monoclonal antibodies are described in PCT application WO 94/10332

20 and U.S. Patent No. 4,954,617, the teachings of which are fully incorporated herein by
reference).

An "effector cell®, as used herein refers to an immune cell. Specific effector
cells express specific Fc receptors and carry out specific immune functions. For example,
25  monocytes, macrophages, neutrophils and dendritic cells, which express FeyRlI are involved
in both specific killing of target cells and presenting antigens to other components of the
immune system. The expression of a particular FcR on an effector cell can be regulated by
humoral factors such as cytokines. For example, expression of FcyRI has been found to be
up-regulated by interferon gamma (JFN-y). This enhanced expression increases the cytotoxic
30 activity of FoyRI cells against targets. '

The recombinant antibodies or antibody fragments, which specifically bind to
an Fc receptor are preferably "humanized" i.e. derived from a human anﬁbody, but having at
least a portion of a complementarity determining region (CDR) derived from a non-human

35 antibody. The portion being selected to provide specificity of the humanized antibody for a
* human Fc receptor. The humanized antibody has CDRs derived from a non-human antibody
and the remaining portions of the antibody molecule are human.
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The portion of the non-human CDR inserted into the human antibody is
selected to be sufficient for allowing binding of the humanized antibody to the Fc receptor.
A sufficient portion may be selected by inserting a portion of the CDR into the human
15  antibody and testing the binding capacity of the created humanized antibody using the
enzyme linked immunosorbent assay (ELISA). |

All of the CDRs of a particular human antibody may be replaced with at least

a portion of a non-human CDR or only some of the CDRs may be replaced with non-human

20 CDRs. Itis only necessary to replace the number of CDRs required for binding of the
‘humanized antibody to the Fc receptor. A non-human CDR derived from a murine
monoclonal antibody (mab), mab 22, is described in International Patent Application
Publication No. WO 94/10332, the contents of which are fully incorporated herein by
reference. The mab 22 antibody is specific to the Fc receptor and further is described in U.S,

25  Patent No. 4,954,617, issued September 4, 1988, the contents of which are also expressly
incorporated by reference. The humanized mab 22 antibody producing cell line was
deposited at the American Type Culture Collection on November 4, 1992 under the
designation HA022CL 1 and has the accession no. CRL 11177,

30 An antibody can be humanized by any method, which is capable of replacing
at least a portion of a CDR of a human antibody with a CDR derived from a non-human
antibody. Winter describes a method which may be used to prepare the humanized
antibodies of the present invention (UK Patent Application GB 2188638A, filed on March
26, 1987), the contents of which is expressly incorporated by reference. The human CDRs

35 may be replaced with non-human CDRs using oligonucieotide site-directed mutagenesis as
described in International Patent Application Publication Number: WO 94/10332 entitled,
Humanized Antibodies to Fc Receptors for Immunoglobulin G on Human Mononuclear

Phagocytes.
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In a specific embodiment of the invention, the multispecific molecule contains
a ligand. The ligand can be any ligand that interacts with a molecule. In a preferred
embodiment, the ligand binds 2 protein, e.g., a surface protein on a target cell, such as a

15 cancercell. Preferred ligands include ligands to receptors, such as growth or differentiation
factors. For example, a multivalent molecule can comprise an epideimal growth factor, or at
least a portion or modified form that is capable of interacting with a receptor, e.g., an
epidermal growth factor receptor. In another preferred embodiment of the invention, the
ligand is a small peptide, such as bombesin, gastrin-releasing peptide (GRP), litorin,

20 neuromedin B, or neuromedin C. The sequences of the peptides can be found, e.g., in U.S.
Patent No. 5,217,955, the content of which is incorporated herein by reference. The ligand
can also be a modified form of any of these peptides. The modification can increase binding
to the receptor, decrease binding, or not affect the binding toa receptor. The modification of
the ligand can also transform an agonist into an antagonist, such that the ligand inhibit rather

25  than stimulate cell proliferation. The modification of the ligand can be an addition, a
deletion, a substitution, or a modification of at least one amino acid.

In a specific embodiment of the invention, a multivalent or bispecific
molecule comprises an antigen. As used herein, the term "antigen” means any natural or
30 synthetic immunogenic substance, a fragment or portion of an immunogenic substance, a
peptidic epitope, or a hapten.

In one embodiment of the invention, a bi- or multispecific molecule is
employed to target an antigen to the cell to enhance the pracesses of internalization and
35 presentation by these cells, and utlimately, to stimulate an immune response therein. Ina
specific embodiment, the bispecific binding agent specifically binds the antigen (either
directly, to an epitope of the antigen, or indirectly, to an epitope attached to the antigen) and,
at the same time, binds a surface receptor of an antigen-presenting cell which can internalize
antigen for processing and presentation. In another embodiment, the antigen is linked to the
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a pe pt i del§r ob!PIwﬂn(fcg Loliumg pyrepmesortIoliom multifiorum); Cryptomeria (Cryptomeria japonica) ;
Alternaria (Alternaria alternata);, Alder; Alnus (Alnus gultinosa), Betula (Betula verrucosa);
Quercus (Quercus alba); Olea (Olea europa); Artemisia (Artemisia vulgaris); Plantago (e.g.
Plantago lanceolata); Parietaria (e.g. Parietaria officinalis or Parietaria judaica); Blattella
(e.g. Blattella germanica); Apis (e.g. Apis multiflorum); Cupressus (e.g. Cupressus
20  sempervirens, Cupressus arizonica and Cupressus macrocarpa); Junipe'r"us (e.g. Juniperus
sabinoides, Juniperus virginiana, Juniperus communis and Juniperus ashei) Thuya (e.g.
Thuya orientalis); Chamaecyparis (e.g. Chamaecyparis obtusa); Periplaneta (e.g.
Periplaneta americana); Agropyron (e.g. Agropyron repens}; Secale (e.g. Secale cereale);
Triticum (e.g. Triticum aestivum); Dactylis (e.g. Dactylis glomerata); Festuca (e.g. Festuca
25 élatior); Poa (e.g. Poa pratensis or Poa compressa); Avena (e.g. Avena sativa); Holcus (e.g.
Holcus lanatus); Anthoxanthum (e.g. Anthoxanthum odoratum);, Arrhenatherum (e.g.
Arrhenatherum elatius); Agrostis (e.g. Agrostis alba);, Phleum (e.g. Phleum pratense);
Phalaris (e.g. Phalaris arundinacea); Paspalum (e.g. Paspalum notatum); Sorghum (e.g.
Sorghum halepensis); and Bromus (e.g. Bromus inermis).
30
Many allergens are found in airborne pollens of ragweed, grasses, or trees, or
in fungi, animals, house dust, or foods. As a class, they are relatively resistant to proteolytic
digestion. Preferable allergens are those which bind to IgE on mast cells and basophils,
thereby cansing a type I anaphylaxis hypersensitivity reaction. When at least one specificity
35 of the multivalent agent is for an epitope of the high affinity Fc receptor that is outside the
ligand binding domain for IgG, this bispecific binding agent can decrease hypersensitivity in
a subject. This is accomplished when the bispecific binding agent competes for an IgE-
binding allergen before the allergen binds to IgE on a mast cell or basophil, thereby reducing
the possibility of a type I hypersensitivity reaction. In addition, as a result of directing
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antigenic or nonantigenic in its own right (such as a hapten) to a carrier molecule, suchasa
large immunogenic protein (e.g., a bacterial toxin) for administration. In these instances, the
bispecific binding reagent can be made to bind an epitope of the carrier to which the

10  substance is coupled, rather than an epitope of the substance itself. '

The antigen that can be linked either directly, or indirectly, to a multi- or
bispecific molecule of the invention can be soluble or particulate; it may carry B cell
epitopes, T cell epitopes or both. The antigen can be bacterial, viral or parasitic in origin.

15  Ofien, the antigen will comprise a component of the surface structure of a pathogenic
organism. For example, the antigen can comprise a viral surface structure such as an
envelope glycoprotein of human immunodeficiency virus (HIV) or the surface antigen of
hepatitis virus. In addition, the antigen can be associated with a diseased cell, suchas a
tumor cell, against which an immune response may be raised for treatment of the disease.

20  The antigen can comprise a tumor-specific or tumor-associated antigen, such as the Her-
2/new proto-oncogene product which is expressed on human breast and ovarian cancer cells
(Slamon et al. (1989) Science 244:707).

The cells of a subject can be exposed in vitro or in vivo to the multivalent
25 molecules of the invention. The multivalent molecule can be used to target an antigen to
antigen-presenting cells in culture. Immunocompetent cells are separated and purified from
patient blood. The cells are then exposed to a multivalent molecule comprising the antigen or
the cells can be exposed to the antigen together with a multivalent molecule having a binding
specificity for the antigen. Targeted antigen-presenting cells will process the antigen and
30 present fragments on their surface. After stimulation, the cells can be returned to the patient.

The method of this invention can be used to enhance or reinforce the immune
response to an antigen. For example, the method is valuable for the treatment of chronic
infections, such as hepatitis and AIDS, where the unaided immune system is unable to

35 overcome the infection. It can also be used in the treatment of the acute stages of infection
when reinforcement of immune response against the invading organism may be necessary.

The method can be used to reduce the dose of antigen required to obtain a
protective or therapeutic immune response or in instances when the host does not respond or
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a non-hu r%n antigen. Thus, such multi- or bispecific molecules can be used to tolerize a subject to a
variety of antigens, e.g., auto-antigens. Thus, depending on the antigen used, the methods of
the invention provide methods for increasing an immune response, i.e., by using an antigen
which stimulates T cells, and the invention also provides methods for reducing an immune
response, either by inhibiting T cell stimulation or by inducing anergy of the T cells.

25

The multispecific, multivalent molecules of the invention may also include an
anti-enhancement factor (anti-EF) portion". The "anti-enhancement factor portion” can be
an antibody, functional antibody fragment or a ligand that binds to an antigen and thereby
results in an enhancement of the effect of the anti-F receptor portion or the anti-target

30 portion. The "anti-enhancement factor portion" can bind an F, receptor or a target. A

multivalent molecule comprising an anti-target portion that binds to one target cell antigen
and an anti-enhancement factor portion that binds to a different target antigen is particularly
useful where the target cell undergoes antigen modulation or antigenic variation (e.g., as has
been described for certain parasites (such as trypanosomes). Alternatively, the anti-

* 35 enhancement factor portion can bind an entity that is different from the entity to which the
anti-target or anti-F receptor portion binds. For example, the anti-enhancement factor
portion can bind a cytotoxic T-cell (e.g. via CD2, CD3, CD8, CD28, CD4, CD40, ICAM-1 or
other immune cell that results in an increased immune response against the target).
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The anti body may be whole, i.e. having heav}4and | i ght chains or any
fragnent thereof, e.g., Fab or (Fab )2 fragnent The anti body further may
be a light chain or Methods 8 dng Multisgacificdolagulesni ni mal f r agnent

t hereof such as a Fv or a single chai n construct as described in

Ladner et al. (U S. Patgnt No.o écﬁélgroYeZﬁ g,%&gagy@%bzmagﬁpgwﬁt@of

contents 5 of which i’s expr SS | Ncor por erence
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The portion ofblsplwﬁn molmlemfthﬂjﬂvcnwe caredsa betasingle chaimbispegificimelepple, such as a
sel ected to b"snfgihf dHaf lﬁiﬁecfﬁ&ranﬁb SifiglP chith Bidp &iﬁérﬁ&e&ﬂé‘&ﬂh Dk SAGRY t O
the Fc recepto a fic ent OrtiP‘F’b sel cted |ns I 1] g a
portion of thehesngntibady andal Bﬁ?g“é\t?ﬁ)m ?ﬁ%}“? gt}?vﬂ
capaci ty of0 t hdultivalestemolbeulestian also bel sihjle diyainimiolegule$ier may comprise at least two single
chain molecules. Methods for preparing bi- or multivalent antibodies are for example
described in U.S. Patent Number 5,260,203; U.S. Patent Number 5,455,030; U.S. Patent
Number 4,881,175; U.S. Patent Number 5,132,405; U.S. Patent Number 5,091,513; U.S.
Patent Number 5,476,786; U.S. Patent Number 5,013,653; U.S. Patent Number 5,258,498;
15 and U.S. Patent Number 5,482,858.

Binding of the single chain molecules to their specific targets can be
confirmed by bispecific ELISA as described in the Examples herein.

20 Alternatively, each specificity of a multispecific molecule can be generated
. separately and the resulting proteins or peptides conjugated to one another. For example, two
humanized antibodies can be conjugated via sulfhydryl bonding of the C-terminus hinge
regions of the two heavy chains. In a particularly preferred embodlment, the hinge region is
modified to contain an odd number of sulthydryl residues, preferably one, prior to
25  conjugation.

The bispecific molecules of the present invention can be prepared by
.conjugating the anti-FcR and anti-target portions using methods described in the following
Example or those well-known in the art. For example, a variety of coupling or cross-linking
30 agents can be used for covalent conjugation. Examples of cross-linking agents include
protein A, carbodiimide, N-succinimidyl-S-acetyl-thioacetate (SATA}, N-succinimidyi-3-(2-
pyridyldithio)propionate (SPDP), and sulfosuccinimidyl 4-(N-maleimidomethyl)
" cyclohaxane-1-carboxylate (sulfo-SMCC) (see e.g., Karpovsky et al. (1984) J. Exp. Med.
~ -160:1686; Liu, MA et al. (1985) Proc. Natl. Acad. Sci. USA 82:8648). Other methods
35 include those described by Paulus (Behring Ins. Mitt. (1985) No. 78, 118-132); Brennan et al.
(Science (1985) 229:81-83), and Glennie et al. (J. Immunol. (1987) 139: 2367-2375).
" Preferred conjugating agents are SATA and sulfo-SMCC, both available from Pierce
Chemical Co. (Rockford, IL).
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transdermal (e.g., via a patch). Examples of other routes of administration include injection
15  (subcutaneous, intravenous, parenteral, intraperitoneal, intrathecal, etc.). The injection can be
in a bolus or a continuous infusion.

A multispecific molecule can be administered in conjunction with a
pharmaceutically acceptable carrier. As used herein, the phrase "pharmaceutically acceptable
20  carrier” is intended to include substances that can be coadministered with a multispecific
molecule and allows the molecule to perform its intended function. Examples of such
carriers include solutions, solvents, dispersion media, delay agents, emulsions and the like.
. The use of such media for pharmaceufically active substances are well known in the art. Any
other conventional carrier suitable for use with the molecules falls within the scope of the
25  instant invention.

The language "effective amount” of a multispecific molecules refers to that
amount necessary or sufficient to realize a desired biologic effect. For example, an effective
amount of a multispecific molecule, in which the anti-target portion recognizes a pathogenic

30 cell could be that amount necessary to eliminate a tumor, cancer, or bacterial, viral or fungal
infection. The effective amount for any particular application can vary depending on such
factors as the disease or condition being treated, the particular multispecific molecule being
administered, the size of the subject, or the severity of the disease or condition. One of
ordinary skill in the art can empirically determine the effective amount of a particular

35  multispecific molecule without necessitating undue experimentation.

The following invention is further illustrated by the following examples,
which should not be construed as further limiting. The contents of all references, pending
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reference. Thejdg7Gad flas been desighiatedivith AFCE AREIsToh . fIBoAsR! any of these

pepti des. The nodification can increase binding to the receptor,
decrease binding, or not affect the binding to a receptor. The nodification
of t he |igand can Gelkkinesr ansf orm an agoni st into an antagoni st, such

that the ligand inhibit Tiaidigine myeloma NSO (ECACC 85110503) is a non-Ig synthesizing line
20  and was used for the expression of recombinant mAbs. NSO cells were cultivated in DMEM
" plus 10% fetal bovine serum (FBS, Gibco, Paisley, U.X.). SKBR-3 is a human breast
carcinoma cell line which overexpresses the HER2/neu protooncogene (ATCC, Rockville,
MD) and was cultivated in Iscove's Modified Dulbecco's Medium (IMDM, Gibco, Grand
Island, NY). U937 is a monocytoid cell line that expresses FcyRI and was obtained from
25 ATCC and grown in RPM-1640 plus 10% FBS (Gibco, Grand Island, NY).

Cloning Murine Immunoglobulin V Region Genes
Cytoplasmic RNA from the murine hybridoma 22 was prepared.as described

in Favaloro et al. (Favaloro, J., R. Treisman and R. Kamen (1982) Transcription maps of

30 polyoma-specific RNA: analysis by two-dimensional S1 gel mapping. Meth. Enzymol.
65:718). The Ig V region cDNAs were made from RNA via reverse transcription initiated
from primers CG1FOR and CK2FOR as described in International Patent Application
Publication Number WO 94/1 0332 entitled, Humanized Antibodies to Fc Receptors for
Immunoglobulin G on Human Mononuclear Phagocytes. The cDNA synthesis was

35 performed under standard conditions using 100 U MMLYV reverse transcriptase (Life
Technologies, Paisley, UK). The Vi and V. cDNAs were amplified by PCR, (Orlandi, R.,
D.H. Giissow, P.T. Jones and G. Winter (1989) (Cloning immunoglobulin variable domains
for expression by the polymerase chain reaction), Proc. Natl. Acad. Sci. USA 86:3833), using -
the cDNA primers in concert with SHZBACK and VK7BACK as described in International
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response t her dPPRMIAHR,Fiscataway, N tj ¢ enbodi nent, the bi specific binding
agent specifically binds the antigen (either directly, to an epitope

of the antisgen, or indi gggitbtiod OF ChimeRE: 4 idepgned to the antigen) and,
at the sane tinme, bi nds!i—lrf'%—éﬁ——rﬂa S ace recep o,r@%daan L gen-presenting cell
whi ch can internalize Tofacifigieiclping Fmﬂnﬁgle%e&oﬁmgmﬁfe&ﬁﬂ"&tw s n
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these bi- 1 rimndusﬁpﬁotofa: cJomed| mwririeeVf gene by PCR using primére VIKIIBASIK and VK1FOR
%!{ It Igzg?glr ]:a!s g Wﬁ Sﬁ g%xﬁ? ﬁs{arsngelsf t}lesbel prxl'icrinserst cti:gngre Conl th_)lI'anJ aI!tliplg acids from those naturally
occurring. These V region genes (ChVH and ChVK) were cut with the appropriate restriction
enzymes and cloned into M13VHPCR1 and M13VKPCRI1 (Id.) which contain an Ig
promoter, signal sequence and splice sites. The DNA were excised from M13 as HindllI-

15  BamHI fragments and cloned into the expression vectors pSVgpt and pSVhyg containing
human IgG1, (Takahashi, N. et al., (1982), Structure of human immunoglobulin gamma
genes: implications for evolution of a gene family, Cell, 29:671), and human kappa constant,
(Hieter, R.A. et al., (1980) Cloned human and mouse kappa immunoglobulin constant and J.

region genes conserve homology in fimctional segments, Cell 22:197), region genomic DNA.

20
Construction of Humanized Antibody Genes
Two humanized heavy chains were constructed and were based on human
Vis of NEWM, (Poljak, R.J. et al., Amino acid sequence of the Vi region of 2 human
_mycloma immunoglobulin, (IgG New), Biochemistry, 16:3412), and KOL,(Marquat, M. et
25  al., (1980) Crystallographic refinement and atomic models of the intact immunoglobulin
molecule Kol and its antigen-binding fragment at 3.0A and 1.9A resolution, J. Mol. Biol.
141:369. The humanized light chain was derived from the human Bence-Jones protein REI,
(Epp, O. et al, (1974) Crystal and molecular structure of a dimer composed of the vandible
portion of the Bence-Jones protein REI, Eur. J. Biochem. 45:513), with some framework
30 region (FR) changes. The modifications were made to make the Vx domain more typical of
human subgroup 1, and included replacement of Thr39, Leul04, Gin105 and Thr107 with
Lys39, Val104, Glul05 and Lys107. In addition, Met4 was changed to Leu4 to
accommodate a Pvull restriction site.

35 DNA containing the NEWM Viy and REI V. FRs with irrelevant CDRs were

cloned into the vectors M13VHPCR1 and M13VKPCR1 (Favaloro et al. Supra). DNA
encoding the KOL Vi was constructed by a series of sequential PCRs, using
oligodeoxyribonucleotides encoding KOL FR amino acids and irrelevant CDRs. The
constructs were then cloned into MI3VHPCRI1.
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foods. As a CIHSBNAIW relatively resistant to proteolytic

M13 clones containing the humanized V regions were sequenced in their
entirety to ensure the absence of spurious mutations. RF DNA from the confirmed clones
25  was digested with HindlIl and BamHI, cloned into pSVgpt or pSVhyg and human IgG1 or
buman kappa constant regions added exactly as described for the construction of the chimeric
antibody genes.

Expression and Purification of Recombinant mA4bs
30 Heavy (5 pg) and light (10 pg) chain expression vectors were digested with

Pvul, ethanol precipitated and dissolved in 50 pl water. NSO cells (1-2 x 107) were _
harvested by centrifugation, resuspended in 0.5 m| DMEM and mixed with the DNA ina 0.4
cm electroporation cuvette. After 5 min. on ice the cells were given a single pulse of 170 V,
960 uF (GenePulser, Bio-Rad, Melville, NY) and incubated further for 15 min. on ice. The

35  cells were allowed to recover in DMEM for 24-48 hours. The medium was then made
selective by the addition of mycophenolic acid (0.8 ug/ml) and xanthine (250 pg/ml).
Aliquots of 200 ul were distributed into 96-well plates. After a further 10-12 days, celis from
the wells containing the highest levels of antibody measured by ELISA were selected and
cloned by limiting dilution.
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coupled, rath nce
Brian Seed, Massachusetts General Hospital, Boston, MA). Recombinant 22 or control

mAbs were then added in the presence of excess (2.2 pg/well) human IgG1 antibodies
(Sigma, St. Louis, MO) that contained A light chains to block the non-specific binding of the

15  test mAbs via their Fc portion. Bound 22 mAbs were detected with peroxidase-labeled goat
anti-human kappa chain antibodies (Sera-Lab, Crawley Down, U.K.) and o-
phenylenediamine.

Fluoresceination of Antibodies
20 The pH of mAb solution was adjusted to 9.3 by the addition of 0.1M NayCO3.

Fluorescein iso-thiocyanate (FITC) (Sigma, St. Louis, MO) was dissolved in DMSO at a
concentration of 2mg/mi. Forty pg of FITC was added for each milligram of mAb and
incubated for two hours at room temperature. The fluoresceinated mAb was separated from
the free FITC by G-25 chromatography.

25

Preparation of Blood Cells

Buffy coats were prepared from heparinized whole venous blood. Whole
hlood was diluted with RPMI containing 5% dextran at a.ratio of 2.5:1 (v/v). The
erythrocytes were allowed to sediment for 45 minutes on ice, then the cells in the supernatant.

30  were transferred to a new tube and pelleted by centrifugation. The residual erythrocytes were
removed by hypotonic lysis. The remaining lymphocytes, monocytes and neutrophils were
kept on ice until use in binding assays. For some experiments, neutrophils were separated
from mononuclear cells by ficoll hypaque (Pharmacia, Piscataway, NJ) gradient separation.
To up-regulate FcyRlI, neutrophils and mononuclear cells were treated with cytokines.

35  Cultures of mononuclear cells were incubated at 37°C, 5% CO, for 48 hours in teflon dishes
at 4 x 106 celis/ml of RPMI containing 2.5% normal human serum type AB (Sigma, St.
Louis, MO) and 500 IRU/m! IFN-y (R&D Systems, Minneapolis, MN). Neutrophils were
cultured for 48 hours (37°C, 5% CO,) in AIM V media (Gibco, Grand Island, NY) with 50
ng/ml G-CSF (Kindly provided by R. Repp, U. of Erlanger, Germany) and 500 IRU/m!
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particulate; it may carry B cell epitopes, T cell epitopes or both.
The antigen can be bacterial, viral or parasitic in origin. g&usichéss the
antigen will P4 a conponent of the syrface structure of a pathogenic
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The net hod ofwashinalyzed/eind Bediorw Ditkinsonn BAGSEam. enhance or reinforce the inmmune
response to an antigen. For exanple, the nmethod is valuable for the
treatment of chronic i nfections, such as hepatitis and AIDS, where

the unai & i mune systBsdbiCouplingProcedwress  overcone the infection. It can
al so be used in the tr EsAbBRMre Bdnstrixdedsirighthe kR ofGldnifeetal] (Glennie, M.Jvdien

necesaary, ks 1987 ¥R6pataoR BT Ser BARIIE b bisberl AL RRY Bebn P BR Biklfing
of antigen rdhiogthgr-linkedifiahjgemma fragmentsy dmmungle 1392368 mfthsi22 {bothmpsiae and
response or ilumanied)&@52009 (artiERDAéL) AREEodis3 twer€prodikidd By in vitro cultivation of
20  the respective hybridoma cells. The antibodies were separately digested with pepsin to.
F(ab")p, and subsequently reduced to Fab' by addition of 10 mM mercaptoethanolamine
(MEA) for 30 minutes at 30°C. The Fab' fragments were applied to a Sephadex G-25 column
equilibrated in 50mM Na Acetate, 0.5mM EDTA, pH 5.3 (4°C). Ortho-
phenylenedimaleimide (0-PDM, 12mM) dissolved in dimethyl formamide and chilled ina
25 methanol/fice bath was added (one half volume) to the murine 22 Fab' in the case of M 22 x
520C9, and to 520C9 Fab' in the case of H 22 x 520C9 and incubated for 30 minutes on ice.
The Fab'-maleimide was then separated from free 0-PDM on Sephadex G-25 equilibrated in
50mM Na Acetate, 0.5mM EDTA, pH 5.3 (4°C). For preparation of the BsAbs, the M22
Fab'-maleimide was added to the 520C9 Fab' or the 520C9 Fab'-maleimide was added to H22
30  Fab'ata 1:1 molar ratio. The reactants were concentrated under nitrogen to the starting '
volume using a Diaflo membrane in an Amicon chamber (all at 4°C). After 18 hours the pH
was adjusted to 8.0 with IM Tris-HC1, pH 8.0. The mixture was then reduced with 10mM
MEA (30 minutes, 30°C) and alkylated with 25 mM iodoacetamide. The bispecific F(ab")>
was separated from unreacted Fab's and other products by a Superdex 200 (Pharmacia,
35 Piscataway, NJ) column equilibrated in PBS.

Antibody Dependent Cellular Cytotoxicity (ADCC)

_ The HER2/neu over-expressing human breast carcinoma cells, SKBR-3, were
used as targets for lysis by cytokine activated neutrophils (see preparation of blood cells).
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15  presence of 100 U/m! IFN-y (Genentech, S. San Francisco, CA) to induce differentiation and
increased expression of FcyRl. On the day of the experiment, these differentiated cells were
incubated for 20 minutes in fresh RPMI-1640 with 10% FBS at 37°C. The cells were then
pelleted and resuspended at a concentration of 3 x 106 cells/ml in PBS supplemented with
1mM CaCl,, ImM MgCl,, 11mM glucose, and 100ug/mi BSA (Sigma, St. Louis, MO). To
- 20 trigger the release of superoxide, 100ul of cells were added to 1001 of a reaction solution
~ containing 0.1mM Juminol (Sigma, St. Louis, MO), 0.5mM sodium vanadate (Sigma, St.
Louis, MO), and either mAb M22, H22, or 197 and placed in the luminometer at 22° C.
- Measurements of the spontaneoﬁs production of superoxide were made every 30 to 40
seconds starting immediately following the addition of the cells to the reaction solution in the
25 luminometer. To compare the superoxide triggered by crosslinking FeyRI with M22, H22 or
197, each mAb was used at a concentration of 10pg/ml. The production of superoxide in
mV/sec was monitored for 20 minutes. MAb M22, M32.2 and 197 were added at various
concentrations to establish the dose-responsiveness of superoxide production. .

30 Results
- Murine Ig V Region Genes
Ig V region cDNAs were prepared from M22 hybridoma RNA using primers
specific for murine heavy and kappa constant regions and were amplified by PCR with the
additional use of a series of primers based on sequences of known signal and/or 5' sequences
35 of mature V regions. PCR products of the expected sizes for Vi and V. were obtained using
the SH2ZBACK/CGIFOR and VK7BACK/CK2FOR primer combinations. Amplified DNA
was digested with appropriate restriction enzymes, cloned into M13 and the sequence in both
directions determined from at least 24 independent clones. The deduced amino acid
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PCT/ US96/ 09988 M22 Vi FR showed greater homology (79%) to KOL (human subgrpup IIT)

15  than to NEWM (57%) (buman subgroup II). To see how this difference might affect binding,
heavy chains were constructed based either on NEWM Vy including the murine residues
- Phe27, 11e28 and Arg71, or on KOL V with no murine FR amino acids. Both humanized
Vi were partnered with the same REI-derived humanized light chain.

20 The affinity of the humanized mAbs was initially assessed by ELISA

measuring the binding to FcyRI/IgM heavy chain fusion protein. The data showed that the
KOL VH/REI Vi mAb had the same binding as the chimeric mAb whereas the NEWM

VH/REI V,c mAb exhibited an approximate 5- fold lower affinity. The low binding of 2
nonspecific human IgG1 mAb showed that >95% of binding of the humanized mAbs was via
25  the Fv portion rather than through the Fc domain.

While additional changes to the NEWM FR would be expected to restore
binding affinity these could create.novel epitopes which might provoke an unwanted )
immunological response. The KOL Vij/REI V. mAb, designated H22, was therefore chosen

30 for further examination of its binding characteristics.

Functional Characterization of mAbH22
A series of binding experiments were performed to establish the specificity
and isotype of the H22 antibody. Peripheral blood leukocytes stained with fluorescein-
35  conjugated M22 or H22 demonstrated specific binding to monocytes with approximately 104
binding sites per cell. In contrast, lymphocytes or unstimulated neutrophils had little or no
specific binding (Table 1):
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confirmed the specificity of FcyRI binding via the V regions of H22.

15
H22, but not M22, was able to compete for Fc mediated binding to FcyRI by a
fluorosceinated human IgG1. This experiment demonstrated that the Fc portion of H22 but
not M22 bound to the Fc binding domain of FcyRI. This is consistent with the ability of the
Fc portion of human IgG1 antibodies, but not murine IgG1, to bind FcyRI with high affinity.
20

Since the humanization of M22 was primarily to increase its
immunotherapeutic potential, the binding activity of H22 to monocytes and cytokine-
activated neutrophlils was determined in the presence of human serum. H22-FITC bound
with similar affinity to FcyRI on monocytes in the presence or absence of human serum. In

25  contrast, the Fc-mediated binding of an irrelevant human IgG-FITC was completely inhibited
by human serum. Likewise, H22-FITC bound with similar affinity to IFN-y-treated
neutrophils in the absence and in the presence of human serum. Collectively, the data
demonstrated that H22 binds both via its V regions to a site distinct from the Fc binding
domain and via its Fc region to the ligand binding domain of FeyRI. The former binding

30 activity effectively overcomes antibody blockade of human IgG1.

The foremost application of anti-FcyRI antibodies for immunotherapy is the
development of BsAbs which link FcyRI-bearing effector cells to a tumor cell, a virus, ora
35 virally-infected cell. Such BsAb have been developed with M22; therefore, a comparison
was made of the ability of the M22 anti-tumor BsAb (520C9xM?22) and a corresponding H22



Exanpl e or those well-known in the art. For exanple, a variety of coupling
or cross-linking 30 agents can be used for coval ent conjugation. Exanples
of ,cross-1linki-ng agents include protein A carbodiimide,

N- succi ni ni dyl - S- acetyl -thioacetate (SATA), N-succinim dy] - 3pdrosecnsess

pyri dyl dit hi o}”&%ﬁ? ate (SPDP), and sul fosggm ni m dyl

4- ((N- mal ei m donet hyl) cycl ohaxane-| - Carboxyl ate (sul fo-SMCC) (see

e.g., Karpovsk et al . ((1984) J.. Ex Med. 1
(1885) Pr gc. QGMﬂ) “"85%&%‘?’ Thesed3s @éf%&%%ﬁ?ﬁ%@ga@hose
descri bed by PaieinimllyBadijugatg:l forthe Fa¥' of an anGFEER2/hiot anfiBodyl(530QB24nd tHisaveren et

al . (Sci %g@sgr%ﬁééffe%?o?lgr&i@r @lg&lﬁﬁ’ﬁmhﬂd ik tdthor datigen. TMUNOI .

(1987) -139: 2367/- _ conj udati ng agents are SATA and
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Finally, the ability of H22 and M22 to stimulate superoxide production by the

monocyte-like cell line U937 was evaluated. M22, which binds to the FcyRI only by its V

15 regions, induced a very low level oxygen burst, presumably because it is unable to cross-link
the receptor efficiently. However, H22, which can cross-link FcyRI by binding as a ligand
via its Fc domain and, additionally, as an antibody via its Fv, induced a more substantial
release of superoxide.

20 Example2: Generation of a Functional H22-Epidermal Growth Factor Fusion Protein

Materials and Methods

| Expression vectors and cloning
25 Expression vectors for the genomic clones of the heavy (pSVgpt) and light

(pSVhyg) chains of H22 are as described in International Patent Application Publication
Number: WO 94/10332 entitled, Humanized Antibodies to Fc Receptors for Immunoglobulin
G on Human Mononuclear Phagocytes. For the Fab-ligand fusion construct, it was
unnecessary to alter the light chain. For the heavy chain, however, the CH2 and CH3

30 domains had to be removed and replaced with the coding sequences of the ligands. The
heavy chain vector contains two BamHI sites, one in the intron between VH and CH1, and
the other just downstream of CH3. Using the BamHI restriction sites, DNA encoding the
constant domains were replaced by a truncated version encoding only CH1 and most of the
hinge. To do this, the polymerase chain reaction (PCR) was utilized to engineer the new C-

35 terminus of the heavy chain fragment with the alterations shown in Figure 1.

The construct shown in Figure 1 [C], consisting of a translation termination
codon downstream of the cloning restriction sites, Xhol and Not], and upstream of a BamHI
site which was used to clone the new PCR generated CHI fragment downstream of VH, was
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The murine myeloma NSO (ECACC 85110503) is a non-Ig synthesizing line

20 and was used for expression of the fusion proteins. The final expression vector, a pSVgpt
construct with DNA encoding H22 Fd fused in frame to EGF (shown in Figure 2) was
transfected by electroporation using a BioRad Gene Pulser to NSO which had been previously
transfected with the pSVhyg construct containing DNA encoding H22 light chain. These
polypeptides were expressed by an Ig promoter and Ig enhancer present in the vectors, and

25  secreted by the mAb 22 heavy chain signal peptide located on the N-terminus of the
constructs. One or two days after transfection, mycophenolic acid and xanthine were added
to the media to select for cells that took up the DNA. Individual growing colonies were
isolated and subcloned after binding activity was demonstrated by ELISA.

30 Lurification
Cells expressing the H22-EGF fusion protein were subcloned and expanded.
The fusion protein-expressing clone was expanded and grown in spinner cultures and the
. supernatant was clarified and concentrated. Small scale purification was performed by
affinity chromatography on an anti-human kappa chain affinity column (Sterogene. Carlsbad,
35 CA). The purified protein was analyzed by SDS-PAGE on a 5-15% acrylamide gradient gel
under nonreducing conditions. Figure 3 is a schematic representation of the generation of
anti-Fc receptor-ligand fusion proteins.



whi ch shoul d not be construed as further Iimting. The contents of all

ref erences, pending WO 96/ 40789

PCT/ US96/ 09988 -16-

pat ent applications and published patents, cited throughout this

applicati on ame® 640E8y expressly incorporated by refer 396/09988
Exanples 5 Exanpl e 1: Production eR6Bi specific Antibody Conpri sing
Murine or Humani zed Ant i bodi es Specific for an Fc
‘Receptor and an Anti-her 2 neu Antibody 10 Monocl onal

Ant i bodi es Bispecific gg,g ﬁg% ficle rmnocl onal antibodi es (mAbs),
exhange ohr ot ogr aphy Ao the fusiop pein ¢ capphfa o gk 100 S kR HEER
purified fromsimbitandously, aflosvy cytdnaettic #sgayhastbeemdeselapéd (Figuge 4). In this assay
depos: ted ?ﬁ “ty"ﬁﬁ?'?é‘r éiﬁ%%ﬂ?%%ﬁﬂs?‘f’ﬁ%&?“ fo 83@%*2%?‘.“*"“““‘“ ’g‘*’“ Tve,
Rockvi | | e, ﬁ!ﬂ"’ym'lﬂp version ofithg mugRgMIRAC gﬁ& ‘g}\:’\/&i‘ Eﬁr’?

'ATCC Accessi o VEGER afﬁ@ﬁ@&d binding site (E. Merck) was mcubated with A431 cells, a cell line which

expresses the EGF receptor (EGFR) (ATCC, Rockville, MD). After washing, a supernatant
containing a fusion protein consisting of the extracellular domain of FcyRI and the Fc portion
10  of human IgM was added. Finally, a Phycoerythrin (PE)-labeled mAb (32.2), that binds Fcy
RI at a site that is distinct from that bound by mAb 22, was added. The cells were then
analyzed by FACSCAN. Alternatively, binding to EGFR was blocked by excess (100 pg/ml)
whole murine mAb 425 (E. Merck), and binding of bsAb or fusion protein was detected by
PE-labeled anti-human IgG.
15
4DCC
ADCC mediated by the fusion protein was determined using a 31Cr killing
assay. The EGFR overexpressing cell line, A431, was used as targets for lysis by human
monocytes cultured in y-interferon (IFN-y) for 24 hours. Targets were labeled with 100 uCi
20  of 51Cr for 1 hour prior to combining with effector cells and antibodies in a U-bottom
microtiter plate. After incubation for 5 hours at 37°C supernatants were collected and
analyzed for radioactivity. Cytotoxicity was calculated by the formula: % lysis =
(experimental CPM - target leak CPM/detergent lysis CPM - target leak CPM) X 100%.
Specific lysis = % lysis with antibody - % lysis without antibody. The ability of the fusion
25  protein to mediate ADCC was compared with that of the respective BsAb. The assay was
also performed in the presence of 25% human serum to demonstrate that IgG or other factors
found in human serum will not inhibit fusion protein-mediated ADCC.

Resuits
30
. Purification
NSO cells expressing the H22 kappa chain were transfected with the H22-EGF
heavy chain construct and clones selected for resistance to mycophenolic acid and xanthine
were expanded and the fusion protein was affinity-purified from the supematant on an anti-
35  human kappa column (Sterogene, Carlsbad, CA). The purified protein was analysed by SDS-
PAGE. The purified protein migrated at an apparent molecular weight of 50-55 kDa,
indicating that the fusion protein is expressed as a monomer, not a disulfide-linked dimer. In
addition, a band was seen at an apparent molecular weight of 25kDa and is probably free light
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descri bed in | A42¥ cells axhsulubite FeyRI siynytaneonslydm a dose-dépetdentfashiom Nunber WO
94110332 entitled, Humani zed Anti bodies to Fc Receptors for

per T or med_ under st andar dNESOHI PERGIEE of G P PRI MR AFISHELIRCE Pl
é Li 1;3 ?ZR ( O}?’ g ﬁth_emtm'mh asAb, Md25| which?iﬁds EGFR aftheclighn/bindiniyAite, te fnhihilrfi:bibﬁ |) ed
( é oni ,ng I mu nggozf%{il’fllpnz )\{/Iélﬁllj%ﬁngﬁ&b mﬂg@”"&?@r é’; gﬁé@%ﬂb@ ﬁ-{é&&% the
pol ynerase chalA2ESKpsign protqin were ingbated aithA433cells insitherghepresepce orabpgpee of
the cDNA pri nessexcess@f M425! Figurd'6 SidavsARaf bixidthg\Gf BBAGKe BSAY andthe Bissibni plotein
International e inhibited by M425, demonstrating the specificity of the fusion protein for EGFR.
15 '
4DCC
_ The ability of the fusion protein to mediate ADCC was analyzed using A431
cells as targets. Human monocytes cultured for 24 hours in the presence.of IFN-y were used
as effector cells. Figure 7 demonstrates the whole antibody, H425, the BsAb H447 (H22 x
20 H425) and the fusion protein mediated dose-dependent lysis of A431 cells. Figure 8
" demonstrates that while ADCC mediated by the whole antibody is inhibited by 25% human
serum (25%HS), ADCC mediated by the fusion protein was not inhibited by human serum
and, in this particular experiment, fusion protein-mediated ADCC was enhanced by human
serum. These results support the clinical utility of these molecules by demonstrating that the
25 fusion protein was capable of killing EGFR-overexpressing cells, even in the presence of Fey
Rl-expressing effector cells as would be present in vivo.

Growth inhibitory properties of H22-EGF fusion protei
Although EGF acts to stimulate growth of normal cells that express receptors
30 forit, EGF also can act to inhibit growth of tumor cells that over-express EGF-R (Barnes, .
D.W. (1982) 1, Cell Biol. 93:1, MacLeod, C.L. et al. (1986) 1. Cell. Physiol. 127:175). The
ability of EGF and the H22-EGF fusion protein to inhibit the growth of A431 cells was
examined as follows. .
2 x 104 A431 cells were added to six well plates in complete media alone or in
35 media containing various concentration of either EGF, H22-EGF, the Fab fragment of H22,
or the F(ab"), fragment of H425. Viable cells were counted after seven days using a
hemocytometer. The analyses were performed in duplicate and reported as means +/-
standard deviations.
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augment anti-tumor immunity by secreting inflammatory cytokines and/or by processing and
presenting tumor antigens to tumor specific T cells.

20 Example3: H22-Heregulin (H22-gp30) Fusion Protein Mediates Tumor Cell Killing
‘ Heregulin (HRG) is a ligand for the HER3 and HER4 molecules. Both of
these receptors may form heterodimers with HER2, a molecule which is overexpressed in
some breast cancer cells. The affinity of HRG for HER3 and HER4 increases significantly
~ when these molecules from heterodimers with HER2. This example demonstrates that a
25  bispecific molecule, comprising heregulin and a binding specificity for the FeyRI inhibits
growth of a tumor cell line and mediates fusion protein dependent cytotoxicity of these cells
in the presence of FcyRI-bearing cytotoxic effector cells.
The H22-heregulin fusion protein was constructed in the same manner as the
H22-EGF fusion protein described in Example 2. Briefly, genomic DNA encoding the Fd
30 fragment of humanized anti-FcyRI mAb, H22, was fused to cDNA encoding the EGF domain
of the 82 form of HRG. The amino acid sequence of the H22-HRG fusion protein (SEQ ID
NO: 4) is shown in Figure 10. This fusion protein comprises amino acids 171-239 of the
heregulin 82 shown in U.S. Patent Number 5,367,060. Other portions of heregulin 82, as
well as portions of other heregulin molecules, such as those disclosed in U.S. Patent Number
35 5,367,060 can also be used. The resulting H22Fd-HRG expressing vector was transfected
into a myeloma cell line previously transfected with a vector containing DNA encoding the
H22 kappa light chain. The resultant fusion protein was expressed predominantly asa
monomer, even though the protein contains a free Cys residue in the hinge region of the H22



25 al., (1980) Crystallographic refinenment and atom c nodel s of the
I ntact 1 munogl obul in nol ecul e Kol and its antigen-binding fragnent at
3.0A and | .9A resolution, J.Ml.Biol 141: 369. The humani zed |i ght
chain was derived fromthe human Bence-Jones protei n REI A{SFQ@ g0 et
al, (1974) CWR#078hd nol ecul ar structure of a diner corrpogca e
vandl bl e portion of the Bence-Jones pﬂﬂm n REI, Eur.J. Biochem

45:513), with sonme framework 30 region (FR) changes. The nodifjcations
were made to Fekeombanenk Flowaytomety showedithasithisfusion protein s ablgise Pisdito the angd

i ncl uded repl aAFEENere gre I Bfmok 8411 Kb, SIIBR-$)as Well ad b FHR-enpiebsing cellsLy539
Val 04, d ul05 and Lysl I'n addi tion, Met4 was changed to Leud to
accomodate a Pwm | restriction site. 35 DNA cont ai ni ng the

NEWM VH and REl Vk FRs Wb tdst the biolagicahactisbRof the HR2Fd-HRG fusinnproteing supgmatant

;/ﬁct &5 \'\;'H§VHBGBM@ em\é%ﬁ Siny ﬂheﬁﬁmﬁtpr&&ntv&ﬂnarkd tH¥¥old or thityFoidiang
e was rres uen

ol i godeoxyiib %plufj%‘i seﬁgﬁgﬁr@ C?c—ik% ﬁ%“%l%@gg @%’l@ﬁ%@ﬁtﬂ’m

The cons presercs of FiN:tredtedymohauytes at atatio i 380:P@RKocytes to target tumor oglls. The

96/ 40789 ) 5 Soocsibod i
PCT/ US96/ 0998 énonocytes were treated with IFN-y an&lhctar et cells r%ﬁbccfed w1th Cras escribed in

synt hesi zed t &xamplsde The &b aixpesipific dysigwas aéH“ 2\Q§l[heresults .
nucl eoti d4® cafepresented inPigive lﬂhﬁ'hbwsﬁltsﬁmatelﬂmtabdm%ﬂmﬁSKMMandupto

about 49% of PC-3 cells are lysed upon incubation of the cells with the supernatant diluted 3
fold.

This fusion protein inhibits growth of SKBR-3 tumor cells and mediates
fusion protein dependent cytotoxicity of these cells in the présence of FcyRl-bearing
15 cytotoxic effector cells. Thus, the results of this example show that an anti-FcyRI-heregulin
fusion protein can mediate anti-tumor cytotoxic activities under physiologic conditions and
indicate that such a fusion protein will have therapeutic utility in the treatment of various
cancers.

20 Example4: H22-Bombesin Fusion Protein Mediates Tumor Cell Killing
The H22-bombesin fusion protein was constructed similarly to the H22-EGF
fusion protein described above. However, since bombesin is a short peptide (14 amino acid
residues), instead of amplifying cDNA encoding bombesin using PCR technology, DNA
oligomers encoding the sense and anti-sense strands of bombesin were hybridized to create
25 the coding region. The amino acid sequence of the bombesin peptide fused to the carboxyl
end of the heavy chain of the H22 antibody is the following:

-Gln-Arg-Leu-Gly-Asn-Gin-Trp-Ala-Val-Gly-His-Leu-Met-Gly (SEQ ID NO: 5)

30 which corresponds to amino acids 2-14 of bombesin (Anastasi et al. (1971) Experientia
27:166) and contains an additional glycine residue at the carboxyl end of the peptide.
The oligomers had overlapping ends that did not hybridize but instead created sticky ends for
a Xhol site on the N-terminus and a Norl site on the C-terminus such that it could be cloned
into the H22 heavy chain expression vector described above.

35

The biological activity of the H22-bombesin fusion protein on tumor cell

killing was investigated as described above for the H22-EGF and H22-heregutlin fusion
proteins. Briefly, PC-3 tumor cells bearing bombesin receptors were labeled with 51Cr and
incubated with monocytes and various concentrations of H22-fusion protein, and fusion
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20  onein the intron between VH and CH1, and the other just downstream of CH3. Using the
BamHI restriction sites, DNA encoding the constant domains were replaced by a truncated
version encoding only CH1 and most of the hinge. To do this, The polymerase chain reaction
(PCR) was utilized to engineer the new C-terminus of the heavy chain fragment with the
alterations shown in Figure 1. Figure 1 [B] shows the alterations for generation of a
25 truncated single-sulfhydryl version.

Expression
The murine myeloma NSO (ECACC 85110503) is a non-Ig synthesizing line

and was used for expression of the modified H22 antibody. The final expression vector, a

30 pSVgpt construct with DNA encoding H22 Fd was cotransfected with the pSVhyg construct
containing DNA encoding H22 light chain by electroporation using a BioRad Gene Pulser.
These polypeptides were expressed by an Ig promoter and Ig enhancer present in the vectors,
and secreted by the mAb 22 heavy chain signal peptide located on the N-terminus of the
constructs. One or two days after transfection, mycophenolic acid and xanthine were added

35 tothe media to select for cells that took up the DNA. Individual growing colonies were
isolated and subcloned after FcyRI binding activity was demonstrated.
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transi entlgy transfect etBs@@SzaeQbhameieb@sxﬁg ﬂfeﬁﬁ&hﬁbﬁ(ﬂeﬁrﬁé et Glenitié] M. et al.,
provided by [{l 987), Preparation and performance of bispecific F(ab' gamma)2 antibody containing
thioether-linked Fab' gamma fragments, J. Immunol., 139:2367). The F(ab")y of H425 was
generated by limited pepsin proteolysis in 0.1M citrate buffer, pH 3.5 and the F(ab'); purified
by ion exchange chromatography. The mAbs were reduced by addition of 20 mM
15  mercaptoethanolamine (MEA) for 30 minutes at 30°C. The Fab' fragments were applied to a
Sephadex G-25 column equilibrated in SOmM sodium acetate, 0.5SmM EDTA, pH 5.3 (4°C).
Ortho-phenylenedimaleimide (0-PDM, 12mM) dissolved in dimethyl formamide and chilled
in a methanol/ice bath was added (one half volume) to the H22 Fab' and incubated for 30
minutes on ice. The Fab'-maleimide was then separated from free 0-PDM on Sephadex G-25
20  equilibrated in S50mM Na Acetate, 0.5mM EDTA, pH 5.3 (4°C). For preparation of the
BsAbs, the H22 Fab'-maleimide was added to the H425 Fab' at a 1.2:1 molar ratio. The
reactants were concentrated under nitrogen to the starting volume using a Diaflo membrane in
an Amicon chamber (all at 4°C). After 18 hours the pH was adjusted to 8.0 with 1M Tris-
HC], pH 8.0. The mixture was then reduced with 10mM MEA (30 minutes, 30°C) and
25  alkylated with 25 mM iodoacetamide. The bispecific F(ab'); was separated from unreacted
Fab's and other products by a Superdex 200 (Pharmacia, Piscataway, NJ) column equilibrated
in PBS.

Bispecific flow cytomet

30 To show that BsAb generated by the 0o-PDM method as well as that generated
by the DTNB method are capable of binding both FcyRI and EGFR simultaneously, a flow
cytometric assay has been developed (Figure 13). In this assay different concentrations of the
two BsAbs were incubated with A431 cells, a cell line which expresses the EGF receptor
(EGFR). After washing, a supernatant containing a fusion protein consisting of the

35 extracellular domain of FcyRI and the Fc portion of human IgM was incubated with the cells,
Finally, the cells were incubated with a FITC-labeled anti-human IgM-specific annbody The
cells were then analyzed by FACSCAN.



Brian Seed, Massachusetts General Hospital, Boston, MA). Reconbi nant 22 or
control mAbs were then added in the presence of excess (2.2 pg/well)
hupan 1 g@ anti bodi es (Sigma, St. Louis, MO that contained [err]

i ght chains to bl ock the non-specific binding of the 15 teg 'Hﬁkﬁ’%ka
their Fc port W%488hd 22 mAbs were detected with peroxi dase abe goat
anti - human kappa chain antibodi es (Sera-Lat?2-<Crawl ey Down, U K. ) and o-
phenyl enedi am ne. Fl uor escei nation of Antibodies 20
The pH of mAb sol uti on ABRECCd]j usted to 9.3 by the addition of 0.1M Na2CCB.

Fl uor escei n i so- t hi 0Cy aBaABnellaEE)AICE Wi detSiminéDusing a NOr kilking abssys dTheed | n

N0 8,8 B ol L sl ity i

t enperat ure. ‘Ehbmf:d mrmm@mmafoe%#hm Mg%%waréabe&dﬂfi@mw uCi Of% for bhoyr) TC

by G 25 chso ith effector cells and antibody i’ Baebctohied ndérofitgste CAkRES

bl oot was. di | 0k pf"” T30 AP S e Ry
ood was di ; V).

The er y@ymmoycmswamamumtddchmhe formulad Mirtysis =f (experitnentahGPMs- totget leak ¢ hen

the cells in i ) A2 visis R,

pel l eted by centn* gatlgﬁyhl"ﬁp targ\@ﬁgﬁ(a‘r‘:fﬂ? gog?/?%ge@ere yaid /?gs?fkb‘\n/ng(‘j by

hypot oni ¢ IysP§'u byrsisiwi Bt hﬂh@cytes nonocyt es. and neutrophils were

kept on ige until use i n binding assays. For sone experinents, neutrophils

were separat egh o from nmononucl ear cells by ficoll hypaque (Pharnacia,

Pi scat anay, di ent separation. To up-regul ate FcyRI,

neut rophi |l s and nononucl ear cells were treated with cytokines. 35

Cul tures of nnnonuclear PaRfiédiione’ e |ncubated at 37C, 5% CO2 for 48 hours |n

tefl on dishes 1 |
human serum type AB ( Si §§Q g’% Sefelcofifilefel o W‘%@%“&&@Wl%ﬁﬁ“%@mg
Systens, W nneng8iciistacti@ppa disinicongsict. sClmmsgelectec for gesistaneete mmphsmh@)
(37 Lﬂer 11C, 5%aighieere a@a&iewa){d ﬂﬁ%&e&%@ﬁmﬁaﬁfiﬂ tHeSSupeifiatartBy
IngR/U/ i G GSF ( |§I lp%ve\él b?rré}véep%arosé/ ion exchagge chromac%o E};hya g;:urit%%’ prrrcE>l (5 waasnaclea
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indicating that the protein is expressed as a monomer, not a disulfide-linked dimer.
20

Construction and characterization of a BsAb composed of single sulfhydryl

H22 linked to Fab’ of H425 (anti-EGFR)
A BsAb was constructed where the single sulfhydryl form of H22 was linked

to the Fab' fragment of H425, a humanized anti-EGFR mAb. The BsAb was generated using
25 0-PDM as a linker by the method of Glennie et al. (Glennie, M.J. et al., (1987), Preparation
and performance of bispecific F(ab' gamma)2, antibody containing thioether-linked Fab'

. gamma fragments, J. Immunol., 139:2367). The activity of this BsAb was compared to one
generated by the DTNB method using Fab' fragments made from pepsin digestion and
reduction of whole H22. To demonstrate that these BsAbs could bind FcyRI and EGFR .

.30 simultaneously a bispecific FACS assay was devised. Figure 14 shows that both the o-PDM-
linked BsAb and the BsAb made by the DTNB method bound EGFR on A431 cells and
soluble FcyRI simultaneously in a dose-dependent fashion.

The ability of the two BsAbs to mediate ADCC was analyzed using A431
35 celis as targets. Human monocytes cultured for 24 hours in the presence of IFN-y were used
as effector cells. Figure 15 demonstrates the two BsAbs mediated dose-dependent lysis of
Ad431 cells in a comparable fashion. These results demonstrated that BsAb generated from
the truncated, single sulihydryl form of H22 was capable of killing EGFR-overexpressing
cells in the presence of FeyRI-expressing effector cells.
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function, J. Immunol. 143:5, 1650-1655; Frankel et al., (1985) Tissue distribution of breast
cancer-associated antigens defined by monoclonal antibodies, J. Biol. Response Modifiers,
15  4:273-286). The murine myeloma NSO (ECACC 85110503) is a non-Ig synthesizing line
and was used for the expression of the humanized mAb, H425 (Kettleborough et al., (1991)
Humanization of a mouse monoclonal antibody by CDR-grafting: the importance of
framework residues on loop conformation, Protein Eng., 4:773). SKBR-3, (ATCC,
Rockville, MD) a human breast carcinoma cell line that overexpresses the HER2/nen
20 protooncogene, and A431 (ATCC, Rockville, MD), a human squamous carcinoma celi line
that overexpresses EGFR (ATCC, Rockville, MD) were cultivated in Iscove's Modified
Dulbecco’s Medium (IMDM, Gibco, Grand Island, NY).

Neutrophil preparation
25 Neutrophils are separated from mononuclear cells by ficoll hypaque
(Pharmacia, Piscataway, NJ) gradient separation. To up-regulate FeyRI, neutrophils are
treated with cytokines. Neutrophils are cultured for 24-48hrs (37°C, 5% C02) in AIM V
media (Gibco, Grand Island, N'Y) containing 2.5% normal human serum type AB (Sigma, St.
Louis, MO), 50 ng/ml G-CSF (Kindly provided br R. Repp, U. of Erlanger, Germany) and
30 100 IRU/ml IFN-y.

Conjugation method
BsAb were constructed using the method of Glennie et al (Glennie, M.J. et al.,

(1987), Preparation and performance of bispecific F(ab’' gamma)2, antibody containing
35 thioether-linked Fab' gamma fragments, J. Immunol., 139:2367). mAbs M22, 520C9 (anti-
- HER2/neu, 33), and H425 (anti-EGFR) antibodies were produced by in vitro cultivation of
the respective hybridoma cells. The F(ab'); of each antibody were generated by limited
pepsin proteolysis in 0.1M citrate buffer, pH 3.5 and the F(ab"), purified by ion exchange
chromatography. mAbs M22 and H425 were reduced to Fab' by addition of 20 mM
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15
Trispecific antibody composed of M22 x H425 x 520C9 was made in two
stages (Figure 16). In the first stage, M22 was linked to H425 as described above to create
the M22 x H425 BsAb except that rather than a final reduction and alkylation, the reactants
were treated with DTNB to block the remaining free sulfhydryl groups. The bivalent BsAb
20  was purified by gel filtration on a Superdex 200 column, reduced to F(ab')(SH) and mixed
in a 1:1 molar ratio with o-PDM-treated 520C9. The resulting trispecific F(ab)3 was purified
~ on a Superdex 200 column. The TsAb was analyzed by HPLC size exclusion
chromatography using a TSK 3000 column (ToJo Haas, Japan). Using the same procedure as
above another TsAb comprising m22 Fab' x 32.2 Fab' x m22 Fab' has been constructed.
25
ispeci, ow cytome
The TsAb can bind to EGFR and Fe,RI simultaneously or to HER2/neu and
FeyRI simultaneously. Either A431 cells (high EGFR-expressing cells) or SKBR-3 cells

(high HER2/neu-expressing cells) were incubated with various concentrations of BsAbs

30 (M22x 520C9 or M22 x H425) or with the TsAb, M22 x H425 x 520C9. The cells were
washed and then incubated with the soluble F¢,RI. Soluble F¢,RI binding was detected with

mAb 32.2-FITC which binds FeyRI at a site that is distinct from the 22 binding site. The
cells were then analyzed by FACSCAN.

35 4bcc
Either SKBR-3 cells or A431 cells were used as targets for lysis by cytokine
activated neutrophils. Targets were labeled with 100uCi of 31Cr for 1 hour prior to
combining with neutrophils and antibodies in a U-bottom microtiter plate. After incubation
for 16 hours at 37°C supernatants were collected and analyzed for radioactivity. Cytotoxicity
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20 |

Binding (Bs FACS)
To demonstrate that the TsAb, M22 x H425 x 520C9, could bind FcyRI and

HER2/neu simultaneously a bispecific FACS assay was devised. This assay is depicted
schematically in Figure 18A. Figure 19 shows that both the TsAb bound HER2/neu on

25 SKBR-3 cells and soluble FcyRI simultaneously in a dose-dependent fashion. The BsAb,
M22 x H425, generated negligible signal in this assay over a wide range of concentrations.
To demonstrate that the TsAb, M22 x H425 x 520C9, could bind FcyRI and EGFR
simultaneously a similar assay was devised using the EGFR-overexpressing cell line, A431,
in the case. This assay is depicted schematically in Figure 18B. Figure 20 shows that both

30 the TsAb and the BsAb, M22 x H425, bound EGFR on A431 cells and soluble FeyRI
simultaneously in a dose-dependent fashion. The BsAb, M22 x 520C9, generated negligible
signal in this assay over a wide range of concentrations.

ADCC
35 ' The ability of the TsAb to mediate ADCC was analyzed using either SKBR-3
or A431 cells as targets. Human neutrophils cultured for 24-48 hours in the presence of IFN-
v and G-SF were used as effector cells. Figure 21 demonstrates the both the BsAb, M22 x
520C9, and the TsAb, M22 x H425 x 520C9, mediated lysis of SKBR-3 cells, whereas the
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10 sulfhydryl form is purified from culture supernatants utilizing ion exchange chromatography
using Q-Sepharose followed by SP-Sepharose (Pharmacia, Piscataway, NJ). Once the single-
sulfhydryl form of H22 is purified, the creation of a trispecific antibody using this reagent
would be identical to that described above using the F(ab'"), fragment of M22.

15 . Example 7: Enhanced Antigen Presentation with H22-antigen Fusion

Proteins
This example demonstrates that (a) antigenic peptides genetically grafted onto

the constant region of an anti-FcyRI antibody are significantly more efficient in antigen
presentation of the antigen and T cell stimulation compared to the antigen alone, and (b) that

20 antagonistic peptides genetically grafted onto the constant region of an anti-FcyRI are
significantly more efficient in inhibiting T cell stimulation compared to the antagonistic
peptide alone. Thus, such fusion proteins will effectively increase the delivery of peptides to
antigen presenting cells (APCs) in vivo and will be useful in various therapeutic methods.

25 Materials and Methods

Reagents
AIM V (GIBCO, Grand Island, NY) was used as culture medium. Tetanus

Toxoid (TT) was purchased from ACCURACTE CHEMICAL CO. (Westbury, NY). Sterile
30  and low-endotoxin F(ab), fragment of mouse anti-FcyRI mAb 22 and the bispecific Ab,
MDXH210 (consisting of Fab' of humanized Ab 22 chemically linked to Fab' of anti-
Her2/neu tumor Ag mAb 520C9) were provided by MEDAREX, INC. (Annandale, NJ). The
universal Th epitope of TT, TT830-844 (QYIKANSKFIGITEL (SEQ ID NO: 6), termed as
TT830 hereafter) (Valmori D. et al. (1994) J. Immunol. 152:2921-29) and the mutant form of
35 this epitope, TT833S (QYISANSKFIGITEL (SEQ ID NO: 9), lysine at position 833 changed
into serine) were synthesized and purified to >95% by PEPTIDOGENIC CO. (Livermore,
CA). Another universal Th epitope of TT, TT947-967 (FNNFTVSF WLRVPKVSASHLE
(SEQ ID NO: 12), referred to as TT947 hereafter), (>80% pure) (Valmori D. supra) was used
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Large quantities of monocytes were purified from leukophoresis packs using the cold

aggregation method (Mentzer S.J. et al. (1986) Cell. Immuno}. 101:132) which resulted in

20  80-90% purity. Both monocytes and T cells were frozen in aliquots for future use and were
" shown to function normally after being thawed.

Ag presentation assay
In proliferation assays, T cells (5 x 104), irradiated monocytes (3000 rad,

25  105/well), and various concentrations of peptide TT830 fusion protein Fab22-TT830 were
incubated together in a final volume of 200 pl/well in flat-bottom 96-well tissue culture
plates for 2 days. 10ul (1 pCifwell) 3H-thymidine was then added to each well. After
incubating overnight, plates were harvested and counted in a liquid scintillation counter. T
cell proliferation was expressed as the mean counts/min (CPM) of three replicates + SD.

30 Background CPM (T cells and monocytes without Ag) was subtracted from all the data
points. Experiments with APL were done according to similar protocols reported by Sette et
al. (De Magistris (1992) Cell 68:625). Briefly, for inhibition assays, irradiated monocytes
were treated with various concentrations of TT 8338 or Fab22-TT833S overnight. 20nM
TT830 and T cells were then added. After a further 2 days incubation, T cell proliferation

35 was measured as described above. In “pre-puléing" experiments, irradiated monocytes were
pulsed with 20 nM TT830 4 h prior to the addition of 10 pM TT 833S or 0.1uM Fab22-
TT833S. After overnight incubation, T cells were then added. After a further 2 days
incubation, T cells were stimulated with irradiated monocytes and TT833S or Fab22-TT833S
for 1 day, recovered after centrifugation over Ficoll Hypaque, and restimulated with
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Staining procedures were adapted from those previously described (Gosselin
E.L et al. (1990) J. Immunol. 144-1817-22). Briefly, to individual wells of a 96-well plate at
4°C, 30 pl of RPMI+ 1mg/ml BSA containing one of the proteins Fab22-TT830, Fab22-
TT8338S, or the BsAb MDXH210 at varying concentrations. After 1 h incubation at 4°C,
plates were centrifuged, the supernatants discarded, and the cells washed three times with
PBS/BSA at 4°C. Cells were then incubated for 1 h with 40 ul /well of FITC-labeled F(ab'),
goat anti-human IgG (JACKSON IMMUNORESEARCH LABORATORIES, INC. West
Grove, PA) followed by three washes with PBS/BSA and resuspended in PBS/BSA
containing 1% paraformaldehyde (KODAK, Rochester, NY). Cells were then examined by
FACScan (BECTON DICKINSON & CO., Mountain View, CA), and mean fluorescence
intensity (MFI) was measured.

Cytokine measurement
Supernatants were collected from the 96-well plates of Ag presentation assays

after 2 days stimulation and frozen until used. The levels of IFN-y and IL-4 from these
samples were measured by specific ELISA. Ab pairs for the IFN-y and IL-4-specific ELISA
were purchased from PHARMINGEN (San Diego, CA). ELISA assays were performed
according to the protocol provided by the manufacturer.

neration - i ion protei
In order to generate fusion proteins Fab22-TT830 and Fab22-TT833S,
synthetic oligonucleotides encoding each peptide were separately engineered into the hinge
region in the heavy chain of humanized anti-FcyRI mAb 22 (H22) according to the method
set forth below. :

_Emession and cloning vectors ..
mAb 22 has been humanized by grafting its CDR regions into a human IgG1

framework (see above and Graziano R. F. et al. (1995) J. Immunol. 155:4996-5002). The
expression vector for the genomic clone of the heavy chain (pSVgpt) of H22 was modified to
allow incorporation of the coding sequence for other molecules, in this case, the TT peptides.
The BamHI fragment of this vector containing CH1, hinge, and newly engineered Xhol and
Notl cloning sites (see Figure 2) was inserted into the BamHI site of pUC19 to generate the
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15 The murine mye oma NSO (ECACC 85110503) is a non-Ig synthesizing line

and was used for expression of the H22-TT fusion proteins. First, NSO cells were transfected
with the pSVhyg vector containing the H22 light chain coding sequence. The H22 light
chain expressing NSO cells were then transfected with the expression vector construct
containing the H22 H-chain Fd sequence fused in frame to the TT coding sequences (Figure

20 24B). A BioRad Gene Pulser electroporation apparatus was used to caﬁ‘y out the transfection
employing 200 v and 960 pFarad. One or two days after transfection, mycophenolic acid
(0.8 pg/ml; SIGMA) and xanthine (2.5 pg/ml; SIGMA) were added to the media to select
transfectants which had suecessﬁxlly taken up the expression vectors. Individual colonies
were isolated based on the binding activity of the culture supernatants to FcyRI on U937 cells

25  as demonstrated by flow cytometry. The positive colonies were subcloned by limiting
dilution.

urification of the Fab22- jon proteins
Clone pWS5 expressing the Fab22-TT830 fusion protein and clone pM4
30 expressing the Fab22-TT833S fusion protein were expanded in roller bottle cultures. The
supernatants were clarified and concentrated. Small scale purification was performed by
affinity chromatography on an anti-H22 affinity column. SDS-PAGE analysis of a 5-10%
acrylamide gradient gel under non-reducing conditions showed that fusion proteins were
>90% pure and had a molecular weight of 50 kDa as expected. Protein concentration was
35 determined by absorbance at 280 nm using the extinction coefficient of IgG Fab' = 1.53.
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demonstrating the specificity of fusion proteins for FcyRI.

15 Fd- sion protein enhances presentation o, tide by 1
1 Id.
The fusion protein, Fab22-TT830 was used in Ag presentation assays to
determine whether the Th epitope, TT830, when expressed in the constant region of H22,
could be effectively presented by monocytes to autologous T cells. As shown in Figure 26,

20  about 1,000-fold less Fab22-TT830 was required than TT830 peptide alone to achieve the
same level of T cell proliferation. In addition, Figure 26 shows that the presentation of
Fab22-TT830 was about 10,000-fold more efficient than the presentation of the intact TT,
suggesting that the enhanced presentation of Fab22-TT830 did not merely result from higher
molecular weight nor increased stability of Fab22-TT830 as opposed to TT830 peptide.

25  Another antigenic TT epitope, TT947, failed to stimulate the T cells, confirming that the T
cells were specific for TT830 peptide. These results thus provide clear evidence that Th
epitopes expressed in the constant region of H22 can be effectively and specifically
presented.

30 Blockade RI on monocytes abrogates the enhancement of A
presentation by the H22Fd-TT fusion protein
To directly determine whether the enhancement of peptide presentation
through the use of the fusion protein is FcyRI-mediated, binding of Fab22-TT830 to FcyRI on
Ag-presenting monocytes was blocked by treating monocytes with mAb 22 F(ab'), for 1 h
35 priorto the addition of Fab22-TT830 or TT830 peptides. Enhancement of peptide
presentation by the fusion protein was abrogated by mAb 22 F(ab'),, whereas presentation of
TT830 was unaffected (Figure 27). The fact that the binding of mAb 22 F(ab'), to FcyRI did
not lead to an enhancement of the presentation of free peptides implies that binding of mAb
22 to FcyRI alone did not alter the functional state of monocytes in a way that enhanced Ag
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PCT/ US96/ 099@8 epitope outside the ligand binding domain. Therefore, functions triggered b mAb 22, such
gf gd | ggatg g 3 erat g Abed, YflgdlytBLiOhid Ag BRI AN =% nol iHbitited By Blysidibgical YT 1zG
(Gosselin E. J., supra, Guyre P. M. (1989) 1. Immunol. 143-1650-55). Similarly, the
enhanced presentation of the TT830 peptide using the fusion protein Fab22-TT830 was not
inhibited by IgG (Figure 28), suggesting that H22-based fusion proteins is also an effective
15  way to target peptide Ags to FcyRI in vivo.

IFEN-y and IL-4 production is increased following H22Fd-TT fusion
protein-enhanced Ag presentation
Upon activation, T cells not only undergo clonal expansion through
20 proliferation, but also produce cytokines such as IFN-y and IL-4 to exert their effector
function of B cell differentiation and monocyte activation (Paul W. E. and Seder, R. A.
(1994) Cell 76:241-251). Therefore, the production of IFN-y and 1L~4 following H22 fusion
protein-enhanced Ag presentation was examined. As shown in Figures 28A and 28B, both
IFN-y and IL-4 production levels were enhanced by Fab22-TT830, especially at suboptimal
25  Agconcentrations. However, in these experiments, the enhancement for cytokine production
(about 20-fold) was less than that for T cell proliferation (about 600-fold).

. Thus, Th epitopes expressed in the constant region of anti-FcyRI mAb H22
can be effectively processed and presented by human monocytes, leading to enhanced T cell
30 activation and cytokine production.

resentation of APL, TT833S and Fab22-TT833S fails to stimulate T cell
proliferation
Peptides containing one or two amino acxd changes from native T cell
35 epitopes, termed Altered Peptide Ligands (APL) by Allen and coworkers, have been shown

to be agonists, partial agonists, or antagonists for T cell activation (Sette et al. (1994) Ann.
Rev. Immunol. 12:413 and Evavold et al. (1993) Immunol. Today 14:602). Recognition of
APL by specific T cells through TCR in some cases triggered partial signal transduction and
resulted in (i) inhibition of T cell stimulation by superantigen (Evavlold et al. (1994) Proc.
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factor (EGF S romth n
t he 53 <(31m nz) a éﬁ%‘gi’fnﬁﬁﬁg"w pisen etak :Z ﬂﬂg}g %wb )
1200 residue MMdotsmmﬁ9péndlwmdlmnnmln@9%)tlmnxGM3hmagom@mhﬁvng
th Arg 1Q23 I
VC\:Aapu ¢ % Q2 ﬁe@ﬁ%owrﬁ‘o mﬂugw%bf i fﬁﬁtﬁﬁ? &Eas gl,g?nog\“ﬁ ks ceﬂypbut zot
Human Epi der nedthers sichies Eavékl@ro :fganmiﬁmﬂl%etral & %&Séé éx%ﬁ@?g?g?ﬁlspn
\Efxt ro and Ceneldd cadihdiot sthgy. NU&lamAB]L d6 nblasigger any detdcefabldsighalifg éentsafpon) .
ressi on s a
mon- 1 g Synt hedPSTAREIOR Pl TOR. but cof R, RETCH SR 0 s el ittt
prot ei ns. The Tesponse towildtyp¢ peptide antigen and :p;g,ﬂgqglcalled TCR awagonistsdDe agistrimpt

encodi ng HZ Rl Celi58t623MRd Réppettiet &5 (1998) Proc.NAL AGak BclVISA 90:2671.
transfected by e(lflggcgt)roporatlon usi'ng a B oRa)d Gene Pul ser to NSO whi ch had

been previously transfected with the pSVhyg construct containing DNA

encodi ng H22 |ight chai Thiskxample demonstyatss phat theipeptide EF8338,aprantagonistpeptide fory
pronoter and "Hcél @m@&%&hds%ﬁﬂﬁnd’mﬁfﬁsw@ﬁﬂ% stimS8E Tedefhréliferation.

mAb 22 hea ai.n’'s tide l.ocated
constructsfly I “?‘:Kg%lﬁ!f{gﬁgé’%‘r f’?’ﬁﬁ?f'@ﬁ‘%i\&b HPatfﬁfp. 135%8;!:4‘){]&’5%"22'
xant hi ne wer e BXR388, no sxgmficant plotiferation af T3'83G:specificiTocells wias ebseived. This indigateshe

DNA. I ndi vi du%atg: Eﬁf‘éeﬁﬁe tzon 833 oftﬁ@ﬁﬁﬁﬂpe%ﬂﬁ’e AigMeNEdenf t €T
bi ndi ng acti VI at,e Xch f\
Prification epltope tionally, when peptides TT830 and TT833S were

sxmultaneously presented to TT830-specific T cells, T cell proliferation in response to TT830
was inhibited by TT833S in a dose-dependent fashion, showing that TT833S can function as
20  an antagonist for TT830-specific T cells (Figure 31).

Fab22-TT833S is at least 100 times more effective than TT833S in_inhibiti
T cell activation
) This example compares the relative efficiency of TT833S and Fab22-TT833S
25  in inhibiting T cell proliferation in response to TT830. As shown in Figure 32, Fab22-
TT833S was about 100 times more effective than TT833S in inhibiting TT830-stimulated T
cell proliferation. This suggests that the APL, TT833S, when expressed in the constant
region of mAb H22, can be correctly and effectively presented by APC. The increased
antagonistic efficacy of fusion protein Fab22-TT833S on T cell proliferation probably
30 reflects more efficient Ag capture mediated by FcyRI as compared to free peptides.

Inhibition of T cell activation is mediated by competition for T cell receptor

binding rather than for MHC Class Il binding.

The antagonist effects of APL TT833S and fusion protein Fab22-TT833S

35 might be through competition at the level of MHC-binding or TCR-binding, or both. To gain

insight into the mechanisms involved, "pre-pulsing” experiments, first described by Sette and
co-workers (DeMagistris, M.T. et al. (1992) Cell 68:625-634), were performed. This
experimental setting allows agonist (TT830) to bind to MHC Class II in the absence of
competition from the inhibitor (TT833S) and thus, only TCR antagonists but not pure MHC



Cel l's expressing the H22- EGF fusion protein were subcl oned and expanded.
The fusion protein-expressing clone was expanded and grown in spinner

cultures and the supernatant was clarified and concentrated. Snall
scale purification was perforned by affinity chromato @g@‘
anti-human ka¥PASHRB n affinity col um (Sterogene. Carl sbaqu %; The

purified protein was anal yzed by SDS-PAGE ofa 5-15% acryl ani de gradi ent

gel under nonreducing conditions. Figure 3 is a schematic
repr esent at i orbladkers hveulithresaffectivanindhhibiting agonist-stitiglated Jegsilrolifergtionl Agrsi on
proteins. senting mondE} 26 (ék fdiked with suboptimal (20 nM) TT830 for 4 h to allow TT830 to

PCT/ US96/ 0998
Bi specrflc fl ipd-xyit ME{G Class 11 in the absence of competitiqn from {18338, T?%.%Phﬁﬂg 3S or
protein is cafab2xTT8335, wes thgn irwuhatédwith therpre-Fised monocytes fonahiadditional 16 h. a

flow cytomgtr 'ﬁsﬁ"?’gﬂﬁ’éons Of@b&ﬁd@@ﬁ ﬁr&m&\ﬁasméawemhﬁdm above.

di fferent conce

rotein or, th
anti body, BsAfEvERynder such mPﬁEQHWWEQh‘; ﬂeﬁa&lﬁ@a a\P@P’é’?agFPq?)stp Y”ﬁé’rﬂ&ﬁaﬂ@
nonocl onal antwds@dnxdmﬁﬁd (Pigue! B3 Thiss, the mlubxfiéiFﬁppearsume 4 regalhoff dompetitien for Te

E. Merck) wa 'l I'ine which expresses
'Ehe EG- récep?gi}%m%f&@m#ﬁhwg After washing, a supelronat ant
containing a fusion protein consisti ng of the extracellular domain of FcyRI
and the Fggportion 10 @peshhinbe TS ; ,
(PE) -1 abel ed mAb (32. 2)

di stinctfromthat bound e was—acded. The cells were then
In some circumstances, APL can stimulate T cell cytokine production but not

proliferation (Evavold B.D. and Allen P. M. (1991) Science 252:1308-1310). To determine if
presentation of TT833S simulates the production of cytokines, the level of IL-4 and IFN-y in

15  supernatants obtained from Ag presentation assays was determined. As shown in Figure 34,
both TT833S and Fab22-TT833S were ineffective in stimulating IFN-y and IL-4 production
by T cells.

Presentation of TT833S and Fab22-TT833S does not lead to T cell anergy
20 Allen and co-workers reported that interaction of TCR with some APL-MHC

Class IT complexes led to T cell anergy (Sloan-Lancaster J. et al. (1993) Nature 363:156-159,
Sloan-Lancaster J. et al. (1994) J. Exp. Med. 180:1195-1205). An experimental scheme
similar to theirs was used to determine whether presentation of TT833S could also cause T
cell anergy. As shown in Figure 35, when T cells were recovered after incubation with APC
25 and TT833S or Fab22-TT833S for 1 day, 2 days, or 4 days, they responded to subsequent
antigenic challenge as well as T cells which had been incubated with APC alone. Therefore,
the antagonist, presented via the use of either peptide alone or Fab22-TT833S, did not cause
T cell anergy. Furthermore, the same percentage of viable T cells (about 50%) was recovered
from cultures with no peptides, TT833S or Fab22-TT833S, suggesting that presentation of
30 TT833S also did not increase T cell death.

The observation that immunogenicity is increased by about 1000 fold by
targeting antigenic peptides to FcyRI using an anti-FcyRI mAb 22-based fusion protein
indicates that such fusion proteins will be useful for peptide-based vaccines for, e.g.,

35 infectious diseases and cancer. Engineering peptides into the constant domains of human
mAb that are specific for particular APC surface molecules represent a general approach to
increase the antigenic potency for peptide-based vaccines.



anal yzed by FACSCAN. Alternatively, binding to EGFR was bl ocked by excess
(100 ;tglm) whol e nurine mAb 425 (E. Merck), and binding of bsAb or
fusion protein was detected by PE- | abel ed anti-human 1 gG 15

ADCC ADCC nedi ated by the fusion protein ngﬁgg m ned
using a 51 Cr WOPSHHE assay. The EGFR overexpressing cgﬁﬁ’ | ne?gsA43
1, was used as targets for lysis by human -44- nonocytes cultured in
y-interferon (I1FN-y) for 24 hours. Targets were |abeled with 100 1G 20
of 5 1 O for 1 hour pri oMeoreovensthé obseryatipn thatshe BeyRitargeted antagonistie PERSYEi es

inaU ?Ot E om inhibitedll‘?& i%@ragfoﬁ'bgmra30“~spe€ﬁ?clqrcel1§16#&a$ﬂeﬁmﬁ@_ wire fiftw palsalwily 0C
supernatants were, collecte n alyzed. f o . :
Cytotoxicity mgatﬁ’ﬁPEm%ﬁt%%mgsP‘ﬁ?g‘Wfﬁ}P&%%ﬂFb?f%‘f 8 e%%&ﬁé%%&e% V&‘é"n‘{’%"f‘ CPM
-"target |eak ORimpting topaneliorage arsaurmmung agsponse shayk tharwygesed persoptation of

Speci fic |ysés zudbohial Seph R Ag-Sfiekifie Hitrapids For tisoMiirk, RRIVT cellifiediated
ability of tsshe ?’st{#ogﬁﬁ% . %s{};[aﬂ!% to.ne |sz§t)e{;affié _éss [o]0) aredi(fydvi.t%eth tl of
the respective Bgﬂﬂ?m"?’ﬁé‘sﬁgg%yﬁbg'ém mam&?ﬂswﬁgv@?’a%ﬂ“ﬁgﬁn'% 5 EERacrgpy
25% human ser unfok Tl mrediated aiimhinabe digéasesrsuch isahensatoid methritis and hwltipld sélerosis.
human serum wi | L nhi bi ' L - ' o S
20 t‘mﬂﬂm&r@gﬁ?ﬁ#loggﬁﬁg%h ]B‘Bﬁixﬁﬁaq'x dﬁ%‘i’j‘ hﬁfnﬁg)g’. %%tyctg o gcylﬁ%ﬂh.i
expressi ng t he PEPHdewhish isapartial agenistof amantigen invelved in immynedisopders charactegized, |/
chai R COﬂStImCtb}aélféeQi\eﬁmmuﬁefe@pdxeék\fJibeeﬁssﬁthm' ing! such jinmpiedi _Sdr&&shy:?ﬂudﬂgid
xant hi ne n A -purifie
fromthe supe na@ﬁ{#?n 'gé%%g{r‘}qgﬁﬁ - %gg’]&eﬁ%%ﬁ&kg‘%%ggc%?ﬁ@n% f?{s{r%a?ig éﬁg‘#{s )
Carl shad, CA). inmaunelogical digorders:hyi mom@gam%@d)owggmsncremd anjigenpresgpation
purified protei gf ditigiéns! WhicREithRP stifdlate A el IIBIQRKT @il prslifefatioindAcHlokinka,

I ndi cating that tc%g fus%hpr&tcel n_is. %ggi.%gﬁed as a nononer, not a

di sul fide-Ii nkeT iR Induce ancrey 1teh, %and was seen at an appar ent
mol ecul ar wHY ght of 25kDa and is probably free |ight chai n.

Example 8: Functional Single Chain anti-FcyRI-anti-CEA Bispecific
Molecules
This example demonstrates that a recombinant bispecific single chain
20 molecule comprising a humanized anti-FcyRI antibody fused to an anti-carcinoembryonic
" (anti-CEA) antibody is capable of binding to FcyRI and to CEA.

Figure 37 is a schematic representation of mammalian expression constructs
encoding bispecific single chain molecules (constructs 321 and 323) having one binding
25  specificity for the FcyRI and one binding specificity for carcinoembryonic antigen (CEA) that
were prepared. The amino acid sequence of the bispecific single chain molecule H22-anti-
CEA encoded by construct 321 (SEQ ID NO: 16) and the nucleic acid encoding this fusion
protein (SEQ ID NO: 15) are shown in Figure 40. The bispecific single chain molecule H22-
anti-CEA encoded by construct 323 differs from the fusion protein encoded by construct 321.
30  only in that the VH and VL chains of H22 were switched.

A mammalian expression construct encoding a single chain antibody having
one binding specificity for the FcyRI (construct 225) was also prepared. The amino acid
sequence of the single chain antibody H22 encoded by construct 225 (SEQ ID NO: 14) and

35 the nucleic acid encoding this single chain antibody (SEQ ID NO: 13) are shown in Figure
39.

Each of these constructs were cloned into the Hind III and Xbal sites of
pcDNA3 (InVitrogen), from which expression is driven from the CMV promoter. Each of



WD 96/ 40789
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Bi ndi ng specificity To denonstrate that the fusion

protein could bind FcyR and EGFR si mul taneousl y a bi Sﬂ%ﬁ’ d56'CS
assay was devV e’&'.“??gure 5 shows t hat both4 he chem cal mkegé
ful.-l y-humani zed BsAb H447 (H22 (anti-FcyRI)' H425) whi ch was made

as described in the follow ng Ex 3,.and the H22- EGF fusion protei

bound EGFR on these consiycts alsa mtmaﬁdmglsmﬂdéwm encoding g peptisde ffgm iy and a
dose- dependenthekahistidine peptlde which were used for punﬂcfhﬁoﬁ:ﬁ:ﬁe sqnembiuanu prytedf frérh ¢he

fusion protei &Emnq? ;@}cg&o&g%ﬁdg@ aé?és ‘ﬁg ofﬂlﬁﬂaﬂ%-ﬂ\%)(fl%%?
whi ch bi nds E i t bit
brotein o Ho1386) bok Galb Biol. 92610 éﬁ@@ﬁﬁs&ﬁw@w@%me@% is
HA47, or ofs tffﬁrﬂxerdescnb&?m@ﬁeia&lqmm 11&iniunok Metheis 1P 6Siaivd Chestyé étlalcel | s

I n elther t he ence of an excess of M425. Figure 6
shows. t hat bi #@W%g{%ﬁe BsAb and the fusion protein wer e
i nhibited by Mi25, denonstrating the speciftcity of the fusion protein for
EGER 15 The smgleEnﬁn %Ebédlﬁ&ﬁ@f&ﬁl@@ﬂﬁ%tﬂ@b"w sﬁithé‘mhgle oRalh B2

Culturod Tor FRaR P niedia bincing aseys. prtpieredys Yjobis, ELTCA plates 6 coated with
10 CEA and the blocked with 5% PBA. Supcmatants of the cells transfected with the constructs
encoding the single chain molecules (transfectomas) were added to the plates, soluble Fcy
RI/IgM-;i (supernatant from COS transfected cells, described above) was added and binding
was detected by incubation of the plates with alkaline-phosphatase (AP) conjugated goat anti-
human IgM, development with PNPP, and reading of the plate at 405-650 nm.

15
The results are presented in Figure 38. The resnlts indicate that the single
chain bispecific H22-anti-CEA molecules encoded by constructs 321 and 323 bind both Fey
RI and CEA. On the other hand, the single chain H22 antibody (encoded by construct 225)
does not bind both Feyrl and CEA, as expected.
20

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more
 than routine experimentation, many equivalents to the specific embodiments of the invention
25  described herein. Such equivalents are intended to be encompassed by the following claims.



as effector cells. Figure 7 denonstrates the whol e antibody, H425, the BsADb
H447 (H22 x 20 H425) and the fusion protein nedi ated dose-dependent |ysis
of .A431 cells. Figure 8 denonstrates that while ADCC nedi ated by the
whol e anti body is inhibited by 25% human serum ( 25%1S) i ated
by the fusi on%’lﬂ‘@m was not inhibited by human serum ll'Cainigg, |$\5§€hi s
particul ar experiment, fusion protein-nmedi a#¢d ADCC was enhanced by human
serum These results support the clini C@ﬁu&&lilts)fr t hese nol ecul es by

denonstrating that the 25 fusion protermt was capable of killing
EGFR- overexpressing cells, even in the presence of Fcy Rl - expr essi ng
ef fector cell s(3Seumshd tREoRREEAIt i N Vivo. G owt h

i nhibitory $roperties of H22- EGF fusion proteins

Al t hough EGF acts ti0 aweuacANxte growt h of normal cells that express
receptors 30 for it, RERAMEsMesgaremcind.o i nhibit growth of tunor cells

t hat over-express EG-- {®)( $EREEBS 1545 RouteD2f\Eagh982) J. Cell Biol, 93:1,
MaclLeod, Cm[L. et al. (@8@?“3.“’6&?“?‘.13Physiol. 127:175). The ability
of EGF and*the H22- EGF'®u %?ﬁ@ﬂgggrﬁe!fo inhibit the growth of A431 cells
was exam ned as I‘EI CODE {ZIP): 08801-0953 2 X 104 A431 cells were
added to six well platés Tn conpletée nedia aloné or in 35 medi a

contai ni ng vari oug;i§ORERAL dr kinfikredn €1 hehrdoPie chidbulsE coldigskmb fragnment
of H22, 15 or the F(ab)2 fragnment oér BPErc \dratdTorCaiTrBoDMREE count ed

after seven days using a henocyt onet er. .The anal yses were perforned
i n duplicate and (£i)ONUMBER F SEOVBNCES): - 16 st andard devi ati ons.
WD 96/ 40789

PCT/ US96/ 09988  (iv) COMPUTER READABLE FORM:
20 (A) MEDIUM TYPE: Floppy disk
{B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-D0OS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

25 (v) CURRENT APPLICATION DATA:

(vi) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/484,172
30 {B) FILING DATE: 07-JUNE-1995
{vii) CORRESPONDENCE ADDRESS:
{A) ADDRESSEE: LAHIVE & COCKFIELD
(B) STREET: 60 State Street, Suite 510
(C) CITY: Boston
35 {D) STATE: Massachusetts
(E) COUNTRY: USA
{F) ZIP: 02109-1875

(viii) ATTORNEY/AGENT INFORMATION:
40 (A) NAME: Arnold, Beth E.
(B) REGISTRATION NUMBER: 35,430
{C) REFERENCE/DOCKET NUMBER: MXI-043CPPC

45 {2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 24 base pairs
(B) TYPR: nucleic acid
(C) STRANDEDNESS: single
50 {D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA
55 (ix) FEATDRE:

{A) NAME/KEY: CDS
{B) LOCATION: 1..24



-28 - _ The results are presented in Figure 9. These
results indicate that EG and H22-EGF significantly inhibited cell
grow h in a dose dependent fashion. On the contrary, the F(ab)2
fragnment of H425 which had sone inhibitory activity only at i

concentrati on¥09M078 5nd the Fab fragment of H22 had no gr O\éﬁ?quﬁﬁ?gﬁﬁi ng
actdavity. 5 Thus, H224fGF is able to bind to both

FcyRl and EGF sinult | ndi i that the nol ecul e had fol ded
properly and had ‘& %?@?Eﬁ%ﬁ%“%ﬁ"é‘%#'b%?cgé %an red to bind both
receptors at HRe cReHRaltdttecd Bk RRENRRE, H22-EGF inhibited proliferatigp of

t he EGFrit @X9r8s dyadridIBPs c8lBrol i Nne, A43 1, indicating that, simlar
to EGF, thg® H22: EG-F 10 fusimn protein is capable of signaling through the
EGF- R H22-EGF al so nedi ates pot ent kKilling of A431 cells in the
presence of FEYRINEORMATEOY FOR R Dt M0:2¢el | s. Thus, H22- EGF medi at es

both cytotoxic and, cgt ostatic effects on EG--R expressing cells.

Admi nj stration of (1) SEQUENGD GHARRGTERISTIESH ect having a tunor will result in
recrui tmeft of the bog¥s “HEFH af” ng‘b? % effector cells to nediate
killing of the tunor _gl ls miﬂ%;@:é:ﬁg% |y three different nodes - 15
cytotoxicity, growth if\hiBhdrieRi. 1§Hétzp

<)

ﬂagocyt osis. Furthernore, in addition

to cell nediated cyt ot 0X| Ci ty of the tunor cells, the effector cells
‘recruitedldy H22-(EGFmomeudE S@pk Ulcbhiger - aughent anti-tunmor inmunity by
secreting inflammatory cytokines and/or by processing and presenting

tunor antigens to tunor specific T cells. 20 Exanple 3: H22-Heregulin
(H22- gp30) Fusi ofipr BEANUREMedi at es Tunmor Cell Killing

Heregul i n,(HRG is a [MgNPAE/XB¥: "8 HER3 and HER4 nol ecul es. Both of

t hese rec%é)t ors may f&PmAATEPSHi*metS with HER2, a nol ecul e which is
overexpressed in sone breast cancer cells. The aflinity of HRG for

HER3 and HER4 i nqmagmkgr&tsm]r[& SEQ ID ﬁMﬁlg.ﬂ t hese nol ecul es from
i

heterodi mers with HERZ2. Thi s exanple denonstrates that a 25 bispecific
mol ecul e, 2% onpet Shd dch ereeotta Be@Mdaisdarddi Nng specificity for the FcyRl 37
inhibits Tha) HDa\tThr Wysapdcles cel |l |ine and nediates fusion protein
dependent cytotloxicity of tlsese cells in the presence of

FcyRI - bearing cytotoxic effector cells.
30 (2) INFORMATION FOR SEQ ID NO:3:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA

40 (ix) FEATURE:
(A) NAME/KEY: CDS
{B) LOCATION: 1..34,

45 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

ACT CAC ACA TGC TCG AGC CIT CAC GGC GGC CGC T GAGGATCC 42
Thr Bis Thr Cys Ser Ser Leu His Gly Gly Arg
1 5 10
50 _
(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 300 amino acids
55 {B) TYPE: amino acid
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide



The H22-heregulin fusion protein was constructed in the same manner as the
H22- EGF fusion protein described in Exanple 2. Briefly, genom c DNA
encoding the Fd 30 fragnment of humani zed anti-FcyRl mAb, H22, was fused to
cDNA encodi ng t he EGF domain of the B2 formof HRG Th Cﬁﬁ%ﬂ%ﬁfi d
sequence of t MO MIRG f usion protein (SEQ ID NO 4) T8 'shown In
Figure 10. This fusion protein conprises af®no acids 171-239 of the
heregulin B2 shown .in ent_Number 5,367,060. Qter portions of
heregulin B2, as () F%%E’pﬁﬁefg%s of other heregulin nol ecul es, such
as those disclosed in U S. Patent Nunber 35 5,367,060 can al so be used.
The resul ti ng H22Fd- HRG expressi ng vector was transfected into a

nyel oma cel | | i néxipr exguescH pedarapslfoyctsmd W t:4 vect or cont ai ni ng DNA
encodi ng the 1122 kappa light chain. The resultant fusion protein was
expressed predon flan¥ely Gl Lgu Val Clurew Y Cl¥/Ey YaloVRth SEASTprHivehrs
contains a free Gys residue i the hinge regi o of the H22 15
gg{rf'aggg /1(99988 Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe Ile Phe Ser aAsp Agn

Fab conmponent. Fl ow cytorre??y showed that this fusion pr ot &’n was able to
bind tothe mfbit yeasyRegstlsdul WIRR:E%l dN8ly BBhd nasvare! | as
to FcyR-expressing cell gs 40 0 test ibe biol ogical
activity 1of the H22Fd- HRG fusi on protein, supernatant 5 fromthe nyel ona
cel | s expressi ng Alai Bhef 0B G&xr spt@ynclaSed ity il Ber Pod dhspraerhvaity fol d
and added to P& 3 cells or SKB&8 3 tunor cells expressi ng HER2, HERS,
and HER4 in the presence of |FN-treated nonocytes at a ratio of 100:1

nonocytes, to tar dé® Bundre Fbe |r HlgeSer Arg Asp Asn Ser Lys Asn Thr Leu Phe
20 65 70 75 80

WO

Leu Gln Met Asp Ser Leu Axg Pro Glu Asp Thr Gly Val Tyr Phe Cys
85 %0 95

25 Ala Arg Gly Tyr Tyr Arg Tyr Glu Gly Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Pro Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
115 120 125
30 _
Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Arg Val Thr vVal Ser
35 145 150 155 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val
165 170 175

40 Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro
180 . 185 190

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Aan His Lys
195 ‘200 205
45
Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp
210 215 . 220

Lys Thr His Thr Cys Ser Thr Thr Ser Thr Thr Gly Thr Ser His Leun
50 225 230 235 240

Val Lys Cys Ala Glu Lys Glu Lys Thr Phe Cys Val Asn Gly Gly Glu
245 250 255

55 Cys Phe Met Val Lys Asp Leu Ser Asn Pro Ser Arg Tyr Leu Cys Lys
260 : 265 270

Cys Pro Asn Glu Phe Thr Gly Asp Arg Cys Gln Asn Tyr Val Met Ala
275 280 285



nmonocytes were treated with IFN-y and the target cells were | abeled with
[err]Cr as described in Exanple 2. The % of specicific |lysis was
calkcul ated as indicated in Exanple 2. The results 10 are presented in
Figure 11. The results indicate that about 45% of SKBR3 cel I?C?’Bg%g”%o
about 49% of BQYM4M s are | ysed upon incubation of the celTS wWth the
supernatant diluted 3 fol d. -49- This fusion protein
inhibits growth of SKBR-3 tunor cells and nedi at es fusion protein
dependent cyt ot oxi %ie;,yphgf.‘#hgsssehggldlﬁ &R Léhe'r?i @s£nes Bf FcyRl -bearing 15
cytotoxic effector celdsg. Thus, the resgglts of this exsgpl e show that an
anti-FcyRl -heregulin fusion protein can nediate anti-tunor cytotoxic
activities findde) piwyeiMalrooN ¢or eRdi X0 ¥Ms5:and i ndi cate that such a
fusion protein will have therapeutic utility in the treatnent of various
cancers. 20 . Exarfpl SEQUENCEDCHARACHERISTICRY S| on Protein Medi ates Tunor Cel |

Killing (R) LENGTH;o14m0ish@6i48 n fusi on protein was
constructegpsimlarly t:ﬁ) tﬁ?&%&%"f fusi on protein described above.
However, sihce bombesin l's short™p p’fi de (14 am no acid resi dues),

instead of anpli fy@ﬂﬂ MoEblnreneedl r}gippﬂ‘g)esi n using PCR technol ogy, DNA

ol i goners encodi ng the sense and anti-sense strands of bonbesin were
hybridi zed to creat(e) Fracire Begt NgiteAgilon. The am no acid sequence of the
bonmbesi n pépti de fused to the carboxyl end of the heavy chain of the
H22 anti body is the foll ow ng:

-@n-Arg-Leu-@y-Asn-G n-Trp-Ala-Val-@y-H s-Leu-Met-Ay (SEQ ID NO 5) 30
whi ch corresponds &8 SFRHBCECPESSRIBTIAN HBEYFRH¥ASn (Anastasi et al. (1971)

Exweri enti : 166)_ and. contains_an_additional glycine residue at the
car boxyl eggl of th Z‘bé%?ﬁfé' Gl’”;sn T8 Mot gg’ﬁé‘ds r¥efhBthg ends that
did not hybridize but instead created sticky ends for a. hol site on

the N-term nus (@NGxeoRRlrtod pbi€ s88 fofo &t €rm nus such that it could be
cl oned into the H22 heavy chai n expression vector described above. 35

The bi ol ogR8al act i) teegoncehenarRPrdeoedrest n f usi on protein on tunor cell
(A) LENGTH: 15 amino acids
{B) TYPE: amino acid
(D) TOPOLOGY: linear
30 (ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPB: internal

35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Gln Tyr Ile Lys Ala Asn Sex Lys Phe Ile Gly Iie Thr Glu Leu

1 s 10 15
40

(2) INFORMATION FOR SEQ ID NO:7:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 54 base pairs
45 {B} TYPE: nucleic acid
: (C) STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: ¢DNA
50
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
55 TCGAGCCAGT ACATCAAGGC CAATTCCAAG TTCATCGGCA TCACCAAGCT CTGA 54
(2) INFORMATION FOR SEQ ID NO:8:

(i} SEQUENCE CHARACTERISTICS:



killing was investigated as described above for the H 2-EG- and

H22- heregul n fusion proteins. Briefly, PC3 tunor cells beaing
borbesin receptors were | abel ed withol Cr and i ncubted wi th nonocytes
and various concentrations of H22-fusion protein, and fusio

WO 96/ 40789 WO 96/40789 P "peTuSsGssEs
PCT/ US96/ 09988 -50- - 30 -
prot ei n dependent IyS|u§) % jggiﬁ% descri bed above. The results,
shown in Figure 12, (B) 'rybz‘i‘ egc the target cells are lysed and that
the | evel of target Cqel shriivkphite: aAsgre proportionally with the
amount of fusion protebn Teseiedyt Qihdwr assay. 5 Fusi on
proteins hlving H22 as one binding entity and CD4 (Al DS Repository)

or gpl20 (Al DS RdpisMOLECPLE IYPE: 98®NA bi nding entity were al so produced.
Exanpl e 5: Production of Bispecific Antibodies From Mddified Humani zed

Ant i body Fragments 10 Mat eri al s and Met hods
Exprressi vect clo Expressi on vectors for
t he genom ?@ cl on § 18 Wé‘cﬁe"f%“?ﬁé‘v‘gpﬁ" ARdP ght 15 (pSVvhyg) chains of

H22 were as degGihRd &frckBéANdridak FRAEE AP RerEalch® cBybl | cation s3

{2) INFORMATION FOR SEQ ID NO:9:

15
(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 15 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear
20
(ii) MOLECULE TYPE: peptide
(v) FRAGMENT TYPE: intermal
25
{xi) SEQUENCE DESCRIPTION: SER ID NO:9:
Gln Tyr Ile Ser Ala Asn Ser Lys Phe Ile Gly Ile Thr Glu Leu
30 1 5 10 B £

(2) INFORMATION FOR SEQ ID NO:10:

{i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 54 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

40 (ii) MOLECULE TYPE: cDNA

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
45
TCOACCCAGT ACATCAGCGC GAATTCCAAG TTCATCGGCA TCACCGAGCT CTGA 54

{2) INFORMATION FOR SEQ ID NO:11l:

50 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 53 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
55 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA



Nunber: WD 94/10332 entitled, Humani zed Anti bodies to Fc Receptors for

| mmunogl obul i n G on Human Mononucl ear Phagocytes. For the Fab'
construct, it was unnecessary to alter the light chain. For the heavy
chain, however, the CH2 and CH3 donamins had to be renoved Qﬂm”s

repl aced wit hWP%4P®Pnati on codon. The heavy chain vector coRFEPRE PN
BarHl sites, 20 one in the intron betweendWH and CHI, and the other just

downst r eam of CHBPﬁiJm gg t&ggfsé’(’;‘éﬁ'rﬁgmgg?rﬁs%i’S‘t'i on sites, DNA encoding

t he constant doma runcat’ed versi on encodi ng

only CH and 'Rabedbrd RGciidddsa adbridfad ASecotAPrad 8EERERT NI N eact i pn

(PCR) was utilized to engineer the new Cterm nus of the heavy chain

fragment wist h g2pernrorvaTI6n trek adsgons nebupan in Figure 1. Figure 1 [B] shows
the alterations for generation of a 25 truncated single-sulfhydryl

ver sion. (i) SEQUENCE CHARAQTERISTINS: The nurine
myel oma NSO ( ECACC 851POSKENETES 23 avdne agids/nt hesi zing | i ne and was
used for ressi on of B "EHFpA"EPR®CIP2 anti body. The final expression
vector, a pSvgpt CHnEEPHFY - WHITADNA encodi ng H22 Fd was consfect ed
with the pSvhyg c t .contai ni ng DNA encodi ng H22 |ight chain by
el ectroporation ugingﬁog'ﬁg?nﬁgﬁmeeﬂ?tt% ser. These pol ypepti des were

expressed by an | gopraaBinsir and. dhetpiancer present in the vectors,
and secretigd by the mAb 22 heavy chain signal peptide |ocated on the

N-term nus of the constructs. One or two days after transfection,
mycophenol i ¢ acid and xanthine were added 35 to the nedia to select for
cells that took ufxil RECDBNCE DPERIRYPTION} SFOOWM NQ:120l oni es were i sol at ed

and subcl %rbed after FcyRl binding activity was denonstr at ed.
Phe Asn Asn Phe Thr Val Ser Phe Trp Leu Arg Val Pro Lys Val Ser

i 5 10 15

Ala Ser His Leu Glu
20
25

(2) INFORMATION FOR SEQ ID NO:13:

(i} SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 913 base pairs
30 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

35
{ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 11..911
40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
AAGCTTCACC ATG GGA TGG AGC TGT ATC ATC CTC TTIC TIG GTG GCC ACA 49
45 Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr
1 . 5 10
GCT ACC GGT GTC CAC TCC GAT ATC CAA CTG GTG GAG AGC GGT GGA GGT 97
" Ala Thr Gly Val His Ser Asp Ile Gln Leu Val Glu Ser Gly Gly Gly
50 15 . 20 25
GTT GTG CAA CCT GGC CGG TCC CTG CGC CTG TCC TGC TCC TCG TCT GGC 145
Val Val Gln Pro Gly Axrg Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly
30 35 40 45
55 _
TTC AGT TTC AGT GAC AAT TAC ATG TAT TGG GTG AGA CAG GCA CCT GGA 193

Phe Ile Phe Ser Asp Asn Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly
50 55 60



WD 96/ 40789

PCT/ US96/ 09988 - 31 -
Purification The single sul fhydryl form of the H22

anti body and the whol e H425 (anti - EGFR) anti body mre&é@%&_‘gy in
vitro cul ti vatwops48% he respective transfected NSO

was purified by protein A affinity chromate§Zaphy. The single sulfydryl 5
formof the anti bod H22 was purified by i on exchaniqe chrgr&go&r aphy L&%Eﬂg

Q Sepharose  2AA vgﬁ %’5 ﬁ;h NJ)~" " The
purity of the %’( I'eul E ﬂ)@ for ant,gbo f/ﬁ%as assessed
by SDS- PAGE. Generat | on of b| speC| fic anti body (BsAb)
10 5 7ac TaBTAD daSacrO6RE hie icedl Acki Ty AdacaTrerb®dcnfead tni e et2sal .
(A ennie, MJ. ret et Pro asp Sex( Valo8yy clPrazparhet TranIkndepdrd dspohrse Of

bi specific F(ab’' garma92 ant i body coA%ai ni ng t #¢ oet her-l I nked Fab'
gamma fragnents, J. Imrunol. 139: 2367 The F(ab')2 of H425 wa

gener at ed by | AR Péﬁ“ﬁ%%?-r?’”&r%?"e 4 ATH GRCIARC TGré?‘écﬁﬁfGIAér €aCH 3. 533nd
the F(ab') 3V puf$s LEg Asn Thr hen Phe,Led G M5k ‘?ﬁ‘fr%ﬁfa@f*ﬁ%ﬁ SR s were
reduced by addi ti oR° of 20 mM 15 ! r capt oet hanol aim ne (MEA) for 30 m nutes

at 30[err]C. The GaY'eré A9EH SeMBEL ABRRIckOfhel Patdace Tac cRERRBURE G 25 385
col um equi | i bipgt gely vl &O%Jv'mme a&h 9, e BAVAEDHY ol day3aied[err] C).
Ot ho- pheny$ eneg nal ei mi de (o- 12 di ssofaeed i n di et hylazsor mam de

and chilled in a methanol/ice bath was added (one half volume) to the
H22 Fab' and i ATUGAC GEC fI9E BT CAA GGG ACH LACE BTENAGCCETE Re@ TRRISGAETel m det3das
t hen separ at edM$ty dap Tve &rp-FPVFIM SBe fhadeg B12BwoVel Sex§ef iBrledd in 50nM
Na Acet at e,, 0. 5mM EDTA, pH %93 (4[ err] C) F® pr epar atlon %t he

2 ,l
rBZ:tAPz EI'E: %ZZZE@EG?%(%EJ:%GH gllpgwgg req e‘%g eélc)pb legrhﬁ hels'[rglr i ng
vol une usi ng aﬂ e I'n hanbggs (al | at 4l err] Q.
After 18 hours the pH was adj usted to 8. 0 with 1M Tri s- HCl, pH 8.0.

The m xt ur 25 waerd hen cae digc artanadd Ab® vt el dcdOnctt erd asT c2O[aBAId16) and 525
al kyl at ed wi t hz€5 ThiViGiLo heactcasexd €er The Ser shiacédr Yal-Gip R8p iaxg wadpar at ed

from unreact ed 1EBb' s and ot her 3pfoducts by a S&perdex 200 (Pharnaci a,
Pi scat away, I\U)‘c col um e,I%ui |.i br at ed
C ATC ACC T AAG TCC AGT CAA AGT GTT TTA TAC AGT TCA AAT CAG 577
30 Thr Ile Thr Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser Ser Asn Gln
175 180 18es
AAG AAC TAC TTG GCC TGG TAC CAG CAG AAGC CCA GGT AAG GCT CCA AAG 625
Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 190 195 200 205
CTG CTG ATC TAC TGG GCA TCC ACT AGG GAA TCT GGT GTG CCA AGC AGA €673
Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Ser Arg
210 215 . 220
40
TTC AGC GGT AGC GGT AGC GGT ACC GAC TTC ACC TTC ACC ATC AGC AGC 721
Phe Ser Gly Sexr Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser '
225 230 235
45 CTC CAG CCA GAG GAC ATC GCC ACC TAC TAC TGC CAT CAA TAC CIC TCC 769
Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Tyr Leu Ser
240 245 250
TCG TGE ACGE TTC GGC CAA GGG ACC AAG GTG GAA ATC AAA TCT AGC TGC 817
S50 ser Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Ser Ser Cys
255 260 265
TCG AGC GGA GGC GGG GGT AGC GAT ATC GCG GCC GCA GAA CAG AAA CTC 865
Ser Ser Gly Gly Gly Gly Ser Asp Ile Ala Ala Ala Glu Gln Lys Leu
5§ 270 275 280 285
ATC TCA GAR GAG GAT CTG AAT GGC GCC GCA CAT CAC CAT CAT CAC CAT 913

Ile Ser Glu Glu Asp Leu Asn Gly Ala Ala His His His His His His
290 295 300



I n PBS. Bi specific flow cytonetry 30
To show that BsAb generated by the o-PDM nethod as well as that generated
by -t he DTNB net hod are capabl e of binding both FcyRI and EGFR

si mul t aneousl a flow cytonetric assay has been dg ggFi gure
13). In thWQ%@%’a% di fferent concentratigns of the ﬁm}gg sAbs wer e
i ncubated with A431 cells, a cell line ™Hi"ch expresses the EGF receptor

(EGFR). After washing, a supematant containing a fusion protein consisting
of the 35 (xpxivraeflridd 26r @8FBbWRhsFCYRl and the Fc portion of human |IgM

was incubated with the cells. Finally, the cells were incubated with
a FITC | abel ed ant)i sbuence cgAAspERISTIGS:ant | body. The cells were then
anal yze8 by FACSCAN. (2) LENGTH: 301 amiz® 8g}dp0789 :

PCT/ US96/ 09988 (B} TYPE: amino acid - 32 - ,
ADCC (D) TORGLOGY: 3t ed ADCC was deternmined using a [err] Cr
killing assay. ‘[95 MO cm‘ll;%gg:o%gtgﬁpressi ng cell line, A43 1, was used as
targetggfor lysi's by IF1Buman nonotyt es cultured in y-interferon for 24

hours.- Targets \We{jeskatRRbe Se¥drrbrioR0 g0 1okolArr]C for 1 hour 5 prior
to conmbining with effector cells and antibody in a flat-bottoned mcrotier

pl ate. Aft met 6ly Trp sextibgd i1Dé 1lerrehbpHeoniens val A3 ABr AlpeThmatint s wer e

coll ected and anal yzed fo¥ radioactivityio Cytotoxi¥ity was cal cul at ed
by thelfornula: %l ysis = (experinental CPM - target | eak
Val His Ser Asp Ile Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln
20 25 - 30

Pro Gly Arg Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly Phe Ile Phe
20 35 40 45

Ser Asp Asn Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 60

25 Glu Trp Val Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr Tyr Tyr Pro
€5 70 75 80

Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn

85 920 ss
30 "
Thr Leu Phe Leu Gln Met Asp Ser Leu Arg Pro Glu Asp Thr Gly Val
100 1058 110
Tyr Phe Cys Ala Arg Gly Tyr Tyr Arg Tyr Glu Gly Ala Met Asp Tyr
35 115 120 125

Trp Gly Gln Gly Thr Pro Val Thr Val Ser Ser Gly Gly Gly Gly Ser
130 135 140 -

. 40 @ly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln Leu Thr Gln
145 150 158 160

Ser Pro Ser Ser Leu Ser Ala Ser Val Gly aAsp Arg Val Thr Ile Thr

165 170 175
45 -
Cys Lys Ser Ser Gln Sexr Val Leu Tyr Ser Ser Asn Gln Lys Asn Tyr
180 185 180
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
50 195 200 . 205

Tyr Trp Ala Ser Thr '-Arg Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
210 215 220

55 ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro
225 230 235 240

Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Tyr Leu Ser Ser Trp Thr
245 250 255



CPM detergent lysis CPM- target leak CPM X 100% Ab-dependent lysis = %
lysis with anti body - %Ilysis wthout antibody. 10 Results
Purffication NSO cells were cotransfected with the
truncated H22 heavy chain construct 15 and the intact kap ﬁgg%l,&gss
construct. C HWW@Wected for resistance to nycophenolic aci EH an

xant hi ne were expanded and the protein was 5ﬂlr| fied fromthe supernatant by

Q Sephar ose fol | oned by SP-Sepharose ion exchange chromatography. The
purified protepR, W@s ARANZ8E Lys val Biu - RAGEer 3be cpsilset e @yot ein
mgrated at an apparent gl ecul ar wei ght2esf 50kDa, 27pndi cati ng t hat

the protein is expressed as a nononer, not a disulfide-linked diner. 20
Constructi of anty chareiwtSeri ksxt Tbe Add BaaB'éAbGl@oﬂ%&w Le# e figreCldul f hvdryl
H22 |inked to Fab" of27F425 (anri -EGFRP° A BsAb was
constructed where the sin Ie sulfh dr formof H%Z gas | i nked to the
Fab' fragnent 8 ﬁ&%é‘e“ %E{ *BsAb was gener at ed
using 25 g PoM £2°a Ilnker by t K2 rrethod of Gennle et al. (dennie, M.
et al ., (1°987)5, Rifhahidne er f ormance of bispecific F(ab
'gamm) 2, anti body cont al ni ﬁ%n tshl oeﬁﬁgﬁl i nked Fab' gamma fragnents,
L Im"runol 139: 236%)) skfxmenas tammkAcrERfsTidE:S BsAb was conpared to one
generated by the DTNB nef hescmEsi xe79Rabe dgaiagnents nade from pepsin

di gestion ahd r edBic TVl ohclaholagid22. To denonstrate that these BsAbs
coul d bind FcyR and ECPRSTRANDEDNESRylsipgieous|y a bi specific FACS assay was
devi sed. Figure 14 shoi® TREFLOGHt Ri%s#E o- PDM | i nked BsAb and. t he
BsAb made by the OINB ctagg nd GFR on A431 cells and sol ubl e '
FcyRl si rrubbaneousl"y in ose- epen ent fashion. The
ability of the two BsAbs to nedi ate ADCC was anal yzed usi ng A431 35 cells
as targets. Human ganeexduee: cultured for 24 hours in the presence of |FNy
wer e used as ef f eny emvE/del s coéi gure 15 denonstrates the two BsAbs
medi at ed dgge-dependent(ml VOFATION: 11..1667

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

AAGCTTCACC ATG GGA TGG AGC TGT ATC ATC CTC TTC TTG GTG GCC ACA - 45
30 Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr
1 5 10

GCT ACC GGT GTC CAC TCC GAT ATC CAA CTG GTG GAG AGC GGT GGA GGT 87
Ala Thr Gly Val His Ser Asp Ile Gln Leu Val Glu Ser Gly Gly Gly
35 15 20 25

GTT GTG CAA CCT GGC CGG TCC CTG CGC CTG TCC TGC TCC TCG TCT GGC 145
Val Val Gln Pro Gly Arg Ser Leu Arg Leu Ser Cys Ser Ser Ser Gly
30 3s 40 45

TTC ATT TTC AGT GAC AAT TAC ATG TAT TGG GTG AGA CAG GCA CCT GGA 193
Phe Ile Phe Ser Asp Asn Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly
50 55 €0

45 Aan GGT CTT GAGC TGG CTT GCA ACC ATT AGT GAT GGT GGT AGT TAC ACC 241
Lys Gly Leu Glu Trp Val Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr
65 70 75

TACTATCCAGACAGTGTGAAGGGAAGATTTACAATATCGAGAGACAAC 289
50 Tyr Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn
80 - 85 90

AGC AAG AAC ACA TTG TTC CTG CAA ATG GAC AGC CTG AGA CCC GAA GAC 337
Ser Lys Asn Thr Leu Phe Leu Gln Met Asp Sex Leu Arg Pro Glu Asp
55 95 100 108

ACC GGG GTC TAT TTT TGT GCA AGA GGC TAC TAT AGG TAC GAG GGG GCT 385

Thr Gly Val Tyr Phe Cys Ala Arg Gly Tyr Tyr Arg Tyr Glu Gly Ala
110 15 120 125

'



A431 cells in a conparabl e fashion. These results denonstrated that BsADb

generated from the truncated, single sulfhydryl formof H22 was
capabl e of killing EGFR-overexpressing cells in the presence of

FcyRI - expressin effect or cells. WD 96/ 40789 -

PCT/ US96/ 09988VO 96740789 PCT/USPH0%988
Exanpl e 6: Production of Trival ent Anti bodPes Material s and

Met hods 5 Cell lines and antibodies. M22. 520C9, H425.

SKBR3 and A431ams eac Tac Tas Gac caa cod/Bécaitd SrtOAE: 40 QeBUidal éddedy Oom 433
hybri doma supemsgingp Ty YrdpOftye BT @lPnr Pro VANt TRAD Gea ey §i3haIyaCI A,

Pi scataway, NJ) and 520C9 wam further purifizsd by protein Aws0 affinity
chromat ogr aphy (Pharnmaci a, Piscataway, NJ). H425 was purified from
hybri doma 10 S§&EFRICE £eR 6PFR Mceﬁeﬁl g;%ﬁ%r?&t:d@caﬁ?yc‘(@har mat§ia,
Pi scat away, NI fihe SI%EZ‘“Y 1y Gll&ﬁ&l"%ﬁ(ﬁﬁ’ Prrolitie Phy Seird Bt doma were
descri bed previousl y ( e et al., (19 Monocl o3l antl bodi es t hat
bind to di 36' Nehe GB O&AF 3 es d 699 er' & 529
function, Gl efVatlery vﬁ ssue
di stribution of br easio cancer-aﬁgom at ed ant 1 gans dEfl ned by
nonocl onal anti bodies, J. Biol. Response Mdifiers.
ACC ATC ACC TGT AAG TCC AGT CAA AGT GTT TTA TAC AGT TCA AAT CAG 577
15 Thr Ile Thr Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser Ser Asn Gln
175 180 185
ARG AAC TAC TTG GCC TGG TAC CAG CAG AMG CCA GGT AAG GCT CCA ARG 625
Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
20 190 195 200 205
CTG CTG ATC TAC TGG GCA TCC ACT AGG GAA TCT GGT GTG CCA AGC AGA 673
Leu Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Ser Arg
- 210 215 220
25
TTC AGC GGAT AGC GGT AGC GGT ACC GAC TTC ACC TTC ACC ATC AGC AGC 721
Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser
225 230 235
30 cTC cAG CCA GAG GAC ATC GCC ACC TAC TAC TGC CAT CAA TAC CTC TCC 769
~ Leu Gln Pro Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Tyr Leu Ser
240 245 250
TCG TGG ACG TTC GGC CAA GGG ACC AAG GTG GAA ATC ARA TCT AGC TGC 817
35 Ser Txp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Ser Ser Cys
255 260 265
TCG AGC GGA GGC GGG GGT AGC GAT ATC AAA CTG CAG CAG TCT GGG GCA 865
Ser Ser Gly Gly Gly Gly S8er Asp Ile Lys Leu Gln Gln Ser Gly Ala
40 270 275 280 285
GAA CTT GTG AGE TCA GGG ACC TCA GTC AAG TTG TCC TGC ACA GCT TCT 913
Glu Leu Val Arg Ser Gly Thr Ser Val Lys Leu Ser Cys Thr Ala Ser
290 _ 295 300
45 .
GGC TTC AAC ATT ARA GAC TCC TAT ATG CAC TGG TTG AGG CAG GGG CCT 961
Gly Phe Asn Ile Lys Asp Ser Tyr Met His Trp lLeu Arg Gln Gly Pro
305 310 . 315
50 GAR CAG GGC CTG GAG TGG ATT GGA TGG ATT GAT CCT GAG AAT GGT GAT 1009
Glu Gln Gly Leu Glu Trp Ile Gly Trp Ile Asp Pro Glu Asn Gly Asp
320 325 330
ACT GAA TAT GCC CCG ARG TTC CAG GGC AAG GCC ACT TTT ACT ACA GAC 1057
55 Thr Glu Tyr Ala Pro Lys Phe Gln Gly Lys Ala Thr Phe Thr Thr Asp
338 340 345
ACA TCC TCC AAC ACA GCC TAC CTG CAG CTG AGC AGC CTG ACA TCT GAG 1105

Thr Ser Ser Asn Thr Ala Tyr Leu Gln Leu Ser Sexr Len Thr Ser Glu



15 4:273-286). The nurine nyel oma NSO (ECACC 85110503) is a non-lg

synt hesi zing |ine and was used for the expression of the humani zed
mAb, H425 (Kettl eborough et al., (1991) Humani zati on of a nouse

nonocl onal anti body by CDR-grafiing: the inportance of I

resi dues on | S6p948Mor mati on, Protein Eng.. 4:773). SKBR-SPC(TWB
Rockville, MD) a human breast carcinoma ceI-IS Fi ne that overexpresses the
HER2/ neu 20 Erot ooncogene, ag& A43 1 (ATCC, ﬁ%ckw l1e, M), uman
squanous car ci dha cell line t hat overexpresses EGFR (A

Rockvi |l e, ND) gi@her GébtdréaiBdmis 166 Garains ddadids 66t acT cos2icbeeco’ s Madi um
(I VDM - G bco, fsmadr [ashand, TwWYryr cys asn Glu Gly Thr Pro Thr NawtErephyd

Vel at ati on 25 370 Neutrophils 3mse separated fr3®nh nononucl ear
cells by ficoll hypaque (Pharmaci a, Piscatawa NJ gr adi ent
separation. ToT¥p C RBR GG FIFC| ACGFTE AC arc ¢ th 1202
cyt oki nes. Neuﬁ‘bﬁh?l a’i’i’é Tw Bl 3o oY "2‘11 Thgnyal TheyFal @%dﬁ)%"’n Al M V
medi a (G bgp, |and | sl arftf NY) cont ai ni i 25%norna| i n serumtype AB
(Sigma, St. l&c"f'r %&\Q% c( Qééfeﬂi%d&ﬂﬂr'? RN
U. of Erlanger g {381 JRAy)sed ¥1y ly Ser Glu Asn

Conuyati on net hod 400 vvere conshwct ed using the

nmet hod of G ennie et al (d ennie, ) et aI (1987), Prpation and
per f or manc&5 of g cpemh‘:umelﬁ(abtczgamre AmmqrbenAymncmima rapAG3EAG 1297
t hi oet her - | i nk¥éall Eab\RhyFinesSdr Byprdhe Jle Met|Saruiilgl Ser] Bgo EF38 Blu Isps M2,

520C9 (anti - 4HER2/ neu, 33) aﬁﬂ FM25 (anti-E£$$§ anti bodi es were
produced by |n V|tro cul tivati pec ive Tgbrldoma cells.
The F(ab')3, ﬁf‘@i{dﬁb "'ehg‘é@&F 7,5 I 1345
proteoly5|s |n and ) pur| ed by ion
exchange c ronatography s NQZ and FMZ% mere reduced to Fab by
addi ti on of 20rrdVcaG CAG AAG CCA GGC ACT TCT CCC AAA CTC TGG ATT TAT AGC ACA 1393
Phe Gln Gln Lys Pro Gly Thr Ser Pro Lys Leu Trp Ile Tyr Ser Thr
25 450 455 460
TCC AAC CTG GCT TCT GGA GTC CCT GCT CGC TTC AGT GGC AGT GGA TCT 1441
Ser Asn Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Serxr
465 470 475
30 -
- GGG ACC TCT TAC TCT CTC ACA ATC AGC CGA ATG GAG GCT GAA GAT GCT 1489
Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Glu Asp Ala
480 485 490
35 @CC ACT TAT TAC TGC CAG CAA CGG AGT AGT TAC CCA CTC ACG TTC GGT 1537
Ala Thr Tyr Tyr Cys Gln Gln Arg Ser Ser Tyr Pro Leu Thr Phe Gly
495 500 505
GCT GGC ACC ARG CTG GAG CTG AAA CGG GCG GCA GGC TCG AGC GGA GGC 1585
40 »ala Gly Thr Lys Leu Glu Leu Lys Arg Ala Ala Gly Ser Ser Gly Gly
510 515 520 525
GGG GGT AGC GAT ATC GCG GCC GCA GAA CAG AAA CTC ATC TCA GAA GAG 1633
Gly Gly Ser Asp Ile Ala Ala Ala Glu Gln Lys Leu Ile Ser Glu Glu
45 530 535 540
GAT CTG AAT GGC GCC GCA CAT CAC CAT CAT CAC CAT TGATTCTAGA 1679
Asp Leu Asn Gly Ala Ala His His His His His His
545 550
50

- (2) INFORMATION FOR-SEQ ID NO:16:

(i} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 553 amino acids
55 (B) TYPE: amino acid
(D} TORPOLOGY: linear

{ii) MOLECULE TYPE: protein
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mer, capt oet hanol am ne (MEA) for 30 m nutes at 30[err]C. The Fab' fragnents

wer e appl | ed to a Sephadex G 25 colum equilibrated i
Acetate, 0.5nWAMHR™pH 5.3 (4[err]O). Ot ho- phenyl enea:ll Qma; : i g)lb%?%l_e

(o-.PDM 12mvp di ssol ved in dinethyl formam” d€-and chilled in a

met hanol /i ce bat h gl ol he murine 22 Fab' and

i ncubated for \Ag%l)m nut eé?gﬁsc?ggxd #EBBD wrra}sm m de was then separated
fromfree o- PDH&@m{Sapbas&Xcﬁ Ile Ile 12h MRUL4J banked The AaniidNalycet at e,
0.5mM EDTA, pH %23 (4[err]C).5 For preparati o of the B$Abs, the M2
Fab' - mal ei "fde was added to the H425 Fab' at a 1:1 nolar ratio. The

react ants wer eVebiae fier AspdIimab: LAk (Vad By $¢F £he G%Yé"llt’l‘ﬁg YA G using a
D afl'o nenbrane in 23n Am con charrbé5 (aII at 4[err]C). After 18 hours

the pH was adj Bst%g t.0 NE& %“%er MeTréer ?cher i ’seplélgaﬁg'k %-ate xture was

t hen reduc with 25 nmM
i odoacet am de. The b| specific F(ab’' )2 as separ at ed from unreact ed

Fab's and ot hepephegiehsrymat SppaEsax1 260G ¢iNaLdwes ayRiyacatyavey, NJ)
colum equi |l i br at edo i n phospbate buffered sakone (PBS). The BsAb M2
x 520C9 was _nmade in a simlar fashion except that 520C9 was used

i nst ead of 1344261u TEp Val Ala Thr Ile Ser Asp Qlyj o6ty mrawmtmyvrca osed of
M22 x H425 x 52809 was nade in %o stages?¥Figure 16). I1n®he first

stage, M2 was_|inke o H425 as descri bed above to cre the M22 x
H425 BsAb except® ?ﬁ q'a;arf‘ﬁe%l § 'IE’ ei r%ﬁu@fﬁ Fpﬁﬁasaﬁrklﬂs |Ibn t he
wer e treatedevmth DTNB to bl'ock the remaining free

reactants g9
sul fhydryl gr ogs red e hictabRNeBA4P 20 Lew\RSy BiY ichi OEpbi-O€ly Yal tration on

a Superdex 200 colum, rmduced to F(ab')jesrr](SH) and maged

Tyr Phe Cys Ala Arg Gly Tyr Tyr Arg Tyr Glu Gly Ala Met Asp Tyr.
25 115 120 125
Trp Gly Gln Gly Thr Pro Val Thr Val Ser Ser Gly Gly Gly Gly Ser
130 135 140
30 ci1y Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile Gln Leu Thr Gln
145 150 155 160
Ser Pro Ser Ser Leu Ser Ala Sexr Val Gly Asp Arg Val Thr Ile Thr
165 : 170 175
35
Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser Ser Asn Gln Lys Asn Tyr
180 185 190
- Ieu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
40 195 200 205
Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Ser Arg Phe Ser. Gly
210 215 220
45 ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gln Pro
225 230 235 240
Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Tyr Leu Ser Ser Trp Thr
245 250 255
50 :
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Sexr Ser Cys Ser Ser Gly
260 265 270
Gly Gly Gly Ser Asp Ile Lys Leu Gln Gln Ser Gly Ala Glu Leu Val
55 275 280 285
Arg Ser Gly Thr Ser Val Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn

290

295

300



inal:1nolar ratio with o-PDMtreated 520C9. The resulting trispecific
F(ab)3 was purified on a Superdex 200 colum. The TsAb was anal yzed
by. HPLC si ze excl usi on chromat ography using a TSK 3000 col unm (ToJo
Hans, Japan). Using the sane procedure as above anoth ?ﬁ%@em

conpri sing nQ?WF&W%"? 32.2 Fab' x nR2 Fab' has been constru?&g. s

Ei Sgecific flow cytonetry -58-The TsAb can bind to EGFR and
Flerr] Rl sinultaneously or to HER2/.ne d ELer Sj neously.

Ei ther A431 cell§ TR y® EGROEXRE LS 'Pn‘aa{(::leé’l P St G%ké%’:?h@e {H;E,ﬁf (hi gh
HER2/ neu- expressing cells) were 1 ncubated with vari ous concentrations of
BsAbs 30 (M22 penw W1Q@Epof1dVRRy Xrrblid) aspl pbl &1 hbe clgAlsp TR2620 #AP5 x 520C0.
‘The cells wére washeds3asnd then incubagsd with the sol8f e Flerr] R

Sol ubl e FcyRI bi nding was detected with mAb 32. 2- FI TC whi ch bi nds
FC)R at a sit&letRep 3v8 Bhes BimERY {lvgrAlahB Bhe) ThY|THY ASPt BT feReSer cells
were then anal yzed by FAPSCAN. 35 345 ADCES°

Ei t her SKBR,3 cells or 31 _cells were used_as, targets for sis. by

cyt ol dne o Aé&t%a@l%gd Niia c?hﬁilreéx. f:ta Gl \'/I\l}e‘fesgf gl %d’ %\nlytt hfﬁ OO LG of
51Cr for | hour prior to conbining with neutrophils and antibodies in
a U bottom m crat ity@rrgl 8§ ashicifraryNfisbRld Ok c1y prof®h & BIksp at 370C
supenat ants were cabl ect ed and anal7¢zed for radi oagbivity. Cytotoxicity

WO 96/ 407595 - -

PCT/ US96/ 09988 Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser Sex Gly Gly Gly Gly
385 390 395 400

Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Glu Asn Val Leu Thr
20 405 410 415

Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile
420 425 430

25 Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met His Trp Phe Gln Glin
435 440 445

Lys Pro Gly Thxr Ser Pro Lys Leu Trp Ile Tyr Ser Thr Ser Asn Leu

450 455 460
30 :
. Ala Ser Gly Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser
465 470 475 480
. Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Glu Asp Ala Ala Thr Tyr
35 485 490 495

Tyr Cys Gln Gln Arg Ser Ser Tyr Pro Leu Thr Phe Gly Ala Gly Thr
500 ) 505 510

40 Lys Leu Glu Leu Lys Arg Ala Ala Gly Ser Ser Gly Gly Gly Gly Ser
’ 515 520 525

Asp Ile Ala Ala Ala Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu Asn
530 535 540
45 -
Gly Ala Ala His His His His His His
545 550



-35 - ‘l lated by the formula: %lysis = (experinental CPM -
target | ]l g@ : | ySTSGENE= TO&nL: | eak CPM X 100%
Specific‘M— aﬂ B I's W th ant ﬁ%ﬁg@|&%l@ wi t hout anti body.
e REPLACE|
R

Assays were perforned in triplicafle. F'c¥, Wion
Assay WREMPSY x 32.2 x M22 BSAD was used for nodul ation of FCyRl on
nonocytes in whol e bl ood. The assay ~#Pocedure is shown in the

encl osed flow chart (see Figure 23A). Figure 23B shows that treatnent
with 10pg/ mL of this BsAb decreased the FcyRl expression on nonocyt es
t o appr oxi mat gyiclafage of the level prior to BsAb treatnment. 10

Resul ts Construction and bi ochem cal characterization
of the TsAb TsAb was nade according to the flow chart
depicted in Figure 16. l.nAmépembinagt multispesifiggeolesule sompsising an anti-Fc 1geptofa s
coupl ed t 05HA4 2brioh htPdrPghtidaidet pOkibh. and the resul ting bi specific
F(ab')2 purified by gel filtration. In the second stage, this bispecific
F(ab')2 was reduced and m xed with o-PDMtreated 520C9 Fab' resulting
in the TsAb, M22 x HA2352.xA recombiraaO@eltispenific nidequls of clhimpilc whereinahlsastioneof | y
in Figure 17 delbnfilfcSedebfal pétiof 8Pihe A BRI BGEbS is umanizt2, Fab’ -B
represents H425, and Fab'-C represents 0C9. 20

Bi ndi ng (Bs FACS) To denonstrate that the TsAb, M2 X
H425 x 52009, coul d bi il fcedembinadt multispecifieRivlconle oficirim2awhersislthe anti-Fc

bi specific FA g e ' Lg assay is depicted

schemati cal | ygiéﬁﬂFi gurﬁﬁ%ﬁgfrgﬁgﬁshom that both the TsAb bound

HER2/ neu on

4. A recombinant multispecific molecule of claim 2, wherein the anti-target
portion is an antibody fragment or a ligand.
15
5. A recombinant multispecific molecule of claim 2, wherein the anti-Fc
receptor portion binds an Fc receptor on an effector cell at a site which is not bound by
endogenous immunoglobulin.

20 6. A recombinant multispecific molecule of claim 2, wherein the anti-Fc
receptor portion binds an Fey receptor.

7. A recombinant multispecific molecule of claim 6, wherein the Fey receptor
is a Fey R1 receptor.
25
8. A recombinant multispecific molecule of claim 4, wherein the targetis a
cancer cell.

9. A recombinant multispecific molecule of claim 4, wherein the target is an
30 infectious agent.

10. A recombinant multispecific molecule of claim 4, wherein the target is an
antibody-producing cell.

35 . 11. A recombinant multispecific molecule of claim 8, wherein the target
is a breast or ovarian cancer cell.

12. A recombinant multispecific molecule of claim 11, wherein the target
is a HER 2/neu expressing cell.
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i shi o.'fﬂmﬁﬂﬂﬁllmﬂl]lﬂlﬂf | ‘ﬂEEexFﬁﬁﬁé ® emeratodneu-igi bl ¢ si gnal In Lhis

assay over “a Wi d® range of concentr atTHEnSHEET HAS -Njem)nstrate that t he
TsAb, M22 x H425 x 52009, coul d bingl FcyREPLABEEGFR ly a
simlar assay%gﬁ’ﬁéﬂ?i sed using the g ceI I | ne htg
in-the case. This assay is depicted schematr6@tly in Figure 18B. Figure 20
shows that both 30 the TsAb and the BsAb, M2 x H425, bound EGFR on A431
cells and sol ubl e FcyR simul taneously in a dose-dependent fashion.
The BsAb, M2 x 52009, gel@e@k@&nﬁﬁﬂtthﬁﬂt%é‘mﬁcmolemﬂémmm Wﬂb&uﬁﬁsa}h-OVer
a wide range of concentratlons

The ability of PAEstpeipn isnibady 20CKDoC was anal yzed u5| ng e| t her SKBR-3

or A431 cells as targets Human neutrophils cultured for 24-48 hours in the

presence of sFN- éﬁg@ﬁ{ uiRp pleb\3€ b4, vitRleibthe il mm 21
denonstr at esgthe Jbot h the Bg‘Agb t i gcégté)n@ and t'he TsAb, H425
x 52009, medi at ederpal growth fagmz 3 cel | s, whereas the V\D

96/ 40789

PCT/ US96/ 09988

BsAb, M2 x H425, did notls éth? ole c?mpEsmﬁl)atéﬁ%nﬁoaﬁgtﬁcate the

BsAb, M22 x portipp, and MWC?EWSWMed IyS| s of SKBR-3 cells,
wher eas t hei@BsAb,” M2 x 520C9, did not. These results dermnstrat ed

that the TsAb was capabl §¢0fy &Hﬂw&ﬂis%&lgcum{n@%ﬂe MFcR, one anti-target portlon and

one anti-enhancement factor portion.

17. The multivalent molecule of claim 15 or 16, wherein the anti-target
15  portion binds a cancer cell.

18. The multivalent molecule of claim 15 or 16, wherein the anti-target
portion binds a carcinoma.

20 ' 19. The multivalent molecule of claim 15 or 16, wherein the anti-target
" portion binds a sarcoma.

20. The multivalent molecule of claim 15 or 16, wherein the anti-target
portion binds a pathogen.
25° :
21. The multivalent molecule of claim 15 or 16, wherein the anti-target
portion binds an FcR at an epitope different and distinct from the first FcR monoclonal
antibody.

30 22. The multivalent molecule of claim 15 or 16, wherein the anti-target
portion binds a soluble protein/peptide.

23. The multivalent molecule of claim 15 or 16 wherein the anti-target
port:on binds any molecule capable of generating an immune response or monoclonal

35 antibody.

24. The multivalent molecule of claim 15 or 16, wherein the binding of the

anti-FcR portion to the Fc receptor is not blocked by human immunoglobulin G
\\

\
This Sheet 1.
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EGFR- o s in the presence of FcyRI-expressi ng effector
cells. M\““ﬁ““““\ﬁ“ The t 'ngegsm y descri bed above
i ncl uded M2t te furine version of Eig& Et gyR mAb. Such a
trispecific antibody could be consthuct nﬁ the gingle- CTIU 0988

sul f hydryl fo?"fﬂ%ﬁ“’%ﬂ?e humani zed anti-FcyR mAb, H22. The oSy 3 Perence
being that singl e-sul fhydryl formi S‘@e'cret ed as a F(ab')2 fragnent
of this antibody. The single- 10 sulfhydryl formis purified fromculture
supernatants utilizing RenAdndticalegpbmoleculref dgim pher 16 whereintheggtiGeRagrionose
followed by ShimRRpaifafly td¥Fa. maci a, Piscataway, NJ). Once the single-

sul fhydryl formof H22 is purified, the creation of a trispecific antibody

usi ng this reagent woul d be identical to that described _above using
the F(ab')2 fragment of 262 The multigalent molecule of claits d fiyvherein themrFFcroationhindge n
Presentati gn Wpidifiddlly t@A TicEl Rurfads aitigen. Prot ei ns

Thi s exanpl e dem)nst rates that (a) ant i geni c peptides genetically grafted
onto . the constant region of an anti-FcyRl antibody are significantly
nore efficient in anti gdh The multipalensaunlemmienf claim il fewherrin thenti4F poriéan binds
stinulation cggpred to the antigen alone, and (b) that 20 ant agoni stic
peptides genetically grafted onto the constant region of an anti-FcyR are
significantly nore efficient in inhibiting T cell stinmulation conpared to
the antagdfistic pepThoiaultivalens moleaule ofslairh 16, mlieein theantiEFsponion binds a
effectively i @g&&ggﬁ,ﬁﬂgqmqg I very of peptides to antigen presenting
cells (APCs) in vivo and be useful in various therapeutic nethods. 25
Mat eri al s and Met hods Reagent s Al M
V (A BCO Gand Island, 2NYThesasltivalent naoleantd dfiglaim 16,0vherein thetaatiEl portion binds a
Toxoid (TT) a%ghased from ACCURACTE CHEM CAL CO. (Westbury, NY).
Sterile 3q and | owendotoxin F(ab')2 fragnent of nouse anti-FcyRl mAb 22
and the bi épemflc Ab, MDXH210 (consisting of Fab' of humani zed Ab 22
chemically |inked to FaB0. the multivalent moleculdsof2laim U6 wirerein thg anthEFTRO6Y) binds o
provi ded by MgRARE¥cR! NC. (Annandale, NJ). The

31. A multispecific molecule of claim 16, wherein the antx-BF portion binds
20  specifically to a myeloid-associated cytotoxic trigger molecule.

32. A multispecific molecule having one portion that binds specifically to
FcyRI, one portion that binds specifically to one epitope of the target antigen and one portion
that binds specifically to a second site on the same target cell.
25
33. A method of treating cancer comprising administration of a
therapeutically effective amount of a multivalent, multispecific molecule.

34. A method of treating autoimmune disease comprising administration of a
30 therapeutically effective amount of 2 multivalent, multispecific molecule.

35. A method of treating removing unwanted pathogens comprising
administration of a therapeutically effective amount of a multivalent, multispecific molecule.
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uni versal Th epitope of TT, UT830-844 (QYlI KANSKFI G TEL (SEQ ID NO 6),
termed as TT830 hereaf;ter) (valinori D. et at. (1994) J. Inmunol.
152:2921-29) and the mutant -formof 35 this epitope, TT833S

(QYI SANSKFI G TEL (SEQ ID NGO 9), lysine at position BBWGM”S into
serine) wer sv@9eMorRdsi zed and purified to >95% by PEPTI C CO

(Li vernore, CA). Another universal Th epitope of IT, |1T947-967

( FNNFTVSF W.RVPKVSASHLE (SEQ ID NO 12), referred to as 17947
hereaftie), (>80% pure) (Val nori Dy /sppr a) was used WO

96/ 40789 : :

PCT/ US96/ 09988 -37 -

as a control peptide in ths study. Commercially avail abl e human-1gG for

i ntravenous injection (1VI) was used in blocking experinents.

Cell's 5 The nonocytic cell line, U937, which expresses
FcyRl, was oﬂﬂaihmlf*ﬂm,t he ATCC. The net hod of generating CD4+,
pepti de TT830-specifiC T cells was nodified from a previously

descri bed prot oc for TT-specific T cell lines (Gosselin E. J. (1992) J.

| nmunol . »3477-81). Briefly, nmononuclear cells were isolated from
peri pher al bIood Fi col | Hypaque. 150 x 106 nononuclear cells
were stinulated g’j A%TNJMGA él?z 1 AM TT830. After three
days' incubation at® 3 [eF'r] € i nPa b @2pi ncub on- attached

(mostly non-specific cells) were renoved by washi ng the flask 1X W|th 10 m
of HEPES-

iB]

~ACTCACACATGcmAc°m
TH T Cc p p =

{
[c]

. _
- ACT CAC ACA TGCTCG AGC ool =HumHl
TH T ¢c s s L:I'mcgcngmgc_%gzm gaaTee

FIGURE 1



buffered RPM 1640; specific T cell colonies together wth adherent
nonocytes renmained in the flask. Fifty m of AIMV plus 20 Um of
human 1L-2 (I MMUNEX, Seattle WA, and 1 m (2% final concentration)
pool ed human serum were added back to the flask. After ?,é-r,i,g,smggys of
total incubaWPO¥¥MB%e T cells were harvested and dead ceI S were pelleted
t hr ough Fi col | Hypaque, vyieldi#§4%& highly enriched popul ati on
(95-98% of viable CD4+, Ag-specific T cells. The T cells were
confirmed to be specific for TT830 peptide as shown in Fig. 3. Lar ge
gquantities of nonocytes were purified from| eukophoresis packs using the
cold aggregation nethod (Mentzer S.J. et al. (1986) Cell. I mrunol.
101: 132) which resulted in 20 80-90% purity. Both nonocytes and T cells
were frozen in aliquots for future use and were shown to function
normal I'y after being thawed. Ag presentation assay

In proliferation assays, T cells (5 x 10[err]), irradi ated nonocytes (3000
rad,. 25 10[err]/well), and various concentrations of peptide TT830 fusion
protein Fab22-TT830 were . incubated together in a final volunme of 200
pl/well in flat-bottom 96-wel |l tissue culture pl ates for 2 days. 10p
(1 pGi/well) 3Hthym dine was then ad#iedlito each wel|. After

i ncubati ng overni ght, plates werg C c;ted inaliquid
scintillation counter. T s expressed as the nean
Background CPM (T cells and
nonocytes w t hout AgPvuias \ubtracted fronlall ge dat a poi nt s.
Experiments with APL ver & ar protocols reported by
Sette et al. A |str|s (1992) Cell £ 5Xhoriefly, for

i nhi biti on assays, f;ated nonocyt es t %%hed w th various
concentrations of TT 83&b or Fabquﬁﬂﬁﬁﬁ TT830 and T
cells were then added. & :
proliferation 35 was
experinments, irradiated
prior to the addition of
After overnight incu i Of
i ncubation, T cell§ ris
Fab22- TT833S for | day,
Hypaque, and.restinulated with

:ﬂ@H' T cel

"pre-pul sing”

ed mﬁth 20 nM TT830 4 h
dﬁPZZ- TT833S.

VO BOWA 2 further 2 days

di at ed nonocytes and TT833S or

cr centrifugation over Ficol

gpt

pnocyt es were
0 pIMTT 833S or O.

SV40 Pr

FIGURE 2
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nonocytes and various concentrations of TT830 for 2 days. T cell
proliferation was then measured by the incorporati on pefraisbbndasari di ne
and the aver Wg96@MWof three replicates was plotted. In sone cases,

the percentage of inhibition was calguj-ated by the fornula: %
inhibition = (CPMerr]-CPFM err])/ CPMerr] X 100. Al experinments were 5

repeated at |east three tines. - Staining and Fl ow
Cytonetry St ai ni ng procedures were adapted fromthose
previ ously descri bed (Gosselin E.J. et al. (1990) J. | munol.

144-1817-22). Briefly, to individual wells of a 96-well plate at 10 40C,
30 p.1 of RPM+ Ing/m | BSA containing one of the proteins Fab22-TT830,

Fab22- TT833S, or the BsAb MDXH2I 0 at varying concentrations. After
1 h incubation at 41C, pl ates were centrifuged, the supematants
di scarded, and the cells washed three ti-mes with PBS/ BSA at 41C.

CellS were then incubated for I h with 40 pl /well of FITC | abeled F(ab')2
goat anti-human 1gG (JACKSON | MMUNORESEARCH LABORATORI ES, I NC. West 15

G ove, PA) followed by three washes with PBS/ BSA and resuspended i n PBS/ BSA
cont ai ni ng 1% pagkaf or mal dehyde (KODAK, Rochester, NY). Cells were then
exam ned by ACScan (BECTON DI CKINSON & CO., Mountain View, CA), and
mean fl uoresc ’

-

Mab antl-trigger molecy
hasger lo !.F.lgand or antigenic peptide

(EGF, gp3o, Bombesin, CD4, gp120)

Fab-ligand Fusions )

FIGURE 3



Cvt oki ne neasur ement
pl ates of Ag presentation
used. The | evel s of

intensity (MFlI) was neasured. 20
Supernatants were collected fromthe 96-well
assays after 2 days stinmulation and frozen until
|FN-y and I1L-4 fromthese sanpl es were neasured by Sp Josh | SA. Ab
pairs for thWOsMI9and | L-4-specific ELISA wer e purchased from
PHARM NGEN (San Di ego, CA). ELI SA assays were perfornmed 25 according to

t he protocol provided by the manufacturer. Generation
of H22-7TT Rptide fusion proteinh In order to generate
fusion proteins Fab22-TT830 and Fab22-TT833S, synt hetic

ol i gonucl eoti des encodi ng each pepti degugre separately engineered into the
hinge 30 region in the heavy chain of humani zed anti-FcyRl mAb 22 (122)
according to the nethod set forth bel ow

Exr pessi on an

cloni ng vectors

mAb 22 has been

humani zed by
above and G a
expressi on ve

viano R F. et al. (1995) J.
ctor for the genom c clone of

rafting I1ts COR regroms—tmte—a--huaan 1 gg 35

framework (see

was nodified fto al l ow i ncorporation o di ng sequence for other
nol ecules, i this case, the TT pepti des. e BannHl fragnent of this
vector contaifning .CH, hinge, and newy engi ed Xhol and Not |

cloning sites

(see Figure 2) was inserted
generate the :

m3z2

high

FIGURE 4
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vector pUCLl9/ H22CHL(X+N). This vector was used to cl one oligonucl eotide
sequences encodi ng TT peptides, as described bel ow. US96/09988

The ol i gonucWOPEHeI8? sequences encodi ng _the.tetanus toxin (ﬂ':)r peptides were
5. designed to have a Xhol site on t INterminus and a Notl site on the

C-term nus of the codi ng region (Figure 24A). These ol i gonucl eoti des
wer e synt hesi zed and purified by GENOSYS Bi ot echnol ogi es (The
Whodl ands, TX). The synthetic oligonucl eoti des were t hen anneal ed and

| igated into the cloning vector pUCL9/ H22CH (X+N). C ones whi ch had
i ncorporated the codi ng sequences for TT peptides were screened by
restriction mapping. 10 The BanmH fragnent containing CHl, hinge, and

TT830 or TT833S was then cut out of pUC19 and inserted into the
expression vector which already- contai ned VH The final expr essi on
construct of H22 heavy chain fused with TT peptides is shown in Figure 24B.
Expression of the H22-7T fusion proteins 15 The muri ne
nmyel oma NSO (ECACC gull10503) is a non-1g synthesizing |ine and was
used for expression ofjthe H22-TT fusion proteins. First, NSO cells were
transfected wi th fhe pSvhyg vector contai ni the H22 |ight chain

codi ng sequence. The 2—0~-ghtper chai n expregsi were then
transfected with the Qrgssi on vector construgt ng the H22

H chain Fd sequenceggbesed I n H2ESE to the TT Lodi ng sequenfes (Figure 20
24B). A BioRad Gene Pul ser el ectroporation par at us was/used to carry out

the transfecti on, enpl oyi ng 200 v and e or two days after
transfection, \r;gophenol ic acid (0.8/pg/ n; ) and xanthine (2.5
pg/ m ; Sl GVA) e added to the nedia tofsel ect

400 -

200

10
Ab Concentration (ug/mi)

FIGURE 5’



transfectants which had successfully taken up the expression vectors.

I ndi vi dual col oni es were isolated based on the binding activity of the
culture supernatants to FcyRI on W37 cells 25 as denonstrated by flow
cytonetry. The positive colonies were subel oned by |im tingcrmusosmoeesl ution.
Puri fi cati onWOf96Mp8% Fab22- TT f usi on prs%c,\i ns Cl one pWb
expressing the Fab22-TT830 fusion protein and clone pMd 30 expressing the
Fab22- TT833S fusion protein were expanded in roller bottle cultures. The
supernatants were clarified and concentrated. Small scale purification was

perfornmed by affinity chromatography on an anti-H22 affinity colum.
SDS- PAGE anal ysis of a 5-10% acryl am de gradi ent gel under
non-reduci ng condi ti ons showed that fusion proteins were >90% pur e

and had a nol ecul ar wei ght of 50 kDa as expected. Protein concentration was
35 determ ned by absorbance at 280 nm using the extinction coefficient of

| gG Fab' = 1.53. WO 96/ 40789 :
PCT/ US96/ 09988 -40 -
Results H22Fd- TT fusion proteins bind to U937 cells

The ability of the H22 fusion proteins, Fab22-TT830 and Fab22-TT833S, to 5

bind to FcyRI was exam ned fi rgfp i d ri bed bispecific Ab,
MDXH210, which 2000 dnﬁ Adsly %343\1 eéalﬁg .

M
i

CONC(ug/mL)

FIGURE 6



contains the sanme FcyRI -binding conponent (Fab' of humani zed mAb 22)

(Val one F. H et al. (1995) J. din. Oncol 13:2281-92), was used as a
positive control. Binding of fusion proteins and MDXH10 to W937
cells, which constitutively express FcyRl, was neasured by pcT/us96/09988i ni ng
with FITC | aB@%#%3at Ab specific forghyman 19G and flow cytonetry. As 10
indicated in Figures 24A and 24B, fusion proteins Fab22-TT830 and

Fab22- TT833S bound to W37 cells in a dose-dependent manner sinlar
to MDXH210. The binding of fusion protei ns was conpl etely bl ocked by
murine anti-human FcyRI mAb 22 F(ab')[err], denonstrating the
specificity of fusion proteins for FcyRI. 15 : H22Fd- TT fusi on
protei n enhances presentation of TT peptide by 100-

1000 fol d. The fusion protein, Fab22-TT830 was used in
Ag presentation assays to determ ne.whet her the Th epitope, TT830,
when expressed in the constant region of H22, could be effectively

presented by nonocytes to autologous T cells. As shown in Figure 26, 20
about 1,000-fold | ess Fab22-TT830 was required than TT830 peptide alone to
achi eve the sane level of T cell proliferation. In addition, Figure
26 shows that the presentation of Fab22- TT830 was about 10, 000-fold
nore efficient.than the presentation of the intact TT, suggesti ng
that the enhanced prgggntation of Fab22-TT830 did not nerely result from

hi gher mol ecul ar jwei ght nor increased stability of Fab22-1T830 as
opposed to TT30 pti d:r—ﬁi— Bésot her antigenic TT epftope, TT947, failed
to stinulate the cel fs—geanfimng that the T 1cells were specific
for TT830 peptid TM3e results thus provi de cle gvi dence that Th

epi t opes expr ess@ in §he¥ond®lht regi 22 can be effectively and
specifically pregsented. 30 Bl ockade of FcvR on
nonocves abrogat% t 8 enhancenent presentation by
the H22Fd- 7T fusin prtein To directly deternine

whet her the enhamsenenf of pepti dg g t hr ough the use of
the fusion protefh igfeyRl - nedpht es ) gD 22- TT830 to FcyRl on
Ag- presenti ng m)ﬁ)cyt ep was bl g 4 ‘ es with mAb 22
F(ab!')2 for | h* ; 4

10+

/] LR AR B e s i a7 o Y ...;'1[ Yoy
001 .01 o1 1 ":0

Ab Concentration (pglml).

FIGURE 7



35 prior to the addition of Fab22-TT830 or TT830 pepti des. Enhant of

pepti de presntation by the fusion protein was abrogated by mAb 22
Ftab) 2, whereas presentation of 17830 was unaffected (Figure 27). The
fact that the binding of mAb 22 F(ab')2 to FcyRl did to an
enhancenent BO¥MEpresentati on of fgpep, peptides inplies tﬁg‘?bggl'ﬁnagl&rﬁg of
mAb 22 to FcyRI alone did not alter the functional state of nobnocytes
in a way that enhanced Ag WO 96/ 40789

PCT/ US96/ 09988 -41 -
presentation. Therefore, |linkage of the peptide to anti-FcyRl Ab 22 appears
to be necessary for the observed enhancing effects on Ag
presentation, suggesting that the enhanced presentation is probably a
result of efficient Ag capture through FcyRI. 5 Enhancenent
of peptide presentation by H22 is not afected by the presence

of human 19gG Under physiol ogi cal conditions, the

| i gand- bi ndi ng domai n of FcyR is saturated by 1gG whi ch bl ocks
efficient targeting of AgAb to this receptor. A unique advant age for
using derivatives of mAb 22 to trigger FeyRl function is that Ab 22 binds
to an 10 epitope outside the ligand binding donmain. Therefore, finctions

triggered by mAb 22, such as A agocytosis and Ag presentation
are not inhibited by PHysi ol OGaal | f 19G (Cosselin E. J.,
supra, GQuyre P. M, (1999 0l . h43" 0-55). Simlarly, the

3 | :

E 36+ "

& 3

- 0

2 @ 22

g_ NS

Q) :\:\

2 e

< AL )

- e
® D X

Y

hY '\

0 - - (R
Ha2s H447 Custon
A Antibo% V \ g
Bt ohud 1
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enhanced presentation of the TT830 peptide using the fusion protein

Fab22- TT830 was not inhibited by 1gG (Figure 28), suggesting that
H22-based fusion proteins is also an effective 15 way to target peptide
Ags to FcyRl in vivo. - | FN-y and | L- 4 ppi/60émbdseN i S

i ncreased f oWOPMHIS H22Fd- 77 fusi on Mot el n- enhanced Ag
Dresent ati on Upon activation, T cells not only undergo
cl onal expansi on through 20 proliferation, but also produce cytokines
such as FN-y and IL-4 to exert their effector function of B cel

differentiation and nonocyte activation (Paul W E. and Seder, R A

(1994) Cell 76:241-251). Therefore, the production of IFN-y and | LA

foll owi ng H22 fiusion pr ot ei n-szethanced Ag presentati on was exam ned.
As shown in Figures 28A and 28B, both | FN-y and | LA4 production

| evel s were enhanced by Fab22-1T830, especially at suboptiml 25 Ag
concentrations. However, in these experinents, the enhancenent for cytokine
producti on (about 20-fold) was | ess than that for T cel

prollferatlon (about 600-fol d). Thus, Th epitopes
expressed in the constgpé_regi on of antl-FcyRI mAb H22 can be
effectively processed andf presgled AR | eadi ng to enhanced
T cell 30 activatgon and cyt OKi NN i

Droliferation 5
changes fromnative2T celjl 35 epitopes, te
(APL) by Allen and=eowor fers, have been shG
agoni sts, or antagghi stgf{for T cell activatoN
Rev. |mmunol. 12:4%g dRAd] Evavol d et al . (199

ough TCR in sone cases

Recogni ti on of APL] byc;pqﬁb s T cells
triggered parti al SEgnaI BHA2 and Aresulted in (i) inhibition
of T cell stinulatPon by igﬁﬁgén (Evavl ohd & al . (1994) Proc,

to be agonists, partial
(Sette et al. (1.994)
| munol . | Tda 14: 602).

. 104

o u°l°1 ) 0.1 " :' D v
. y . 1T 10
Concentration (nh) 100

FIGURE 9
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PCT/ US96/ 09988 - 42 -
Natl. Acad. Sci. U S A 91:2300), T cell anergy (Sl oan-Lancaster et al.
(1993) Nature 363: 156 and Sl oan-Lancaster et al. (19%Prniksoeboops Med.
185:1195), orw@pérdoysonodul ati on of 1C/4M| / Th2 differentiation (Nichol son
et al. (1995) Immunity 3:397; Pfeiffer et al. (1995) J. Exp. Med.
181:1569; and W ndhagen et al. (1995) Imunity 2:373)..Partial agonists
have 5 been shown to stinmulate some T cell functions such as IL-4
production by T cells, t not 49 othrs suchoas T c® | proliferation
(Evabol d et al. (19913 Sai ence 252:1308) * Partti arcpﬁggﬂhﬁl al so can

i nduce anergy. Cer iitvesadel VWSBGRATRL SOSGIAEFFE MNP signaling events
upon interaction with TCR,but cangfuncti@s as T@ antagonists to
inhibit T cell proli fgrafﬁ on 4N '« «response te w I*d-tYpe peptide antigen
and are thus cal | edgihgiran bitgRuRFel SROFSSTIVRLPMBILRTER al. (1992) Cell
68: 625 and Ruppert et al. (1993 Proc P%el Acgd. Sci .ysh/SA 90: 2671.

Thi s  exanpl e denonst r at 839 t hat e pept TT833%, anr antagoni st peptide
for T cell epi MW fxpssreTsEARRGEIVR- TT833S fail to
stinulate T cell p ITeration. As shown in Figure 30, even at doses
as high as 100 pM for TH883S and,_‘Trg pM f 389 Fab2239915 T'I’§3 no significant
proliferation of TT830-sptcifi RSO RdssrLdtdrs i ndi cat es

t hat changing |ysi ¥ WWposi‘%n 833 of ?ﬁe TT830 pepti de

elimnated T cell 4Agactivizy of ti2ps cemo epi to%?é Addi tional ly,
when peptides TT830 and T#8338 wete * bl t n 1=,present ed to
TT830- speci fic T cotxhwpmpsgeroepEs SFETREE AT TN 45DeRs Guad TT830 was

i nhibited by TT833S in azsgose deﬁgndent jgas I 0hgesshow napet hat TT833S can
function as * o
c:\ms;acmv mr.snps:m. cxcmmcn acommsr YRAEELYQKR

SEQ 1p N0 Y

FIGURE 10



20 an antagoni st for TT830-specific T cells (Figure 31).

Fab22-TT833S is at least 100 tinmes nore effective than TT833S in inhibiting
T.cell activation Thi s exanpl e conpares the relative
efficiency of TT833S and Fab22-TT833S 25 in inhibiting T

proliferati o4 88ponse to TT830. As shown in Figure 32, i,?g}tl), o8
TT833S was about 100 tines nore effective than TT833S in inhibiting
TT830-stinmulated T . cell proliferation. This suggests that the APL,
TT833S, when expressed in the constant regi on of mdb H22, can be
correctly and effectively presented by APC. The increased

antagoni stic efficacy of fusion protein Fab22-1T833S on T cel
proliferation probably 30 reflects norasefficient Ag capture nediated by

FcyRl as conpared to free peptides. Inhibition of T
cell activation is nediated by conpetition for T cell recent.or
bi ndi ng rather than for MHC Cl ass Il binding. : The

ant agoni st effects of APL TT833S and fusion protein Fab22-TT833S 35 m ght
be through conpetition at the | evel of MHGC binding or TCR-binding; or both.
To gain i nsight into the mechani sns invol ved, "pre-pulsing”
experiments, first de#FHeepdin Medifiel Kiltingnst (HERY3/4-Bxpassing\Dinio IC8Is ( DeMagi St ri s,
MT. et al. (1992) Cell 68:625- GFgyeated Mopogytes ETERDed. Thi s

experimental setting allows agonist (TT830) to bind to MAHC dass Il in the
absence of C etition fromfthe inhibitor (1T833S) and thus, only TCR
ant agoni sts but not pgure MNC
. 3 PC3Killing
40 (_ B SKBr3Kiling
-
L
2
2
® 20-
10-
°

1:3 1:30
Dilution of Supernatant '
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bl ockers woul d be effective in inhibiting agonist-stinulated T cel
proliferation. Ag- presenting nonocytes were pul sed Wcrhysoéinosy i mal
(20 nM TT83WAWMIWIh to al |l ow TT830 %247 bind with MHC Class Il in the
ahsence of conpetition from TT833S. + APL, TT833S or Fab22- TT833S,
was then incubated with the pre-pul sed nonocytes for an additional 16 h. 5
Responding T cells were added and their proliferation was neasured as

descri bed above. " Even under such conditions where MHC bl ockade pl ays
a mnimal role, T cell proliferation was still inhibited (Figure 33).
Thus, the inhibition appears to be a result of conpetition for T cel

receptor rather than for MHC Class Il binding. 10

Presentation of 7833S an#22BombeshsMediatdds Killing ofiPCt® €élls pr oduct i on

of IL-4 and IFNy by T cells In sone circunstances, APL
can stimulate T cel lgggyt oki ne producti on but not proliferation
(Evavold B.D. and Allgn P. M (1991) Science 252:1308-13 10). o0 determ ne
i f presentation |of TT833S sinulates the production of cytokines, the
| evel of IL-4 and IFNJy in 15 supernatants obtakned fro esentation
assays was determ ned.}] As shown in Figure 34, and

Fab22- TT833S meﬁ? iggHf ective in stinulating | Fp§y and I A production

by T cells. w1 Presentati on #gTdTT833S and Fab22-1T833S
does not | ead tg T celll anergy 20 Al l en and co-workers
reported that i®teractfion of TCR with sone APL-VHC Class Il conpl exes
led to T cell ésérgy Sl oan- LancasterJ. ey al. (1993) Nature 363:156- 159,

Sl oan- LancastergJ. ggdal. (1994) J. Exg.//Med 180:1195-1205). An
experinental scRene simlar to tpeirs was used to determ ne whet her
presentation of 'TT833% could al so e T cell anergy. As shown in

Fi gure 35, wher™T cel Is were recov d after incubation with APC 25 and
TT833S or Fab22-TT833% for | da ays, or 4 days, they responded to
subsequent an&' as well as T cells which had been

i ncubated with APC a

Y

.01 .1 ' 1 - 10
Ab Concentration (jig/ml)

FIGURE 12



t he ant agoni st

Fab22- TT833S,
per cent age of

wi th no pepti des,

TT833S WOSSHEY not

30

observati on t hat
targeting antigenic peptides to FcyR using an anti-FcyRI
fusion protein

pepti de- based

Engi neering peptides into the constant domains of human
specific for particular APC surface nd¥8&tul es represent a gener al
i ncrease the antigenic potency for peptide-based vaccines.

to
WO 96/ 40789
PCT/ US96/ 0998
Mor eover, the
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aut oi mune re
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cel | - nedi at ed

an antigen-specific |

di seases such
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viable T cells (about 50% was recovered
TTB33S or Fab22-TT833S, suggesting t
increase T cell death.

i nmunogenicity is increased by about

i ndi cates that such fusion protein
vaccines for, e.g., 35

presented via the use of either peptide al one or
anergy. Furthernore,
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Furthernore, the use of a fusion protein having one binding specificity to
an FcyRl and a peptide which is a partial agonist of an antigen
involved in imune disorders characterized 10 by excessive inmune
responses will be useful in treating such i mmune disorders gi

ant i gen- spec ™AL gy Thus, the invention provides neth& m%or reatlng

vari ous i nmunol ogi cal dlsordergﬁ/by providing a nethod allow ng for

i ncreased antigen presentation of antigens, which either stinulate T
cells, block T cell proliferation and/or cytokine secretion, or which
i nduce anergy in the T cells. 15 Exanpl e 8: Functi onal
Single Chain anti-FcyRl-anti-CEA Bispecific Mol ecul es

This exanpl e denonstrates that a reconbi nant bispecific single chain 20
nol ecul e conprising a hunani zed anti-FcyRl antibody fused to an

anti - carci noenbryonic (anti-CEA) antibody is capable of binding to
FcyRl and to CEA Figure 37 is a schematic
representation of mammal i an expressi on constructs encodi ng bi specific

singl e chain nol ecules (constructs 321 and 323) havi ng one binding 25
specificity for the FcyRl and one binding specificity for carcinoenbryonic
anti gen (CEA) that were prepared. The am no acid sequence of the

bi specific single cHAfn nol ecul e H22-anti - CEA encoded by construct
321 (SEQ ID NO 16) apd the nucleic acid e this fusion protein
(SEQ I D NGO 15) aresg own in Figure ific single chain

nol ecul e H22- ti - CEA encoded/by c truct 323 differs fromthe
fusion protein encode 30 only in that the VH and VL
chai ns of H22 were t ched. A mamral i an expressi on
construct encodi ng a pingle chai i body havi ng one bi ndi ng
specificity for tg yRl (constfu 225) was al so prepared. The am no acid
sequence of the sing+e chain anfi fody H22 encoded by construct 225 (SEQ ID
NO 14) and 35 the cleic agfdfencoding this single chain antibody (SEQ
ID NO 13) are shomzng i n Fi guy 39. —f— masme

0 HiG.IDu

10
1 T e v
1 10 . 100

Ab Concentration (ag/ml)

FIGURE 14



Each of these constructs were cloned into the Hnd Ill and Xbal sites of
pcDNA3 (I nVitrogen), from which expression is driven fromthe CW pronoter.
Each of WD 96/ 40789

PCT/ US96/ 09988 PCT/US96/09988 -

t hese constrWQA¥A, contain a nucleic acid sequence encodi ng a peptide
fromc-nmyc and a hexa- hi sti di neyf)apti de, which were used for
purification of the reconbinant protein fromthe cell culture. The

c-nyc tag corresponds to am no acids 410 to 420 of human c-nyc (Evan et

al. (1985) Mol. Cell. Biol. 5:3610). The anti-CEA single chain antibody,
termed MFE-23, is b5 further described in Casey et al. (1994) J. I mrunol.
Met hods 179: 105 and Chester et al. (1994) Lancet 343:455.

The single chain bispecific nolecules H22-anti-CEA and the single chain H22
anti body were used in binding assays, perfornmed as follows. ELISA plates
are coated with 1 0 CEA and the bl ocked with 5% PBA. Supernatants of the
cells transfected with the constructs encodi ng the single chain

nol ecul es (transfectomas) were added to the plates, soluble Fey

RI/1gMp (supernatant from COS transfected cells, described above) was

added and bi ndi ng was detected by incubation of the plates with
al kal i ne- phosphat ase (AP)] conj ugat ed goat anti - human | gM
devel opment with PNPP, afd readi ng of the platg at 405-650 nm 15

8 KON

|
!
w®

”-

'ol v v ---'1 L4 L ) CEVEY - .- L4 v M B
1 4 {

Ab concentration (pg/mi)
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321 and 323 bind both Fcy
chain H22 anti body (encoded by construct 225)

skilled in the art wll
t han routi ne experinentation,
of the invention 25
enconpassed by the foll.ow ng cains.
PCT/ US96/ 09988
SEQUENCE LI STI NG
APPL| CANT:

The results are presented in Figure

R

and Chgoogsorexpected. 20
recogni ze,

(1) GENERAL
(A) NAME:

or

descri bed herein.

38. The results indicate that the
chai n bispecific H22-anti-CEA nol ecul es encoded by constructs
and CEA. On the other

Equi val ent s

WO 96/ 40789

-46-

| NFORVATI ON:
Medgar7ex, | nc.

5

| I

Construcﬁ of Eggacilfc Am!boﬁ'l.es

hand, the single

does npér/bbgamedaet h

be able to ascertain using no nore
many equi val ents to the specific enbodi nents
Such equivalents are intended to be

STAGE ONE: Conpling of M22 with H425

M22 Fab)2
10.

+ | reducedwith
20mMMEA
30min, 300C

M2 Fab-SH
les
4 mM OFDM
30minonice

e

M22 Fab-OPDM

Wmg -
reduced with

10mM MEA
30min, 300C

H42S Fab-SH

\ §

H425 Fab~SH

\/

Mix 1:1 molar ratio
30minenice

'

Concentrate in Amicon
Incubate 214 0C ON

Y
Reduce with S mMMEA
300C, 30min
Alkylate with 5 M
DINB, RT for 30 min

v

Purify on Superdex 200
Omjujgraﬁnn efficiency ca. 60 %

FIGURE 1l6a




(B) STREET: 1545 Route 22 East (© dATY: Annandal e 10

(D) STATE: New Jersey (E) COUNTRY: USA (F)
PQOSTAL CODE (ZI P): 08801-0953 (ii) TITLE OF | NVENTI ON:
THERAPEUTI C COVPOUNDS COVPRI SED 15 PCT/US96/09988
ANTI - Fc RECEMMQ#$4R1&? BODI ES (iii) NUVMBER OF SEQUENCES: 16 °

(iv) COVPUTER READABLE FORM 20 (A) MEDI'UM TYPE: Fl oppy di sk
(B) COVPUTER: | BM PC conpati bl e (C) OPERATI NG SYSTEM

PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0, Version
#1.30 (EPO) 25 (v) CURRENT APPLI CATI ON DATA: (vi) PRIOR
APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER: US 08/484, 172

(B) FILING DATE: 07-JUNE-1995 30 (vii) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: LAHI VE & COCKFI ELD 11747 (B) STREET: 60 State
Street, Suite 510 (© dATY: Boston 35 (D) STATE:

I\/assachusetts

(E CQJNTRY USA

STAGE TWO: Coupling of 520C9 with bispecific Mzzxmzs

52009 Fab')2 M22xH425 Flab)2
Smg 4mg
reduced with . reduced with
10mM MEA SmM MEA
30min, 300C ‘mnﬂn. 300C
52009 M22xH425 Flab)2
Fay.SH with 1 free -SH
la-:s
4 mM OPDM G25
30min onice
J G-25 +
9 M22xH425 Flab)2
S20COFab-OPOM with 1 free -SH
Mix 1.3:1 molar ratio
30 min on jce
Concentrate in Amican
Incudate 324 oC OMN
\4
Redoce with 5mM MEA
300C, 30 min
Alkylate with StM
DTNB, RT for 30 min
M’Oﬂm 200
Conjugation efficiency:
::"5 of bispecific M22x}1425
ugated to Trispecific
M22x31425x520C9 F(ab)3




(F) ZIP: 02109- 1875 (viii) ATTORNEY/ AGENT | NFORMATI ON: 40

(A) NAME: Arnold, Beth E. (B) REQ STRATI ON NUMBER: 35, 430
(©) REFERENCE/ DOCKET NUMBER: MXI - 043CPPC (2) | NFORVATI ON FOR SEQ I D
NO 1: 45 i) SEQUENCE ERI STI CS: LENGTH:
24 base pai rg’o“"“”; (B) T Oﬁgégnucl eic acid rcrmsss‘n@sg
STRANDEDNESS: single 50 (D) TOPOLOGY: Ili near (i | )
MOLECULE TYPE: CDNA 55 (i x) FEATURE: (A) NAME/ KEY:
CDS (B) LOCATION: 1..24

Fab'-A Bimerle bispscllic conjugate

@f‘f@

Dn 9 O e £
b

Trimerle trispeciflc conjugale

Fab" =
aptA Fab'8 S

FIGURE 17
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-47 - (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: ACT CAC ACA
TGC CCA CCG TGC CCA 24 Thr Hi s
Thr Cys Pro Pro s Pro 5 1 5 - (2) | pEYEdes: FOR
SEQ | D NO: 2: WO 96/40789 (i) SEQUENCE CHARACTERI STICS: 10 g\l( A)
LENGTH. 27 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: |inear 15. (1)
MOLECULE TYPE: cDNA (i x) FEATURE: (A) NAME/ KEY:

CDS 20

(B) LOCATION: 1 ..19 (Xi) SEQUENCE
DESCRI PTION: SEQ | D NO: 2:

19/47

BIFUNCTIONAL FAGS

Trispecific antibody

Trispecific antibody

FIGURE 18



25 ACT CAC ACA TGC CCA CCG T GAGGATCC

27 Thr H's Thr Cys Pro Pro 1 5 (2)

| NFORMATI ON FOR SEQ I D NO 3: 30 (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 42 base pairs (B) TYPE: nucleic .QIS!IE'IIB

(C) STRANDEDNPEIS4QT8H| ¢ 35 (D) TOPOLOGY: i heaPer (i)
MOLECULE TYPE: cDNA 40 (1x) F?AO'I}ABE (A) NAME/ KEY:
CDS (B) LOCATION: 1..34. 45 1xi ) SEQUENCE

DESCRI PTI ON:  SEQ I D NO: 3: ACT CAC ACA TGC TCG AGC CTIT CAC GGC GGC ccC
H's Thr Cys Ser Ser Leu Hs Gy dy

T GAGGATCC 42 Thr
10 50 (2) I NFORVATI ON FOR

Arg 1 5.
SEQ | D NO 4: (i) SEQUENCE CHARACTERI STI CS:

BISPECIFIC FACS (SKBR-3 cells)

—O—  Trispecific
—— M2xHas

Mean Fluorescence Intensity
8
1

.01 «1 1 10 100
Ab Concentration (ug/mlL)

FIGURE 19



(A) LENGTH: 300 ami no acids 55 (B) TYPE: am no acid

(D) TOPOLOGY: i near (i1) MOLECULE TYPE: peptide

WO 96/ 40789 PCT/ US96/ 09988
-48 - (v) FRAGVENT TYPE: internal 5 ( MePUsSERAIERNCE
DESCRI PTI ON: VBEGSA4TRING, 4: Au VvVal Adn Leu Val u Ser Ay Ay
Ay Val vVal Gdn Pro Gy Arg oh /47 5

10 15 10 Ser Leu Arg Leu Ser Cys Ser Ser Ser Ay
Phe Il e Phe Ser Asp Asn 20 25

30 ' )

BISPECIFIC FACS (A431 cells)

.=100
CONC (uG/ML)

FIGURE 20



Tyr Met Tyr Trp Val Arg A n Ala Pro Gy Lys Ay Leu Qu Trp Val

35 40 45 15 Ala Thr Ile Ser Asp
Gy Ay Ser Tyr Thr Tyr Tyr Pro Asp Ser Val 50

55 60 Lys Gy Arg Phe Thr Il e SepcruspsdsyssAsn
Ser Lys Asn TWO96/4078%Phe 20 65 70

75, 80 Leu qz%JyEt Asp Ser Leu Arg Pro Qu Asp
Thr Ay Val Tyr Phe Cys 85 90
95 25 Ala Arg Ay Tyr Tyr Arg Tyr Au Ay Al a Mt Asp Tyr Trp Gy
Adn 100 105 110

Gy Thr Pro Val Thr Val Ser Ser Ala Ser Thr Lys Gy Pro Ser Val

115 . 120 125 30 _ Phe Pro Leu Al a
Pro Ser Ser Lys Ser Thr Ser Gy Gy Thr Ala Al a 130

135 - 140 Leu Gy Cys Leu Val Lys Asp Tyr Phe Pro
G u Arg Val Thr Vval Ser 35 145 150

155 160 Trp Asn Ser Ay Ala Leu Thr Ser Ay Val
His Thr Phe Pro Al a Val 165 170
175 40 Leu An Ser Ser Ay Lau Tyr Ser Leu 8er Ser Val Val Thr Val

Pro %ﬂbandb 185 190
of ﬁhmo:eimel;ﬂomﬂmedkmm

o-a
1¢—TMNs (ET matio = 50:1 pré-activated

129

g
i ¢
I T MaxHOS
w 4 ,..-.'—-.-n..‘. [——— Wmm
2 ‘\ g
0 T,
M o1 . i oy :
Com'&a 4 1 10 0
mﬂfmﬂbcdy(ug/m”
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Ser Ser Ser Leu Ay Thr @n Thr Tyr Ile Cys Asn Val Am Hi s Lys -
195 200 205 45 Pro Ser Asn Thr

Lys Val Asp Lys Lys Val GQu Pro Lys 8er Cys Asp 210
215 407892 20 Lys Thr H's Thr Cys Ser gg&fudddloosgg’ Thr
Thr ady Thr XPH%¥ ey s0 225 230
235 240 Val Lys,Cys Ala Qu Lys GQu Lys Thr Phe
Cys Val Asn Ay Ay Gu 245 250
255 55 Cys Phe Met Val Lys Asp Leu Ser Asn Pro Ser Arg Tyr Leu Cys
Lys 260 265 270
Cys Pro Asn Gu Phe Thr Ay Asp Arg Cys @ n Asn Tyr Val Met Ala
275 280 285 WD 96/ 40789
PCT/ US96/ 09988 -49-

of 201 toemepeciomedisted

(BT ratio = 1000 cells by pre-activated

’ n K 1 L 100
Concentration of antibody (ug/ml)

FIGURE 22



Ser Phe Tyr Lys Ala Gu GQu Leu Tyr G n Lys Arg 290

295 300 5 (2) I NFORMATION FOR SEQ I D NQO: 5:

(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 14 am no aci ds
(B) TYPE: anino id 10 (D TOPOLOGY: |inear i)
MOLECULE TYPE’:"’S’Z%’P?de (v) FRAGVENT TYPE: i M

(xi) SEQUENCE DESCRI PTI ON: SEQID‘;\IQS: 20 Gn Arg Leu Ay Asn Gn
Trp Ala Val Gy Hs Leu Met Ay 24741 1 _ 5

10 (2) | NFORVATION FOR SEQ ID NO 6: ~ 25 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 15 am no acids

(B) TYPE: amino acid WHOLE BLOOD (MODERASSNT |Adsay

Collect Whole Blood in ACD Vacutainer Tubes
Add 1 ml of Whale Blood/Well to Teflon Inserts in 24-Well Plates
22x22x32
Incubate for 4 Hours at 37°C, 5% CO2

Harvest Blood from Each Well and Lyse RBCs With KHC03 Lysing Buffer
Wash Buffycoat Cetlls 3 Times and '1.'ransfer to 96 - Well U-Bottom Plates

Add 100 pl of goat anti-Human IgG-PE/Well

Incubate for 1 Hour at 4°C (with shaking) |

Fix Cells with 2% Paraformaldehyde

Tesg Samples Using Flow Cytometer

FIGURE 23a



30 (i1) MOLECULE TYPE: peptide (v) FRAGMVENT TYPE: internal

35 (xi) SEQUENCE DESCRI PTION: SEQ | D NO 6: Adn Tyr Ile
Lys Ala Asn 8er Lys Phe Ile Ay Ile Ihr Au Leu 1 5
10 15 40 (2) | NFORVATI ON FOR SEQ | D Npt¥us96/09988

(1) SEQUENCE WHbARAMIFER| STI CS: (A) LENGTH: 54 base pairs 45
(B) TYPE: nucleic acid ég)u STRANDEDNESS: si ngl e

(D) TOPOLOGY: |i near (i) Ve d LE TYPE: cDNA 50 (xi)
SEQUENCE DESCRI PTION: SEQ ID NO: 7: 55  TCGAGCCAGT ACATCAAGGC GAATTCCAAG
TTCATCGGCA TCACCGAGCT CTGA 54 (2) | NFORMATI ON FOR SEQ I D
NC. 8:

MODULATION ASSAY USING m22xm22x32 TRISPECIFIC ANTIBOD:
110

100 JL
90
20
'y
60 ‘.
50 ':

% of Control FeRl

40 -
30
10 4

0001 .001 .01 .31 1 10 100
Antibody Concentration (ug/ml) .

FIGURE 23B



WD 96/ 40789

(i) SEQUENCE CHARACTERI STI CS:

PCT/ US96/ 09988

- 50_
nucl eic acid

pexosagmes

(xi) SEQUENCE DESCRI P

i ne

(B) TYPE:

(D) TOPOLOGY:

10

h!pgl e
o

R

(A) LENGTH 53 base pairs
(C) STRANDE

(i) MOLECU
NG 8:

53

CGGTCATGTA GITCCGCTTA AGGT T@aMsH- AGCCGTAGIG GCTCGAGACT CCG

(2)

| NFORVATI ON FOR SEQ | D NG 9:

A. Synthetic Oligonucleotides coding wildtype(TT830) and mutant (TT833S) TT peptides:
TT830: QYIKANSKFIGITEL (<Sca vp Mot €)

5'-TCG AGC CAG TAC ATC AAG GCG AAT TCC AAG TTC ATC GGC ATC ACCGAGCTCTGA-3' (SEQ ‘Cuuv

3'-CG GTC ATG TAG TTC CGC TTA AGG TTC AAG TAG CCG TAG TGG :
CTC GAG ACT CCG-5' (S€o. 1p Noik
TT833S: QYISANSKFIGITEL (<€cs (pple 3 aY h o J

5'-TCG ..>Q C CAG TAC ATC AGC GCG AAT TCC AAG TTC >.—.wu GOC ATC ACC GAG CTC TGA-3* (SE3- W potie)
3'-CG GTC ATG TAG TCG CGC TTA AGG TTC AAG TAG CCG TAG TGG CTC GAG ACT CCG-5* ( SE= 10 #ni :V

B. Final H22 chimeric constructs

Ig promoter  Leader VH CHI1 Hinge TT peptide-coding sequence

O+ H HOH-

FIGURE 24



15 (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 15

am no acids (B) TYPE: am no acid (D)
TOPOLOGY: |inear 20 (ii) MOLECULE TYPE: peptide (v)
FRAGVENT TYPE; internal 25 (xi) SEQUENCE DESCRI PPcPhisocnnoas D
NQ. 9: wo’@"ﬂ"?’yr Ile Ser Ala Asn Ser Lys Phe Ile Gy Ile Thr Au Leu
30- 1 5 2774710 15
(2) I NFORVATI ON FOR SEQ I D NO 10: (i) SEQUENCE CHARACTERI STI CS:
35 (A) LENGTH 54 basegpatrts (B) TYPE: nucleic
aci d (O STRANDED%ES . single  posmeio (D) TOPOLOGY:
| i near 40 (1) I\/D.ECULE= . CDNA .

z L4

"-6; S

Lo

] ©

K]

& e

(-] ..4
n ]
), o 2b22-TT830

Relative Cell Number
40

'.l._‘“-'-...r- ve

-"'ﬂ'o?q-.q..“ﬂ.‘"_._ -

0 10d w0 10° ot
Fluorescence Intensity
[-]
|
& Y H22-TT833S
_ 28
2
= 8
) -
&
[
58
3
=g

Fluorescence Intensity

FIGURE 25



(xi) SEQUENCE DESCRI PTION: SEQ I D NG 10: 45
GAATTCCAAG TTCATCGGECA TCACCGAGCT CTGA 54 (2) | NFORVATI ON

FCR SEQ I D NO 11: 50

(A) LENGTH: 53 base pairs

(C) STRANDEDNERQ48%q| e

(ii) MOLECULE TYPE: cDNA .

PCT/ US96/ 09988

(xi) SEQUENCE DESCRI PTION: SEQ ID NO I | :
AGGTTCAAGT AGCCGTAGTG GCTCGAGACT CCG

Mecan Fluorescence Intemsity

(1) SEQUENCE CHARACTERI STI CS:

40 -

30 1

20 1

(B) TYPE: nucleic ﬁﬁt;‘gs /09988
(D) TOPOLOGY: |i near e/

28/7¥¥ 96/ 40789

- 51 -
CGGTCATGTA GICGCGCTTA
53

—O0— MDXH210
=i+ Fab22-TT830
—%— Fab22.-TT833S

10
.1

a7

1 10 100
Concentration (nM)

1000

FIGURE 26

TCGAGCCAGT ACATCAGCGC



5 (2) | NFORMATI ON FOR SEQ I D NO 12: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 21 ami no acids

(B) TYPE: am no acid 10 (D) TOPOLOGY: |i near (i)
- MOLECULE TYPE: peptide (v) FRAGMENT TYPE: i nter nglorhosno9ss

(xi) SEQUENCmvaisa@RPPTI ON: SEQ | D NO 12: 20 Phe AanXsn Phe Thr Val
Ser Phe Trp Leu Arg Val Pro Lys Val $gfs7 ’ 1 5

10 15 . Ala Ser Hs Leu Qu

20 25 (2) 1 NFORVATI ON FOR SEQ I D NO 13: - (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 913 base pairs 30

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: linear

50000'1 —o— TT830
- —e— Fab22.TT830
I
400001 |—%— TI%7

30000 . .[
20000

10000 -

T cell proliferation(CPM)

010'3 102 10°! 10° 10? 102 10° 10° 10

Concentration (nM)

FIGURE 27



(ii) MOLECULE TYPE: cDNA 35 (i x) FEATURE: (A

NAVE/ KEY: CDS (B) LOCATI ON: 11..911 40 (i)
SEQUENCE DESCRI PTI ON:  SEQ I D NO 13: AAGCTTCACC ATG GGA TGG AGC TGT
ATC ATC CTC TTIC TTG GTG GCC ACA 49 45 | Mo ussiioboss’ p Ser

Q/s e 11e POPSHRE ey val Ala Thr
GCTACCGGTGTCCACTCCGATATCCAACTGGTGGAGAGCGGTGGAGOT

97 Ala Thr Ay Val His Ser Asp Ile An Leu Val Qu Ser Ay Ay Ay 50
15 20 : 25 GIT GIG CAA CCT GGC CGG
TCC CTG CGC CTG TCC TGC TCC TCG TCT GCCzq 44 145 Val Val Adn Pro Ay
Arg Ser Leu Arg Leu Ser Cys Ser Ser Ser é 30 35
40 45 55 TTC AGT TTC AGT GAC AAT TAC ATG TAT TGG GIG
AGA CAG GCA CCT GA 193 Phe Il e Phe Ser Asp Asn Tyr Met Tyr Trp
Val Arg An Ala Pro @Ay 50 55
60 '
~ 350007 K Control
E ' O 10pg/m! mAb 22 F(ab")2
30000
O .
S
.g 25000'. T
whd
& 200001
f‘?.‘ J
© 15000
= .
<%
| 10000 -
]
S .
= 5000
0—

Fab22-TT830 (10 nM)  TT830 (10000 nM)
Antigen

FIGURE 28



WD 96/ 40789 PCT/ US96/ 09988

-52 - AAA GGT CTT GAG TGG GIT GCA ACC ATT AGT GAT GGTI GGI AGT TAC ACC
241 Lys Ay Leu Qu Trp Val Ala Thr Ile Ser Asp Ay Ay Ser Tyr Thr
65 70 75 5 TAC TAT CCA féfusvatdi G AAG
GGA AGA TTT AVQYMISITCG AGA GAC AAC 289 Tyr Tyr Pro Asp Ser
Val Lys Ay. Arg Phe Thr Ile Ser Arg Asp Asn 80
85 90 AGC AAG AAC ACA TTG TTC CTG CAA ATG GAC AGC
CTG AGA CCC GAA GAC 337 10 Ser Lys Asn Thr Leu Phe Leu A n Met Asp
Ser Leu Arg Pro Glu Asp 95 31/47 100
105 ACC GGG GIC TAT TTT TGI GCA AGA GGC TAC TAT AGG TAC GAG GGG CCT
385 Thr Ay Val Tyr Phe Cys Ala Arg Gy Tyr Tyr Arg Tyr Gu Ay Ala 15
110 - 115 120 125 ATG
GAC TAC TGG GGEC CAA GGG ACC CCG GIC ACC GIG AGC TCA GGA GGr 433
Met Asp Tyr Trp Ay @n @y Thr Pro Val Thr Val Ser Ser Ay Qy
130 . 135 . 140 20

fz\ 40000 7 m Control T

1 G

= O 100 ug/miIg

O —

~ 30000 B

s T

=

= N—

= : ,

:g 200001

[+

[

P~ 10000-

[ e

8

H o- . v ' \ N

Fab22-TT830 (5 nM) TT820 (1000 nM)

Antigen

FIGURE 29



GCC GEC TCC GGA GGTI GGA GGC AGC GGA GGG GGC GGA TCC GAC ATC CAG
Gy dy dy Ay Ser

Ay
145
AGC
Ser

165
TAC
Leu
185
625
190
CTG
Leu
210
GGT
Ser

230
CAT
Cys
250
817

Ay Ser

481
Gy Ay Ay Gy Ser Asp Ile dn

150 155 25 CTG ACC CAG AGC CCA AGC
CTG AGC G GGI' GAC AGA GIG 529 Leu r Pro
Ser Leu Ser % er Val Gy Asp Arg Val 163}3{7“@6%9&6
170 ACC ATC ACC TGT AAG TCC AGT CAA AGT GIT TTA
AGT TCA AAT CAG 577 30 Thr Ile Thr Cys Lys Ser Ser A n Ser Val
Tyr Ser Ser Asn Gn 175 - 180
AAG AAC TAC TTG GCC TGG TAC CAG AAG CCA GGT' AAG GCT CCA AAG
Lys Asn Tyr Leu Ala Trp Tyr G n n Lys Pro Ay Lys Ala Pro Lys 35
195 200 205 CTG
ATC TAC TGG GCA TCC W@Q'A&% GAA TCT GGT GIG CCA AGC AGA 673
Leu Ile Tyr Trp Ala Ser TM¥ Arg Qu Ser Ay Val Pro Ser Arg
215 ’ 220 40 TTC AC GGT AGC GGT AGC
ACC GAC TTC ACC TTC ACCiATCRGC X830 721 Phg Ser Gy Ser Ay

Ay Thr Asp Phez¥hr Pheq{THh

e BdR2-TE830 225

£235 10061
CAA TAC CTC TCCgp 7%9
Hs An Tyr LeySser .
TCG TGG AGG TTC GiC
1

2

500 -

ACC TAC TAC TGC

plle Ala Thr Tyr Tyr
245

GAA ATC AAA TCT AGC TGC

CTC CAG CCAGAG GAC
Leu dn Pro G4

240
CAA GGG ACC AAG

5007 B
400 -
300

2001

IL-4(pg/ml)

100 1

TSy T r YTy T Ty

10 100 1000 10000 100000

FIGURE 30A

=—O— TT830
=—¢— Fab22-TT830

- YT ng

10 100 1000 10000

Concentration (nM)
FIGURE 3(B



50 Ser Trp Thr Phe Ay G.n Gy Thr Lys Val G.u Ile Lys Ser Ser Cys

—{— TT833S

255 _ 260 265 TCG AGC GGA GCGC GGG GGT
AGC GAT ATC GCG GCC GCA GAA CAG AAA CTC 865 Ser Ser Ay Ay dy
Gy Ser Asp | a Ala Glu G.n Lys Leu 55 270 275
280 W silied) 2 ATC TCA GAA GAG GAT CTG AAT G Bt LR CAT
CAC CAT CAT CAC CAT 913 Ile Ser AQu Au Asp Leu Asn Ay Ala Al a
Hs Hs Hs Hs Hs H s 290 295
300 WO 96/ 40789
PCT/ US96/ 09988 33/47 -53 - (2)
| NFORMATI ON FOR SEQ | D NO 14: (i) SEQUENCE CHARACTERI STICS: 5
(A) LENGTH 301 ami no acids (B) TYPE: am no acid

30000 7

1 - Fab22.TT833S

20000 1

I~ |

0 T ————————TY——rr T ——rry

.01 .1 1 10 100 000 10000 100000

T cell proliferation (CPM)

Concentration (ni)

FIGURE 31



(D TOPOLOGY: |inear (i1) MOLECULE TYPE: protein 10

(xi) SEQUENCE DESCRI PTION: SBQ | D NO 14: Met Ay Trp Ser Cys lle lle
Leu Phe Leu Val Ala Thr Ala Thr Ay 1 5

10 15 Val H's Ser Asp Ile @n Leu V;Jcrgggﬁ,ﬁggs Ay
Gy Gy Val Waboedors9 20 5 K

30, Pro Ay Arg Ser Leu Arg Leu Ser Cys Ser Ser Ser Gy Phe Ile Phe 20
35 40 45 Ser Asp Asn Tyr Met Tyr
Trp Val Arg A n Ala Pro Ay Lys Ay Leu 50 - 55

60 25 Gu Trp Val Ala Thr Ile Ser Asp G!M}}“Gl y Ser Tyr Thr Tyr Tyr Pro
65 70 75 80 Asp
Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn

85 90 95 30 Thr Leu Phe Leu G n Met
Asp Ser Leu Arg Pro Qu Asp Thr @y Val 100
105 110 Tyr Phe Cys Ala Arg Ay Tyr Tyr Arg Tyr GQu
Gy Ala Met Asp Tyr 35 115 _ 120
125

g 60000 1

=% ]

8 5(_)000'5

g 40000':

= )

5 ]

& 30000':

= :

'a 20000'5

— 3

© 100001

o ]

= P e /s

o v ras ratsevaun FRP
TT833S Concentration(nM)

FIGURE 32



Trp
130

155
Arg
175
180
Pro
205
210
Phe

235 .

Leu
255

Gy @n dy Thr Pro val Thr Val Ser Ser Ay Gy Ay dy Ser

135 140 40 Gy dy dy Ay Ser dy
Gy Gy Ser Asp Ile dn Leu Thr dn 145 150
160 Ser Pro Ser Ser Leu Ser Ala Asp
val Thr ITRoSH7e 165 FrpGuodind
45 Cys Lys Ser Ser A n Ser Val Leu Tyr Ser Ser Asn @ n Lys Asn Tyr
. 185 190 Leu Ala Trp Tyr A n dn Lys
Gy Lys Ala Pro Lys Leu Leu Ile 50 195 200
Tyr Trp Ala-Ser Thr Arg A u Ser @m7Val Pro Ser Arg Phe Ser Ay
215 220 55 Ser Ay Ser @Ay Thr Asp
Thr Phe Thr Ile Ser Ser Leu G n Pro 225 230
240 AQu Asp Ile Ala Thr Tyr Tyr Cys H's dn Tyr
Ser Ser Trp Thr 245 250
100 -
—O— TT833S
—€— Fabh22.TT833S
80-
g 60 -
=
emat
e
e 40
L= :
o
S 20-

107 1072 107! 10° 10 10> 10° 10% 10°
Concentration (aM)

FIGURE 33



WD 96/ 40789 PCT/ US96/ 09988

-54- Phe Ay An dy Thr Lys Val Qu Ile Lys Ser Ser Cys Ser Ser Ay
260 265 270 5 dy Ay Gy Ser Asp lle Ala
AIaAIaGIuGIanLeuIIeSer Au 275 80
285 ﬂx Asn Ay Ala Ala His H's Hs Hs His l_rgrms%lowsg 290
295 300 10 (2) I NFORVATI ON FOR SEQ I D NO 15: -
(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH:. 1679 base pairs 15
(B) TYPE: nucleic acid (C) STRANDEDNESS: singl e

(D TOPOLOGY: |inear (i) MOLECYgmsTYPE: cDNA 20 (1x)
FEATURE:

s0000

40000

T cell proliferation (CPM)
20000 30000

10000

0
1.

v
&
®S
<3 3 o E.:='s mg
g £ 3 a7 8%
g © == E8
g £
g
Pl
Dl R o o~
O =|2ET . 8% 8%
g TlE E
< o "3 ts 8
'S. e o —

FIGURE 34



(A) NAVE/ KEY: CDS (B) LOCATION: 11..1667 25 (xi)

SEQUENCE DESCRI PTI ON: SEQ I D NG 15: AAGCTTCACC ATG GGA TGG AGC TGT
ATC ATC CTC TTC TTG GIG GCC ACA 49 30 Met Ay Trp Ser
Q/sllelle Leu Val Ala Thr
oot ol Ve o GAT ATC Can CTG GTG aac ASTEEIONE O

97 Ala Thr Ay Val Hs Ser Asp Ile An Lau Val u Ser Ay Gy @y 35
15 20 25 GIT GTG CAA CCT G&C CGG TCC
CTG CCC CTG TCC TGC TCC TCG TCT GGC 145 Val Val Adn Pro Ay Arg
Ser Leu Arg Leu Ser Cys Ser Ser Ser Gy 37/47 30 ' 35
40 45 40 TTC ATT TTC AGT GAC AAT TAC ATG TAT TGG GIG
AGA CAG GCA CCT GGA 193 Phe Il e Phe Ser Asp Asn Tyr Met Tyr Trp
Val Arg An Ala Pro Ay 50 55
60 45 AAA GGI CIT GAG TGG GIT GCA ACC ATT AGT GAT GGTI GGI AGT TAC ACC
241 Lys Ay Leu Qu, Trp Val Ala Thr Ile Ser Asp Ay Ay Ser Tyr Thr
65 - 70 75. TAC TAT CCA GAC AGI GIG AAG
GGA AGA TTT ACA ATA TCG AGA GAC AAC 289 50 Tyr Tyr Pro Asp Ser Val
Lys Gy Arg Phe Thr IIEOSFF Arg Asp Asn 80 .85
90 l MW 1010 TT830

g 1000 . D] 14M Fab22-TT830

10uM TT833S

E B 1uM Fab22.TT833S

-~ 8001

E .

@ 600 -

5

)

£ 4001

= .

S

&y 200

0 e

IEN-Y | IL-4

FIGURE 35



AGC ARG AAC ACA TTG TTC CTG CAA ATG GAC AGC CTG AGA CCC GAA GAC 337
Ser Lys Asn Thr Leu Phe Leu A n Met Asp Ser Leu Arg Pro A u Asp 55

95’ 100 : 105 ACC GGG GIC TAT TTT TGI GCA
AGA GGC TAC TAC GAG GGG GCT 385 Thr Gy Vi oys
Ala Arg Ay yr"%%gArg Tyr Au Ay A a 110 = qlmﬁ)éBﬁgfs _
120 ) 125 WO 96/ 40789
PCT/ US96/ 09988 -55 - . ATG GAC
TAC TGG GEC CAA GGG ACC CCG GIC ACC GIG AGC TCA GA &Gr 433 Met
Asp Tyr Trp Ay Adn @y Thr Pro Val Thr \@psSer Ser Ay Ay '
130 135 140 5 " GEC GC TCC GGA GGIT GGA
GGC AGC GGA GGG GGC GGA TCC GAC ATC CAG 481 Gy Ay Ser Ay Gy
Gy dy Ser dy Ay Ay Gy Ser Asp lle dn 145
150 - 155 .

1200007 M mulation of T cells:

E 00000- =—O— Medium alone

o ! 0007 |—a— TTssss

= ~—#— Fab22-TT833s

) 80000 -

= .

E .

& 60000 -

.:

S ;

(=7 40000

= 1

3}

© 20000

= )

0 — -

0.00 0.01 0.10 1.00 10.00

TT830 (uM) During Restimulation

FIGURE 36



10

529
160
AGT
Ser
- 180

Pro
205
673
210

Ser

230
CAT
Cys
250
817
255

CTG ACC CAG AGC CCA AGC AGC CTG AGC GCC ACGC GIG GGT GAC AGA GIG
Leu Thr G n Ser Pro Ser Ser Leu Ser Ala Ser Val Ay Asp Arg Val
165 . 170 ACC ATC ACC TGI AAG TCC
CAA AGT TAC AGI TCA AAT CAG 577 15 Thr | Lys
Ser A@n ggrz &I?%{eu Tyr Ser Ser Asn GB#47 175 pErbSsnbd
185 AAG AAC TAC TTG GCC TGG TAC CAG CAG AAG CCA
AAG GCT CCA AAG 625 Lys Asn Tyr Leu Ala Trp Tyr G n A n Lys
Ay Lys Ala Pro Lys 20 190 195 200
CTG CTG ATC TAC TGG GCA TCC ACT AGG GAA TCT GGI GIG CCA AGC AGA
Leu Leu Ile Tyr Trp Ala Ser Thr Arg Qu Ser Gy Val Pro Ser Arg
321 215 220 25 TTC AGC GGT AGC GGT AGC
B Au_ E'Q)AO@-;ATC AGC A@C Phe Ser.@y Ser Ay

ACC GAC
dy Thr

CAA TAC CTC TCC H22Leu Gn Pro GWA rTyr Tyr
Hs @n Tyr Leu Sg . 240 245
TCG TGG AC SAI-EEA ACC AAG GTG GAA ATC AAA TCT AGC TGC
35 Ser Trp Thr P Py Lys Val GQu lle Lys Ser Ser Cys
s 265

D = (Gly-4, Ser)-3 finker -

D = (Gly4, Ser)-1 linker

FIGURE 37



TCG AGC GGA GEC GGG GGT AGC GAT ATC AAA CTG CAG CAG TCT GGG GCA 865
Ser Ser Ay Ay Ay Ay Ser Asp Ile Lys Leu dn A@n Ser Ay Ala 40 270

275 280 285 GAA CTT GIG AGG TCA GG
ACC TCA GIC AAG TTG TCC TGC ACA &CT TCT 913 Au ‘ch%sy%gjg Ser
Ay Thr Ser VP44 oy Ser Cys Thr Al a 447

295 300 45 GEC TTC AAC ATT AAA GAC TCC TAT ATG CAC TGG
TTG AGG CAG GGG CCT 961 Gy Phe Asn Ile Lys Asp Ser. Tyr Met His
Trp Leu Arg G n Gy Pro 305 310

315 50 - GAA CAG GEC CTG GAG TGG ATT GGA.\ TGG.ATT GAT CCT GAG AAT GGI' GAT
1009 Gu Gn dy Leu G [CEA/FcRIGBispecificetIsFSA 0 G u Asn Gy Asp

320 325 330 . ACT GAA TAT GCC CCG AAG
TTC CAG GGC AAG GCC IS TTT ACT ACA GAC 1057 55 Thr Gu Tyr Ala Pro
Lys Phe G n Ay Lys Al ajThr Phe Thr Thr ASf . 335 :
340 345 ACA TCC TC( GCC TAC CTG CAG CTG AGC
AGC CTG ACA TCT GAG 1 1105 Thr \sn Thr Ala Tyr Leu @ n Leu
Ser Ser Leu Thr éer du .
S 4
] 0.50
1
S
3
(=)
(=]
0.25
0.00 ﬂg

-
o

[]
]
o
™

N§
225.C2
321.A5
321.B4
323-B2

FIGURE 38



PCT/ US96/ 09988
WD 96/ 40789

360
- - 350 355 TAC
2 GAC ACT GCC GIC TAT TAT TGI AAT GAG GGG ACT CCG ACT GG CCG

2o Thr Pro T Tyr
1153 Aspw'lo't}rsl“@bg?gal Tyr Tyr Cys @f};%(} ug@y Qgéﬁsymg;sg LS
> TCA GGT 1201

ACG GIC ACC GIC TCC
It Phe Aep Tur e gAA gﬁ éc;? Thr Thr Val Thr Val Ser Ser Qy
spE Fhe Asp Tyr Trp 39% 395 10 GGA GGC GGI TCA GGC GA
o GGC GGA TCA GAA AAT 124 _Gy Gy Ser dy
GGTGGC'CI';CTSGC%;; Gy Gy Ser Gu Asn DN .‘gTGCA
G0 Y GV Sdeqliale : s CAG T ATC ATG T
405 squen %é’ .llé’ 2TG CTC ACC

Met Ser
TCT CCA GGS GAG AAG 1297 Leu Ty dn Seo Pro Alaslole .

\dal
- . . . - - « 4 . 0
228 o TG A ATA Bl sap ot &2@5@ ?@Qﬁé@é : %&%T%%CTISG
1345-20 Val Thr Ile Thr Cys B@r"lﬁl"‘a"gmggﬂ%grgz The L val Y1 1s R
CAG CAG AAG OCA GGC 4Ag'5r, Tcr‘fcmg/‘\ 2RI AFOWET TAT AGy ACA 4, 1303
Accesrmccmmcmmcmwmmmmmm,rm
CTA ZAG GIT GAC CAC CTC TCG CCA CCT CCA CAR

—a__a_a___a TRhustlerelt oF m2 srv (225)_a_a_ » “a o
110 Giu 120 Valt 130 140
* -* - [ ] *

GIGC)\ACCTGGC&GTCCCNCGCCTGTCC
CACG’I‘TGGACCGGOCAGGGACGCGGACAGG
Val Gln Pro Gly Arg Ser Leu Arg Leu Ser
—A A __ 8 ___a TRANSLATION OF H22 SFV

150 160 170 is
» - »

CAC TCT GTC CGT GGA CCT 7
Ile Fhe Ser Asp Asn Tyx Met Tyr Trp Val Arg Gln Ala Pro Gly Lys>
SFV

(225)_.A_q_a___a__>
220 230 240
- *

» » *
GGTC’I'PGAG'I'GGGWGCA'ACCATTAGTGATGGTGGTAGTTACA'CCTAC
CCAGAACTCAOCCAAOGTTGGTMRACTACCACCATCA&NTGG&N
Gly Leu Glu Trp Val Ala Thr Ile Ser Asp Gly Gly Ser Tyr Thr Tyr>
—A_2a__a__a TRANSLATION OF H22 SFV (225)_a__a__a _a o
250 260 270 280 290

- - 1 ] *» » - ®
ACAATATCGAG&GACMCAGC
TAT AGC TCT CTG TG TCC

6T

Thr Ile Ser Arg Asp Asn Ser>

—f.__8_a__a TRANSLATION OF K22 SFV (225)M>
0

AGG
cccemammmccwrcrccsmcam'rccam CTC Ccc cea Tae
) ly

Iyr Tyr Axrg Tyr Glu Gly Ala Met>
SFV {225)—B-_B_A__a,_>

3%0 400 4 0 - -

. - - * 12 - ‘z¢ “'n"% ‘3; Ll‘ik.‘r
mrmmmcmmmmmcmmmmmmeec
cmamaccccamcccmcscmmmcmmccrcmcce



Phe dn G@n Lys Pro Gy Thr Ser Pro Lys Leu Trp Ile Tyr Ser Thr 25

450 455 460 TCC AAC CTG GCT TCT GGA
GIC CCT GCT CGC TTC AGI GGC AGI GGA TCT 1441 Ser Asn Leu Al a Ser
Gy Val Pro Ala Arog, Phe Ser Gy Ser Gap/egr PCHRB96/09988

470 WO 96/4078% 75 30 GGG ACC TCT TAC TCT CTC ACA ATC AGC CGA ATG
GAG GCT GAA GAT CGCT 1489 @y Thr Ser Tyr Ser Leu Thr Ile Ser Arg
Mt Gu Ala Qu Asp Ala 480 485

490 35 GCC ACT TAT TAC TGC CAG CAA CGG Al TAC CCA CTC ACG TTC GGT
1537 Ala Thr Tyr Tyr Cys G n An Arg S Tyr Pro Leu Thr Phe Gy

495 . 500 505 oo, QRJAAS CTG GAG

CTG AAA GGG GCG GCA GoE FEEAGT GRALERE rro var HRORI Mar :Se%ﬁy)b:ﬂ;hr Lys Leu

A U Leu Lys Arg Al a Ate™Sir—Ser-2SEINSKTION (GF 22 SFV (225) 515

520 52540 G GOT AGRoGAT ATCefaCG GCC oA, GAA CAG AAA

CTC ATC TCA GAA GAG 21633 ¢ J 9 Gy Serbisomlos et Aa Gu Gn

Lys beu Ile Ser GU@ gcwaggsc;csgmcmggcs g%nmmmm 535

540 GAT CTG AATGEE: GROSHGAY G s/ by GhyT cls oty GOCtnbe i T EALT AGA

1679 Asp Leu AsnmE-y—PA2—ARTHFETI OF 1P ST @25, j

545 550 60 (&) | NFORMAGI ON FORaSEQ | D Ng¥ol6:
mmmc&mmmme&m,mms&mma&
mmmsmmmmmmmmccucmmcacm

Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr>
—f__Aa__8__a TRANSLATION OF H22 SFV {225)__a__a___&s__a _ >

- 540 550
- -

560 570 580
- * * [ * L 4 * [
ATC ACC TGT AAG TCC AGT CAA AGT GTT TTA TAC AGT TCA AAT CAGC AAC
TAG TGG ACA TTC AGG TCA GTT TCA CAA AAT ATG TCA AGT TTA GTC TTC
Ile Thr Cys Lys Ser Ser Gln Ser Val Leu Tyr Ser Ser Asnm Gln Lys>
A___a__a___a TRANSLATION OF H22 SFV (225)_&__a__a_ & >
590 600 §10 620
L -* [ ]

» * * *

* *
AACTACTTGGCCTGGTACCMCAGMGCCAGGTMGGCTCCAMCTG
TTGATGMCCGBACCATGGTCGTC'ITCGGTCCATTCCGAGGTWCGAC
Asn'u:-l.euun'l'zp'lyrelnslnhysP:oGlyIusalaP:oLysLeu>
—RAb_a__8 TRANSLATION OF H22 SFV (225)_a__a__a&a__a >

-
ACC TTC ACC ATC AGC AGC CTC

*

AGC GGT AGC GGT AGC GGT ACC GAC TIC
TCG CCA TCG CCA TCG CCA TGG CTG AAG TGG AAG TGG TAG TCC TCG GAG
Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu>
—f_8__a__a TRANSLATION OF H22 SFV (225)_a__a__a & >

730 240 750 760 . 770
* + * » L * L ] - -* *
CAGCCAGAGGACANGCCACCTACTACTGCCATCAATM:CTCTCCM
GIC GGT CTC CTG TAG CGG TGG ATG ATG ACG GTA GTT ATG GAG AGC AGC
mpxoemm:mnammmcysxﬁsammmsers=:>
—_—t B p___A_TRANSLATION OF B22 SFV (225) >

780 790 800 22 V- 810

TGG ACG
ACC TGC AAG CCG GTT CCC TGG T7C CAC CTT TAG TTTIAGA TCG
Trp Thr Ser

FIGURE 39B



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 553 ami no acids
55

(B) TYPE: am no acid (D) TOPOLOGY:
| i hear (ii) MOLECULE TYPE: protein WO 96/ 40789
PCT/ US96/ 099 43/47
(xi) SEQUENcég%E‘é‘(‘ﬁ’PTl ON: SEQ I D NO: 16: Vet Gy Trp 5 R 11 e
Leu Phe Leu Val Ala Thr Ala Thr Ay 1
10 15 5 Val His Ser le A n Leu VaI Gu Ser dy
Gy @y Val val dn 20 25
30 Pro Gy Arg Ser Leu Arg Leu Ser q@ %ﬁr Ser Ser GlyhPhe Il e Phe 10
35 4&cmccsccccc.\ il X xSt LAY
TCG CTA TAG
Ser Gly Gly Gly Gly Ser Asp n.il‘fﬁff;'ff;é'ﬁg:ﬁ?jgg,
. —_—fe b2 __ 8 >
870 880 8 H jlo
“L=ln t i I-6 {i
. o aan ok rﬂ acalGar eac tar AT cac
AGT CTT CTC CTA aac Trafecs cas CAT
_ SerclucluAspLeuAsnelyMaAlag::gg::g::gg:?;
—=A8__a__a__TRANSLATION OF H22 (225)_a_a__ o >
, %%
M'!‘TCT AGA
ACTAAGA TCT

FIGURE 39C



Ala Pro Ay Lys Gy Leu
ggr Asp Asn Tyr Wt '5I'¥r Tre Vel Arg @ 60 15 Glﬁ T?lp Val Ala Thr Ile Ser

70
/ Ser Tyr Thr Tyr Tyr Pro 65
ey 0¥ Gy e T g Y Ser Rapgs GV NG PNC Tgskosi A0
9 5
Asp Asn Ser WRI6/Q%¢ Gu Asp Thr Gy Val
Met Asp Ser Leu Arg Pro u p
glgg-ozo Thr Leu Pr1185Leu GI n p 110 Tyr Phe Cys Ala Arg Gy
Tyr 25 115
1‘32/6 Tyr Arg Tyr Gu (13!235/ Al a I\/EEI_tQSpG nyln dy Thr Ppo=Va) Thr Val Serligr
1
Ay Ay Ser 130 =7 SEC Iba:
:?Oy Gny ny &ywenam:l.@yﬂ@y Gy Gy Ser Asp |l ®=€n Le%lgg\'b @n Ser
L4 Ao SeSval €y p Acg VB The 1198 Thr, %
Pro Ser Ser Leu Ser Ala Ser*Va * b Ser
S rESESIEIomamea o
n S Cys Ile Ile Leu a a 7!
\1/2!5 dieu Tyr Ser Ser ?38 ——{ACTRAYELAFICR, OF m;mﬁhns&mugm mﬂﬁys Al a
Sl 10 '
Pro Lys Leu Leu Ile 40. sge;]:w ‘ 90 yzr Vi 80 . 3? , 100
205 ACC GGT GTC €AC TCC|GAT ATC CAR CTG GTG GAG AGC GET GeA GGT GTT
: TGG CCA CAG GTG AGGICTA TAG GIT GAC CAC CIC TCG CCA CCT CCA CAA
Thr Gly Val Ris Serf{as Gln Leu Val Glu Ser Gly Gly Gly val>
——B_a_TRANSLATI /MFE-23 SC-BSAB (321) Al_a__a >

110 Gis,¥al.

130 140
- - * » - * ®
GTGCAACCTGGCCGG'I‘CCCNOGCC‘I’GTCCTGCTCCTCGTCTGGCTTC
CACG'ITGGACCGGCCAGGGACGCG&\CAGGACGAGGAGCAG&CCGMG
Val Gln Pro Gly Arg Ser Leu Arg Leu Ser Cys Ser Ser Ser Cly Phe>
~—~A___8_TRANSLATION OF H22/MFE-23 SC-BSAB (321} [A]——!_B_>

150 160 170 180 150
* . . - - » * » * *

ATTWCAGTGACMTTACAMTATTGGG’NAGACAGGCA CCT GGA AAA
TMMG'I‘CACTGTTAA‘I‘GTACATAACC CAC TCT GTC CGT GGA CCT PIT
Ile Phe Ser Asp asn Ty Mot Tvr Trp Val Arg Gln Ala Pro Gly Lys>
e—?B..__A_TRANSLATION OF H22/MFE-23 SC-BSAB (321) (Al _a__a_ >
200 210 " 220 230 240
] * [ ] [ 3 - * » * i
GGTCTTGAG?GGGTTGCAACCATA‘AGTGATGGTGGTMTACACCTAC
CCA'GMCTCMCCAACGTTGGTMMCTAOCACCAMATGMA!G
Gly Leu Glu Trp Val Ala Thr Ile Ser Asp Cly Gly Ser Tyr Thr Tyr>
—t__a_TRANSLATION OF H22/MFE-23 SC=-BSAB (321) mJ_a____u
250 . 260 270 280 290
® - - ] * L ] »* * -* *
TA’J.‘CCAGACAGTG‘I.’GAABMAAGAMACAATA'ICGAGAGACAACAGC
ATAGGTCTGTCACAC'H‘CCCTTCTAMTGTTATAGCTCTCTGTTGTCG
Tyr Pro Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser>
—f.__ 8 TRANSLATION OF H22/MFE-23 SC-BSAB {321) [M—_.A.__ﬂw_...?

300 310 320 330 340

- * * - * ® - [ L ] ®
mmmmmmmammmmmcccmmz\cc
mmmrmmmmr&mmmmmmwmm
:arsmmmurhemusmmups”nmmmmuaspm
B A_TRANSLATION OF H22/MFE-23 SC-DSAB (321) [A)_a__=a__>

350 360 370 380
- - - [ *® * & ]
mmmwmmmmmmmrmrmmmmm
coccmmmmmmcccmcnmmammcccmm
e.tymmmecysuamexymmmmMumyuaue»
~Hf._a_TRANSLATION OF H22/MFE~-23 SC-BSAB (321) Al »__a_ >
390 400 410 420 Wzv 430

L] e s - * - - !/H";ca - L"’E""
mmmmmmmcwma&mmm GGT GGC
. mammmmmmmmmmmm CCA cce

FIGURE 40A



Tyr Trp Ala Ser Thr
210

Phe Thr Phe Thr Ile
235

Leu Ser Ser WPS6/4478°
255 50 Phe Gy
260

Lys Leu G n d@n Ser
280

Ala Ser Ay Phe Asn
WO 96/ 40789 .

Arg Gu Ser Gy Val Pro Ser Ary Phe Ser. Ay

215 , 220 45 Ser Ay Ser Ay Thr Asp
Ser Ser Leu G n Pro 22&; e T _ Zﬁn Tyr
240 GQu Asp Ile Ala Thr Tyr Tyr fasusdehe

P 45405 250 -

G@n dy Thr Lys Val Qu Ile Lye Ser Ser Cys Ser Ser Ay

265 y. 270 .y Ay Ay Ser Asp lle

Ay Ala Qu Leu Val 55 - 275

28)5/ Arg Ser Ay Th Val Lys LeU Ser & 2Thr
290 WM anleer 300

Asp Tyr Trp Oly Gln Gly Thr Pro Val Thr Val Ser Se 361,, BizE/ US96/ 09988

—-__a TRANSLATION OF H22/MFE-23 SC-BSAB {321) [Al___o_ & >

440 450 460 ’Wo 480 i

- * . * » '.L"‘ pes Hz‘i.v&-
GEC TCC GGA GGT GGA GGC AGC GGA GGB GGC GGA TCC ATC CAG CTG
mmmwmmmmc&mcmmm?&smm

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Serlasp Ile Gin Leu>
—~___a_TRANSLATION OF H22/MFE-23 SC-BSAB (321 Ala _a__>

490 500 510 520 " s30
L ] ] [ ] &> - * - * - »
mmmmmmmmcccmccmsmmmmsm
mmmmmmmmmmmcmmmmm
Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr>
——P.__»_TRANSLATION OF H22/MFE-23 SC-BSAB (321) [A)__a_ @& >
540 550 560 570 580
» » L ] L 3 * * - L] - *
ATCACCTGTAAGTCCMTCRAAGPGWWATACAGTTCAMTCAGMG
TAGNGACATMMGMGMTCACAAMTATGTCAAGTTTAGTCMC
Ile Thr Cys Lys Ser Sexr Glm Ser Val Leu Tyxr Ser Ser Asn Gln Lys>

——f__8_TRANSLATION OF
580
-

8

/MFE-23 SC-BSAB (321) [Al__a__a__»
610 620
* ®

[
[~ ]
* 0

L J - » * ®

'mmcmeccmmcmcmmcmmncmcmnsm
WGA!GAACOGGACCATGGTCGTCTECGGTCCAMCCGAGGTHCGAC
Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro lLys Leu>
a8 _TRANSLATION OF H22/MFE-23 SC-RBSAR {321) Rl a__a __>
630 840 €50 660 670
* L ] -* - * [ ] * * * »

CTG ATC TAC"I'GGGCL'DCCAC!‘-AGGGAAMGGTGTGCCAMCAGATR:
GACTAGATGACCCGTAGGNA'TCCCMAGACCACACGGTTOGRTMG
Leu Ile Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val Pro Ser Arg Phe>
——Bed_ TRANSLATION OF H22/MFE-23 SC-BSAB {321) Rl _»a_8___ >

680 690 700 710
* * -* L ]
AGC GGT AGC GGT AGC GAT ACC
TCG CCA TCG CCA TCG CCA TGG ce
Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Sexr Ser Leu>
~—A__A_TRANSLATION OF H22/MFE-23 SC-BSAB {321) [Al__pa__a >
7

720
*

730 40 50 760 770
[ 2 * * * * ® * L * -
CAGCCAGAGGMA‘!CGCCACCTM!‘ACNCCATCA&TACCTCMNG
mmcrccmrmmmamzm:memmammmmc
GmmmumtlemmmmcysnisahMMSuSm

~—~A__A_TRANSLATION OF H22/MFE-23 SC-BSAB (321) [Al__a_ _a_ >
780 790 800 “3" 810 (- Ker820
[ ] ‘- L] - L 4

* * - [ ]

ACC AAG GTG GAA ATC AGC TGC TCC

TG3 TTC CAC CTT TAG TTT TCG ACG AGC
Gly Gln Gly Thr Lys Val Glu Ile Lys {Ser Ser Cys Sexr>

=P > _TRANSLATION OF B22/MFE-23 SC-BSAB (321) [Al__a__a >

830 Laller a0 MEE-%%o 860
., * M sV = .. P »
mme&cmmmeﬁmmmsmmmmmw



- 58 -

Ay
Leu
325
Lys
345
Ser
365
370
Thr
395
du
415
420
Ser
440

305
AQu Trplle Ay

330 ' 5 Ala Pro Em?&ﬁw&” Gy
Ala Thr PN@%M8hr Asp Thr Ser Ser 6785 348

350 10 Asn Thr Ala Tyr Leu A n Leu Ser Ser Leu Thr
G u Asp Thr Ala 355 360

Val Tyr Tyr s Asn Gu @y Thr Pro Thr Gy Tyr Tyr Phe Asp
d y375q, 380 15" rp Gy Gn?c,alg%

Thr Val Thr Val Ser Ser Gumiery G\, BFE-23 -ViB85

HGOCCT CC6 COCSeA ¢ 6 gacGiry oBemernCbae dobyerdd Y Gy Ser
Asn Val Leu Thr 28%,5% G o1y Slv Ser M55 Lo Sin G1n sex aly Mle 510
) Gn Ser Pro Ala ITe Met Ser er Bro &y Blotys"w Thr 1le

2, (Gln 890730, 282 Thr CJ8 Ser Ala Ser Ser
Val - Ser Tyr Met Hemr éispedhen émoéhd orc anc ™6 Tee Tee 48D6er Tor cae

Ile Lys Asp Ser Tyr

310 315

Trp Ile Asp Pro Gu Asn Ay Asp Thr Gu Tyr 5

WTCCAGTCCC!’GGMCAGMCMCAGGMMCGAWCCG
Leu™Val Arg Ser Gly Thr Ser Val lys Leu Ser Cys Thr Ala Ser Gly>
A___A_TRANSLATION OF H22/MFE-23 SC-BSAB (321) {Al__a__a_ >

920 930 950 960

* * * - - * L 4 *
MCMCATTAMGAC!OCTATATGCACTGGMLGGCAGGGGCCTGM
AAG TTG TAA TTT CTG AGG ATA TAC GTG ACC AAC TCC GTC CCC &GA C17
Phe Asn Ile Lys Asp Ser Tyr Met His Trp Len Arg Gln Gly Pro Glu>
B8 _TRANSLATION OF H22/MFE-23 SC~BSAB (321) Ao a___>

970 980 990 1000 1010
* » L ] * L ] * o> -

CAGGGCCTGGAGNGAHGGAMAWGATCCTGAGMTGGTGATACT
G'I'CGCGGACC!‘CACCTMCCTACCTMCTAGGACTCTTACCACTATGA
Gln Gly Leu Glu Trp Ile Gly Trp Ile Asp Pro Glu Asn Gly Asp Thr>

Aa___a TRANSLATION OF H22/MFE-23 SC-BSAB (321) [A)_a__a__ >

1020 1030 1040
» * *

940
*

* -

1050 1060
* ) ® - - .
GM!‘ATGCCCCGMG'H‘CCAGGGCM\GGCCACTTTTMACAGACACA
CWATACGGGGCMCAAGGTCCCGTMCGGTGAAM!'GANTCTGM
Glnmnamm.mslnelymshlamrhemmnp'rhp
—2___ A _TRANSLATION OF H22/MFE-23 S$C-BSAB (321) [A)e_ 8 __a__ >

2070 1080 - 1090 1100
- » * * ) 4 L ] * l .
RCTCCMCACAGCCTACCTGCAGC'IGAGCAGCC‘!GACAMGAGGAC
AGGAGGMGMCGGAMGACG&&\CTCGRGGACTGTAGACTCCTG
Ser Ser Asn Thr Ala Tyr Leu Gln Leu Ser Ser Leu Thy Ser Glu Asp>
~——8__a_TRANSLATION OF H22/MFE-23 SC-BSAB (321) [A)___a__a_ >

1110 . 1120
* -

1130 1140 1150
- w *

* * _t *
ACT GCC GTC TATTATNTMTGAGGGGAC‘I’CCGWGGGCCGTAC TAC
NACGGCAGATAATAACATTACTCCCCTGAGGC'I'GACCCGGCA'!GAN
Thr Ala Val Tyr Tvr Cys Asn Glu Gly Thr Pro Thr Gly Pro Tyr Tyr>
-t __a_ TRANSLATION OF H22/MFE-23 SC-BSAR (321) @A) _a__a__ »
-1160 2170 1180 1190 -4 1200
* ™ - - * * - ';‘)gso 4,,\_:4(&(
MGACTACNGGGCCAAGGGMCMGGTCMCGTCTCCTCA GGA
mcmnmacccccmcccmmmmmmmmccr
Fhe Asp Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser SBer [Gly Gly»>
—B__2 TRANSLATION OF H22/MFE-23 SC-BSAR {321) [a}

1210 1230 2240 1250
- » * . -

«Lsy - ” Xy
GGC GGT TCA GGC GGA GGT GGC TCT GGC GAT GGC GGA Gaﬁn'rmw—
cceccamcccmccammccsmccsccrmmrmm
Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser|Glu Asn Val>
—f___& TRANSLATION OF H22/MFE~23 SC-BSAB.{321) [Aa

12290
*

FIGURE 40C

Met Hs Trp Leu Arg Gn Ay Pro Gu Gn

320



Lys Pro Gy Thr Ser Pro Lys Leu Trp Ile Tyr Ser Thr Ser Asn Leu

450 455 460 30 Ala Ser Gy va|47(F)>r0 Aa
dy Thr Ser 465
/rg Phe Ser Gy Ser GyOSer yT r Ser Leg r lle Ser Arg pBinySdsiostita G U
475 0 9g/40789 48 y 2 490
Asp Ala Al a Twr yr 35 Arg Ser Ser Tyr Pro Leu Thr Phe Ay Ala Ay Thr
4gg Tyr Qs d EOS nae 510 40 L) Leu Qu Leu Lys Arg
50 5
Ser
?28 Ala Gy Ser ger G532/5Gy GlyA?pylie Ala Ala A A n Lys Leu Ile528r
535 :
u Ann 530 . .
15 ' GY Aa e HE MO e s e ol g e 550
REPLACED Leu Thr Gln Ser Pro Ala Ile Net Ser Ala Ser Pro Gly Glu Lys Vals
: ~—8___2_TRANSLATION OF H22/MFE-23 SC-BSAB (321) (a)_a__a_ >
1310 1320 1330 1340
» * L ] ® * *

muammmmmmmmammammmm
mw&wmmmmmammurmmvmmmcm
Thr Ile Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met Kis Trp Phe>
—~-—A_TRANSLATION OF H22/MFE-23 SC-BSAB (321) Al_a__a__>

~—P— o _TRANSLATION OF H22/MFE-23 SC-BSAB (321) (A) _a__a__ >
1450 1460 1470 1480
L] - L ] * - -

1510 1520 1530 1540
- - * L ) » * L d - L

acrmrmcwsccmmmmmmcccammmmm
MA’I'AATGAOGGTCGTTTCCTCAMATGGGTGAGTGCMGCCACGA
Thr Tyr Tyr Cys Gln Gln Arg Ser Ser Tyr Pre Leu Thr Phe Gly Ala>
B8 _TRANSLATION OF H22/MFE-23 SC-BSAB {321) lhl--..a._a_._>

1550 1560 RFE‘E}sn Li¥eirseo
* - . - * - - .
GGC ACC AAG CTG GAG CTG ARA CGG GCG Cale6C TCG AGC GGA GGe Geo
mmncmcmccacmccccscccmccsmcmccrcccccc

Gly Thr Lys Leu Glu Leu Lys Arg Ala alalGly Ser Sexr Gly Gly Gly>
—Be8_TRANSLATION OF H22/MFE-23 SC-B (322) Al_a__a__ >

1590 1600  LiuRer 1610  Celmya620 1630
E 4 » L ] * é !-? L ] AQA L 3 * L J *
GGT AGC GAT ATC GCG Gee clalean’ oag CTC ATC TCA GAA GAG GAT
mmwxwmmc&emmmmmr&ca&rmmm
Gly Sex Asp Ile aAla Ala AlajGlu Cln Lys Leu Ile Sexr Glu Glu Asp>
——B—_8_TRANSLATION OF H22JMFE-23 SC-BSAB (321) A)_a__a >

1640 1650 1660 2670
C"‘n-i‘n * ™ .H'g_‘a .‘.‘;l - pe -

CWMTGGCGUCGCA&CACQATWWCATTGAMM
Gncmccccccccremmmemmnmacrmm
Leu AsnlGly Ala Alaf{Eis His His His His His>

TION OF H22/MPE-23 SC-BSAB Q>

1800
*

FIGURE 40D



W daim ' 1. Anultispecific nolecule conpri si,ngsgncnosalm‘q
antiyFcsreceptor (FCR) portion, an anti-target portion, and an RTMP .
anti - enhancenment factor portion (anti-EF portion). ' i
mul ti specific noliecul e of claiml1, wherein at |east one of the s

: |
receptor portiong anti-ta L on, F port Rgi
hunani zed. P&T w&%% TL{I&RGA% ecu e of clar
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(57) Abstract

Multispecific multivalent molecules which are specific to an Fc receptor (FcR), and therapentic uses and methods for making the
molecuks are described.




K
7. The mul ti speci fic nol ecule -of—clalm B —waerern the Fcy receptor is a Fcy
R rd& tHasBeenR laced 8. | THIS SHEET HASABEENC] nol ecul e of cl aim 4, '
wher ei s a cancer ¢ell. REPLACED 9. The nultispecific
nok ecJl wher ei n t he—target—Tsam TTrecti‘ous agent . vee
10. The rrultlspe | c nol ecul e of clai 054, wherein-the targets |s an .ttt
ant i body- produci ng cell. 11. The multi Sp-eCIaf-aI c,m)l eoul e *of
claim8, wherein the target is a breast or ovarian cancer scél’ls.’ ss” »

We Claim:

1. A multispecific molecule comprising an anti-Fc receptor (FcR) portion,
an anti-target portion, and an anti-enhancement factor portion (anti-EF portion).

- 2. The multispecific molecule of claim 1, wherein at least one of the anti-
Fc receptor portion, the anti-target portion, or the anti-EF portion is humanized.

3. The multispecific molecule of claim 2, wherein the anti-Fc receptor

portion is an antibody fragment.

4. The multispecific molecule of claim 2, wherein the anti-target portion
is an antibody fragment or a ligand.

5. The multispecific mql_ecule of claim 2, wherein the anti-Fc receptor
portion binds to an Fc receptor on an effector cell at a site which is not bound by
endogenous immunoglobulin.

6. The multispeciﬁc molecule of claim 2, wherein the anti-Fc receptor

portion binds to an Fcy receptor.

7. The multispecific molecule of claim 6, wherein the Fcy receptor is a

Fcy Rl receptor.

8. The multispecific molecule of claim 4, wherein the target is a cancer

cell_.

9. The muitispecific molecule of claim 4, wherein the target is an

infectious agent.

10. The multispecific molecule of claim 4, wherein the target is an

-antibody-producing cell.

il. The multispecific molecule of claim 8, wherein the target is a breast or

ovarian cancer c'e_ll.
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12. The_nultispecific molecule of _claim1l, wherein the target is a HER

2/ neu e iHasBece Replaced ' THIS SHEEBHATBEENY! ti specific nolecule of

claim1l, " M{hrt i -target|port igypu\eﬂjrom gn anti-Her-2/ neu anti body
. ——1d—TFhe.

or -a fra ul tispecific nolecul e of
claim 13, wherein the anti-Her-2/neu antggpody or .fragment.thereof is>¥TyoM;

nonocl onal anti body 520C9 or a fragnent :thereof. ™ N T 5 T I
mul tispecific nolecule of claim4, wherein the ligand is epi‘derral growh
factor. 16. The multispecific nolecule of claiml1, wherein

at | east one of the anti-Fc receptor portion, the anti-target portion, or
the anti-EF portion i3 dbssmuliitpeeidficuaslaeple ebeain hhrwhempin thetarget iflieHER-

17. The nubtks@sreédisg A, ecul e of claim 1, wherein the anti-target portion
bi nds to a nonocl onal ™ anti body. 18. The multispecific

nol ecul e of claim1l1l, wherein the anti-target portion ‘binds to a carcinona.
19. The nul ti speci fi ¢3The enultispeéific/ntdleaule ofidiginel nwlidieinahé anti-airgpofivht i on

is from an anti-Her-2/neu antibody or a fragment thereof.

. 14. The multispecific molecule of claim 13, wherein the anti-Her-2/neu
antibody or fragment thereof is from monoclonal antibody 520C9 or a fragment't}_lereof.

15. The multispecific molecule of claim 4, wherein the ligand is
epidermal growth factor.

16. The multispecific molecule of claim 1, wherein at least one of the
anti-Fc receptor portion, the anti-target portion, or the anti-EF portion is constructed
using recombinant DNA techniques. '

17. The multispecific molecule of claim 1, wherein the anti-target portion
binds to a monoclonal antibody.

18. The multispecific molecule of claim 1, wherein the anti-target portion
binds to a carcinoma. '

19. The multispecific molecule of claim 1, wherein the anti-target portion
binds to a sarcoma.

20. The multispecific molecule of claim 1, wherein the anti-target portion
binds to a pathogen.

21. The multispecific molecule of claim 1, wherein the anti-target portion
binds to an FcR at an epitope different and distinct from the anti-Fc portion.

22. The multispecific molecule of claim 1, wherein the anti-target portion
binds to a soluble protein/peptide. '

AMENDED SHE:



20. The nul tispecific nol ecule of claim

bi nds 9. Ged
1, “wher get portlcnn.ps gen. 21.
The mJI m ﬁﬁagsul e of cl al m 1 EEI'CHA%nB anti-target portion

bi nds t epi t ope dif tingt fromthe anti-Fg . . .
portlon 22. The nul ti.gpeci fic-nol ecul e of s0laimly 2 s
wherein the anti-target portion binds te a sol ubIe pr ot ei n/peptlde A
-61- ' 23. ‘The mul tispecific nmol ecul e of clai m-t, wherein

response, - o PortannTRE Bfidgpeific BIGHN & SARPE fhedtin SR Sbl g pfftoh T Ne
wher ei n t Hendsoja replegglecapable gfgeélﬁ@@pganﬂmmmmpgmup consi sting of an
anti body, an antibody fragment, and a |igand. 25. The

mul tispecific mol ecuif ’Plfxe %uﬁmpemﬁc mo?ercﬁle ot1 claim wherem OeraJEntl-EF portion is

selected from the group consisting of an antibody, an antibody fragment, and a ligand.

25. The multispecific molecule of claim 1, wherein the anti-Fc portion
binds specifically to an Fc receptor. '

26. The multispecific molecule of claim 1, wherein the anti-EF portion
birids specifically to a T cell surface antigen.

27. The multispeciﬁc molecule of claim 1, wherein the anti-EF portion
binds to CD3.

28. The multispecific molecule of claim 25, wherein the anti-EF portion
binds to an FcR at an epitope different and distinct from the anti-Fc¢ portion.

| 29. The multispecific molecule of claim 1, wherein the anti-EF portion
binds to a target cell.

30. The mulﬁspeciﬁc molecule of claim 21, wherein the anti-EF portion
binds to an FcR at an epitope different and distinct from the anti-target portion.

31. The multispecific molecule of claim 1, wherein the anti-EF portion
binds specifically to a myeloid-associated cytotoxic trigger molecule.

32. A multispecific molecule comprising a portion that binds specifically
to FcyR1, a portion that binds specifically to a site on a target antigen, and a portion that
binds specifically to a second different site on said target antigen.

33. A method of treating a cancer comprising administration of a
therapeutically effective amount of a multispecific molecule of claim 1.
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b|n 3 eC|f|caIIy to an Fc receptor 26. The multispecific

ol erﬁ I%ﬂ e lhc,ed\l\/nel’el n t heTHIS SHEET HAStBEEN i nds specifically to a T

cell R@T_ACWG mul fispecifi c nol ecul e of

cl ai e anti - EF por=-en—mds—t0 CO3. 28. The
mul tispecific rml ecul e of claim25, wher®@n the anti-EF portwl on bi n@ls té"?a:n
FCR at an epitope different and distinct. fromthe anti-Fc. port|0n= saroa
29. The multispecific nolecule of claim1, wherein the anti-EF portien
binds to a target ceB#. Amethodoftreatmganaﬂﬁmmﬂnmerm&dassqmnpﬁsmg mol ecul e of
claim 21, ;

differ ent an fi 3P§§8§Q ro uﬁ&ﬂé) tl F{é{%‘é &g@?t@ nﬁﬁﬁs&%lfﬁ%g&&lgg?dm%l

The mul tispe CIfIC mol ecul e of claim1, wherein the anti-EF portion binds

specifically to a byeI0|d associ ated cytotoxic trigger nolecule.

32. Anultispecific cul risin ortion that bhinds specjfically
to FcyRl, a portion Sga?‘ ‘ﬁﬂé gB' @aﬁlgwpg ugwanieg pg anrtSangmnSm i gen,
and a por t adminishatiodbfithesqpeatiddllyadfteytivoanonr ofadmiiiffeetRnholtile opBlafial d
target anttgen 33. A nethod of treating a cancer conprising
adm ni stration of a therapeut| cally effective amount of a nultispecific

nol ecul e of claiml1.
36. A method of triggering at least one Fc-receptor mediated effector cell

function comprising contacting an effector cell expressing an Fc receptor with a
multispecific molecule of claim 1.

37. Use of the composition of claim 1 in the manufacture of a medicament
for triggering at least one Fc-receptor mediated effector cell function.

38. Use of the composition of claim 1 in the manufacture of a medicament -
for treating a cancer in a subject.

39. Use of the composition of claim 1 in the manufacture of a medicament
for treating an autoimmune disease in a subject.

40. Use of the composition of claim 1 in the manufacture of a medicament
for removing unwanted pathogens in a subject.

41. A bispecific molecule comprising a humamzed ant1-F ¢ receptor
portion and an anti-Her-2/neu antibody.

: 42'. The bispéciﬁc molecule of claim 41, wherein the anti-i-ler-2/neu
antibody comprises monoclonal antibody 520C9 or a fragment thereof.

43. The bispecific molecule of claim 41, wherein the humanized anti-Fc
receptor portion binds specifically to an Fc receptor.

44. The bispecific molecule of claim 41, wherein the humanized anti-F¢
receptor portion comprises humanized monoclonal antibody 22 or a fragment thereof.
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- ~34. A nethod of treating an autoi mmune di sease

- 62- Th; _

colfr}[or'lsSh 'hép&&elrdati](c)n Ff' ng%ﬁmlﬁm f,;gctkve ?Hogntfoz a N
mul ti ul e of clai _ ACED. . . . A nethod o reating
or re . d pat hogens - tration of, a,, s vy

t herapeutically effective anount of a méBt-i specific nolecul ¢ Jaf, claj m1. ,*
36. A nethod of triggering at |east one Fc-receptor nedi ateq ;effettor cell
function conprising contacting an effector cell expressing an'Fc receptor
with a multispecific4sroAasisdeeifieimélbailétdmprising a humanized monodlénal'dafb&dy t he

conpositiaon of claim11l in the manyfactyre of a nedic t _for triggering at
| east one erae@%%‘?%’rt ﬁ%?é%‘?fla?*&ha‘b?#aﬁ%%s‘ém"nf’ﬁ}ﬂegia&ﬁgggy 5309 od'a 38.
Use of t hefragmmgmbtheréodn of claim 1l in the manufacture of a nedicanent for
treating a cancer in a subject. '

46. The bispecific molecule of claim 45, wherein at least one portion of
said bispecific molecule is constructed using recombinant DNA techniques.

47. A bispecific molecule comprising a humanized anti-Fc receptor
portion and a ligand.

48. The bispecific molecule of claim 47, wherein the ligand is selected
from the group consisting of epidermal growth factor (EGF), heregulin and bombesin.

49. The bispecific molecule of claim 48, wherein the humanized anti-Fc
receptor portion comprises humanized monoclonal antibody 22 or a fragment thereof.

50. A bispecific molecule comprising a humanized monoclonal antibody
22 or a fragment thereof, and human EGF.

51. A bispecific molecule comprising a humanized monoclonal antibody
22 or a fragment thereof, and bombesin.

52. A bispecific molecule comprising a humanized monoclonal antibody
22 or a fragment thereof, and heregulin. '

53. A bispeciﬁc molecule comprising a humanized anti-Fc receptor
portion, and a humanized anti-EGF receptor antibody.

54. A bispecific molecule comprising a humanized monoclonal antibody
22 or a fragment thereof, and a humanized anti-EGF receptor antibody H425 or a |
fragment thereof.

55. A fusion protein comprising a humanized anti-Fc receptor portion and

an antigen.
I —
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39Th LS he corrp05|t|on of claiml1 in the manufacture of a nedi canent
for | mune di SeRYRIY BHEET HAS BEEN ~ 40. Use of
the I aimlinth '"HE‘P%S@\CEDG of medi canment for renoving
| n a subject . 1. A bispecific nolecule
corrprl sing a humanl zed anti-Fc receptor Odort ion and an anti-Her- 2/ neu : ’
anti body. 42. The bispecific nolecule of claim4l, wherein

the anti-Her-2/neu antibody conprises nonocl onal anti body 520C9 or a
fragment thereof. 56. The fusion prote#tBof cldim $5, mmllﬁﬂrehuManzddanuiFocl aima4al,

wher ei n t he EBHAsHisHRih 228 RioiboiBfll tahﬂﬂo ﬁt“:ﬂ‘é £t0 an Fc
Zl . a[il ecu

receptor. speC| wher ei n
t he humani zed anti-Fc receptor portion conprlses hunanlzed nDnocIonaI

anti-body 22 or a fragnerke iRRGRbtein of claim 55, wherein the antigen is a peptide
containing at least one epitope from wild type or mutant tetanus toxin.

58. A bispecific molecule comprising a humanized anti-Fc receptor
portion and an anti-carcinoembryonic antigen (anti-CEA) antibody.

59. The bispecific molecule of claim 58, wherein the humanizea anti-Fc
receptor portion is humanized monoclonal antibody 22 or a fragment thereof.

60. The bispecific molecule of claim 58, wherein the anti-CEA antibody
is the MFE-23 single chain antibody.

61. The bispecific molecule of claim 58 comprising an amino acid as
shown in SEQ ID NO: 16.

62. The bispecific molecule of claim 58 encoded by a nucleic acid
comprising a nucleotide sequence as shown in SEQ ID NO: 15.

63. The bispeciﬁc molecule of claim 58, which is a single chain antibody.
64. A multispecific molecule comprising an anti-Fc RI antibody or a
fragment thereof, an anti-Her2/neu antibody or a fragment thereof, and an anti-EGF

receptor antibody or a fragment thereof.

65. The multispecific molecule of claim 64, wherein the anti-Fc RI
antibody is monoclonal antibody 22 or a fragment thereof.

66. The multispecific molecule of claim 64, wherein the anti-Her2/neu
antibody is a monoclonal antibody 520C9 or a fragment thereof.

67. The multispecific molecule of claim 64, wherein the anti-EGF
receptor antibody is humanized anti-EGF receptor antibody H425 or a fragment thereof.
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-63 - . 45. A bispecific nolecule conprising a hBERLACEMENT SHEET
m)ngcl afial__anti body 22 or a fragnment thereof, and an anti-Her-2/neu

mondcl onal anti body 520C9 or a fragment t her eof : REPL § MEN‘?SIIEET
e R 5 50 ™ (R

47. A bispecffit nbl dcul*e conprising a Hdnani zed anti-Fc rle ept1015-§3r199%n

and a |i dgand. 48. The bispecific nolecul e lclaimay
wherein the | gg d is selected fromthe group consisting epi der mal
growth factor' . heregulin and bonbesi n. 49——Hae

bi specific nmolecul e of claima48, wherein the humani zed anti-Fc receptor

portion conprijseg b{}P@aﬂb #RAe AR QR R R @1515&1&9%&201% @ ah'RGE®ptor hher eof .

50. A bispecific nolecule rising manl ze onal anti body 22 or
a fragrreﬁtpoftl”Fé’r\é‘B‘F biyis tﬂﬁ;ﬁ-&?@@:wherem at leastone o g@%méin%pg B Bi ¢ )rlml ecul e
conpri si mgmanixedrni zed nonocl onal anti body 22 or a fragnent thereof, and
bonbesi n. 52. A bispecific nolecule conprising a humani zed
nonocl onal ant| body 22 or a fragment thereof, and heregulin.

. The bispecific molecule of claim 1, wherein the portion which binds to the Fc

receptor binds at a site which is not bound by an endogenous immunoglobulin.

3. The bispecific molecule of claim 2, wherein the portion which binds to the Fc
receptor comprises an anti-FcyRI antibody or a fragment thereof.

4. The bispecific molecule of claim 1, wherein the portion which binds to the Fc
receptor comprises a humanized antibody H22 produced by the cell line having ATCC
accession number CRL 1117 or a fragment thereof.

5. The bispecific molecule of claim 1, wherein the portion which binds to Her-
2/neu comprises a monoclonal antibody 520C9 produced by the hybridoma having ATCC
Accession Number HB 8696 or a fragment thereof.

6. A bispecific molecule comprising a humanized antibody H22 produced by the
cell line having ATCC accession number CRL 1117 or a fragment thereof, and an anti-
Her-2/neu monoclonal antibody 520C9 produced by the hybridoma having ATCC
Accession Number HB 8696 or a fragment thereof.

7. A bispecific molecule comprising a portion which binds to an Fc receptor and
a ligand which is selected from the group consisting of epidermal growth factor (EGF),
heregulin and bombesin, wherein said binding portion is humanized.

8. The bispecific molecule of claim 7, wherein the portion which binds to the Fc
- receptor comprises a humanized antibody H22 produced by the cell line having ATCC
accession number CRL 1117 or a fragment thereof.



53. A bispecific nmolecul e conprising a humani zed anti - Fc receﬁmwrowEﬂ

and_a humﬁﬂlﬁ '"]nm"lfceptor ant i pody. 54. A bispecifi-c
mol Ecul e I¢X ; l_i ni zed nmonoclonal antibody 22 or a fragnent
t hereof,, and a hun@ni Zed anti-EGF receptor antibody HA25 or a fragment

t her eof . ) .. 55. A fusion protein c ri.syng a_.hunanj zed, anti - Fc
recept or port 9o Bispecific chtig:rﬁompr{;m% a portion wg% bmds tg an Fegeceptopand | oi on
prot ei n afpottich Wwhigh bindses an EGHecdpumivheeth andast b ofiseiephding portiohois i s
from hurr?lni zedermnocl onal antibody 22 or a fragnment thereof.

57. The PUEPBKSrotein of claim 55 wherein the antigen is a peptide
containing at | east one epitope fromw ld type or nutant tetanus toxin.

58. A bi speci fiioC THRIbRGHUL FicGTREIS baifh UPRABEE SHiba BhichafRRLGhY i o
and an anti-car biﬁrﬁge%r yloﬁi C a‘“nt‘l', enaﬁ‘aﬁ% aﬁﬁlb%dy? )
receptor comprises a humanized antibody H22 produced by the cell line having ATCC
accession number CRL 1117 or a fragment thereof, and the portion which binds to the

EGF receptor comprises a humanized antibody H425 or a fragment thereof.

11. A fusion protein comprising an antigen linked to a portion which binds to an
Fc receptor, wherein said binding portion is humanized.

12. The fusion brotein of claim 11, wherein said binding portion comprises a
humanized antibody H22 produced by the cell line having ATCC accession number CRL
1117 or a fragment thereof.

13. The fusion protein of claim 11, wherein the antigen is selected from the group
consisting of a viral, a bacterial, a parasitic, and a tumor cell antigen.

14. The fusion protein of claim 11, wherein the antigen is a peptide containing at
least one epitope from wild type or mutant tetanus toxin.

15. The fusion protein of claim 11, wherein the antigen comprises an HIV surface
antigen or a Hepatitis virus surface antigen.

16. The fusion protein of claim 11, wherein the antigen comprises the Her-2/neu
proto-oncogene. T

17. The fusion protein of claim 11, which is a recombinant molecule.
18. A bispecific molecule comprising a portion which binds to an Fc receptor and

a portion which binds to carcinoembryonic antigen (CEA), wherein at least one of said
portions is humanized.

REPLACEMENT SHEET

11FEB 1998




59. The bi if | ecul e of claim58, wherein the hunani zeBERIAGE
recﬂwaﬂng N‘jﬁﬂﬂﬁum&ni zed nonocl onal -emt i body 22 or a fragnent t gregglEé.ET
60. c «nol ecul e of claim58, wherein the anti-CEA antibody is

t he MFE-23 single chain antibody. 61. The bispecific

nol ecul e of cl & . PRI siing,an: an no, agid.. S  16.
62. The bi specl?f mh%%ﬁ%gg@fﬁ O(%‘f(%(l: alcﬁi‘“ P%ﬁ‘gﬂggégﬁw%u%vﬂleﬁ?@g?%%
conpri si iy TCHPLRTIcOBIPriges Shumanized aatibediollA2 havisgA TGS poessigh number CRL
63. The hi13p@ehfiiagmant @ebe of claim58, which is a single chain antibody.
64. A nmultispecific nolecule conprising an anti-Fc Rl antibody or a
fragnment thereof, an anti-Her2/ neu anti body or a fragnent thereof, and an
anti - EGF r ece@0orTiertisgecidiy mdleduld 6BQaRN1L9, tWiekeifthe portion which binds to tfgd. The

mul ti spechd i c nol.ecul f4Cl.-al,m 64 nerein the anti-Fc Rl antibody is
nonocl on;(lr‘é‘gﬁ?‘lnlgggef azgngfz"aSI?{fl%ﬁ%%fm Neof - 66. The

mul tispecific nolecule of claim®64, wherein the anti-Her2/neu antibody is a

nonocl onal ant4:b . : : . The
Tl spoct {1 6 oy e e dholfedis SETRRL 19 Bk Giing an emipgrcidas shown 8- T0C
i s humaniERIRANO-H¥cF receptor antibody H425 or a fragment thereof.

22. The bispecific molecule of claim 19 encoded by. a nucleic acid compriéing a
nucleotide sequence as shown in SEQ ID NO: 15.

23. The bispecific molecule of claim 19, which is a single chain antibody.
24. A single chain antibody having a binding specificity for an Fc receptor (FcR).
25. The single chain antibody of claim 24, wherein the Fc receptor is an FcyRI.

26. The single chain antibody of claim 24, comprising an amino acid as shown in
SEQ ID NO: 14.

27. The single chain antibody of claim 24 encoded by a nucleic acid comprising a
nucleotide sequence as shown in SEQ ID NO: 13.

28. A multispecific molecule comprising:
a portion which binds to an Fc receptor (FcR);
a portion which binds to a target selected from the group consisting of an
antibody producing cell, a tumor cell and a pathogen; and
an anti-enhancement factor portion (anti-EF portion).

29. The multispecific molecule of claim 28, wherein the portion which binds to
the target is an antibody or a ligand.

30. The multispecific molecule of claim 29, wherein the antibody is an anti-Her-
2/neu antibody or a fragment thereof.
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31. The multispecific molecule of claim 30, wherein the anti-Her-2/neu antibody -
or fragment thereof comprises a monoclonal antibody 520C9 produced by the hybridoma
having ATCC Accession Number HB 8696 or a fragment thereof.

32. The multispecific molecule of claim 29, wherein the ligand is epidermal
growth factor.

33. The multispecific molecule of claim 28, wherein the tumor cell is selected
from the group consisting of a carcinoma cell and a sarcoma cell.

34. The multispecific molecule of claim 28, wherein the portion which binds to
the Fc receptor binds at a site which is not bound by an endogenous immunoglobulin.

35. The multispecific molecule of claim 28, wherein the portion which binds to
the Fc receptor comprises a humanized antibody H22 produced by the cell line having
ATCC accession number CRL 1117 or a fragment thereof.

36. The multispecific molecule of claim 28, wherein the target binding portion
binds to an FcR at an epitope different from the Fc receptor binding portion.

37. The multispecific molecule of claim 28, wherein the target binding portion
binds to to a soluble protein or peptide.

38. The multispecific molecule of claim 28, wherein the anti-EF portion binds to
an FcR at an epitope different from the Fc receptor binding portion.

39. The multispecific molecule of claim 28, wherein the anti-EF portion binds
specifically to a myeloid-associated cytotoxic trigger molecule.

40. A multispecific molecule comprising:
a portiont which binds to an Fc receptor;
a portion which binds to Her2/neu; and
a portion which binds to an EGF receptor.
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41. The multispecific molecule of claim 40, wherein the Fc receptor binding
portion binds to an Fcy receptor (FcyR).

£
S8

. The multispecific molecule of claim 40, wherein the Fcy receptor is Fcy RI.

43. The multispecific molecule of claim 41, wherein the portion which binds to
Her2/neu comprises a monoclonal antibody 520C9 produced by the hybridoma having
ATCC Accession Number HB 8696 or a fragment thereof.

44. The multispecific molecule of claim 40, wherein the portion which binds to

the EGF receptor comprises a humanized anti-EGF receptor antibody H425 or a fragment
thereof.

45. Use of a therapeutically effective amount of the bispecific molecule of either
of claims 1 or 5, or the multispecific molecule of either of claims 28 or 40 to treat or
prevent a cancer.

46. Use of a therapeutically effective amount of the multispecific molecule of
claim 28 to treat or prevent an autoimmune disease.

47. Use of a therapeutically .effectiv_e amount of the multispecific molecule of
claim 28 to remove unwanted pathogens.

48. Use of a therapeutically effective amount of the fusion protein of claim 11 to
enhance an immune response in a subject.

49. Use of the composition of any of claims 1, 5, 28 or 40 in the manufacture of a
medicament for treating cancer.

50. Use of the composition of claim 28 in the manufacture of a medicament for
treating an autoimmune disease in a subject.

51. Use of the composition of claim 28 in the manufacture of a medicament for
removing unwanted pathogens in a subject.

52. Use of the composition of claim 11 in the manufacture of a medicament for
stimulating an immune response.
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