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Figure 1. 
Schematic Structure of a 

Multispecific Binding Protein 
AKA "Scorpion" 
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Figure 2. 
Western Blot Of Non-Reduced SDS PAGE 

COS Supernatants, 30 ul/Well 
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Figure 3. 
Binding of Protein Expressed in COS Supernatants to 

Cells Expressing Target Antigens 

a. Binding of COS Supernatants to WIL-2S Cells 
2e 12 SMIPs vs. 2H7-IgG-2e 12 Scorpions 
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Figure 4. 

Binding of Purified Protein from COS Cells to WIL2-S: 
TRUO15 vs. 2H7-SSSIgG-STD1-2e 12 Multispecific 

256 Fusion Proteins 
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Figure 5. 
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Figure 6. 
Table lodentifying Functional Elements For Multispecific Fusion Proteins 
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Figure 6B (4/5) 
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Figure 7. 
Altering the Linker after the EFD and the orientation of V regions 
in BD2 Affects Binding Efficiency of Multispecific Fusion Proteins 
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Figure 8. 
Effect of Gly, Serlinker length on 2H7-ssslgG-HX-2e 12 HL Protein 
Increased Cleavage of Linker Region with increasing Linker Length 
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Figure 9. 
Western Blots of Multispecific Fusion Proteins With H6 Linker 

A. Absence Of SMP Or Smaller CD28 detectable forms 
B. Presence of a SMIP sized form using CD20 anti-id Fab 
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Figure 10. 

A. Binding of Multispecific Fusion Proteins With Variant 
Linkers to WIL-2S Cells 
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Figure 11. 
Summary of SEC Fractionation of 2H7-SsslgG-2e 12 HL 

Multispecific Fusion Proteins with Variant Linkers 
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Figure 12. 
Binding of 2H7-sss-hlgG-H-2e 12 HL). Fusion 

Proteins with Different Linkers to Cells Expressing 
Target Antigen for BD1 or BD2 
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Figure 13. 
Simultaneous Binding of BD1 and BD2: 

Binding of 2H7-sss-hlgG-H-2e 12 HL). Fusion Proteins with H3, H6, 
and H7 Linkers to WIL-2S Cells can be detected with 

CD28mlgG + FITC anti-mouse 
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Figure 14. 
A. Blocking of Binding of 2H7-Sss-hlgG-H7-G28-1 HL Protein 
to Ramos Cells by CD20 and/or CD37 Targeted Antibodies 
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Figure 15. 

ADCC Activity of 2H7-Sss-hlgG1-STD1-G28-1 Variants 
against BJAB Targets 

OO O O. O.O O.OO1 

Concentration (ug/ml) 
-(- G28-1HL --2H7-SSS-hlgG-STD1-G28-1HL 
-A-2H7-SSS-higG-STD1-G28-1 LH -- G28-1LH 
-N-TRUO15 

  



Patent Application Publication Jul. 9, 2009 Sheet 21 of 58 US 2009/0175867 A1 

Figure 16. 

The Percent CD3, CD19, and CD40 Positive Lymphocytes 
Present in Culture after Incubation with TRU-015, G28-1 SMIP, 

TRU-015+G28-1 SMIP, or 2H7-sss-higG1-H7-G28-1 HL 
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Figure 17. 
The Percent Annexin and/or PPOsitive B Cells in Culture after 
24 Hour Incubation with Single or Multispecific Fusion Proteins. 
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Figure 19. 

80 

60 

40 

20 

O 
OO 10 O. O.O1 OOO 

concentration (ug/ml) 
–0-2H7-SSS-higGSTD1-G19-4HL --2H7-CSC-higG-STD1-G19-4HL 
- A - G19-4 -e-G19-4+TRUO15 

-- TRUO15 --MEDIA 

B. ADCC Activity in NK Cell Depleted PBMC Effector Cultures 
Using BJABTargets (30:1, E:T) and 2H7-G19-4 Fusion Proteins 

3.4 OO 
2 O 

O 

1OO 1. OO1 OOO1 concentration (ig/ml) 
-0-2H7-SSS-higG-STD1-G19-4HL --2H7-CSC-higG-STD1-G19-4HL 
- A - G19-4 -be-G19-4TRUO15 
---TRUO15 -- Media 

  



Patent Application Publication Jul. 9, 2009 Sheet 25 of 58 US 2009/0175867 A1 

Figure 20 
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Figure 21 
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Figure 22 
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Figure 23 
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Figure 24 
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Figure 25 
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Figure 26 
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Figure 27 
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Figure 29 
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Figure 30 
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Figure 31 
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Figure 32A 
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Figure 32B 
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Figure 33 
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Figure 34 
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Figure 35 
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Figure 37 
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Figure 38 
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Fig. 39 
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Figure 40 

1 

-- Scorpion CD2OXCD28 (SO033) 

- W- Scorpion CD20xCD37 

O.1 

Time (hours) 

  



Patent Application Publication Jul. 9, 2009 Sheet 47 of 58 US 2009/0175867 A1 

Figure 41 
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Figure 42 
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Figure 43 

ADCC Mediated Killing of BJABB-cells by an anti-CD20 Scorpions 
and Low Affinity (CD16) Homozygote Effector Cells 
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Figure 44 
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Figure 45 
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Figure 46 

Activity of 20x20 Scorpion (closed) vs SMIP (open) 
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Figure 47 

Activity of 20x20 scorpion vs NHL cell lines 
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Figure 48 

Activity vs DoHH2 
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Figure 49 

SU-DHL-6 Response to Molecules 
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Figure 50 

Activity vs SU-DHL-6 
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Figure 51 

DHL6 Cells Treated With 20x37 
Scorpion 
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SINGLE-CHAIN MULTIVALENT BINDING 
PROTEINS WITH EFFECTOR FUNCTION 

0001. This application is a continuation-in-part of Inter 
national (PCT) patent Application No. PCT/US07/71052, 
filed Jun. 12, 2007, which claims the priority benefit of both 
provisional U.S. Patent Application No. 60/853.287, filed 
Oct. 10, 2006, and provisional U.S. Patent Application No. 
60/813,261, filed Jun. 12, 2006. Each of the above-identified 
patent applications is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

0002 The invention relates generally to the field of mul 
tivalent binding molecules and therapeutic applications 
thereof. 
0003. The sequence listing is being submitted as a text file 
and as a PDF file in compliance with applicable requirements 
for electronic filing. The sequence listing is incorporated 
herein by reference in its entirety. 

BACKGROUND 

0004. In a healthy mammal, the immune system protects 
the body from damage from foreign Substances and patho 
gens. In some instances though, the immune system goes 
awry, producing traumatic insult and/or disease. For example, 
B-cells can produce antibodies that recognize self-proteins 
rather than foreign proteins, leading to the production of the 
autoantibodies characteristic of autoimmune diseases such as 
lupus erythematosus, rheumatoid arthritis, and the like. In 
other instances, the typically beneficial effect of the immune 
system in combating foreign materials is counterproductive, 
Such as following organ transplantation. The power of the 
mammalian immune system, and in particular the human 
immune system, has been recognized and efforts have been 
made to control the system to avoid or ameliorate the delete 
rious consequences to health that result either from normal 
functioning of the immune system in an abnormal environ 
ment (e.g., organ transplantation) or from abnormal function 
ing of the immune system in an otherwise apparently normal 
environment (e.g., autoimmune disease progression). Addi 
tionally, efforts have been made to exploit the immune system 
to provide a number of target-specific diagnostic and thera 
peutic methodologies, relying on the capacity of antibodies to 
specifically recognize and bind antigenic targets with speci 
ficity. 
0005 One way in which the immune system protects the 
body is by production of specialized cells called B lympho 
cytes or B-cells. B-cells produce antibodies that bind to, and 
in Some cases mediate destruction of a foreign Substance or 
pathogen. In some instances though, the human immune sys 
tem, and specifically the B lymphocytes of the human 
immune system, go awry and disease results. There are 
numerous cancers that involve uncontrolled proliferation of 
B-cells. There are also numerous autoimmune diseases that 
involve B-cell production of antibodies that, instead of bind 
ing to foreign Substances and pathogens, bind to parts of the 
body. In addition, there are numerous autoimmune and 
inflammatory diseases that involve B-cells in their pathology, 
for example, through inappropriate B-cell antigen presenta 
tion to T-cells or through other pathways involving B-cells. 
For example, autoimmune-prone mice deficient in B-cells do 
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not develop autoimmune kidney disease, vasculitis or autoan 
tibodies. (Shlomchik et al., J. Exp. Med. 1994, 180: 1295 
306). Interestingly, these same autoimmune-prone mice 
which possess B-cells but are deficient in immunoglobulin 
production, do develop autoimmune diseases when induced 
experimentally (Chan et al., J. Exp. Med. 1999, 189:1639 
48), indicating that B-cells play an integral role in develop 
ment of autoimmune disease. 

0006 B-cells can be identified by molecules on their cell 
surface. CD20 was the first human B-cell lineage-specific 
surface molecule identified by a monoclonal antibody. It is a 
non-glycosylated, hydrophobic 35 kDa B-cell transmem 
brane phosphoprotein that has both its amino and carboxy 
ends situated inside the cell. Einfeld et al., EMBO J. 1988, 
7:711-17. CD20 is expressed by all normal mature B-cells, 
but is not expressed by precursor B-cells or plasma cells. 
Natural ligands for CD20 have not been identified, and the 
function of CD20 in B-cell biology is still incompletely 
understood. 

0007 Another B-cell lineage-specific cell surface mol 
ecule is CD37. CD37 is a heavily glycosylated 40-52 kDa 
protein that belongs to the tetraspanin transmembrane family 
of cell surface antigens. It traverses the cell membrane four 
times forming two extracellular loops and exposing its amino 
and carboxy ends to the cytoplasm. CD37 is highly expressed 
on normal antibody-producing (slg+) B-cells, but is not 
expressed on pre-B-cells or plasma cells. The expression of 
CD37 on resting and activated T cells, monocytes and granu 
locytes is low and there is no detectable CD37 expression on 
NK cells, platelets or erythrocytes. See, Belov et al., Cancer 
Res., 61 (11):4483-4489 (2001); Schwartz-Albiez et al., J. 
Immunol. 140(3): 905-914 (1988); and Link et al., J. Immu 
nol., 137(9): 3013-3018 (1988). Besides normal B-cells, 
almost all malignancies of B-cell origin are positive for CD37 
expression, including CLL, NHL, and hairy cell leukemia 
(Moore, et al. 1987; Merson and Brochier 1988: Faure, et al. 
1990). CD37 participates in regulation of B-cell function, 
since mice lacking CD37 were found to have low levels of 
serum IgG1 and to be impaired in their humoral response to 
viral antigens and model antigens. It appears to act as a 
nonclassical costimulatory molecule or by directly influenc 
ing antigen presentation via complex formation with MHC 
class II molecules. See Knobeloch et al., Mol. Cell. Biol., 
20(15):5363-5369 (2000). 
0008 Research and drug development has occurred based 
on the concept that B-cell lineage-specific cell Surface mol 
ecules such as CD37 and CD20 can themselves be targets for 
antibodies that would bind to, and mediate destruction of 
cancerous and autoimmune disease-causing B-cells that have 
CD37 and CD20 on their surfaces. Termed “immunotherapy.” 
antibodies made (or based on antibodies made) in a non 
human animal that bind to CD37 or CD20 were given to a 
patient to deplete cancerous or autoimmune disease-causing 
B-cells. 
0009 Monoclonal antibody technology and genetic engi 
neering methods have facilitated development of immuno 
globulin molecules for diagnosis and treatment of human 
diseases. The domain structure of immunoglobulins is ame 
nable to engineering, in that the antigenbinding domains and 
the domains conferring effector functions may be exchanged 
between immunoglobulin classes and Subclasses. Immuno 
globulin structure and function are reviewed, for example, in 
Harlow et al., Eds. Antibodies: A Laboratory Manual, Chap 
ter 14, Cold Spring Harbor Laboratory, Cold Spring Harbor 
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(1988). An extensive introduction as well as detailed infor 
mation about all aspects of recombinant antibody technology 
can be found in the textbook "Recombinant Antibodies' 
(John Wiley & Sons, NY, 1999). A comprehensive collection 
of detailed antibody engineering lab Protocols can be found 
in R. Kontermann and S. Dibel (eds.), “The Antibody Engi 
neering Lab Manual' (Springer Verlag, Heidelberg/N.Y., 
2000). 
0010. An immunoglobulin molecule (abbreviated Ig), is a 
multimeric protein, typically composed of two identical light 
chain polypeptides and two identical heavy chain polypep 
tides (HL) that are joined into a macromolecular complex 
by interchain disulfide bonds, i.e., covalent bonds between 
the Sulfhydryl groups of neighboring cysteine residues. Five 
human immunoglobulin classes are defined on the basis of 
their heavy chain composition, and are named IgG, IgM, IgA, 
IgE, and Ig|D. The IgG-class and IgA-class antibodies are 
further divided into Subclasses, namely, IgG1, IgG2, IgG3. 
and IgG4, and IgA1 and IgA2, respectively. Intrachain disul 
fide bonds join different areas of the same polypeptide chain, 
which results in the formation of loops that, along with adja 
centamino acids, constitute the immunoglobulin domains. At 
the amino-terminal portion, each light chain and each heavy 
chain has a single variable region that shows considerable 
variation in amino acid composition from one antibody to 
another. The light chain variable region, V., has a single 
antigen-binding domain and associates with the variable 
region of a heavy chain, V (also containing a single antigen 
binding domain), to form the antigen binding site of the 
immunoglobulin, the Fv. 
0011. In addition to variable regions, each of the full 
length antibody chains has a constant region containing one 
or more domains. Light chains have a constant region con 
taining a single domain. Thus, light chains have one variable 
domain and one constant domain. Heavy chains have a con 
stant region containing several domains. The heavy chains in 
IgG, IgA, and Ig|D antibodies have three domains, which are 
designated C, C, and C, the heavy chains in IgM and 
IgE antibodies have four domains, C1, C2, C, and C. 
Thus, heavy chains have one variable domain and three or 
four constant domains. Noteworthy is the invariant organiza 
tion of these domains in all known species, with the constant 
regions, containing one or more domains, being located at or 
near the C-terminus of both the light and heavy chains of 
immunoglobulin molecules, with the variable domains 
located towards the N-termini of the light and heavy chains. 
Immunoglobulin structure and function are reviewed, for 
example, in Harlow et al., Eds. Antibodies. A Laboratory 
Manual, Chapter 14, Cold Spring Harbor Laboratory, Cold 
Spring Harbor (1988). 
0012. The heavy chains of immunoglobulins can also be 
divided into three functional regions: the Fd region (a frag 
ment comprising V and C, i.e., the two N-terminal 
domains of the heavy chain), the hinge region, and the F. 
region (the “fragment crystallizable' region). The F region 
contains the domains that interact with immunoglobulin 
receptors on cells and with the initial elements of the comple 
ment cascade. Thus, the F region or fragment is generally 
considered responsible for the effector functions of an immu 
noglobulin, such as ADCC (antibody-dependent cell-medi 
ated cytotoxicity), CDC (complement-dependent cytotoxic 
ity) and complement fixation, binding to F, receptors, greater 
half-life in vivo relative to a polypeptide lacking an Fc region, 
protein Abinding, and perhaps even placental transfer. Capon 
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et al., Nature, 337: 525-531, (1989). Further, a polypeptide 
containing an F, region allows for dimerization/multimeriza 
tion of the polypeptide. These terms are also used for analo 
gous regions of the other immunoglobulins. 
0013 Although all of the human immunoglobulin iso 
types contain a recognizable structure in common, each iso 
type exhibits a distinct pattern of effector function. IgG, by 
way of nonexhaustive example, neutralizes toxins and 
viruses, opSonizes, fixes complement (CDC) and participates 
in ADCC. IgM, in contrast, neutralizes blood-borne patho 
gens and participates in opsonization. IgA, when associated 
with its secretory piece, is secreted and provides a primary 
defense to microbial infection via the mucosa; it also neutral 
izes toxins and Supports opsonization. IgE mediates inflam 
matory responses, being centrally involved in the recruitment 
of other cells needed to mount a full response. Ig) is known 
to provide an immunoregulatory function, controlling the 
activation of B cells. These characterizations of isotype effec 
tor functions provide a non-comprehensive illustration of the 
differences that can be found among human isotypes. 
0014. The hinge region, found in IgG, IgA, Ig|D, and IgE 
class antibodies, acts as a flexible spacer, allowing the Fab 
portion to move freely in space. In contrast to the constant 
regions, the hinge domains are structurally diverse, varying in 
both sequence and length among immunoglobulin classes 
and subclasses. For example, the length and flexibility of the 
hinge region varies among the IgG subclasses. The hinge 
region of IgG1 encompasses amino acids 216-231 and, 
because it is freely flexible, the Fab fragments can rotate 
about their axes of symmetry and move within a sphere cen 
tered at the first of two inter-heavy chain disulfide bridges. 
IgG2 has a shorter hinge than IgG1, with 12 amino acid 
residues and four disulfide bridges. The hinge region of IgG2 
lacks a glycine residue, is relatively short, and contains a rigid 
poly-proline double helix, stabilized by extra inter-heavy 
chain disulfide bridges. These properties restrict the flexibil 
ity of the IgG2 molecule. IgG3 differs from the other sub 
classes by its unique extended hinge region (about four times 
as long as the IgG1 hinge), containing 62 amino acids (includ 
ing 21 prolines and 11 cysteines), forming an inflexible poly 
proline double helix. In IgG3, the Fab fragments are relatively 
far away from the Fc fragment, giving the molecule a greater 
flexibility. The elongated hinge in IgG3 is also responsible for 
its higher molecular weight compared to the other Subclasses. 
The hinge region of IgG4 is shorter than that of IgG1 and its 
flexibility is intermediate between that of IgG1 and IgG2. The 
flexibility of the hinge regions reportedly decreases in the 
order IgG3>IgG1 >IgG4>IgG2. The four IgG subclasses also 
differ from each other with respect to their effector functions. 
This difference is related to differences instructure, including 
differences with respect to the interaction between the vari 
able region, Fab fragments, and the constant Fc fragment. 
0015. According to crystallographic studies, the immuno 
globulin hinge region can be further subdivided functionally 
into three regions: the upper hinge region, the core region, and 
the lower hinge region. Shin et al., 1992 Immunological 
Reviews 130:87. The upper hinge region includes amino acids 
from the carboxyl end of C to the first residue in the hinge 
that restricts motion, generally the first cysteine residue that 
forms an interchain disulfide bond between the two heavy 
chains. The length of the upper hinge region correlates with 
the segmental flexibility of the antibody. The core hinge 
region contains the inter-heavy chain disulfide bridges, and 
the lower hinge regionjoins the amino terminal end of the C. 
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domain and includes residues in C. Id. The core hinge 
region of wild-type human IgG1 contains the sequence Cys 
Pro-Pro-Cys which, when dimerized by disulfide bond for 
mation, results in a cyclic octapeptide believed to act as a 
pivot, thus conferring flexibility. The hinge region may also 
contain one or more glycosylation sites, which include a 
number of structurally distinct types of sites for carbohydrate 
attachment. For example, IgA1 contains five glycosylation 
sites within a 17-amino-acid segment of the hinge region, 
conferring resistance of the hinge region polypeptide to intes 
tinal proteases, considered an advantageous property for a 
secretory immunoglobulin. 
0016 Conformational changes permitted by the structure 
and flexibility of the immunoglobulin hinge region polypep 
tide sequence may also affect the effector functions of the Fc 
portion of the antibody. Three general categories of effector 
functions associated with the Fc region include (1) activation 
of the classical complement cascade, (2) interaction with 
effector cells, and (3) compartmentalization of immunoglo 
bulins. The different human IgG subclasses vary in the rela 
tive efficacies with which they fix complement, or activate 
and amplify the steps of the complement cascade. See, e.g., 
Kirschfink, 2001 Immunol. Rev. 180:177; Chakraborti et al., 
2000 Cell Signal 12:607; Kohl et al., 1999 Mol. Immunol. 
36:893; Marsh et al., 1999 Curr. Opin. Nephrol. Hypertens. 
8:557: Speth et al., 1999 Wien Klin. Wochenschn. 111:378. 
0017 Exceptions to the HL structure of conventional 
antibodies occur in Some isotypes of the immunoglobulins 
found in camelids (camels, dromedaries and llamas; Hamers 
Casterman et al., 1993 Nature 363:446; Nguyen et al., 1998.J. 
Mol. Biol. 275:413), nurse sharks (Roux et al., 1998 Proc. 
Nat. Acad. Sci. USA 95:11804), and in the spotted ratfish 
(Nguyen, et al., 2002 Immunogenetics 54(1):39–47). These 
antibodies can apparently formantigen-binding regions using 
only heavy chain variable region, i.e., these functional anti 
bodies are homodimers of heavy chains only (referred to as 
“heavy-chain antibodies' or “HCAbs'). Despite the advan 
tages of antibody technology in disease diagnosis and treat 
ment, there are some disadvantageous aspects of developing 
whole-antibody technologies as diagnostic and/or therapeu 
tic reagents. Whole antibodies are large protein structures 
exemplified by the heterotetrameric structure of the IgG iso 
type, containing two light and two heavy chains. Such large 
molecules are sterically hindered in certain applications. For 
example, in treatments of Solid tumors, whole antibodies do 
not readily penetrate the interior of the tumor. Moreover, the 
relatively large size of whole antibodies presents a challenge 
to ensure that the in vivo administration of Such molecules 
does not induce an immune response. Further, generation of 
active antibody molecules typically involves the culturing of 
recombinant eukaryotic cells capable of providing appropri 
ate post-translational processing of the nascentantibody mol 
ecules, and such cells can be difficult to culture and difficult to 
induce in a manner that provides commercially useful yields 
of active antibody. 
0018 Recently, smaller immunoglobulin molecules have 
been constructed to overcome problems associated with 
whole immunoglobulin methodologies. A single-chain vari 
able antibody fragment (ScPV) comprises an antibody heavy 
chain variable domain joined via a short peptide to an anti 
body light chain variable domain (Huston et al., Proc. Natl. 
Acad. Sci. USA, 1988, 85: 5879-83). Because of the small 
size of scFv molecules, they exhibit more effective penetra 
tion into tissues than whole immunoglobulin. An anti-tumor 
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ScFv showed more rapid tumor penetration and more even 
distribution through the tumor mass than the corresponding 
chimericantibody (Yokota et al., Cancer Res. 1992, 52:3402 
08). 
0019 Despite the advantages that schv molecules bring to 
serotherapy, several drawbacks to this therapeutic approach 
exist. An scFv is rapidly cleared from the circulation, which 
may reduce toxic effects in normal cells, but such rapid clear 
ance impedes delivery of a minimum effective dose to the 
target tissue. Manufacturing adequate amounts of ScFv for 
administration to patients has been challenging due to diffi 
culties in expression and isolation of scFv that adversely 
affect the yield. During expression, ScPV molecules lack sta 
bility and often aggregate due to pairing of variable regions 
from different molecules. Furthermore, production levels of 
ScFv molecules in mammalian expression systems are low, 
limiting the potential for efficient manufacturing of scFv mol 
ecules for therapy (Davis et al., J. Biol. Chem. 1990, 265: 
10410-18): Traunecker et al., EMBO J. 1991, 10: 3655-59). 
Strategies for improving production have been explored, 
including addition of glycosylation sites to the variable 
regions (Jost, C. R. U.S. Pat. No. 5,888,773, Jostetal, J. Biol. 
Chem. 1994, 69: 26267-73). 
0020. Another disadvantage to using schv for therapy is 
the lack of effector function. An scFv without a cytolytic 
function, Such as the antibody-dependent cell-mediated cyto 
toxicity (ADCC) and complement dependent-cytotoxicity 
(CDC) associated with the constant region of an immunoglo 
bulin, may be ineffective for treating disease. Even though 
development of ScFV technology began over 12 years ago, 
currently no scFv products are approved for therapy. 
0021 Alternatively, it has been proposed that fusion of an 
ScFv to another molecule. Such as a toxin, could take advan 
tage of the specific antigen-binding activity and the Small size 
of an scFv to deliver the toxin to a target tissue. Chaudary et 
al., Nature 1989, 339:394: Batra et al., Mol. Cell. Biol. 1991, 
11:2200. Conjugation or fusion of toxins to schvs has thus 
been offered as an alternative strategy to provide potent, 
antigen-specific molecules, but dosing with Such conjugates 
or chimeras can be limited by excessive and/or non-specific 
toxicity due to the toxin moiety of Such preparations. Toxic 
effects may include Supraphysiological elevation of liver 
enzymes and vascular leak syndrome, and other undesired 
effects. In addition, immunotoxins are themselves highly 
immunogenic upon administration to a host, and host anti 
bodies generated against the immunotoxin limit potential 
usefulness for repeated therapeutic treatments of an indi 
vidual. 

0022. Nonsurgical cancer therapy, such as external irra 
diation and chemotherapy, can Suffer from limited efficacy 
because of toxic effects on normal tissues and cells, due to the 
lack of specificity these treatments exhibit towards cancer 
cells. To overcome this limitation, targeted treatment meth 
odologies have been developed to increase the specificity of 
the treatment for the cells and tissues in need thereof. An 
example of such a targeted methodology for in vivo use is the 
administration of antibody conjugates, with the antibody 
designed to specifically recognize a marker associated with a 
cell or tissue in need of treatment, and the antibody being 
conjugated to a therapeutic agent, such as a toxin in the case 
of cancer treatment. Antibodies, as systemic agents, circulate 
to sensitive and undesirable body compartments. Such as the 
bone marrow. In acute radiation injury, destruction of lym 
phoid and hematopoietic compartments is a major factor in 
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the development of septicemia and Subsequent death. More 
over, antibodies are large, globular proteins that can exhibit 
poor penetration of tissues in need of treatment. 
0023 Human patients and non-human subjects suffering 
from a variety of end-stage disease processes frequently 
require organ transplantation. Organ transplantation, how 
ever, must contend with the untoward immune response of the 
recipient and guard against immunological rejection of the 
transplanted organ by depressing the recipient’s cellular 
immune response to the foreign organ with cytotoxic agents 
which affect the lymphoid and other parts of the hematopoi 
etic system. Graft acceptance is limited by the tolerance of the 
recipient to these cytotoxic chemicals, many of which are 
similar to the anticancer (antiproliferative) agents. Likewise, 
when using cytotoxic antimicrobial agents, particularly anti 
viral drugs, or when using cytotoxic drugs for autoimmune 
disease therapy, e.g., in treatment of systemic lupus erythe 
matosis, a serious limitation is the toxic effects of the thera 
peutic agents on the bone marrow and the hematopoietic cells 
of the body. 
0024. Use of targeted therapies, such as targeted antibody 
conjugate therapy, is designed to localize a maximum quan 
tity of the therapeutic agent at the site of desired action as 
possible, and the success of such therapies is revealed by the 
relatively high signal-to-background ratio of therapeutic 
agent. Examples of targeted antibodies include diagnostic or 
therapeutic agent conjugates of antibody or antibody frag 
ments, cell- or tissue-specific peptides, and hormones and 
other receptor-binding molecules. For example, antibodies 
against different determinants associated with pathological 
and normal cells, as well as associated with pathogenic 
microorganisms, have been used for the detection and treat 
ment of a wide variety of pathological conditions or lesions. 
In these methods, the targeting antibody is directly conju 
gated to an appropriate detecting or therapeutic agent as 
described, for example, in Hansen et al., U.S. Pat. No. 3,927, 
193 and Goldenberg, U.S. Pat. Nos. 4.331,647, 4,348,376, 
4,361,544, 4,468.457, 4,444,744, 4,460,459, 4,460,561, 
4,624,846 and 4,818,709. 
0025. One problem encountered in direct targeting meth 
ods, i.e., in methods wherein the diagnostic or therapeutic 
agent (the “active agent') is conjugated directly to the target 
ing moiety, is that a relatively small fraction of the conjugate 
actually binds to the target site, while the majority of conju 
gate remains in circulation and compromises in one way or 
another the function of the targeted conjugate. To ensure 
maximal localization of the active agent, an excess of the 
targeted conjugate is typically administered, ensuring that 
Some conjugate will remain unbound and contribute to back 
ground levels of the active agent. A diagnostic conjugate, e.g., 
a radioimmunoscintigraphic or magnetic resonance imaging 
conjugate that does not bind its target can remain in circula 
tion, thereby increasing background and decreasing resolu 
tion of the diagnostic technique. In the case of a therapeutic 
conjugate having a toxin as an active agent (e.g., a radioiso 
tope, drug or toxic compound) attached to a long-circulating 
targeting moiety Such as an antibody, circulating conjugate 
can result in unacceptable toxicity to the host, Such as marrow 
toxicity or systemic side effects. 
0026 U.S. Pat. No. 4,782,840 discloses a method for 
reducing the effect of elevated background radiation levels 
during Surgery. The method involves injection of a patient 
with antibodies specific for neoplastic tissue, with the anti 
bodies labeled with radioisotopes having a suitably long half 
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life, such as Iodine-125. After injection of the radiolabeled 
antibody, the surgery is delayed at least 7-10 days, preferably 
14-21 days, to allow any unbound radiolabeled antibody to be 
cleared to a low background level. 
0027 U.S. Pat. No. 4,932,412 discloses methods for 
reducing or correcting for non-specific background radiation 
during intraoperative detection. The methods include the 
administration to a patient who has received a radiolabeled 
primary antibody, of a contrast agent, Subtraction agent or 
second antibody which binds the primary antibody. 
0028 Apart from producing the antibodies described 
above, the immune system includes a variety of cell types that 
have powerful biological effects. During hematopoiesis, bone 
marrow-derived stem cells differentiate into either mature 
cells of the immune system (“B” cells) or into precursors of 
cells that migrate out of the bone marrow to mature in the 
thymus (“T” cells). 
0029 B cells are central to the humoral component of an 
immune response. B cells are activated by an appropriate 
presentation of an antigen to become antibody-secreting 
plasma cells; antigen presentation also results in clonal 
expansion of the activated B cell. B cells are primarily respon 
sible for the humoral component of an immune response. A 
plasma cell typically exhibits about 10 antibody molecules 
(Ig|D and IgM) on its surface. 
0030 T lymphocytes can be divided into two categories. 
The cytotoxic T cells, Tc lymphocytes or CTLS (CD8+ T 
cells), kill cells bearing foreign Surface antigen in association 
with Class I MHC and can kill cells that are harboring intra 
cellular parasites (either bacteria or viruses) as long as the 
infected cell is displaying a microbial antigen on its surface. 
Tc cells kill tumor cells and account for the rejection of 
transplanted cells. Tc cells recognize antigen-Class I MHC 
complexes on target cells, contact them, and release the con 
tents of granules directly into the target cell membrane, which 
lyses the cell. 
0031. A second category of T cells is the helper T cell or Th 
lymphocyte (CD4+ T cells), which produces lymphokines 
that are “helper factors in the maturation of B cells into 
antibody-secreting plasma cells. Th cells also produce certain 
lymphokines that stimulate the differentiation of effector T 
lymphocytes and the activity of macrophages. Th1 cells rec 
ognize antigen on macrophages in association with Class II 
MHC and become activated (by IL-1) to produce lymphok 
ines, including the IFN-Y that activates macrophages and NK 
cells. These cells mediate various aspects of the cell-mediated 
immunity response including delayed-type hypersensitivity 
reactions. Th2 cells recognize antigen in association with 
Class II MHC on an antigen presenting cell or APC (e.g., 
migratory macrophages and dendritic cells) and then produce 
interleukins and other Substances that stimulate specific 
B-cell and T-cell proliferation and activity. 
0032 Beyond serving as APCs that initiate T cell interac 
tions, development, and proliferation, macrophages are 
involved in expression of cell-mediated immunity because 
they become activated by IFN-Y produced in a cell-mediated 
immune response. Activated macrophages have increased 
phagocytic potential and release soluble Substances that 
cause inflammation and destroy many bacteria and other 
cells. Natural Killer cells are cytotoxic cells that lyse cells 
bearing new antigen, regardless of their MHC type, and even 
lyse some cells that bear no MHC proteins. Natural Killer T 
cells, or NK cells, are defined by their ability to kill cells 
displaying a foreign antigen (e.g., tumor cells), regardless of 



US 2009/0175867 A1 

MHC type, and regardless of previous sensitization (expo 
sure) to the antigen. NK cells can be activated by IL-2 and 
IFN-Y, and lyse cells in the same manner as cytotoxic T 
lymphocytes. Some NK cells have receptors for the Fc 
domain of the IgG antibody (e.g., CD16 or FYRIII) and are 
thus able to bind to the Fc portion of IgG on the surface of a 
target cell and release cytolytic components that kill the target 
cell via antibody-dependent cell-mediated cytotoxicity. 
0033. Another group of cells is the granulocytes or poly 
morphonuclear leukocytes (PMNs). Neutrophils, one type of 
PMN, kill bacterial invaders and phagocytose the remains. 
Eosinophils are another type of PMN and contain granules 
that prove cytotoxic when released upon another cell, such as 
a foreign cell. Basophils, a third type of PMN, are significant 
mediators of powerful physiological responses (e.g., inflam 
mation) that exert their effects by releasing a variety of bio 
logically active compounds. Such as histamine, serotonin, 
prostaglandins, and leukotrienes. Common to all of these cell 
types is the capacity to exert a physiological effect within an 
organism, frequently by killing, and optionally scavenging, 
deleterious compositions such as foreign cells. 
0034. Although a variety of mammalian cells, including 
cells of the immune system, are capable of directly exerting a 
physiological effect (e.g., cell killing, typified by Tc, NK, 
some PMN, macrophage, and the like), other cells indirectly 
contribute to a physiological effect. For example, initial pre 
sentation of an antigen to a naive T cell of the immune system 
requires MHC presentation that mandates cell-cell contact. 
Further, there often needs to be contact between an activated 
T cell and an antigen-specific B cell to obtain a particular 
immunogenic response. A third form of cell-cell contact often 
seen in immune responses is the contact between an activated 
B cell and follicular dendritic cells. Each of these cell-cell 
contact requirements complicates the targeting of a biologi 
cally active agent to a given target. 
0035 Complement-dependent cytotoxicity (CDC) is 
believed to be a significant mechanism for clearance of spe 
cific target cells such as tumor cells. CDC is a series of events 
that consists of a collection of enzymes that become activated 
by each other in a cascade fashion. Complement has an 
important role in clearing antigen, accomplished by its four 
major functions: (1) local vasodilation; (2) attraction of 
immune cells, especially phagocytes (chemotaxis); (3) tag 
ging of foreign organisms for phagocytosis (opSonization); 
and (4) destruction of invading organisms by the membrane 
attack complex (MAC attack). The central molecule is the C3 
protein. It is an enzyme that is split into two fragments by 
components of either the classical pathway or the alternative 
pathway. The classical pathway is induced by antibodies, 
especially IgG and IgM, while the alternative pathway is 
nonspecifically stimulated by bacterial products like 
lipopolysaccharide (LPS). Briefly, the products of the C3 split 
include a small peptide C3a which is chemotactic for phago 
cytic immune cells and results in local vasodilation by caus 
ing the release of C5a fragment from C5. The other part of C3, 
C3b, coats antigens on the Surface of foreign organisms and 
acts to opsonize the organism for destruction. C3b also reacts 
with other components of the complement system to forman 
MAC consisting of C5b, C6, C7, C8 and C9. 
0036. There are problems associated with the use of anti 
bodies in human therapy because the response of the immune 
system to any antigen, even the simplest, is "polyclonal. i.e., 
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the system manufactures antibodies of a great range of struc 
tures both in their binding regions as well as in their effector 
regions. 
0037. Two approaches have been used in an attempt to 
reduce the problem of immunogenic antibodies. The first is 
the production of chimeric antibodies in which the antigen 
binding part (variable regions) of a mouse monoclonal anti 
body is fused to the effector part (constant region) of a human 
antibody. In a second approach, antibodies have been altered 
through a technique known as complementarity determining 
region (CDR) grafting or “humanization. This process has 
been further improved to include changes referred to as 
“reshaping” (Verhoeyen, et al., 1988 Science 239:1534-1536; 
Riechmann, et al., 1988 Nature 332:323-337; Tempest, et al., 
Bio/Technol 19919:266-271), “hyperchimerization” (Queen, 
et al., 1989 Proc Natl AcadSci USA 86:10029-10033; Co, et 
al., 1991 Proc Natl AcadSci USA 88:2869-2873; Co, et al., 
1992J Immunol 148:1149-1154), and “veneering” (Mark, et 
al., In: Metcalf B W, Dalton B J, eds. Cellular adhesion: 
molecular definition to therapeutic potential. New York: Ple 
num Press, 1994:291-312). 
0038 An average of less than one therapeutic antibody per 
year has been introduced to the market beginning in 1986, 
eleven years after the publication of monoclonal antibodies. 
Five murine monoclonal antibodies were introduced into 
human medicine over a ten year period from 1986-1995, 
including “muromonab-CD3” (OrthoClone OKT3(R) for 
acute rejection of organ transplants; "edrecolomab (Pan 
orex(R) for colorectal cancer; "odulimomab” (AntilfaR) for 
transplant rejection; and, “ibritumomab (Zevalin R) yiux 
etan) for non-Hodgkin's lymphoma. Additionally, a mono 
clonal Fab, “abciximab” (ReoPro(R) has been marketed for 
preventing coronary artery reocclusion. Three chimeric 
monoclonal antibodies were also launched: "rituximab (Rit 
uxan R) for treating B cell lymphomas; “basiliximab 
(Simulect(R) for transplant rejection; and “infliximab” 
(Remicade(R) for treatment of rheumatoid arthritis and 
Crohn's disease. Additionally, “abciximab” (ReoPro(R), a 
47.6 kD Fab fragment of a chimeric human-murine mono 
clonal antibody is marketed as an adjunct to percutaneous 
coronary intervention for the prevention of cardiac ischemic 
complications in patients undergoing percutaneous coronary 
intervention. Finally, seven “humanized monoclonal anti 
bodies have been launched. “Daclizumab” (Zenapax(R) is 
used to prevent acute rejection of transplanted kidneys; 
“palivizumab (Synagis(R) for RSV: “trastuzumab’ (Hercep 
tin R) binds HER-2, a growth factor receptor found on breast 
cancers cells; “gemtuzumab’ (MylotargR) for acute myelog 
enous leukemia (AML); and “alemtuzumab’ (MabCam 
path R) for chronic lymphocytic leukemia; “adalimumab 
(Humira R (D2E7)) for the treatment of rheumatoid arthritis; 
and, “omalizumab (Xolair(R), for the treatment of persistent 
asthma. 

0039 Thus, a variety of antibody technologies have 
received attention in the effort to develop and market more 
effective therapeutics and palliatives. Unfortunately, prob 
lems continue to compromise the promise of each of these 
therapies. For example, the majority of cancer patients treated 
with rituximab relapse, generally within about 6-12 months, 
and fatal infusion reactions within 24 hours of rituximab 
infusion have been reported. Acute renal failure requiring 
dialysis with instances of fatal outcome has also been 
reported in treatments with rituximab, as have severe, occa 
sionally fatal, mucocutaneous reactions. Additionally, high 
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doses of rituximab are required for intravenous injection 
because the molecule is large, approximately 150 kDa, and 
diffusion into the lymphoid tissues, where many tumor cells 
may reside is limited. 
0040. Trastuzumab administration can result in the devel 
opment of Ventricular dysfunction, congestive heart failure, 
and severe hypersensitivity reactions (including anaphy 
laxis), infusion reactions, and pulmonary events. Daclizumab 
immunosuppressive therapy poses an increased risk for 
developing lymphoproliferative disorders and opportunistic 
infections. Death from liver failure, arising from severe hepa 
totoxicity, and from veno-occlusive disease (VOD), has been 
reported in patients who received gemtuzumab. 
0041 Hepatotoxicity was also reported in patients receiv 
ing alemtuzumab. Serious and, in some rare instances fatal, 
pancytopenia/marrow hypoplasia, autoimmune idiopathic 
thrombocytopenia, and autoimmune hemolytic anemia have 
occurred in patients receiving alemtuzumab therapy. Alem 
tuZumab can also result in serious infusion reactions as well 
as opportunistic infections. In patients treated with adali 
mumab, serious infections and sepsis, including fatalities, 
have been reported, as has the exacerbation of clinical Symp 
toms and/or radiographic evidence of demyelinating disease, 
and patients treated with adalimumab in clinical trials had a 
higher incidence of lymphoma than the expected rate in the 
general population. Omalizumab reportedly induces malig 
nancies and anaphylaxis. 
0042 Cancer includes a broad range of diseases, affecting 
approximately one in four individuals worldwide. Rapid and 
unregulated proliferation of malignant cells is a hallmark of 
many types of cancer, including hematological malignancies. 
Although patients with a hematologic malignant condition 
have benefited from advances in cancer therapy in the past 
two decades, Multani et al., 1998.J. Clin. Oncology 16:3691 
3710, and remission times have increased, most patients still 
relapse and succumb to their disease. Barriers to cure with 
cytotoxic drugs include, for example, tumor cell resistance 
and the high toxicity of chemotherapy, which prevents opti 
mal dosing in many patients. 
0043 Treatment of patients with low grade or follicular B 
cell lymphoma using a chimeric CD20 monoclonal antibody 
has been reported to induce partial or complete responses in 
patients. McLaughlin et al., 1996 Blood 88:90a (abstract, 
suppl. 1); Maloney et al., 1997 Blood 90:2188-95. However, 
as noted above, tumor relapse commonly occurs within six 
months to one year. Further improvements in serotherapy are 
needed to induce more durable responses, for example, in low 
grade B cell lymphoma, and to allow effective treatment of 
high grade lymphoma and other B cell diseases. 
0044 Another approach has been to target radioisotopes 
to B cell lymphomas using monoclonal antibodies specific for 
CD20. While the effectiveness of therapy is reportedly 
increased, associated toxicity from the long in vivo half-life 
of the radioactive antibody increases, sometimes requiring 
that the patient undergo stem cell rescue. Press et al., 1993 N. 
Eng.J.Med. 329:1219-1224; Kaminski et al., 1993 N.Eng.J. 
Med. 329:459-65. Monoclonal antibodies to CD20 have also 
been cleaved with proteases to yield F(ab'), or Fab fragments 
prior to attachment of radioisotope. This has been reported to 
improve penetration of the radioisotope conjugate into the 
tumor and to shorten the in vivo half-life, thus reducing the 
toxicity to normal tissues. However, these molecules lack 
effector functions, including complement fixation and/or 
ADCC 
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0045 Autoimmune diseases include autoimmune thyroid 
diseases, which include Graves disease and Hashimoto's 
thyroiditis. In the United States alone, there are about 20 
million people who have some form of autoimmune thyroid 
disease. Autoimmune thyroid disease results from the pro 
duction of autoantibodies that either stimulate the thyroid to 
cause hyperthyroidism (Graves’ disease) or destroy the thy 
roid to cause hypothyroidism (Hashimoto's thyroiditis). 
Stimulation of the thyroid is caused by autoantibodies that 
bind and activate the thyroid stimulating hormone (TSH) 
receptor. Destruction of the thyroid is caused by autoantibod 
ies that react with other thyroid antigens. Current therapy for 
Graves disease includes Surgery, radioactive iodine, or anti 
thyroid drug therapy. Radioactive iodine is widely used, since 
antithyroid medications have significant side effects and dis 
ease recurrence is high. Surgery is reserved for patients with 
large goiters or where there is a need for very rapid normal 
ization of thyroid function. There are no therapies that target 
the production of autoantibodies responsible for stimulating 
the TSH receptor. Current therapy for Hashimoto's thyroiditis 
is levothyroxine Sodium, and lifetime therapy is expected 
because of the low likelihood of remission. Suppressive 
therapy has been shown to shrink goiters in Hashimoto's 
thyroiditis, but no therapies that reduce autoantibody produc 
tion to target the disease mechanism are known. 
0046 Rheumatoid arthritis (RA) is a chronic disease char 
acterized by inflammation of the joints, leading to Swelling, 
pain, and loss of function. RA affects an estimated 2.5 million 
people in the United States. RA is caused by a combination of 
events including an initial infection or injury, an abnormal 
immune response, and genetic factors. While autoreactive T 
cells and B cells are present in RA, the detection of high levels 
of antibodies that collect in the joints, called rheumatoid 
factor, is used in the diagnosis of R.A. Current therapy for RA 
includes many medications for managing pain and slowing 
the progression of the disease. Notherapy has been found that 
can cure the disease. Medications include nonsteroidal anti 
inflammatory drugs (NSAIDS), and disease modifying anti 
rheumatic drugs (DMARDS). NSAIDS are useful in benign 
disease, but fail to prevent the progression to joint destruction 
and debility in severe RA. Both NSAIDS and DMARDS are 
associated with significant side effects. Only one new 
DMARD, Leflunomide, has been approved in over 10 years. 
Leflunomide blocks production of autoantibodies, reduces 
inflammation, and slows progression of RA. However, this 
drug also causes severe side effects including nausea, diar 
rhea, hair loss, rash, and liver injury. 
0047 Systemic Lupus Erythematosus (SLE) is an autoim 
mune disease caused by recurrent injuries to blood vessels in 
multiple organs, including the kidney, skin, and joints. SLE is 
estimated to affect over 500,000 people in the United States. 
In patients with SLE, a faulty interaction between T cells and 
B cells results in the production of autoantibodies that attack 
the cell nucleus. These include anti-double stranded DNA and 
anti-Sm antibodies. Autoantibodies that bind phospholipids 
are also found in about half of SLE patients, and are respon 
sible for blood vessel damage and low blood counts. Immune 
complexes accumulate in the kidneys, blood vessels, and 
joints of SLE patients, where they cause inflammation and 
tissue damage. No treatment for SLE has been found to cure 
the disease. NSAIDS and DMARDS are used for therapy 
depending upon the severity of the disease. Plasmapheresis 
with plasma exchange to remove autoantibodies can cause 
temporary improvement in SLE patients. There is general 
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agreement that autoantibodies are responsible for SLE, so 
new therapies that deplete the B cell lineage, allowing the 
immune system to reset as new B cells are generated from 
precursors, would offer hope for long lasting benefit in SLE 
patients. 
0.048 Sjogren's syndrome is an autoimmune disease char 
acterized by destruction of the body's moisture-producing 
glands. Sjogren's syndrome is one of the most prevalent 
autoimmune disorders, striking up to an estimated 4 million 
people in the United States. About half of the people stricken 
with Sjogren's syndrome also have a connective tissue dis 
ease, such as RA, while the other half have primary Sjogren's 
syndrome with no other concurrent autoimmune disease. 
Autoantibodies, including anti-nuclear antibodies, rheuma 
toid factor, anti-fodrin, and anti-muscarinic receptor are often 
present in patients with Sjogren's syndrome. Conventional 
therapy includes corticosteroids, and additional more effec 
tive therapies would be of benefit. 
0049 Immune thrombocytopenic purpura (ITP) is caused 
by autoantibodies that bind to blood platelets and cause their 
destruction. Some cases of ITP are caused by drugs, and 
others are associated with infection, pregnancy, or autoim 
mune disease Such as SLE. About half of all cases are classi 
fied as being of idiopathic origin. The treatment of ITP is 
determined by the severity of the symptoms. In some cases, 
notherapy is needed although in most cases immunosuppres 
sive drugs, including corticosteroids or intravenous infusions 
of immune globulin to deplete T cells, are provided. Another 
treatment that usually results in an increased number of plate 
lets is removal of the spleen, the organ that destroys antibody 
coated platelets. More potent immunosuppressive drugs, 
including cyclosporine, cyclophosphamide, or azathioprine 
are used for patients with severe cases. Removal of autoanti 
bodies bypassage of patients plasma overa Protein A column 
is used as a second line treatment in patients with severe 
disease. Additional more effective therapies are needed. 
0050 Multiple sclerosis (MS) is also an autoimmune dis 
ease. It is characterized by inflammation of the central ner 
Vous system and destruction of myelin, which insulates nerve 
cell fibers in the brain, spinal cord, and body. Although the 
cause of MS is unknown, it is widely believed that autoim 
mune T cells are primary contributors to the pathogenesis of 
the disease. However, high levels of antibodies are present in 
the cerebrospinal fluid of patients with MS, and some predict 
that the B cell response leading to antibody production is 
important for mediating the disease. No B cell depletion 
therapies have been studied in patients with MS, and there is 
no cure for MS. Current therapy is corticosteroids, which can 
reduce the duration and severity of attacks, but do not affect 
the course of MS over time. New biotechnology interferon 
(IFN) therapies for MS have recently been approved but 
additional more effective therapies are required. 
0051 Myasthenia Gravis (MG) is a chronic autoimmune 
neuromuscular disorder that is characterized by weakness of 
the voluntary muscle groups. MG affects about 40,000 people 
in the United States. MG is caused by autoantibodies that bind 
to acetylcholine receptors expressed at neuromuscular junc 
tions. The autoantibodies reduce or block acetylcholine 
receptors, preventing the transmission of signals from nerves 
to muscles. There is no known cure for mg. Common treat 
ments include immunosuppression with corticosteroids, 
cyclosporine, cyclophosphamide, or azathioprine. Surgical 
removal of the thymus is often used to blunt the autoimmune 
response. Plasmapheresis, used to reduce autoantibody levels 
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in the blood, is effective in mg, but is short-lived because the 
production of autoantibodies continues. Plasmapheresis is 
usually reserved for severe muscle weakness prior to Surgery. 
New and effective therapies would be of benefit. 
0.052 Psoriasis affects approximately five million people, 
and is characterized by autoimmune inflammation in the skin. 
Psoriasis is also associated with arthritis in 30% (psoriatic 
arthritis). Many treatments, including steroids, uV light retin 
oids, vitamin D derivatives, cyclosporine, and methotrexate 
have been used but it is also clear that psoriasis would benefit 
from new and effective therapies. Scleroderma is a chronic 
autoimmune disease of the connective tissue that is also 
known as systemic Sclerosis. Scleroderma is characterized by 
an overproduction of collagen, resulting in a thickening of the 
skin, and approximately 300,000 people in the United States 
have scleroderma, which would also benefit from new and 
effective therapies. 
0053 Apparent from the foregoing discussion are needs 
for improved compositions and methods to treat, ameliorate 
or prevent a variety of diseases, disorders and conditions, 
including cancer and autoimmune diseases. 

SUMMARY 

0054 The invention satisfies at least one of the aforemen 
tioned needs in the art by providing proteins containing at 
least two specific binding domains, wherein those two 
domains are linked by a constant Sub-region derived from an 
antibody molecule attached at its C-terminus to a linker 
herein referred to as a scorpion linker, and nucleic acids 
encoding such proteins, as well as production, diagnostic and 
therapeutic uses of Such proteins and nucleic acids. The con 
stant Sub-region comprises a domain derived from an immu 
noglobulin C. domain, and preferably a domain derived 
from an immunoglobulin C. domain, but does not contain a 
domain or region derived from, or corresponding to, an 
immunoglobulin C. domain. Previously, it had been thought 
that the placement of a constant region derived from an anti 
body in the interior of a protein would interfere with antibody 
function, such as effector function, by analogy to the conven 
tional placement of constant regions of antibodies at the car 
boxy termini of antibody chains. In addition, placement of a 
Scorpion linker, which may be an immunoglobulin hinge-like 
peptide, C-terminal to a constant Sub-region is an organiza 
tion that differs from the organization of naturally occurring 
immunoglobulins. Placement of a constant Sub-region (with a 
Scorpion linker attached C-terminal to the constant region) in 
the interior of a polypeptide or protein chain in accordance 
with the invention, however, resulted in proteins exhibiting 
effector function and multivalent (mono- or multi-specific) 
binding capacities relatively unencumbered by steric hin 
drances. Moreover, the proteins exhibiting mono-specific 
binding capabilities have more than one binding domain rec 
ognizing the specific target and thereby, through avidity, bind 
more tightly and target more specifically, or selectively, that 
target than do binding proteins having a single binding 
domain. The proteins exhibiting multi-specific binding 
domains can exhibit greater target binding specificity, or 
selectivity, for the simultaneous binding of different speci 
ficities through avidity or can be designed to have a wider 
target specificity of cells that bear one or multiple targets than 
proteins having a single binding domain and than proteins 
having a single type of binding domain, regardless of whether 
there is one or more copies of that binding domain in the 
molecule. As will be apparent to one of skill in the art upon 
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consideration of this disclosure. Such proteins are modular in 
design and may be constructed by selecting any of a variety of 
binding domains for binding domain 1 or binding domain 2 
(or for any additional binding domains found in a particular 
protein according to the invention), by selecting a constant 
Sub-region having effector function, and by selecting a scor 
pion linker, hinge-like (derived from a hinge region of an 
immunoglobulin Superfamily member Such as an immuno 
globulin, i.e., antibody) or non-hinge like (e.g., C-type lectin 
stalk region peptides derived from Type II membrane pro 
teins), with the protein exhibiting a general organization of 
N-binding domain 1-constant Sub-region-scorpion linker 
binding domain 2-C. Those of skill will further appreciate 
that proteins of such structure, and the nucleic acids encoding 
those proteins, will find a wide variety of applications, includ 
ing medical and veterinary applications. 
0055 One aspect of the invention is drawn to a multivalent 
single-chain binding protein with effector function, or scor 
pion (the terms are used interchangeably), comprising a first 
binding domain derived from an immunoglobulin (e.g., an 
antibody) or an immunoglobulin-like molecule (e.g., an 
immunoglobulin Superfamily member), a constant Sub-re 
gion providing an effector function, the constant Sub-region 
located C-terminal to the first binding domain; a scorpion 
linker located C-terminal to the constant Sub-region; and a 
second binding domain derived from an immunoglobulin 
(such as an antibody) or immunoglobulin-like molecule, 
located C-terminal to the constant Sub-region; thereby local 
izing the constant sub-region between the first binding 
domain and the second binding domain. The single-chain 
binding protein may be multispecific, e.g., bispecific in that it 
could bind two or more distinct targets, or it may be mono 
specific, with two binding sites for the same target. Moreover, 
all of the domains of the protein are found in a single chain, 
but the protein may form homo-multimers, e.g., by interchain 
disulfide bond formation. In some embodiments, the first 
binding domain and/or the second binding domain is/are 
derived from variable regions of light and heavy immunoglo 
bulin chains from the same, or different, immunoglobulins 
(e.g., antibodies). The immunoglobulin(s) may be from any 
Vertebrate. Such as a mammal, including a human, and may be 
chimeric, humanized, fragments, variants or derivatives of 
naturally occurring immunoglobulins. 
0056. The invention contemplates proteins in which the 

first and second binding domains are derived from the same, 
or different immunoglobulins (e.g., antibodies), and wherein 
the first and second binding domains recognize the same, or 
different, molecular targets (e.g., cell Surface markers, such as 
membrane-bound proteins). For binding domains composed 
of at least two regions, such as binding domains derived from 
immunoglobulin Superfamily member binding domains, the 
regions may be derived from the same, or different, Ig Super 
family members. Further, the first and second binding 
domains may recognize the same, or different, epitopes. The 
first and second molecular targets may be associated with first 
and second target cells, viruses, carriers and/or objects. In 
preferred embodiments according to this aspect of the inven 
tion, each of the first binding domain, second binding domain, 
and constant Sub-region is derived from a human immuno 
globulin, such as an IgG antibody. In yet other embodiments, 
the multivalent binding protein with effector function has at 
least one of the first binding domain and the second binding 
domain that recognizes at least one cell-free molecular target, 
e.g., a protein unassociated with a cell. Such as a deposited 
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protein or a soluble protein. Cell-free molecular targets 
include, e.g., proteins that were never associated with a cell, 
e.g., administered compounds such as proteins, as well as 
proteins that are secreted, cleaved, present in exosomes, or 
otherwise discharged or separated from a cell. 
0057 The target molecules recognized by the first and 
second binding domains may be found on, or in association 
with, the same, or different, prokaryotic cells, eukaryotic 
cells, viruses (including bacteriophage), organic or inorganic 
target molecule carriers, and foreign objects. Moreover, those 
target molecules may be on physically distinct cells, viruses, 
carriers or objects of the same type (e.g., two distinct eukary 
otic cells, prokaryotic cells, viruses or carriers) or those target 
molecules may be on cells, viruses, carriers, or objects that 
differ in type (e.g., a eukaryotic cell and a virus). Target cells 
are those cells associated with a target molecule recognized 
by a binding domain and includes endogenous or autologous 
cells as well as exogenous or foreign cells (e.g., infectious 
microbial cells, transplanted mammalian cells including 
transfused blood cells). The invention comprehends targets 
for the first and/or second binding domains that are found on 
the Surface of a target cell(s) associated with a disease, dis 
order or condition of a mammal Such as a human. Exemplary 
target cells include a cancer cell, a cell associated with an 
autoimmune disease or disorder, and an infectious cell (e.g., 
an infectious bacterium). A cell of an infectious organism, 
Such as a mammalian parasite, is also contemplated as a target 
cell. In some embodiments, a protein of the invention is a 
multivalent (e.g., multispecific) binding protein with effector 
function wherein at least one of the first binding domain and 
the second binding domain recognizes a target selected from 
the group consisting of a tumor antigen, a B-cell target, a TNF 
receptor Superfamily member, a Hedgehog family member, a 
receptor tyrosine kinase, a proteoglycan-related molecule, a 
TGF-beta Superfamily member, a Wnt-related molecule, a 
receptor ligand, a T-cell target, a Dendritic cell target, an NK 
cell target, a monocyte/macrophage cell target and an angio 
genesis target. 
0058. In some embodiments of the above-described pro 
tein, the tumor antigen is selected from the group consisting 
of SQUAMOUS CELL CARCINOMA ANTIGEN 1 
(SCCA-1), (PROTEINT4-A), SQUAMOUS CELL CARCI 
NOMA ANTIGEN 2 (SCCA-2), Ovarian carcinoma antigen 
CA125 (IA1-3B) (KIAA0049), MUCIN 1 (TUMOR-ASSO 
CIATED MUCIN), (CARCINOMA-ASSOCIATED 
MUCIN), (POLYMORPHIC EPITHELIAL MUCIN), 
(PEM), (PEMT), (EPISIALIN), (TUMOR-ASSOCIATED 
EPITHELIAL MEMBRANE ANTIGEN), (EMA), 
(H23AG), (PEANUT-REACTIVE URINARY MUCIN), 
(PUM), (BREAST CARCINOMA-ASSOCIATED ANTI 
GEN DF3), CTCL tumor antigen sel-1, CTCL tumor antigen 
sel-4-3, CTCL tumor antigen se20-4, CTCL tumor antigen 
se20-9, CTCL tumor antigen se33-1, CTCL tumor antigen 
se37-2, CTCL tumor antigen se57-1, CTCL tumor antigen 
se89-1, Prostate-specific membrane antigen, 5T4 oncofetal 
trophoblast glycoprotein, Orf73 Kaposi's sarcoma-associ 
ated herpesvirus, MAGE-C1 (cancer/testis antigen CT7), 
MAGE-B1 ANTIGEN (MAGE-XP ANTIGEN) (DAM10), 
MAGE-B2 ANTIGEN (DAM6), MAGE-2 ANTIGEN, 
MAGE-4a antigen, MAGE-4b antigen, Colon cancer antigen 
NY-CO-45, Lung cancer antigen NY-LU-12 variant A, Can 
cer associated Surface antigen, Adenocarcinoma antigen 
ART1, Paraneoplastic associated brain-testis-cancer antigen 
(onconeuronal antigen MA2; paraneoplastic neuronal anti 
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alpha 4, beta 7 integrin found on leukocytes, and IGF-IR. For 
example, a VLA4 target may be recognized by a multivalent 
binding protein in which at least one of binding domain 1 and 
binding domain 2 is a binding domain derived from Natali 
Zumab (Antegren). 
0072. In some embodiments, the cancer cell is a trans 
formed, or cancerous, hematopoietic cell. In certain of these 
embodiments, at least one of the first binding domain and the 
second binding domain recognizes a target selected from the 
group consisting of a B-cell target, a monocyte/macrophage 
target, a dendritic cell target, an NK-cell target and a T-cell 
target, each as herein defined. Further, at least one of the first 
binding domain and the second binding domain can recog 
nize a myeloid cell target, including but not limited to, CD5. 
CD10, CD11b, CD11c, CD13, CD14, CD15, CD18, CD21, 
CD23, CD25, CD27, CD29, CD30, CD31, CD33, CD34, 
CD35, CD38, CD43, CD45, CD64, CD66, CD68, CD70, 
CD80, CD86, CD87, CD88, CD89, CD98, CD100, CD103, 
CD111, CD112, CD114, CD115, CD116, CD117, CD118, 
CD119, CD120a, CD120b, CDw123, CDw131, CD141, 
CD162, CD163, CD177, CD312, IRTA1, IRTA2, IRTA3, 
IRTA4, IRTA5, B-B2, B-B8, and a MHC Class II. 
0073. Other embodiments of the invention are drawn to 
the multivalent binding protein, as described herein, compris 
ing a sequence selected from the group consisting of SEQID 
NOS:2, 4, 6, 103,105, 107, 109,333, and 334. 
0.074. In other embodiments, the multivalent and multi 
specific binding protein with effector function has a first 
binding domain and a second binding domain that recognize 
a target pair selected from the group consisting of EPHB4 
KDR and TIE-TEK. In such embodiments, the protein has a 
first binding domain recognizing EPHB4 and a second bind 
ing domain recognizing KDR or a first binding domain rec 
ognizing KDR and a second binding domain recognizing 
EPHB4. Analogously, the protein may have a first binding 
domain recognizing TIE and a second binding domain rec 
ognizing TEK, or a first binding domain recognizing TEKand 
a second binding domain recognizing TIE. 
0075. In a related aspect, the invention provides a multi 
valent binding protein with effector function, wherein the 
constant sub-region recognizes an effector cell F, receptor 
(e.g., F.YRI, FYRII, FYRIII, F.C.R, and FeRI. In particular 
embodiments, the constant Sub-region recognizes an effector 
cell Surface protein selected from the group consisting of 
CD16, CD32, CD64, CD89, FRI, and F.Rn. The constant 
Sub-region may comprise a C2 domain and a C, domain 
derived from the same, or different, immunoglobulins, anti 
body isotypes, or allelic variants. In some embodiments, the 
C. domain is truncated and comprises a C-terminal 
sequence selected from the group consisting of SEQID NOS: 
366,367,368,369,370 and 371. Preferably, the C. domain 
and the Scorpion linker are derived from the same class, or 
from the same Sub-class, of immunoglobulin, when the linker 
is a hinge-like peptide derived from an immunoglobulin. 
0076 Some proteins according to the invention are also 
contemplated as further comprising a scorpion linker of at 
least about 5 amino acids attached to the constant Sub-region 
and attached to the second binding domain, thereby localizing 
the Scorpion linker between the constant Sub-region and the 
second binding domain. Typically, the Scorpion linker peptide 
length is between 5-45 amino acids. Scorpion linkers include 
peptides derived from interdomain regions of an immunoglo 
bulin Superfamily member, e.g., hinge-like peptides derived 
from immunoglobulin hinge regions, such as IgG1, IgG2. 
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IgG3, IgG4, IgA, and IgE hinge regions. Preferably, a hinge 
like Scorpion linker will retain at least one cysteine capable of 
forming an interchain disulfide bond under physiological 
conditions. Scorpion linkers derived from IgG1 may have 1 
cysteine or two cysteines, and will preferably retain the cys 
teine corresponding to an N-terminal hinge cysteine of wild 
type IgG1. Non-hinge-like peptides are also contemplated as 
Scorpion linkers, provided that Such peptides provide suffi 
cient spacing and flexibility to provide a single-chain protein 
capable of forming two binding domains, one located towards 
each protein terminus (N and C) relative to a more centrally 
located constant Sub-region domain. Exemplary non-hinge 
like Scorpion linkers include peptides from the stalk region of 
C-type lectin stalk regions of Type II membrane proteins, 
such as the stalk regions of CD69, CD72, CD94, NKG2A and 
NKG2D. In some embodiments, the scorpion linker com 
prises a sequence selected from the group consisting of SEQ 
ID NOS:373,374,375,376, 377,380 and 381. 
0077. The proteins may also comprise an N-terminal 
proximal linker (relative to the scorpion linker) of at least 
about 5 amino acids attached to the constant Sub-region and 
attached to the first binding domain, thereby localizing the 
linker between the constant Sub-region and the first binding 
domain. In some embodiments, linkers are found between the 
constant Sub-region and each of the two binding domains, and 
those linkers may be of the same or different sequence, and of 
the same or different lengths. 
0078. The constant sub-region of the proteins according to 
the invention provides at least one effector function. Any 
effector function known in the art to be associated with an 
immunoglobulin (e.g., an antibody) is contemplated. Such as 
an effector function selected from the group consisting of 
antibody-dependent cell-mediated cytotoxicity (ADCC), 
complement-dependent cytotoxicity (CDC), antibody-de 
pendent cellular phagocytosis (ADCP), relatively extended in 
vivo half-life (relative to the same molecule lacking a con 
stant Sub-region), FcR binding, protein A binding, and the 
like. In some embodiments, the extended half-lives of pro 
teins of the invention are at least 28 hours in a human. Of 
course, proteins intended for administration to non-human 
subjects will exhibit relatively extended half-lives in those 
non-human Subjects, and not necessarily in humans. 
0079. In general, the proteins (including polypeptides and 
peptides) of the invention exhibit a binding affinity of less 
than 10 M, or at least 10 M, for at least one of the first 
binding domain and the second binding domain. 
0080. Another aspect of the invention is drawn to a phar 
maceutical composition comprising a protein as described 
herein and a pharmaceutically acceptable adjuvant, carrier or 
excipient. Any adjuvant, carrier, or excipient known in the art 
is useful in the pharmaceutical compositions of the invention. 
I0081. Yet another aspect of the invention provides a 
method of producing a proteinas described above comprising 
introducing a nucleic acid encoding the protein into a host cell 
and incubating the host cell under conditions suitable for 
expression of the protein, thereby expressing the protein, 
preferably at a level of at least 1 mg/liter. In some embodi 
ments, the method further comprises isolating the protein by 
separating it from at least one protein with which it is asso 
ciated upon intracellular expression. Suitable host cells for 
expressing the nucleic acids to produce the proteins of the 
invention include, but are not limited to, a host cell selected 
from the group consisting of a VERO cell, a HeLa cell, a CHO 
cell, a COS cell, a W138 cell, a BHK cell, a HepG2 cell, a 3T3 
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cell, a RIN cell, an MDCK cell, an A549 cell, a PC12 cell, a 
K562 cell, a HEK293 cell, an N cell, a Spodoptera frugiperda 
cell, a Saccharomyces cerevisiae cell, a Pichia pastoris cell, 
any of a variety of fungal cells and any of a variety of bacterial 
cells (including, but not limited to, Escherichia coli, Bacillus 
subtilis, Salmonella typhimurium, and a Streptomycete). 
0082. The invention also provides a method of producing 
a nucleic acid encoding the protein, as described above, com 
prising covalently linking the 3' end of a polynucleotide 
encoding a first binding domain derived from an immunoglo 
bulin variable region to the 5' end of a polynucleotide encod 
ing a constant Sub-region, covalently linking the 5' end of a 
polynucleotide encoding a scorpion linker to the 3' end of the 
polynucleotide encoding the constant Sub-region, and 
covalently linking the 5' end of a polynucleotide encoding a 
second binding domain derived from an immunoglobulin 
variable region to the 3' end of the polynucleotide encoding 
the Scorpion linker, thereby generating a nucleic acid encod 
ing a multivalent binding protein with effector function. Each 
of these coding regions may be separated by a coding region 
for a linker or hinge-like peptide as part of a single-chain 
structure according to the invention. In some embodiments, 
the method produces a polynucleotide encoding a first bind 
ing domain that comprises a sequence selected from the 
group consisting of SEQ ID NO: 2 (anti-CD20 variable 
region, oriented V-V), SEQID NO: 4 (anti-CD28 variable 
region, oriented V-V) and SEQID NO: 6 (anti-CD28 vari 
able region, oriented V-V) in single-chainform, rather than 
requiring assembly from separately encoded polypeptides as 
must occur for heteromultimeric proteins, including natural 
antibodies. Exemplary polynucleotide sequences encoding 
first binding domains are polynucleotides comprising any of 
SEQID NOS: 1, 3 or 5. 
0083. This aspect of the invention also provides methods 
for producing encoding nucleic acids that further comprise a 
linker polynucleotide inserted between the polynucleotide 
encoding a first binding domain and the polynucleotide 
encoding a constant Sub-region, the linker polynucleotide 
encoding a peptide linker of at least 5 amino acids. Addition 
ally, these methods produce nucleic acids that further com 
prise a linker polynucleotide inserted between the polynucle 
otide encoding a constant Sub-region and the polynucleotide 
encoding a second binding domain, the linker polynucleotide 
encoding a peptide linker of at least 5 amino acids. Preferably, 
the encoded peptide linkers are between 5 and 45 amino 
acids. 

0084. The identity of the linker regions present either 
between BD1 and EFD or EFD and BD2 may be derived from 
other sequences identified from homologous-Ig Superfamily 
members. In developing novel linkers derived from existing 
sequences present in homologous members of the -Ig Super 
family, it may be preferable to avoid sequence stretches simi 
lar to those located between the end of a C-like domain and 
the transmembrane domain, since such sequences are often 
Substrates for protease cleavage of surface receptors from the 
cell to create Soluble forms. Sequence comparisons between 
different members of the -Ig superfamily and subfamilies can 
be compared for similarities between molecules in the linker 
sequences that join multiple V-like domains or between the V 
and C like domains. From this analysis, conserved, naturally 
occurring sequence patterns may emerge; these sequences 
when used as the linkers between subdomains of the multi 
Valent fusion proteins should be more protease resistant, 
might facilitate proper folding between Igloop regions, and 
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would not be immunogenic since they occur in the extracel 
lular domains of endogenous cell Surface molecules. 
I0085. The nucleic acids themselves comprise another 
aspect of the invention. Contemplated are nucleic acids 
encoding any of the proteins of the invention described 
herein. As such, the nucleic acids of the invention comprise, 
in 5' to 3' order, a coding region for a first binding domain, a 
constant Sub-region sequence, and a coding region for a sec 
ond binding domain. Also contemplated are nucleic acids that 
encode protein variants wherein the two binding domains and 
the constant Sub-region sequences are collectively at least 
80%, and preferably at least 85%, 90%. 95%, or 99% identi 
cal in amino acid sequence to the combined sequences of a 
known immunoglobulin variable region sequence and a 
known constant Sub-region sequence. Alternatively, the pro 
tein variants of the invention are encoded by nucleic acids that 
hybridize to a nucleic acid encoding a non-variant protein of 
the invention under Stringent hybridization conditions of 
0.015M sodium chloride, 0.0015M sodium citrate at 65-68° 
C. or 0.015M sodium chloride, 0.0015M sodium citrate, and 
50% formamide at 42° C. Variant nucleic acids of the inven 
tion exhibit the capacity to hybridize under the conditions 
defined immediately above, or exhibit 90%, 95%, 99%, or 
99.9% sequence identity to a nucleic acid encoding a non 
variant protein according to the invention. 
I0086. In related aspects, the invention provides a vector 
comprising a nucleic acid as described above, as well as host 
cells comprising a vector or a nucleic acid as described herein. 
Any vector known in the art may be used (e.g., plasmids, 
phagemids, phasmids, cosmids, viruses, artificial chromo 
somes, shuttle vectors and the like) and those of skill in the art 
will recognize which vectors are particularly suited for a 
given purpose. For example, in methods of producing a pro 
tein according to the invention, an expression vector operable 
in the host cell of choice is selected. In like manner, any host 
cell capable of being genetically transformed with a nucleic 
acid or vector of the invention is contemplated. Preferred host 
cells are higher eukaryotic host cells, although lower eukary 
otic (e.g., yeast) and prokaryotic (bacterial) host cells are 
contemplated. 
I0087 Another aspect of the invention is drawn to a method 
of inducing damage to a target cell comprising contacting a 
target cell with a therapeutically effective amount of a protein 
as described herein. In some embodiments, the target cell is 
contacted in vivo by administration of the protein, or an 
encoding nucleic acid, to an organism in need. Contemplated 
within this aspect of the invention, and more generally within 
aspects of the invention drawn to methods of modulating a 
target cell behavior, are methods wherein the multivalent 
single-chain binding protein induces at least an additive 
amount of damage to the target cell, which is at least that 
amount of damage expected from the Sum of the damage 
attributable to separate antibodies comprising one or the other 
of the binding domains. Also contemplated are methods 
wherein the multivalent single-chain binding protein induces 
a synergistic amount of damage to the target cell (or modu 
lation of another target cell behavior) compared to the sum of 
the damage (or modulation in another target cell behavior) 
induced by a first antibody comprising the first binding 
domain but not the second binding domain and a second 
antibody comprising the second binding domain but not the 
first binding domain. A preferred pair of binding domains 
exhibits at least an additive effect, i.e., eitheran additive effect 
or a synergistic effect. Such preferred binding pairs include 
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CD20-CD19, CD20-CD21, CD20-CD22, CD20-CD23, 
CD20-CD30, CD20-CD37, CD20-CD40, CD20-CD70, 
CD20-CD79a, CD20-CD79b, CD20-CD80, CD20-CD81, 
CD20-CD86, CD79b-CD19, CD79b-CD23, CD79b-CD30, 
CD79b-CD37, CD79b-CD72, CD79b-CD81, CD79b-major 
histocompatibility complex class II (CL II), CL II-CD19, CL 
II-CD30, CL II-CD37, CL II-CD72, CL II-CD79a, CL II 
CD81, CD19-CD37, CD19-CD79a, CD37-CD79a, CD81 
CD37, and CD81-CD72. Also preferred is a binding pair 
exhibiting a synergistic effect, exemplified by CD20-CD19, 
CD20-CD21, CD20-CD22, CD20-CD79a, CD20-CD79b, 
CD20-CD81, CD79b-CD37, major histocompatibility com 
plex class II (CLII)-CD19, CLII-CD30, CL II-CD37, and CL 
II-CD72. Yet another preferred binding pair is a binding pair 
exhibiting an additive effect, which includes such binding 
pairs as CD20-CD22, CD20-CD23, CD20-CD30, CD20 
CD37, CD20-CD70, CD20-CD80, CD20-CD86, CD79b 
CD19, CD79b-CD23, CD79b-CD30, CD79b-major histo 
compatibility complex class II (CL II), CD79b-CD81, 
CD79b-major histocompatibility complex class II (CL II). 
CL II-CD79a, and CL 1'-CD81. In some embodiments, the 
multivalent single-chain binding protein is multispecific and 
comprises a binding domain pair specifically recognizing a 
pair of antigens selected from the group consisting of CD20 
CD40, CD20-CD79a, CD20-CD79b, CD20-CD81, CD79b 
CD37, CD79b-CD81, major histocompatibility complex 
class II (CL II)-CD37, CL II-CD72 and CL II-CD79b. 
0088. This aspect of the invention also comprehends 
methods wherein the multispecific, multivalent single-chain 
binding protein induces an inhibited amount of damage (or 
modulation of another target cell behavior) to the target cell 
compared to the sum of the damage (or modulation of another 
target cell behavior) induced by a first antibody comprising 
the first binding domain but not the second binding domain 
and a second antibody comprising the second binding domain 
but not the first binding domain. Exemplary embodiments 
include methods wherein the multi-specific multivalent 
single-chain binding protein comprises a binding domain pair 
specifically recognizing a pair of antigens selected from the 
group consisting of CD22-CD19, CD22-CD21, CD22 
CD23, CD22-CD30, CD22-CD37, CD22-CD40, CD22 
CD70, CD22-CD72, CD22-CD79a, CD22-CD79b, and 
CD22-major histocompatibility complex class II (CL II). 
0089. In a related aspect, the invention provides a method 
of treating a cell proliferation disorder, e.g., cancer, or of 
treating a disorder selected from the group consisting of a 
cancer, an autoimmune disorder, an infectious disease and 
inflammation comprising administering a therapeutically 
effective amount of a protein (as described herein), or an 
encoding nucleic acid, to an organism in need. Those of skill 
in the art, including medical and veterinary professionals, are 
proficient at identifying organisms in need of treatment. Dis 
orders contemplated by the invention as amenable to treat 
ment include a disorder selected from the group consisting of 
a cancer, an autoimmune disorder, an infectious disease and 
inflammation. In some embodiments, the protein is adminis 
tered by in vivo expression of a nucleic acid encoding the 
protein as described herein. The invention also comprehends 
administering the protein by a route selected from the group 
consisting of intravenous injection, intraarterial injection, 
intramuscular injection, Subcutaneous injection, intraperito 
neal injection and direct tissue injection. 
0090 Another aspect of the invention is directed to a 
method of ameliorating a symptomassociated with a disorder 
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noted above comprising administering a therapeutically 
effective amount of a protein, as described herein, to an 
organism in need. Those of skill in the art are also proficient 
at identifying those disorders, or diseases or conditions, 
exhibiting symptoms amenable to amelioration. In some 
embodiments, the symptom is selected from the group con 
sisting of pain, heat, Swelling and joint Stiffness. 
0091. Yet another aspect of the invention is drawn to a 
method of treating an infection associated with an infectious 
agent comprising administering a therapeutically effective 
amount of a protein according to the invention to a patient in 
need, wherein the protein comprises a binding domain that 
specifically binds a target molecule of the infectious agent. 
Infectious agents amenable to treatment according to this 
aspect of the invention include prokaryotic and eukaryotic 
cells, viruses (including bacteriophage), foreign objects, and 
infectious organisms such as parasites (e.g., mammalian 
parasites). 
0092 A related aspect of the invention is directed to a 
method of ameliorating a symptom of an infection associated 
with an infectious agent comprising administering an effec 
tive amount of a protein according to the invention to a patient 
in need, wherein the protein comprises a binding domain that 
specifically binds a target molecule of the infectious agent. 
Those of skill in the medical and veterinary arts will be able 
to determine an effective amount of a protein on a case-by 
case basis, using routine experimentation. 
0093. Yet another related aspect of the invention is a 
method of reducing the risk of infection attributable to an 
infectious agent comprising administering a prophylactically 
effective amount of a protein according to the invention to a 
patient at risk of developing the infection, wherein the protein 
comprises a binding domain that specifically binds a target 
molecule of the infectious agent. Those of skill in the relevant 
arts will be able to determine a prophylactically effective 
amount of a protein on a case-by-case basis, using routine 
experimentation. 
0094. Another aspect of the invention is drawn to the 
above-described multivalent single-chain binding protein 
wherein at least one of the first binding domain and the second 
binding domain specifically binds an antigen selected from 
the group consisting of CD19, CD20, CD21, CD22, CD23, 
CD30, CD37, CD40, CD70, CD72, CD79a, CD79b, CD80, 
CD81, CD86, and a major histocompatibility complex class 
TI peptide. 
0095. In certain embodiments, one of the first binding 
domain and the second binding domain specifically binds 
CD20, and in some of these embodiments, the other binding 
domain specifically binds an antigen selected from the group 
consisting of CD19, CD20, CD21, CD22, CD23, CD30, 
CD37, CD40, CD70, CD72, CD79a, CD79b, CD80, CD81, 
CD86, and a major histocompatibility complex class II pep 
tide. For example, in one embodiment, the first binding 
domain is capable of specifically binding CD20 while the 
second binding domain is capable of specifically binding, 
e.g., CD19. In another embodiment, the first binding domain 
binds CD19 while the second binding domain binds CD20. 
An embodiment in which both binding domains bind CD20 is 
also contemplated. 
0096. In certain other embodiments according to this 
aspect of the invention, one of the first binding domain and the 
second binding domain specifically binds CD79b, and in 
Some of these embodiments, the other binding domain spe 
cifically binds an antigen selected from the group consisting 
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of CD19, CD20, CD21, CD22, CD23, CD30, CD37, CD40, 
CD70, CD72, CD79a, CD79b, CD80, CD81, CD86, and a 
major histocompatibility complex class II peptide. Exem 
plary embodiments include distinct multi-specific, multiva 
lent single-chain binding proteins in which a first binding 
domain: second binding domain specifically binds CD79b: 
CD19 or CD19:CD79b. A multivalent binding protein having 
first and second binding domains recognizing CD79b is also 
comprehended. 
0097. In still other certain embodiments, one of the first 
binding domain and the second binding domain specifically 
binds a major histocompatibility complex class II peptide, 
and in some of these embodiments, the other binding domain 
specifically binds an antigen selected from the group consist 
ing of CD19, CD20, CD21, CD22, CD23, CD30, CD37, 
CD40, CD70, CD72, CD79a, CD79b, CD80, CD81, CD86, 
and a major histocompatibility complex class II peptide. For 
example, in one embodiment, the first binding domain is 
capable of specifically binding a major histocompatibility 
complex class II peptide while the second binding domain is 
capable of specifically binding, e.g., CD19. In another 
embodiment, the first binding domain binds CD19 while the 
second binding domain binds a major histocompatibility 
complex class II peptide. An embodiment in which both bind 
ing domains bind a major histocompatibility complex class II 
peptide is also contemplated. 
0098. In yet other embodiments according to this aspect of 
the invention, one of the first binding domain and the second 
binding domain specifically binds CD22, and in some of these 
embodiments, the other binding domain specifically binds an 
antigen selected from the group consisting of CD19, CD20, 
CD21, CD22, CD23, CD30, CD37, CD40, CD70, CD72, 
CD79a, CD79b, CD80, CD81, CD86, and a major histocom 
patibility complex class II peptide. Exemplary embodiments 
include distinct multi-specific, multivalent single-chain bind 
ing proteins in which a first binding domain:second binding 
domain specifically binds CD22:CD19 or CD19:CD22. A 
multivalent binding protein having first and second binding 
domains recognizing CD22 is also comprehended. 
0099. A related aspect of the invention is directed to the 
above-described multivalent single-chain binding protein 
wherein the protein has at least an additive (i.e., additive or 
synergistic) effect on a target cell behavior relative to the Sum 
of the effects of each of the binding domains. In some 
embodiments, the protein comprises a binding domain pair 
specifically recognizing a pair of antigens selected from the 
group consisting of CD20-CD19, CD20-CD21, CD20 
CD22, CD20-CD23, CD20-CD30, CD20-CD37, CD20 
CD40, CD20-CD70, CD20-CD79a, CD20-CD79b, CD20 
CD80, CD20-CD81, CD20-CD86, CD79b-CD19, CD79b 
CD23, CD79b-CD30, CD79b-CD37, CD79b-CD72, 
CD79b-CD81, CD79b-major histocompatibility complex 
class II (CL II), CL II-CD19, CL II-CD30, CL II-CD37, CL 
II-CD72, CL II-CD79a, CL II-CD81, CD19-CD37, CD19 
CD79a, CD37-CD79a, CD81-CD37, and CD81-CD72. Also 
contemplated are binding pairs that exhibit a synergistic 
effect, which include the binding pairs CD20-CD19, CD20 
CD21, CD20-CD22, CD20-CD79a, CD20-CD79b, CD20 
CD81, CD79b-CD37, major histocompatibility complex 
class II (CL II)-CD19, CL II-CD30, CL II-CD37, and CL 
II-CD72. 

0100. The invention further comprehends a multivalent 
single-chain binding protein as described above wherein the 
protein has an additive effect on a target cell behavior relative 
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to the sum of the effects of each of the binding domains. 
Embodiments according to this aspect of the invention 
include multi-specific proteins comprising a binding domain 
pair specifically recognizing a pair of antigens selected from 
the group consisting of CD20-CD22, CD20-CD23, CD20 
CD30, CD20-CD37, CD20-CD70, CD20-CD80, CD20 
CD86, CD79b-CD19, CD79b-CD23, CD79b-CD30, 
CD79b-major histocompatibility complex class II (CL II), 
CD79b-CD81, CD79b-major histocompatibility complex 
class II (CL II), CL II-CD79a, and CL II-CD81. 
0101. Yet another related aspect of the invention is a mul 
tivalent single-chain binding protein as described above 
wherein the protein has an inhibitory effect on a target cell 
behavior relative to the sum of the effects of each of the 
binding domains. In some embodiments, the protein is mul 
tispecific and comprises a binding domain pair specifically 
recognizing a pair of antigens selected from the group con 
sisting of CD22-CD19, CD22-CD21, CD22-CD23, CD22 
CD30, CD22-CD37, CD22-CD40, CD22-CD70, CD22 
CD72, CD22-CD79a, CD22-CD79b, and CD22-major 
histocompatibility complex class II (CL II). 
0102) Another aspect of the invention is a method of iden 
tifying at least one of the binding domains of the multivalent 
binding molecule. Such as a multispecific binding molecule, 
described above comprising: (a) linking an antibody specifi 
cally recognizing a first antigen and an antibody specifically 
recognizing a second antigen, Such as by contacting both 
antibodies with an anti-isotypic antibody; (b) contacting a 
target comprising at least one of said antigens with the com 
position of step (a); and (c) measuring an activity of the target, 
wherein the activity is used to identify at least one of the 
binding domains of the multivalent binding molecule. In 
Some embodiments, the target is a diseased cell. Such as a 
cancer cell (e.g., a cancerous B-cell) or an auto-antibody 
producing B-cell. 
0103) In each of the foregoing methods of the invention, it 

is contemplated that the method may further comprise a plu 
rality of multivalent single-chain binding proteins. In some 
embodiments, a binding domain of a first multivalent single 
chain binding protein and a binding domain of a second 
multivalent single-chain binding protein induce a synergistic, 
additive, or inhibitory effect on a target cell. Such as a syner 
gistic, additive, or inhibitory amount of damage to the target 
cell. The synergistic, additive or inhibitory effects of a plu 
rality of multivalent single-chain binding proteins is deter 
mined by comparing the effect of Such a plurality of proteins 
to the combined effect of an antibody comprising one of the 
binding domains and an antibody comprising the other bind 
ing domain. 
0104. A related aspect of the invention is directed to a 
composition comprising a plurality of multivalent single 
chain binding proteins as described above. In some embodi 
ments, the composition comprises a plurality of multivalent 
single-chain binding proteins wherein a binding domain of a 
first multivalent single-chain binding protein and a binding 
domain of a second multivalent single-chain binding protein 
are capable of inducing a synergistic, additive, or inhibitory 
effect on a target cell, such as a synergistic, additive or inhibi 
tory amount of damage to the target cell. 
0105. The invention further extends to a pharmaceutical 
composition comprising the composition described above 
and a pharmaceutically acceptable carrier, diluent or excipi 
ent. In addition, the invention comprehends a kit comprising 
the composition as described herein and a set of instructions 
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for administering said composition to exert an effect on a 
target cell. Such as to damage the target cell. 
0106 Finally, the invention also comprehends a kit com 
prising the protein as described herein and a set of instructions 
for administering the protein to treat a cell proliferation dis 
order or to ameliorate a symptom of the cell proliferation 
disorder. 
0107. Other features and advantages of the present inven 
tion will be better understood by reference to the following 
detailed description, including the examples. 

BRIEF DESCRIPTION OF THE DRAWING 

0108 FIG. 1 shows a schematic representation of the mul 
tivalent single-chain molecules envisioned by the invention. 
Individual Subdomains of the fusion protein expression cas 
sette are indicated by separate shapes/blocks on the figure. 
BD1 refers to binding domain 1, linker 1 refers to any poten 
tial linker or hinge like peptide between the N-terminal proxi 
mal BD1 and the “effector function domain', indicated as 
EFD. This subdomain is usually an engineered form of the Fc 
domain of human IgG1, but may include other Subdomains 
with one or more effector functions as defined herein. Linker 
2 refers to the Scorpion linker sequence, if any, present 
between the carboxy terminus of the EFD and the C-terminal 
proximal binding domain 2, BD2. 
0109 FIG.2 shows a Westernblot of non-reduced proteins 
expressed in COS cells. Protein was secreted into the culture 
medium, and culture supernatants isolated after 48-72 hours 
from transiently transfected cells by centrifugation. Thirty 
microliters of crude supernatant were loaded into each well of 
the gel. Lane identifications: 1-molecular weight markers, 
with numerals indicating kilodaltons; 2-2H7-IgG-STD1 
2E12 LH: 3-2H7-IgG-STD1-2E12 HL, 4-2H7-IgG-STD2 
2E12 LH: 5-2H7-IgG-STD2-2E12 HL: 6-2E12 LH SMIP: 
7-2E12 HL SMIP; 8-2H7 SMIP “2H7” refers to a single 
chain construct, where BD1 encodes the CD20 specific bind 
ing domain (2H7) in the VLVH orientation: “2E12” refers to 
a binding domain specific for CD28: - in these specific stud 
ies, IgG-refers to a single-chain construct, with a hinge 
encoding a sequence where all Care mutated to S (SSS), and 
the CH2 and CH3 domains of IgG1 contain mutations which 
eliminate both ADCC and CDC effector functions (P238S 
and P331 S), “STD1' refers to a 20-amino-acid (18+restric 
tion site-encoded) scorpion linker located in linker position 2, 
as shown in FIG. 6A, row 2: STD2 indicates the 38-amino 
acid (36+restriction site-encoded) scorpion linker located in 
linker position 2, as shown in FIG. 6A, row 3 inserted adjacent 
to the BD2 in the V-V, orientation, or 2E12 (V-V). 
“STD1-HL refers to a similar construct as just described, but 
with the BD2 V regions in the V-V, orientation as follows: 
2H7-sssIgG (P238/331S)-20-amino-acid linker-2E12 (V- 
V.). “STD2-LH refers to 2H7-sssIgG (P238/331S)-38 
amino-acid linker-2E12 (V-V): "STD2-LH” refers to 2H7 
SSSIgG (P238/331 SS)-38-amino-acid linker-2E12 (V-V); 
“SMIP refers to small modular immunopharmaceutical 
comprising BD1, a linker and the C and C domains of an 
immunoglobulin Such as IgG.; and “H” generally refers to 
V, while “L” generally refers to V. Unless otherwise indi 
cated, all protein orientations are N-terminal to C-terminal 
orientations. 
0110 FIG. 3 shows two columnar graphs illustrating the 
CD20 and CD28 binding properties of the 2H7-sssIgG 
(P238S/P331S)-STD1-2e12 LH and HL derivatives 
expressed from COS cells. These experiments were per 
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formed with crude culture supernatants rather than purified 
proteins. Serial dilutions from undiluted to 16-fold dilutions 
of the culture supernatants were incubated with either CD20 
expressing cells (A; WIL-2S) or CD28 expressing cells (B; 
CD28 CHO). Binding activity in the supernatants was com 
pared to control samples testing binding of the relevant single 
specificity SMIP such as TRU-015 (binding CD20), or 2e12 
VLVH (binding CD28), or 2e12VHVL SMIPs. Binding in 
each sample was detected using fluorescein isothyocyanate 
(FITC) conjugated goat anti-human IgG at a dilution of 
1:100. 

0111 FIG. 4 is a histogram showing the binding pattern of 
protein A purified versions of the proteins tested in FIG. 3 to 
WIL2-S cells. “TRU015” is a SMIP specific for CD20. Two 
multispecific binding proteins with effector function were 
also analyzed: “2H7-2E12 LH has binding domain 2, spe 
cific for CD28, in V-V, orientation: “2H7-2E12 HL has 
binding domain 2, specific for CD28, in V-V, orientation. 
Each of the proteins was tested for binding at 5 ug/ml, and 
binding detected with FITC goat anti-human IgG at 1:100. 
Control is FITC goat anti-human IgG alone. See the descrip 
tion for FIG. 2 above for more complete descriptions of the 
modules of the molecules tested. 
0112 FIG. 5 shows two histograms illustrating the bind 
ing by protein A purified multispecific binding proteins with 
effector function to CHO cells expressing CD28. “2H7-2E12 
LH has binding domain 2, specific for CD28, in V, -V. 
orientation: “2H7-2E12 HL has binding domain 2, specific 
for CD28, in V-V, orientation. Each of the proteins was 
tested for binding at 5ug/ml, and binding was detected with 
FITC goat anti-human IgG at 1:100. Control is FITC goat 
anti-human IgG alone. See the descriptions in FIG. 2 for a 
more complete description of the modules of the molecules 
tested. 

0113 FIG. 6A) The diagram above shows binding domain 
1 (BD1) separated from the effector function domain (EFD) 
by linker 1, and the EFD separated from BD2 by linker 2 or 
the Scorpion linker. The table identifies the linkers joining the 
constant Sub-region and binding domain 2. The linkers are 
identified by name, sequence, sequence identifier, sequence 
length, and the sequence of the fusion with binding domain 2. 
The scorpion linkers STD1 and STD2 are identified in rows 2 
and 3, respectively. B) Shows a table identifying a variety of 
constructs identifying elements of exemplified molecules 
according to the invention. In addition to identifying the 
multivalent binding molecules by name, the elements of those 
molecules are disclosed in terms of binding domain 1 (BD1), 
the constant Sub-region (hinge and effector domain or EFD), 
a linker (see FIG. 6A for additional information regarding the 
linkers), and binding domain 2 (BD2). The sequences of a 
number of exemplified multivalent binding proteins are pro 
vided, and are identified in the figure by a sequence identifier. 
Other multivalent binding proteins have altered elements, or 
element orders, with predictable alterations in sequence from 
the disclosed sequences. 
0114 FIG. 7 shows a composite columnar graph illustrat 
ing the binding of purified proteins at a single, fixed concen 
tration to CD20 expressing WIL-2S cells and to CHO cells 
expressing CD28. “H1-H6' refers to the 2H7-sss-hIgG-Hx 
2e 12 molecules where Hx represents the H1-H6 linkers and 
the 2e 12 V regions in the orientation of V-V, “L1-L6” 
refers to the 2H7-sss-hIgG-LX-2e 12 molecules where Hx 
represents the L1-L6 linkers and the 2e 12 V regions in the 
orientation of V, -V. All the molecules were tested at a 
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concentration of 0.72 ug/ml, and the binding detected using 
FITC conjugated goat anti-human IgG at 1:100. The mean 
fluorescence intensity for each sample was then plotted as 
paired bar graphs for the two target cell types tested versus 
each of the multivalent constructs being tested, L1-L6, or 
H1-H6. 

0115 FIG. 8 shows photographs of Coomassie stained 
non-reducing and reducing SDS-PAGEgels. These gels show 
the effect of the variant Scorpion linker sequences/lengths on 
2H7-sss-hIgG-HX-2e 12 HL protein stability. The amounts of 
the two predominant protein bands are visualized on the gel. 
The controls TRU-015 and 015 refer to a CD20-directed 
SMIP and 2e 12HL refers to a CD28-directed SMIP. 
0116 FIG. 9 shows Western Blots of the 2H7-sss-hIgG 
H6-2e 12 Scorpion proteins and the relevant single specificity 
SMIPs probed with either (a) 2e 12 cognate antigen 
CD28mIgG, or with (b) an anti-Id Fab reactive with the 2H7 
specificity. The results show that the presence of the H6 linker 
results in the generation of cleaved forms of the multivalent 
constructs which are missing the CD28 binding specificity. 
0117 FIG. 10 shows binding curves of the different scor 
pion linker variants for TRUO15-sss-1gG-HX-2e 12 HL 
H1-H6 linker forms. Scorpion binding specificities are to 
CD20 (BD1; TRU-015) and CD37 (BD2: 2e12). Panel A 
shows the binding curves for binding to CD20 expressing 
WIL-2S cells. Panel B shows the binding curves for binding 
of the different forms to CD28-expressing CHO cells. These 
binding curves were generated with serial dilutions of protein 
A-purified fusion protein, and binding was detected using 
FITC conjugated goat anti-human IgG at 1:100. The apparent 
decrease in binding at concentrations >10 g/ml reflects 
Supersaturation of target cells. 
0118 FIG. 11 shows a table summarizing the results of 
SEC fractionation of 2H7-sss-IgG-2e 12 HL multispecific 
fusion proteins with variant linkers H1-H7. Each row in the 
table lists a different linker variant of the 2H7-sss-IgG-HX 
2e12-HL fusion proteins. The retention time of the peak of 
interest (POI), and the percentage of the fusion protein 
present in POI, and the percentage of protein found in other 
forms is also tabulated. The cleavage of the molecules is also 
listed, with the degree of cleavage indicated in a qualitative 
way, with (Yes), Yes, and YES, or No being the four possible 
choices, corresponding to low, moderate, severe and no 
detectable proteolysis, respectively. 
0119 FIG. 12 shows two graphs with binding curves for 
2H7-sss-hIgG-HX-2e 12 multispecific fusion proteins with 
variant linkers H3, H6, and H7 linkers to cells expressing 
CD20 or CD28. Serial dilutions of the protein A purified 
fusion proteins from 10 g/ml down to 0.005 g/ml were 
incubated with either CD20 expressing WIL-2S cells or 
CD28 CHO cells. Binding was detected using FITC conju 
gated goat anti-human IgG at 1:100. gah FITC indicates con 
trol FITC-conjugated goat anti-human IgG alone. Panel A 
shows the binding to WIL-2S cells, and panel B shows the 
binding to CD28 CHO cells. 
0120 FIG. 13 shows the results of an alternative binding 
assay generated by the molecules used for FIG. 12. In this 
case, the fusion proteins were first bound to WIL-2S CD20 
expressing cells, the second binding domain was then 
detected by addition of its cognate antigen, CD28, fused to 
mouse antibody. Binding was then detected with FITC anti 
mouse reagent (gam FITC) at 1:100. These results demon 
strate the simultaneous binding to both BD1 (CD20) and BD2 
(CD28) in the same scorpion molecule. 
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I0121 FIG. 14 shows results obtained using another mul 
tispecific fusion construct variant. In this case, modifications 
were made in the specificity for BD2, so that the V regions for 
the G28-1 antibody were used to create a CD37 specific 
binding domain. Shown are two graphs which illustrate the 
relative ability of CD20 and/or CD37 antibodies to block the 
binding of the 2H7-sss-IgG-Hx-G28-1 multispecific fusion 
(scorpion) protein to Ramos or BJAB cells expressing the 
CD20 and CD37 targets. Each cell type was preincubated 
with either the CD20 specific antibody (25 ug/ml) or the 
CD37 specific antibody (10 g/ml) or both reagents (these are 
mouse anti-human reagents) prior to incubation with the mul 
tispecific fusion protein. Binding of the multispecific fusion 
protein was then detected with a FITC goat anti-human IgG 
reagent at 1:100, (preadsorbed to mouse to eliminate cross 
reactivity). 
0.122 FIG. 15 shows the results of an ADCC assay per 
formed with BJAB target cells, human PBMC effector cells, 
and with the CD20-hIgG-CD37 specific scorpion molecule as 
the test reagent. The 2H7 binding domain is specific for CD20 
and the G28-1 binding domain is specific for CD37. For a full 
description of the procedure see the appropriate example. The 
graph plots the concentration of fusion protein versus the '% 
specific killing at each dosage tested for the single specificity 
SMIP reagents, and for the 2H7-sss-hIgG-STD1-G28-1 LH 
and HL variants. Each data series plots the dose-response 
effects for one of these single specificity or multispecific 
single-chain fusion proteins. 
I0123 FIG. 16 shows a table tabulating the results of a 
co-culture experiment where human PBMC were cultured in 
the presence of TRU 015, G28-1 SMIP both molecules 
together, or the dual-specificity 2H7-sss-IgG-H7-G28-1HL 
variant. The Scorpions were used at 20 ug/ml, and incubated 
for 24 hours or 72 hours. Samples were then stained with CD3 
antibodies conjugated to FITC to detect remaining CD20/ 
CD37-negative T cells, and either CD19 or CD40 specific 
antibodies conjugated to PE to detect residual CD37/CD20 
positive B cells, then subjected to flow cytometry. The per 
centage of cells in each gate was then tabulated. 
0.124 FIG. 17 shows two columnar graphs of the effects on 
B cell line apoptosis after 24 hour incubation with the 2H7 
sss-hIgG-H7-G28-1 HL molecule or control single CD20 
and/or CD37 specificity SMIPs alone or in combination. The 
percentage of annexin V-propidium iodide positive cells is 
plotted as a function of the type of test reagent used for the 
coincubation experiments. Panel A shows the results obtained 
using Ramos cells, and panel B shows those for Daudi cells. 
Each single CD20 or CD37 directed SMIP is shown at the 
concentrations indicated; in addition, where combinations of 
the two reagents were used, the relative amount of each 
reagent is shown in parentheses. For the multispecific CD20 
CD37 fusion protein, concentrations of 5, 10, and 20 g/ml 
were tested. 

(0.125 FIG. 18 shows two graphs of the 2H7-hIgG-G19-4 
scorpion molecule variants and their binding to either CD3 
expressing cells (Jurkats; recognized by BD G19-4) or CD20 
expressing cells (WIL-2S: recognized by BD 2H7). The mol 
ecules include 2H7-sss-hIgG-STD1-G19-4 HL, LH, and 
2H7-csc-hIgG-STD1-G19-4 HL). Protein A purified fusion 
proteins were titrated from 20 ug/ml down to 0.05ug/ml, and 
the binding detected using FITC goat anti-human IgG at 
1:100. MFI (mean fluorescence intensity) is plotted as a func 
tion of protein concentration. 
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0126 FIG. 19 shows the results of ADCC assays per 
formed with the 2H7-hIgG-STD1-G19-4 HL molecule 
variants with eitheran SSShinge or a CSChinge, BJAB target 
cells, and either total human PBMC as effector cells (A) or 
NK cell depleted PBMC as effector cells (B). Killing was 
scored as a function of concentration of the multispecific 
fusion proteins. The killing observed with these molecules 
was compared to that seen using G19-4, TRU 015, or a com 
bination of these two reagents. Each data series plots a dif 
ferent test reagent, with the percent specific killing plotted as 
a function of protein concentration. 
0127 FIG. 20 shows the percentage of Ramos B-cells that 
stained positive with Annexin V (Ann) and/or propidium 
iodide (PI) after overnight incubation with each member of a 
matrix panel of B-cell antibodies (2 ug/ml) in the presence, or 
absence, of an anti-CD20 antibody (present at 2 ug/ml where 
added). Goat-anti-mouse secondary antibody was always 
present at a two-fold concentration ratio relative to other 
antibodies (either matrix antibody alone, or matrix antibody 
and anti-CD20 antibody). Vertically striped bars—matrix 
antibody (2 ug/ml) denoted on X-axis and goat anti-mouse 
antibody (4 g/ml). Horizontally striped bars—matrix anti 
body (2 ug/ml) denoted on X-axis, anti-CD20 antibody (2 
ug/ml), and goat anti-mouse antibody (4 ug/ml). The "2" 
step’ condition served as a control and involved the addition 
of goatanti-mouse antibody at 4 g/ml (vertically striped bar) 
or 8 ug/ml (horizontally striped bar), without a matrix anti 
body or anti-CD20 antibody. “CL II (MHC class TI) in the 
figures refers to a monoclonal antibody cross-reactive to HLA 
DR, DQ and DP, i.e., to MHC Class II antigens. 
0128 FIG. 21 shows the percentage of Ramos B-cells that 
stained positive with Annexin V (Ann) and/or propidium 
iodide (PI) after overnight incubation with each member of a 
matrix panel of B-cell antibodies (2 ug/ml) in the presence, or 
absence, of an anti-CD79b antibody (present at either 0.5 or 
1.0 ug/ml where added). See the description of FIG. 20 for 
identification of “CL II” and “2" step” samples. Vertically 
striped bars—matrix antibody (2 Lig/ml) and goat anti-mouse 
antibody (4 ug/ml); horizontally striped bars—matrix anti 
body (2 g/ml), anti-CD79b antibody (1.0 g/ml) and goat 
anti-mouse antibody (6 ug/ml); stippled bars—matrix anti 
body (2 g/ml), anti-CD79b antibody (0.5 g/ml) and goat 
anti-mouse antibody (5 g/ml). 
0129 FIG.22 shows the percentage of Ramos B-cells that 
stained positive with Annexin V (Ann) and/or propidium 
iodide (PI) after overnight incubation with each member of a 
matrix panel of B-cell antibodies (2 ug/ml) in the presence, or 
absence, of an anti-CL II antibody (present at either 0.25 or 
0.5 lug/ml where added). See the description of FIG. 20 for 
identification of “CL II and “2' step” samples. Vertically 
striped bars—matrix antibody (2 Lig/ml) and goat anti-mouse 
antibody (4 ug/ml); horizontally striped bars—matrix anti 
body (2 g/ml), anti-CL II antibody (0.5 ug/ml) and goat 
anti-mouse antibody (5 ug/ml); stippled bars—matrix anti 
body (2 g/ml), anti-CL II antibody (0.25 g/ml) and goat 
anti-mouse antibody (4.5 g/ml). 
0130 FIG.23 shows the percentage of DHL-4 B-cells that 
stained positive with Annexin V (Ann) and/or propidium 
iodide (PI) after overnight incubation with each member of a 
matrix panel of B-cell antibodies (2 ug/ml) in the presence, or 
absence, of an anti-CD22 antibody (present at 2 ug/ml where 
added). See the description of FIG. 20 for identification of 
“CL II” and "2" step” samples. Solid bars—matrix antibody 
(2 ug/ml) and goat anti-mouse antibody (4 Jug/ml); Slant 
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striped bars—matrix antibody (2 ug/ml), anti-CD22 antibody 
(2 ug/ml) and goat anti-mouse antibody (8 Jug/ml). 
I0131 FIG. 24 provides a graph demonstrating direct 
growth inhibition of lymphoma cell lines Su-DHL6 (tri 
angles) and DoHH2 (squares) by free CD20 SMIP (closed 
symbols) or monospecific CD20xCD20 scorpion (open sym 
bols). 
I0132 FIG. 25 is a graph showing direct growth inhibition 
of CD37-positive lymphoma cell lines Su-DHL-6 (triangles) 
and DoHH2 (squares) by free anti-CD37 SMIP (closed sym 
bols) or monospecific anti-CD37 scorpion (open symbols). 
Cells were exposed under standard cell culture conditions to 
increasing concentrations of either SMIPs or Scorpions and 
percentage of viable cells remaining at 96 h compared to 
those in untreated control wells was determined. 
0.133 FIG. 26 presents a graph showing direct growth 
inhibition of lymphoma cell lines Su-DHL-6 (triangles) and 
DoHH2 (squares) by a combination of two different mono 
specific SMIPs, i.e., CD20-SMIP and CD37 SMIP (closed 
symbols), or by a bispecific CD20-CD37 scorpion (open 
symbols). 
0.134 FIG.27 is a graph revealing direct growth inhibition 
of lymphoma cell lines Su-DHL-6 (triangles) and WSU-NHL 
(squares) by free CD19 SMIP and CD37 SMIPcombination 
(closed symbols) or bispecific CD19xCD37 scorpion (open 
symbols). 
0.135 FIG. 28 provides histograms showing the cell-cycle 
effects of scorpions. Samples of DoHH2 lymphoma cells 
were separately left untreated, treated with SMIP 016 (CD37 
specific) or treated with the monospecific CD37xCD37 scor 
pion. Open bars: Sub-G phase of the cell cycle; black bars: 
Go/G phase; light-shaded: S phase; and dark-shaded: G2/M 
phase. 
0.136 FIG. 29 presents graphs of data establishing that 
treatment of lymphoma cells with Scorpions resulted in 
increased signaling capacity compared to free SMIPs, as 
measured by calcium ion flux. Upper panel: dotted line: 
unstimulated; dashed line: CD20 and CD37 SMIPS; solid 
line: CD20xCD37 bi-specific scorpion. Lower panel: dotted 
line: unstimulated; dashed line: CD20 SMIP solid line: 
CD20xCD20 mono-specific scorpion. 
0.137 FIG. 30 provides graphs demonstrating scorpion 
dependent cellular cytotoxicity 
0.138 FIG. 31 shows graphs of data indicating that scor 
pions mediate Complement Dependent Cytotoxicity. 
0.139 FIG. 32 provides data in graphical form showing 
comparative ELISA binding of a SMIP and a scorpion to 
soluble, recombinant low-(B) and high-affinity (A) isoforms 
of FcyRIII (CD16). 
0140 FIG.33 presents graphs establishing the binding of 
a SMIP and a scorpion to soluble, recombinant low (A)- and 
high (B)-affinity isoforms of FcyRIII (CD16) in the presence 
of target cells. 
0141 FIG. 34 is a histogram showing the expression level 
of a CD20xCD20 scorpion in two experiments (flask 1 and 
flask 2) under six different culturing conditions. Solid black 
bars: flask 1: shaded bars: flask 2. The A samples contained 
basal CHO media and samples B-G had glucose and/or trace 
mineral feeds added to the basal media. 
0.142 FIG. 35 provides a histogram showing the produc 
tion yield of a CD20xCD37 scorpion. 
0143 FIG. 36 presents SDS-PAGEgels (under reducing 
and non-reducing conditions) of a purified SMIP and a puri 
fied Scorpion. 
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014.4 FIG. 37 provides a graph showing that scorpions 
retain the capacity to bind to target cells. Filled squares: CD20 
SMIP; filled triangles: CD37 SMIP; filled circles: humanized 
CD20 (2Lm20-4) SMIP; open diamond: CD37xCD37 mono 
specific scorpion; open squares: CD20xCD37 bi-specific 
Scorpion; and open triangles: humanized CD20 (2.Lim20-4)x 
humanized CD20 (2.Lim20-4) scorpion. 
0145 FIG.38 contains graphs showing the results of com 
petitive binding assays establishing that both N- and C-ter 
minal Scorpion binding domains participate in target cell 
binding. 
0146 FIG. 39 presents data in the form of graphs showing 
that scorpions have lower off-rates than SMIPs. 
0147 FIG. 40 shows a graph establishing that scorpions 
are stable in serum in vivo, characterized by a reproducible, 
Sustained circulating half-life for the Scorpion. 
0148 FIG. 41 provides a dose-response graph for a 
CD20xCD37 bispecific scorpion, demonstrating the in vivo 
efficacy of Scorpion administration against human tumor B 
cells in immunocompromised mice. 
014.9 FIG. 42 shows target B-cell binding by a monospe 

cific CD20xCD20 scorpion (SO129) and glycovariants. 
0150 FIG. 43 provides graphs illustrating CD20xCD20 
scorpions (untreated (UT) and glycovariants (KF10; CS200)) 
inducing ADCC-mediated killing of BJAB B-cells. Also 
shown are ADCC mediated killing by untreated anti 
CD20SMIP (SBI-0870 and anti-CD20mAb rituximab 
(RTXN, or Rituxan R) 
0151 FIG. 44 shows a gel revealing the effects on scor 
pion stability arising from changes in the Scorpion linker, 
including changing the sequence of that linker and extending 
the linker by adding an H7 sequence to the linker, indicated by 
a "+" in the H7 line under the gel. 
0152 FIG.45 shows the binding to CD20-positive WIL2S 
cells of a CD20xCD20 scorpion (S0129) and scorpion linker 
variants thereof. 
0153 FIG. 46 shows the direct cell killing of a variety of 
CD20-positive B-cells by a CD20xCD20 scorpion and by a 
CD2O SMIP. 
0154 FIG. 47 reveals the direct cell killing of additional 
B-cell lines by a monospecific CD20xCD20 scorpion. 
0155 FIG. 48 shows the direct cell killing capacities of 
each of two monospecific scorpions, i.e., CD20xCD20 and 
CD37xCD37, and a bispecific CD20xCD37 scorpion, the 
latter exhibiting increased killing at lower concentrations. 
0156 FIG. 49 graphically depicts the time-course and 
level of free intracellular Ca++released in of Su-DHL-6 
B-cells to each of a CD20xCD20 (S0129), a CD37xCD37, 
and a CD20xCD37 scorpion. 
(O157 FIG. 50 shows the capacity of a bispecific CD19x 
CD37 scorpion and Rituxan R (RTXN) to directly kill Su 
DHL-6B-cells. 
0158 FIG. 51 is a gel electrophoretogram of immunopre 
cipitates obtained with each of an anti-phosphotyrosine anti 
body and an anti-SYK antibody. The immunoprecipitates 
were obtained from lysates of B-cells contacted with CD20 
binding Scorpions, as indicated in the figure. 
0159 FIG.52 provides combination index plots of CD20 
binding Scorpions in combination therapies with each of 
doxorubicin, Vincristine and rapamycin. 

DETAILED DESCRIPTION 

0160 The present invention provides compositions of 
relatively small peptides having at least two binding regions 
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or domains, which may provide one or more binding speci 
ficities, derived from variable binding domains of immuno 
globulins, such as antibodies, disposed terminally relative to 
an effector domain comprising at least part of an immunoglo 
bulin constant region (i.e., a source from which a constant 
Sub-region, as defined herein, may be derived), as well as 
nucleic acids, vectors and host cells involved in the recombi 
nant production of Such peptides and methods of using the 
peptide compositions in a variety of diagnostic and therapeu 
tic applications, including the treatment of a disorder as well 
as the amelioration of at least one symptom of such a disorder. 
The peptide compositions advantageously arrange a second 
binding domain C-terminal to the effector domain, an 
arrangement that unexpectedly provides sterically unhin 
dered or less hindered binding by at least two binding 
domains of the peptide, while retaining an effector function or 
functions of the centrally disposed effector domain. 
0.161 The first and second binding domains of the multi 
Valent peptides according to the invention may be the same 
(i.e., have identical or Substantially identical amino acid 
sequences and be monospecific) or different (and be multi 
specific). Although different in terms of primary structure, the 
first and second binding domains may recognize and bind to 
the same epitope of a target molecule and would therefore be 
monospecific. In many instances, however, the binding 
domains will differ structurally and will bind to different 
binding sites, resulting in a multivalent, multispecific protein. 
Those different binding sites may exist on a single target 
molecule or on different target molecules. In the case of the 
two binding molecules recognizing different target mol 
ecules, those target molecules may exist, e.g., on or in the 
same structure (e.g., the Surface of the same cell), or those 
target molecules may exist on or in separate structures or 
locales. For example, a multispecific binding protein accord 
ing to the invention may have binding domains that specifi 
cally bind to target molecule on the surfaces of distinct cell 
types. Alternatively, one binding domain may specifically 
bind to a target on a cell Surface and the other binding domain 
may specifically bind to a target not found associated with a 
cell. Such as an extracellular structural (matrix) protein or a 
free (e.g., Soluble or stromal) protein. 
0162 The compositions described herein are capable of 
binding two targets simultaneously utilizing the pairs of bind 
ing domains at the N- and C-terminus of the molecule. In so 
doing, for cell-surface targets, the composition can cross 
link or cause the physical co-approximation of the targets. It 
can be appreciated by those skilled in the art, that many 
receptor systems are activated upon Such cross-linking and 
induced to signal, causing changes in cellular phenotype. The 
design of the compositions disclosed herein was intentionally 
chosen in part to maximize Such signaling and control the 
resultant phenotype. 
0163 Approximate dimensions of domains of these com 
positions, as well as estimates of interdomain flexibility in 
terms of ranges of interdomain angles have been published 
and were considered in designing the compositions disclosed 
herein. For a scorpion using scFv binding domains for BD1 
and BD2, an IgG1 N-terminal hinge (joining BD1 and the 
constant Sub-region), and the H7 Scorpion linker, the binding 
domain at the N-terminus and a binding domain at the C-ter 
minus by the composition may be maximally about 150-180 
Aapart and minimally about 20-30 A apart. Binding domains 
at the N-terminus may be maximally about 90-100 A apart 
and minimally about 10-20 A apart (see Deisenhofer, J., 
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Colman, P. M., Huber, R., Haupt, H., Schwick, G. (1976) 
Crystallographic Structural Studies of a Human Fc-Fragment 
I. An Electron-Density Map at 4A Resolution and a Partial 
Model. Hoppe-Seyler's Z. Physiol. Chem. Bd. 357, S. 435 
445; Gregory L. Davis KG, Sheth B, Boyd J, Jefferis R, Nave 
C. Burton D. R. (1987) The solution conformations of the 
Subclasses of human IgG deduced from sedimentation and 
Small angle X-ray scattering studies, Mol. Immunol. August; 
24(8):821-9; R. J. Poljak, L. M. Amzel, H. P. Avey, B. L. 
Chen, R. P. Phizackerly, F. Saul (1973) Three-Dimensional 
Structure of the Fab" Fragment of a Human Immunoglobulin 
at 2.8 A Resolution, Proc. Natl. Acad. Sci. (USA) (1973)70: 
3305-3310; Bongini, L. Fanelli, F, Piazza, F, De Los Rios, P. 
Sandin, S, Skoglund, U. (2004) Freezing Immunoglobulins to 
see them move. Proc. Natl. Acad. Sci. (USA) 101:6466-6471; 
Kienberger, F. Mueller, H. Pastushenko, V. Hinterdorfer, P. 
(2004) Following single antibody binding to purple mem 
branes in real time, EMBO Reports 5:579-583). The choice of 
these dimensions was done in part to allow for receptor 
receptor distances of less than about 50 A in receptor com 
plexes bound by the Scorpion as distances less than this may 
be optimal for maximal signaling of certain receptor oligo 
mers (see Paar, J M. Harris, NT, Holowka, D. Baird, B. 
(2002) Bivalent ligands with rigid double-stranded spacers 
reveal structural constraints on signaling by FceR1, J. Immu 
nol. 169:856-864) while allowing for the incorporation of Fc 
structures required for effector function. 
0164. The binding domains at the N- and C-terminus of 
the compositions of the invention are designed to be flexible 
structures to facilitate target binding and to allow for a range 
of geometries of the bound targets. It will also be appreciated 
by those skilled in the art that flexibility between the N- or 
C-terminal binding domains (BD1 and BD2, respectively) 
and between the binding domains and the Fc domain of the 
molecule as well as the maximal and minimal distances 
between receptors bound by BD1 and/or BD2 can be modi 
fied for example by choice of N-terminal hinge domain 
(linker joining BD1 and the constant Sub-region) and, by 
structural analogy, the C-terminal linker domain (Scorpion 
linker). For example, hinge domains from IgG1, IgG2, IgG3. 
IgG4, IgE, IgA2, synthetic hinges and the hinge-like C. 
domain of IgM show different degrees offlexibility, as well as 
different lengths (Roux, K H. Stretlets, L, Michaelsen, T E. 
(1997) Molecular flexibility of human IgG subclasses, J. 
Immunol. 159:3372; Roux, KH, Stretlets, L. Brekke, Ohio, 
Sandlie, I, Michaelsen, T E. (1998) Comparisons of the Abil 
ity of Human IgG3 Hinge Mutants, IgM, IgE, and IgA2, to 
Form Small Immune Complexes: A Role for Flexibility and 
Geometry. J. Immunol. 161:4083-4090). Those skilled in the 
art will understand that the optimal choice of an N-terminal 
hinge domain and H2 will depend upon the receptor system 
(s) with which the Scorpion is designed to interact as well as 
the desired signaling phenotype induced by Scorpion binding. 
As a non-limiting example, it may be desirable to prevent 
bound receptors from approaching within about 50 A of each 
other to intentionally create Submaximal signals (see Paar, J 
M, Harris, N. T. Holowka, D, Baird, B. (2002) Bivalent 
ligands with rigid double-stranded spacers reveal structural 
constraints on signaling by FceR1, J. Immunol. 169:856-864) 
and, in Such a case choices of N-terminal hinge domain and 
scorpion linker that are shorter andless flexible may be appro 
priate. 
0.165 Beyond the range of dimensions and flexibility 
enabled by compositions of the present invention, the com 
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positions allow independent optimization of binding kinetics 
of BD1 and BD2 that are important in invoking desired prop 
erties upon binding to targets. Binding kinetics can be under 
stood in terms of rate constants for binding and dissociation 
from the target (ky and k, respectively). These properties 
can be varied independently for BD1 and BD2 and can have 
independent effects on the phenotype induced upon binding 
to cell Surface receptors on a target cell. 
0166 key determines the likelihood of binding of an 
unbound BD to its target receptor given the average time an 
unbound receptor occupies a position within the area within 
which the free binding site is capable of binding its target and 
the concentration of unbound receptors on this area of the cell 
surface. The area within which the free binding site is capable 
of binding its target will be determined in part by the flexibil 
ity and length of the associated N-terminal linker (e.g., hinge) 
and Scorpion linker, as described above. Given receptor con 
centrations in the range of 10-10,000 receptors/um, and 
receptor diffusivity in the range of 10-10 cm/s (see 
Kusumi, A. Sako, Y. Yamamoto, M. (1993) Confined lateral 
diffusion of membrane receptors as studied by single particle 
tracking (nanovid microsopy) Effects of calcium-induced 
differentiation in cultured epithelial cells, Biophysical J. 
65:2021-2040) it can be seen that desirable values ofk may 
be greater than about 10/Mrs. kox for a binding domain, 
which can be varied by methods known to those skilled in the 
art, for example by modifying the electrostatic complemen 
tarity between the binding domain and its binding site on the 
receptor (Kiel, C., Selzer, T., Shaul, Y., Schreiber, G., Her 
mann, C. Electrostatically Optimized Ras-binding Ral gua 
nine dissociation mutants increase the rate of association by 
stabilizing the encounter enthalpy, Proc. Natl. Acad. Sci. 
(USA) 101:9223-9228 (2004); Selzer, T, Albeck, S, 
Schreiber, G. (2000) Rational design of faster associating and 
tighter binding protein complexes, Nature Structural Biology. 
7:537-514), and can be screened for in libraries using surface 
plasmon resonance (Leonard P. Safsten P. Hearty S. McDon 
nell B, Finlay W. O'kennedy R. High throughput ranking of 
recombinant avian ScFV antibody fragments from crude 
lysates using the Biacore A100, JImmunol Methods (2007) 
May 15: Epub ahead of print). In the case where the binding 
domain is an Scv, key can be chosen from a range on the 
order of <10-107/M's (Ulrik B. Nielsen, Gregory P. Adams, 
Louis M. Weiner and James D. Marks, Targeting of B1 valent 
Anti-ErbB2 Diabody Antibody Fragments to Tumor Cells Is 
Independent of the Intrinsic Antibody Affinity, Cancer 
Research 60:6434-6440 (2000); K. Asish Xavier and Richard 
C. Willson (1998) Association and Dissociation Kinetics of 
Anti-Hen Egg Lysozyme Monoclonal Antibodies HyHEL-5 
and HyHEL-10, Biophys J, 74:2036-2045). 
(0167. The k for a binding domain will determine the 
rate of receptor complex dissociation and, thus, the dwell 
time of the receptor complex bound by the scorpion. It will be 
appreciated by those skilled in the art that changes in dwell 
time can affect the signaling phenotype induced (see Kersh, E 
N, Shaw, A S, Allen, PM. (1998) Fidelity of T-cell receptor 
activation thru multistep T-cell receptor Zeta phosphoryla 
tion, Science 281: 572-575). The k should below enough 
to allow for dimeric and/or higher receptor complexes bound 
by Scorpion molecules disclosed herein to remain in the com 
plex longer than it takes to accumulate reaction products in 
the target signaling cascade(s) above the threshold required 
for induction of the desired signaling phenotype and should 
be high enough to allow the receptor complex to dissociate 
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prior to the time required to accumulate reaction products in 
signaling cascade(s) that Suppress or inhibit the induction of 
the desired signaling phenotype. Typically, kz will be cho 
sen to be between about 10 to 10.7/sec (see Graff C P. 
Chester K, Begent R. Wittrup KD (2004) Directed evolution 
of an anti-carcinoembryonic antigen Schv with a 4-day 
monovalent dissociation half-time at 37 degrees C. Protein 
Eng Des Sel. 17(4):293-304). A low value of k will maxi 
mize the concentration of Scorpion-induced cross-linked 
receptor oligomers (dimers or higher) for any concentration 
of the Scorpion and low k rates will broaden the dose range 
over which ligand-mediated cross-linked species predomi 
nate over forms with engagement of BD1 or BD2 alone (see 
Perelson, A S. (1980) Receptor Clustering on a Cell Surface 
II. Theory of Receptor Cross-Linking by Ligands Bearing 
Two Chemically Distinct Functional Groups. Mathematical 
Biosciences 49:87-110). It may also be of interest to select 
binding domains with high values of k. For example, a 
high k may be desired for a receptor where a short dwell 
time in the complex is optimal for invoking the desired sig 
naling phenotype (ex. See Matsui, K, Boniface, J.J. Steffner, 
P, Reay, PA, Davis M. M. (1994) Kinetics of T-cell receptor 
binding to peptide/1-E' complexes: correlation of the disso 
ciation rate with T-cell responsiveness, Proc. Natl. Acad. Sci. 
(USA) 91:12862-12866; Lyons, D S et al., (1996) A TCR 
binds to antagonist ligands with lower affinities and faster 
dissociation rates than to agonists, Immunity 5:53-61). It will 
be appreciated by those skilled in the art that k can be 
independently controlled for BD1 and BD2 for a composition 
comprising a Scorpion. For a further non-limiting example, it 
may be desirable for one of BD1 or BD2 to have a very low 
ko and the other to have a relatively high ko. This can 
allow the Scorpion to have a long residence time on the cell 
surface bound to receptors corresponding to the lowk BD 
while serially engaging receptors corresponding to the high 
ke BD. This can have the effect of augmenting signaling 
when Scorpion concentrations are low (see Kalergis, A Met 
al., (2001) Efficient T-cell activation requires an optimal 
dwell-time of interaction between the TCR and the pMHC 
complex, Nature Immunol. 2:229-234). It will be appreciated 
by those skilled in the art that k can be modified by 
engineering binding domains and/or by Screening for binding 
domains with the desired kinetic properties (see SuB, Hrin R, 
Harvey BR, WangYJ, Ernst RE, Hampton RA, Miller MD, 
Strohl W. R. An Z, Montgomery D L. (2007) Automated 
high-throughput purification of antibody fragments to facili 
tate evaluation in functional and kinetic based assays, J 
Immunol Methods 322(1-2):94-103: Steukers M. Schaus J 
M. van Gool R, Hoyoux A, Richalet P. Sexton DJ, Nixon AE, 
Vanhove M. (2006) Rapid kinetic-based screening of human 
Fab fragments, J. Immunol. Methods, 310(1-2): 126-35; Jer 
mutus L., HoneggerA, Schwesinger F. Hanes J. Plückthun A. 
(2001) Tailoring in vitro evolution for protein affinity or sta 
bility, Proc. Natl. Acad. Sci. (USA) 98(1): 75-80). 
0168 The first and second binding domains are derived 
from one or more regions of the same, or different, immuno 
globulin protein structures such as antibody molecules. The 
first and/or second binding domain may exhibit a sequence 
identical to the sequence of a region of an immunoglobulin, or 
may be a modification of Such a sequence to provide, e.g., 
altered binding properties or altered stability. Such modifica 
tions are known in the art and include alterations in amino 
acid sequence that contribute directly to the altered property 
Such as altered binding, for example by leading to an altered 
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secondary or higher order structure for the peptide. Also 
contemplated are modified amino acid sequences resulting 
from the incorporation of non-native amino acids, Such as 
non-native conventional amino acids, unconventional amino 
acids and imino acids. In some embodiments, the altered 
sequence results in altered post-translational processing, for 
example leading to an altered glycosylation pattern. 
0169. Any of a wide variety of binding domains derived 
from an immunoglobulin or immunoglobulin-like polypep 
tide (e.g., receptor) are contemplated for use in Scorpions. 
Binding domains derived from antibodies comprise the CDR 
regions of a V, and a V. domain, seen, e.g., in the context of 
using a binding domain from a humanized antibody. Binding 
domains comprising complete V, and V. domains derived 
from an antibody may be organized in either orientation. A 
Scorpion according to the invention may have any of the 
binding domains herein described. For Scorpions having at 
least one binding domain recognizing a B-cell, exemplary 
Scorpions have at least one binding domain derived from 
CD3, CD10, CD19, CD2O, CD21, CD22, CD23, CD24, 
CD37, CD38, CD39, CD40, CD72, CD73, CD74, CDw15, 
CDw 76, CD77, CD78, CD79a/b, CD80, CD81, CD82, 
CD83, CD84, CD85, CD86, CD89, CD98, CD126, CD127, 
CDw130, CD138 or CDw150. In some embodiments, the 
Scorpion is a multivalent binding protein comprising at least 
one binding domain having a sequence selected from the 
group consisting of SEQID NOS: 2, 4, 6, 103, 105, 107 and 
109. In some embodiments, a Scorpion comprises a binding 
domain comprising a sequence selected from the group con 
sisting of any of SEQID NOS: 333-334,336, and 343. 
(0170 For embodiments in which either, or both, of the 
binding domains are derived from more than one region of an 
immunoglobulin (e.g., an IgV region and an IgV region). 
the plurality of regions may be joined by a linker peptide. 
Moreover, a linker may be used to join the first binding 
domain to a constant Sub-region. Joinder of the constant Sub 
region to a second binding domain (i.e., binding domain 2 
disposed towards the C-terminus of a Scorpion) is accom 
plished by a Scorpion linker. The Scorpion linker, as a domain 
of a scorpion molecule that joins the C-terminus of the con 
stant Sub-region to the N-terminus of binding domain 2, pro 
vides more than the simple spacing function characteristic of 
peptide linkers. In addition to providing a spacing function, 
the scorpion linker provides the flexibility or rigidity suitable 
for development of the proper orientation of domains of the 
Scorpion protein both within the Scorpion molecule and 
between or among the Scorpion and its target(s). Further, the 
Scorpion linker Supports expression of the full-length mol 
ecule and stability of the purified protein both in vitro and in 
Vivo following administration to an organism in need, such as 
human, and is preferably non-immunogenic or poorly immu 
nogenic in those same organisms. As noted herein, these 
functions have been found in peptides derived from either the 
interdomain region of an immunoglobulin Superfamily mem 
ber (e.g., an antibody hinge region) or the stalk region of 
C-type lectins, a family of type II membrane proteins. These 
scorpion linkers are preferably between about 2-45 amino 
acids, or 2-38 amino acids, or 5-45 amino acids. For example, 
the H1 linker is 2 amino acids in length and the STD2 linker 
is 38 amino acids in length. Beyond general length consider 
ations, a Scorpion linker region Suitable for use in the Scorpi 
ons according to the invention includes an antibody hinge 
region selected from the group consisting of IgG, IgA, Ig|D 
and IgE hinges and variants thereof. For example, the scor 
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pion linker may be an antibody hinge region selected from the 
group consisting of human IgG1, human IgG2, human IgG3. 
and human IgG4, and variants thereof. In some embodiments, 
the Scorpion linker region has a single cysteine residue for 
formation of an interchain disulfide bond. In other embodi 
ments, the Scorpion linker has two cysteine residues for for 
mation of interchain disulfide bonds. In some embodiments, 
a scorpion linker region is derived from an immunoglobulin 
interdomain region (e.g., antibody hinge region) or a Type II 
C-type lectin stalk region (derived from a Type II membrane 
protein) and comprises a sequence selected from the group 
consisting of SEQ ID NOS: 111, 113, 115, 117, 119, 121, 
123,125, 127, 129, 131, 133, 135, 149, 151,153, 155, 157, 
159, 161, 163, 165, 167, 169, 231, 233,235, 237,239, 241, 
243, 245, 247, 249, 251, 253, 255, 257, 259,261,263,265, 
267, 269,271, 273, 275, 277,279, 281, 287, 289, 297, 305, 
307, 309, 310,311, 313, 314, 315, 316, 317, 318, 319, 320, 
321, 322, 323,324, 325, 326, 327, 328, 329, 330, 331, 346, 
373, 374,375, 376, 377, 380 and 381. More generally, any 
sequence of amino acids identified in the sequence listing as 
providing a sequence derived from an immunoglobulin inter 
domain region (e.g., an antibody hinge region) is contem 
plated for use as a Scorpion linker in the Scorpion molecules 
according to the invention. In addition, a Scorpion linker 
derived from an Ig hinge is a hinge-like peptide domain 
having at least one free cysteine capable of participating in an 
interchain disulfide bond. Preferably, a scorpion linker 
derived from an Ighinge peptide retains a cysteine that cor 
responds to the hinge cysteine disposed towards the N-termi 
nus of that hinge. Preferably, a scorpion linker derived from 
an IgG1 hinge has one cysteine or has two cysteines corre 
sponding to hinge cysteines. Additionally, a Scorpion linker is 
a stalk region of a C-type lectin domain (derived from a Type 
II membrane protein). In some embodiments, a Scorpion 
comprises a Scorpion linker having a sequence selected from 
the group consisting of SEQID NOS:373-377,380 and 381. 
In general terms, a Scorpion linker may be derived from an 
interdomain region of an immunoglobulin Superfamily mem 
ber, Such as the interdomain region constituting a hinge in an 
immunoglobulin, or a scorpion linker may be derived from 
the extracellular stalk region of type 2 membrane proteins that 
are C-type lectin family members. Exemplary Scorpion link 
ers are provided in Table A. 

Scorpion Exemplary scorpion 
linker source linkers* Characteristics 

IgG1 hinge H7-H11, H17, H19, H21, Immunoglobulin 
H23, H25, H27, H33, Mid-hinge region 
H36-H46, H53, and H54 

CD2 H20, HG21, and H28 Type 1 membrane protein 
Immunoglobulin Superfamily 
member 
Scorpion linkers derived from 
region linking IgV and IgC2 

CD8O H16, H17, H24, H25, H47, Type 1 membrane protein 
and H48 Immunoglobulin Superfamily 

member 
Scorpion linkers derived from 
region linking IgV and IgC 

CD86 H18, H19, H26, H27, H50, Type 1 membrane protein 
H51, H52, H53, H54, H55, Immunoglobulin superfamily 
and H56 member 

Scorpion linkers derived from 
region linking IgV and IgC 
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-continued 

Scorpion Exemplary Scorpion 
linker source linkers* Characteristics 

CD22 H22, H23, H30, H32, H33, Type 1 membrane protein 
and H57 Siglec (Sialic acid binding Ig 

like lectin) 
Scorpion linkers derived from 
region linking non-Ig domain 
and IgC2 domain 

CD69 H6O Type 2 membrane protein 
C-type lectin 
Scorpion linkers derived from 
region linking transmembrane 
omain and lectin C domain 

CD72 H58, H59 and H70 Type 2 membrane protein 
C-type lectin 
Scorpion linkers derived from 
region linking transmembrane 
omain and lectin C domain 

CD94 H61 Type 2 membrane protein 
C-type lectin 
Scorpion linkers derived from 
region linking transmembrane 
omain and lectin C domain 

NKG2A H62 and H69 (variant of Type 2 membrane protein 
H62) C-type lectin 

Scorpion linkers derived from 
region linking transmembrane 
omain and lectin C domain 

NKG2D H63 Type 2 membrane protein 
C-type lectin 
Scorpion linkers derived from 
region linking transmembrane 
omain and lectin C domain 

*Designations further described below, including the sequence listing. 

0171 The centrally disposed constant sub-region is 
derived from a constant region of an immunoglobulin protein. 
The constant Sub-region generally is derived from a C 
portion of a C region of an immunoglobulin in the abstract, 
although it may be derived from a C-C portion. Option 
ally, the constant Sub-region may be derived from a hinge 
C, or hinge-C-C portion of an immunoglobulin, plac 
ing a peptide corresponding to an Ig interdomain region (e.g., 
an antibody hinge region) N-terminal to the constant Sub 
region and disposed between the constant Sub-region and 
binding domain 1. Also, portions of the constant Sub-region 
may be derived from the C regions of different immunoglo 
bulins. Further, the peptide corresponding to an Ig C may 
be truncated, leaving a C-terminal amino acid sequence 
selected from the group consisting of SEQID NOS:366-371. 
It is preferred, however, that in embodiments in which a 
Scorpion hinge is a hinge-like peptide derived from an immu 
noglobulin hinge, that the Scorpion linker and the constant 
Sub-region be derived from the same type of immunoglobu 
lin. The constant Sub-region provides at least one activity 
associated with a C region of an immunoglobulin, such as 
antibody-dependent cell-mediated cytotoxicity (ADCC), 
complement-dependent cytotoxicity (CDC), protein Abind 
ing, binding to at least one F, receptor, reproducibly detect 
able stability relative to a protein according to the invention 
except for the absence of a constant Sub-region, and perhaps 
placental transfer where generational transfer of a molecule 
according to the invention would be advantageous, as recog 
nized by one of skill in the art. As with the above-described 
binding domains, the constant Sub-region is derived from at 
least one immunoglobulin molecule and exhibits an identical 
or Substantially identical amino acid sequence to a region or 
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regions of at least one immunoglobulin. In some embodi 
ments, the constant Sub-region is modified from the sequence 
or sequences of at least one immunoglobulin (by Substitution 
of one or more non-native conventional or unconventional, 
e.g., synthetic, amino acids or imino acids), resulting in a 
primary structure that may yield an altered secondary or 
higher order structure with altered properties associated 
therewith, or may lead to alterations in post-translational 
processing. Such as glycosylation. 
0172 For those binding domains and constant sub-regions 
exhibiting an identical or Substantially identical amino acid 
sequence to one or more immunoglobulin polypeptides, the 
post-translational modifications of the molecule according to 
the invention may result in a molecule modified relative to the 
immunoglobulin(s) serving as a basis for modification. For 
example, using techniques known in the art, a host cell may be 
modified, e.g. a CHO cell, in a manner that leads to an altered 
polypeptide glycosylation pattern relative to that polypeptide 
in an unmodified (e.g., CHO) host cell. 
0173 Provided with such molecules, and the methods of 
recombinantly producing them in Vivo, new avenues of tar 
geted diagnostics and therapeutics have been opened to allow, 
e.g., for the targeted recruitment of effector cells of the 
immune system (e.g., cytotoxic T lymphocytes, natural killer 
cells, and the like) to cells, tissues, agents and foreign objects 
to be destroyed or sequestered. Such as cancer cells and infec 
tious agents. In addition to localizing therapeutic cells to a site 
of treatment, the peptides are useful in localizing therapeutic 
compounds, such as radiolabeled proteins. Further, the pep 
tides are also useful in Scavenging deleterious compositions, 
for example by associating a deleterious composition, such as 
a toxin, with a cell capable of destroying or eliminating that 
toxin (e.g., a macrophage). The molecules of the invention are 
useful in modulating the activity of binding partner mol 
ecules, such as cell surface receptors. This is shown in FIG. 17 
where apoptotic signaling through CD20 and/or CD37 is 
markedly enhanced by a molecule of the present invention. 
The effect of this signaling is the death of the targeted cell. 
Diseases and conditions where the elimination of defined cell 
populations is beneficial would include infectious and para 
sitic diseases, inflammatory and autoimmune conditions, 
malignancies, and the like. One skilled in the art would rec 
ognize that there is no limitation of the approach to the 
enhancement of apoptotic signaling. Mitotic signaling and 
signaling leading to differentiation, activation, or inactivation 
of defined cell populations can be induced by molecules of the 
present invention through the appropriate selection of binding 
partner molecules. Further consideration of the disclosure of 
the invention will be facilitated by a consideration of the 
following express definitions of terms used herein. 
0174. A "single-chain binding protein’ is a single contigu 
ous arrangement of covalently linked amino acids, with the 
chain capable of specifically binding to one or more binding 
partners sharing Sufficient determinants of a binding site to be 
detectably bound by the single-chain binding protein. Exem 
plary binding partners include proteins, carbohydrates, lipids 
and Small molecules. 

(0175 For ease of exposition, “derivatives” and “variants” 
of proteins, polypeptides, and peptides according to the 
invention are described in terms of differences from proteins 
and/or polypeptides and/or peptides according to the inven 
tion, meaning that the derivatives and variants, which are 
proteins/polypeptides/peptides according to the invention, 
differ from underivatized or non-variant proteins, polypep 
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tides or peptides of the invention in the manner defined. One 
of skill in the art would understand that the derivatives and 
variants themselves are proteins, polypeptides and peptides 
according to the invention. 
0176 An “antibody' is given the broadest definition con 
sistent with its meaning in the art, and includes proteins, 
polypeptides and peptides capable of binding to at least one 
binding partner, Such as a proteinaceous or non-proteina 
ceous antigen. An “antibody' as used herein includes mem 
bers of the immunoglobulin Superfamily of proteins, of any 
species, of single- or multiple-chain composition, and vari 
ants, analogs, derivatives and fragments of Such molecules. 
Specifically, an “antibody' includes any form of antibody 
known in the art, including but not limited to, monoclonal and 
polyclonal antibodies, chimeric antibodies, CDR-grafted 
antibodies, humanized antibodies, single-chain variable frag 
ments, bi-specific antibodies, diabodies, antibody fusions, 
and the like. 
0177. A “binding domain is a peptide region, such as a 
fragment of a polypeptide derived from an immunoglobulin 
(e.g., an antibody), that specifically binds one or more spe 
cific binding partners. If a plurality of binding partners exists, 
those partners share binding determinants sufficient to detect 
ably bind to the binding domain. Preferably, the binding 
domain is a contiguous sequence of amino acids. 
0.178 An "epitope' is given its ordinary meaning herein of 
a single antigenic site, i.e., an antigenic determinant, on a 
Substance (e.g., a protein) with which an antibody specifically 
interacts, for example by binding. Other terms that have 
acquired well-settled meanings in the immunoglobulin (e.g., 
antibody) art, such as a “variable light region.” variable heavy 
region.” “constant light region.” “constant heavy region.” 
“interdomain region of an immunoglobulin Superfamily 
member,” “antibody hinge region.” “complementarity deter 
mining region.” “framework region.” “antibody isotype.” “F, 
region.” “single-chain variable fragment' or “scFv.” “dia 
body.” “chimera,” “CDR-grafted antibody.” “humanized anti 
body.” “shaped antibody.” “antibody fusion, and the like, are 
each given those well-settled meanings known in the art, 
unless otherwise expressly noted herein. 
0179 Terms understood by those in the art as referring to 
antibody technology are each given the meaning acquired in 
the art, unless expressly defined herein. Examples of Such 
terms are “V, and “V”, referring to the variable binding 
region derived from an antibody light and heavy chain, 
respectively; and C and C, referring to an “immunoglobu 
lin constant region, i.e., a constant region derived from an 
antibody light or heavy chain, respectively, with the latter 
region understood to be further divisible into C, C, C 
and C constant region domains, depending on the antibody 
isotype (IgA, Ig|D, IgE, IgG, IgM) from which the region was 
derived. CDR means “complementarity determining region.” 
A "hinge region' is derived from the amino acid sequence 
interposed between, and connecting, the C1 and C2 regions 
of a single chain of an antibody, which is known in the art as 
providing flexibility, in the form of a “hinge to whole anti 
bodies. 

0180 A “constant sub-region' is a term defined herein to 
refer to a peptide, polypeptide, or protein sequence that cor 
responds to, or is derived from, one or more constant region 
domains of an antibody. Thus, a constant Sub-region may 
include any or all of the following domains: a C domain, a 
hinge region, a C2 domain, a C, domain (IgA, Ig), IgG, 
IgE, and IgM), and a Ca domain (IgE, IgM). A constant 
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Sub-region as defined herein, therefore, can refer to a 
polypeptide region corresponding to an entire constant region 
of an antibody, or a portion thereof. Typically, a constant 
Sub-region of a polypeptide, or encoding nucleic acid, of the 
invention has a hinge, C. domain, and C domain. 
0181 An "effector function' is a function associated with 
or provided by a constant region of an antibody. Exemplary 
effector functions include antibody-dependent cell-mediated 
cytotoxicity (ADCC), complement activation and comple 
ment-dependent cytotoxicity (CDC), F receptor binding, 
and increased plasma half-life, as well as placental transfer. 
An effector function of a composition according to the inven 
tion is detectable; preferably, the specific activity of the com 
position according to the invention for that function is about 
the same as the specific activity of a wild-type antibody with 
respect to that effector function, i.e., the constant Sub-region 
of the multivalent binding molecule preferably has not lost 
any effector function relative to a wild-type antibody 
0182 A“linker is a peptide, or polynucleotide, that joins 
or links other peptides or polynucleotides. Typically, a pep 
tide linker is an oligopeptide of from about 2-50 amino acids, 
with typical polynucleotide linkers encoding such a peptide 
linker and, thus, being about 6-150 nucleotides in length. 
Linkers join the first binding domain to a constant Sub-region 
domain. An exemplary peptide linker is (Gly Ser). A scor 
pion linker is used to join the C-terminal end of a constant 
Sub-region to a second binding domain. The Scorpion linker 
may be derived from the interdomain region of an immuno 
globulin Superfamily member Such as an immunoglobulin 
hinge region or from the stalk region of a C-type lectin, as 
described in greater detail below. 
0183. A “target' is given more than one meaning, with the 
context of usage defining an unambiguous meaning in each 
instance. In its narrowest sense, a “target' is a binding site, 
i.e., the binding domain of a binding partner for a peptide 
composition according to the invention. In a broader sense, 
“target' or “molecular target” refers to the entire binding 
partner (e.g., a protein), which necessarily exhibits the bind 
ing site. Specific targets, such as “CD20.” “CD37 and the 
like, are each given the ordinary meaning the term has 
acquired in the art. A “target cell is any prokaryotic or 
eukaryotic cell, whether healthy or diseased, that is associ 
ated with a target molecule according to the invention. Of 
course, target molecules are also found unassociated with any 
cell (i.e., a cell-free target) or in association with other com 
positions such as viruses (including bacteriophage), organic 
or inorganic target molecule carriers, and foreign objects. 
0184 Examples of materials with which a target molecule 
may be associated include autologous cells (e.g., cancer cells 
or other diseased cells), infectious agents (e.g., infectious 
cells and infectious viruses), and the like. A target molecule 
may be associated with an enucleated cell, a cell membrane, 
a liposome, a sponge, a gel, a capsule, a tablet, and the like, 
which may be used to deliver, transport or localize a target 
molecule, regardless of intended use (e.g., for medical treat 
ment, as a result of benign or unintentional provision, or to 
further a bioterrorist threat). “Cell-free,” “virus-free,” “car 
rier-free,” “object-free,” and the like refer to target molecules 
that are not associated with the specified composition or 
material. 

0185. “Binding affinity” refers to the strength of non-co 
Valent binding of the peptide compositions of the invention 
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and their binding partners. Preferably, binding affinity refers 
to a quantitative measure of the attraction between members 
of a binding pair. 
0186. An “adjuvant” is a substance that increases or aids 
the functional effect of a compound with which it is in asso 
ciation, Such as in the form of a pharmaceutical composition 
comprising an active agent and an adjuvant. An "excipient' is 
an inert Substance used as a diluent in formulating a pharma 
ceutical composition. A "carrier' is a typically inert Substance 
used to provide a vehicle for delivering a pharmaceutical 
composition. 
0187. “Host cell refers to any cell, prokaryotic or eukary 
otic, in which is found a polynucleotide, protein or peptide 
according to the invention. 
0188 “Introducing a nucleic acid or polynucleotide into 
a host cell means providing for entry of the nucleic acid or 
polynucleotide into that cell by any means known in the art, 
including but not limited to, in vitro salt-mediated precipita 
tions and other forms of transformation of naked nucleic 
acid/polynucleotide or vector-borne nucleic acid/polynucle 
otide, virus-mediated infection and optionally transduction, 
with or without a “helper molecule, ballistic projectile deliv 
ery, conjugation, and the like. 
0189 “Incubating a host cell means maintaining that cell 
under environmental conditions known in the art to be suit 
able for a given purpose. Such as gene expression. Such con 
ditions, including temperature, ionic strength, oxygen ten 
Sion, carbon dioxide concentration, nutrient composition, and 
the like, are well known in the art. 
0190. “Isolating a compound, such as a protein or peptide 
according to the invention, means separating that compound 
from at least one distinct compound with which it is found 
associated in nature, such as in a host cell expressing the 
compound to be isolated, e.g. by isolating spent culture 
medium containing the compound from the host cells grown 
in that medium. 
0191 An “organism in need” is any organism at risk of, or 
Suffering from, any disease, disorder or condition that is ame 
nable to treatment or amelioration with a composition accord 
ing to the invention, including but not limited to any of vari 
ous forms of cancer, any of a number of autoimmune diseases, 
radiation poisoning due to radiolabeled proteins, peptides and 
like compounds, ingested or internally produced toxins, and 
the like, as will become apparent upon review of the entire 
disclosure. Preferably, an organism in need is a human 
patient. 
0.192 Ameliorating a symptom of a disease means 
detectably reducing the severity of that symptom of disease, 
as would be known in the art. Exemplary symptoms include 
pain, heat, Swelling and joint stiffness. 
0193 Unless clear from context, the terms “protein.” 
"peptide, and “polypeptide' are used interchangeably 
herein, with each referring to at least one contiguous chain of 
amino acids. Analogously, the terms “polynucleotide.” 
“nucleic acid, and “nucleic acid molecule' are used inter 
changeably unless it is clear from context that a particular, 
and non-interchangeable, meaning is intended. 
0194 "Pharmaceutically acceptable salt” refers to salts of 
the compounds of the present invention derived from the 
combination of Such compounds and an organic or inorganic 
acid (acid addition salts) or an organic or inorganic base (base 
addition salts). 
0.195 Using the terms as defined above, a general descrip 
tion of the various aspects of the invention is provided below. 
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Following the general description, working examples are pre 
sented to provide supplementary evidence of the operability 
and usefulness of the invention disclosed herein. 
(0196. Proteins and Polypeptides 
0197). In certain embodiments of the invention, there are 
provided any of the herein-described multivalent binding pro 
teins with effector function, including binding domain-im 
munoglobulin fusion proteins, wherein the multivalent bind 
ing protein or peptide with effector function comprises two or 
more binding domain polypeptide sequences. Each of the 
binding domain polypeptide sequences is capable of binding 
or specifically binding to a target(s), Such as an antigen?s), 
which target(s) or antigenCs) may be the same or may be 
different. The binding domain polypeptide sequence may be 
derived from an antigen variable region or it may be derived 
from immunoglobulin-like molecules, e.g., receptors that 
fold in ways that mimic immunoglobulin molecules. The 
antibodies from which the binding domains are derived may 
be antibodies that are polyclonal, including monospecific 
polyclonal, monoclonal (mAbs), recombinant, chimeric, 
humanized (such as CDR-grafted), human, single-chain, 
catalytic, and any other form of antibody known in the art, as 
well as fragments, variants or derivatives thereof. In some 
embodiments, each of the binding domains of the protein 
according to the invention is derived from a complete variable 
region of an immunoglobulin. In preferred embodiments, the 
binding domains are each based on a human Ig variable 
region. In other embodiments, the protein is derived from a 
fragment of an Ig variable region. In such embodiments, it is 
preferred that each binding domain polypeptide sequence 
correspond to the sequences of each of the complementarity 
determining regions of a given Ig variable region. Also con 
templated within the invention are binding domains that cor 
respond to fewer than all CDRs of a given Ig variable region, 
provided that such binding domains retain the capacity to 
specifically bind to at least one target. 
0198 The multivalent binding protein with effector func 
tion also has a constant Sub-region sequence derived from an 
immunoglobulin constant region, preferably an antibody 
heavy chain constant region, covalently juxtaposed between 
the two binding domains in the multivalent binding protein 
with effector function. 

0199 The multivalent binding protein with effector func 
tion also has a Scorpion linker that joins the C-terminal end of 
the constant sub-region to the N-terminal end of binding 
domain 2. The Scorpion linker may be derived from an anti 
body hinge region, from a region connecting binding domains 
of an immunoglobulin, or from the stalk region of C-type 
lectin. The scorpion linker may be derived from a wild-type 
hinge region of an immunoglobulin, Such as an IgG1, IgG2. 
IgG3, IgG4, IgA, Ig|D or an IgE hinge region. In other 
embodiments, the invention provides multivalent binding 
proteins with altered hinges. One category of altered hinge 
regions Suitable for inclusion in the multivalent binding pro 
teins is the category of hinges with an altered number of 
Cysteine residues, particularly those Cys residues known in 
the art to be involved in interchain disulfidebond formation in 
immunoglobulin counterpart molecules having wild-type 
hinges. Thus, proteins may have an IgG1 hinge in which one 
of the three Cys residues capable of participating in interchain 
disulfide bond formations is missing. To indicate the Cysteine 
Sub-structure of altered hinges, the CyS Subsequence is pre 
sented from N- to C-terminus. Using this identification sys 
tem, the multivalent binding proteins with altered IgG hinges 
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include hinge structures characterized as cxc, XXc, ccx, XXc, 
xcx, .cxx, and XXX. The Cys residue may be either deleted or 
Substituted by an amino acid that results in a conservative 
Substitution or a non-conservative Substitution. In some 
embodiments, the Cysteine is replaced by a Serine. For pro 
teins with Scorpion linkers comprising IgG1 hinges, the num 
ber of cysteines corresponding to hinge cysteines is reduced 
to 1 or 2, preferably with one of those cysteines correspond 
ing to the hinge cysteine disposed closest to the N-terminus of 
the hinge. 
0200 For proteins with scorpion linkers comprising IgG2 
hinges, there may be 0, 1,2,3, or 4Cys residues. For Scorpion 
linkers comprising altered IgG2 hinges containing 1, 2 or 3 
Cys residues, all possible Subsets of Cys residues are contem 
plated. Thus, for Such linkers having one Cys, the multivalent 
binding proteins may have the following Cys motif in the 
hinge region: CXXX, XCXX, XXCX, or XXXc. For Scorpion linkers 
comprising IgG2 hinge variants having 2 or 3 Cys residues, 
all possible combinations of retained and substituted (or 
deleted) Cys residues are contemplated. For multivalent bind 
ing proteins with Scorpion linkers comprising altered IgG3 or 
altered IgG4hinge regions, a reduction in Cys residues from 
1 to one less than the complete number of Cys residues in the 
hinge region is contemplated, regardless of whether the loss is 
through deletion or Substitution by conservative or non-con 
servative amino acids (e.g., Serine). In like manner, multiva 
lent binding proteins having a scorpion linker comprising a 
wild-type IgA, Ig) or IgE hinge are contemplated, as are 
corresponding altered hinge regions having a reduced num 
ber of Cys residues extending from 0 to one less than the total 
number of Cys residues found in the corresponding wild-type 
hinge. In some embodiments having an IgG1 hinge, the first, 
or N-terminal, Cys residue of the hinge is retained. For pro 
teins with either wild-type or altered hinge regions, it is con 
templated that the multivalent binding proteins will be single 
chain molecules capable of forming homo-multimers, such as 
dimers, e.g., by disulfide bond formation. Further, proteins 
with altered hinges may have alterations at the termini of the 
hinge region, e.g., loss or Substitution of one or more amino 
acid residues at the N-terminus, C-terminus or both termini of 
a given region or domain, such as a hinge domain, as dis 
closed herein. 

0201 In another exemplary embodiment, the constant 
Sub-region is derived from a constant region that comprises a 
native, or an engineered, Ig|D hinge region. The wild-type 
human Ighinge has one cysteine that forms a disulfide bond 
with the light chain in the native Igld structure. In some 
embodiments, this Ig|D hinge cysteine is mutated (e.g., 
deleted) to generate an altered hinge for use as a connecting 
region between binding domains of, for example, a bispecific 
molecule. Other amino acid changes or deletions or alter 
ations in an Ig|Dhinge that do not result in undesired hinge 
inflexibility are within the scope of the invention. Native or 
engineered Ig|D hinge regions from other species are also 
within the scope of the invention, as are humanized native or 
engineered Ig|Dhinges from non-human species, and (other 
non Ig|D) hinge regions from other human, or non-human, 
antibody isotypes, (such as the llama IgG2 hinge). 
0202 The invention further comprehends constant sub 
regions attached to Scorpion linkers that may be derived from 
hinges that correspond to a known hinge region, such as an 
IgG1 hinge or an Ig) hinge, as noted above. The constant 
Sub-region may contain a modified or altered (relative to 
wild-type) hinge region in which at least one cysteine residue 
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known to participate in inter-chain disulfide bond linkage is 
replaced by another amino acid in a conservative Substitution 
(e.g., Ser for Cys) or a non-conservative Substitution. The 
constant Sub-region does not include a peptide region or 
domain that corresponds to an immunoglobulin C. domain. 
0203 Alternative hinge and linker sequences that can be 
used as connecting regions are from portions of cell Surface 
receptors that connect immunoglobulinV-like or immunoglo 
bulin C-like domains. Regions between Ig V-like domains 
where the cell surface receptor contains multiple IgV-like 
domains intandem, and between IgC-like domains where the 
cell Surface receptor contains multiple tandem Ig C-like 
regions are also contemplated as connecting regions. Hinge 
and linker sequences are typically from 5 to 60 amino acids 
long, and may be primarily flexible, but may also provide 
more rigid characteristics. In addition, linkers frequently pro 
vide spacing that facilitates minimization of steric hindrance 
between the binding domains. Preferably, these hinge and 
linker peptides are primarily C. helical in structure, with mini 
malf sheet structure. The preferred sequences are stable in 
plasma and serum and are resistant to proteolytic cleavage. 
The preferred sequences may contain a naturally occurring or 
added motif such as the CPPC motif that confers a disulfide 
bond to stabilize dimer formation. The preferred sequences 
may contain one or more glycosylation sites. Examples of 
preferred hinge and linker sequences include, but are not 
limited to, the interdomain regions between the IgV-like and 
Ig C-like regions of CD2, CD4, CD22, CD33, CD48, CD58, 
CD66, CD80, CD86, CD150, CD166, and CD244. 
0204 The constant sub-region may be derived from a 
camelid constant region, such as eitherallama or camel IgG2 
or IgG3. 
0205 Specifically contemplated is a constant sub-region 
having the C C, region from any Ig class, or from any 
IgG Subclass, such as IgG1 (e.g., human IgG1). In preferred 
embodiments, the constant Sub-region and the Scorpion linker 
derived from an immunoglobulin hinge are both derived from 
the same Ig class. In other preferred embodiments, the con 
stant Sub-region and the Scorpion linker derived from an 
immunoglobulin hinge are both derived from the same Ig 
Sub-class. The constant Sub-region also may be a CH3 
domain from any Ig class or subclass, such as IgG1 (e.g., 
human IgG1), provided that it is associated with at least one 
immunoglobulin effector function. 
0206. The constant sub-region does not correspond to a 
complete immunoglobulin constant region (i.e., C-hinge 
C-C) of the IgG class. The constant Sub-region may 
correspond to a complete immunoglobulin constant region of 
other classes. IgA constant domains, such as an IgA1 hinge, 
an IgA2 hinge, an IgA C, and an IgA C, domains with a 
mutated or missing tailpiece are also contemplated as con 
stant Sub-regions. Further, any light chain constant domain 
may function as a constant sub-region, e.g., C or any C. The 
constant sub-region may also include JH or JK, with or with 
out a hinge. The constant Sub-region may also correspond to 
engineered antibodies in which, e.g., a loop graft has been 
constructed by making selected amino acid Substitutions 
using an IgG framework to generate a binding site for a 
receptor other than a natural FR (CD16, CD32, CD64. 
FeR1), as would be understood in the art. An exemplary 
constant Sub-region of this type is an IgG C-C region 
modified to have a CD89 binding site. 
0207. This aspect of the invention provides a multivalent 
binding protein or peptide having effector function, compris 
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ing, consisting essentially of or consisting of (a) an N-termi 
nally disposed binding domain polypeptide sequence derived 
from an immunoglobulin that is fused or otherwise connected 
to (b) a constant Sub-region polypeptide sequence derived 
from an immunoglobulin constant region, which preferably 
includes a hinge region sequence, wherein the hinge region 
polypeptide may be as described herein, and may comprise, 
consist essentially of or consist of for example, an alterna 
tive hinge region polypeptide sequence, in turn fused or oth 
erwise connected to (c) a C-terminally disposed second native 
or engineered binding domain polypeptide sequence derived 
from an immunoglobulin. 
0208. The centrally disposed constant sub-region 
polypeptide sequence derived from an immunoglobulin con 
stant region is capable of at least one immunological activity 
selected from the group consisting of antibody dependent 
cell-mediated cytotoxicity, CDC, complement fixation, and 
F receptor binding, and the binding domain polypeptides are 
each capable of binding or specifically binding to a target, 
Such as an antigen, wherein the targets may be the same or 
different, and may be found in effectively the same physi 
ological environment (e.g., the Surface of the same cell) or in 
different environments (e.g., different cell surfaces, a cell 
Surface and a cell-free location, Such as in solution). 
0209. This aspect of the invention also comprehends vari 
ant proteins or polypeptides exhibiting an effector function 
that are at least 80%, and preferably 85%, 90%. 95% or 99% 
identical to a multivalent protein with effector function of 
specific sequence as disclosed herein. 
0210 
0211. The invention also provides polynucleotides (iso 
lated or purified or pure polynucleotides) encoding the pro 
teins or peptides according to the invention, vectors (includ 
ing cloning vectors and expression vectors) comprising Such 
polynucleotides, and cells (e.g., host cells) transformed or 
transfected with a polynucleotide or vector according to the 
invention. In encoding the proteins or polypeptides of the 
invention, the polynucleotides encode a first binding domain, 
a second binding domain and an F domain, all derived from 
immunoglobulins, preferably human immunoglobulins. Each 
binding domain may contain a sequence corresponding to a 
full-length variable region sequence (either heavy chain and/ 
or light chain), or to a partial sequence thereof, provided that 
each Such binding domain retains the capacity to specifically 
bind. The F domain may have a sequence that corresponds to 
a full-length immunoglobulin F domain sequence or to a 
partial sequence thereof, provided that the F domain exhibits 
at least one effector function as defined herein. In addition, 
each of the binding domains may be joined to the F domain 
via a linker peptide that typically is at least 8, and preferably 
at least 13, amino acids in length. A preferred linker sequence 
is a sequence based on the Gly-Ser motif. Such as (Gly Ser). 
0212 Variants of the multivalent binding protein with 
effector function are also comprehended by the invention. 
Variant polynucleotides are at least 90%, and preferably 95%, 
99%, or 99.9% identical to one of the polynucleotides of 
defined sequence as described herein, or that hybridizes to 
one of those polynucleotides of defined sequence under Strin 
gent hybridization conditions of 0.015 M sodium chloride, 
0.0015 M Sodium citrate at 65-68° C. or 0.015 M Sodium 
chloride, 0.0015M sodium citrate, and 50% formamide at 42° 
C. The polynucleotide variants retain the capacity to encode a 
multivalent binding protein with effector function. 

Polynucleotides 
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0213. The term “stringent' is used to refer to conditions 
that are commonly understood in the art as stringent. Hybrid 
ization stringency is principally determined by temperature, 
ionic strength, and the concentration of denaturing agents 
Such as formamide. Examples of Stringent conditions for 
hybridization and washing are 0.015 M sodium chloride, 
0.0015 M Sodium citrate at 65-68° C. or 0.015 M Sodium 
chloride, 0.0015M sodium citrate, and 50% formamide at 42 
C. See Sambrook et al., Molecular Cloning: A Laboratory 
Manual, 2nd Ed., Cold Spring Harbor Laboratory, (Cold 
Spring Harbor, N.Y. 1989). 
0214 More stringent conditions (such as higher tempera 

ture, lower ionic strength, higher formamide, or other dena 
turing agent) may also be used; however, the rate of hybrid 
ization will be affected. In instances wherein hybridization of 
deoxyoligonucleotides is concerned, additional exemplary 
stringent hybridization conditions include washing in 
6xSSC, 0.05% sodium pyrophosphate at 37°C. (for 14-base 
oligonucleotides), 48°C. (for 17-base oligonucleotides), 55° 
C. (for 20-base oligonucleotides), and 60° C. (for 23-base 
oligonucleotides). 
0215. In a related aspect of the invention, there is provided 
a method of producing a polypeptide or protein or other 
construct of the invention, for example, including a multiva 
lent binding protein or peptide having effector function, com 
prising the steps of (a) culturing a host cell as described or 
provided for herein under conditions that permit expression 
of the construct; and (b) isolating the expression product, for 
example, the multivalent binding protein or peptide with 
effector function from the host cell or host cell culture. 
0216 Constructs 
0217. The present invention also relates to vectors, and to 
constructs prepared from known vectors, that each include a 
polynucleotide or nucleic acid of the invention, and in par 
ticular to recombinant expression constructs, including any of 
various known constructs, including delivery constructs, use 
ful for gene therapy, that include any nucleic acids encoding 
multivalent, for example, multispecific, including bi-specific, 
binding proteins and polypeptides with effector function, as 
provided herein; to host cells which are genetically engi 
neered with vectors and/or other constructs of the invention 
and to methods of administering expression or other con 
structs comprising nucleic acid sequences encoding multiva 
lent, for example, multispecific, including bi-specific, bind 
ing proteins with effector function, or fragments or variants 
thereof, by recombinant techniques. 
0218 Various constructs of the invention including multi 
Valent, for example, multispecific binding proteins with 
effector function, can be expressed in virtually any host cell, 
including in vivo host cells in the case of use for genetherapy, 
under the control of appropriate promoters, depending on the 
nature of the construct (e.g., type of promoter, as described 
above), and on the nature of the desired host cell (e.g., post 
mitotic terminally differentiated or actively dividing; e.g., 
maintenance of an expressible construct as an episome or 
integrated into the host cell genome). 
0219 Appropriate cloning and expression vectors for use 
with prokaryotic and eukaryotic hosts are described, for 
example, in Sambrook, et al., Molecular Cloning: A Labora 
tory Manual, Second Edition, Cold Spring Harbor, N.Y., 
(1989). Exemplary cloning/expression vectors include, but 
are not limited to, cloning vectors, shuttle vectors, and expres 
sion constructs, that may be based on plasmids, phagemids, 
phasmids, cosmids, viruses, artificial chromosomes, or any 
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nucleic acid vehicle suitable for amplification, transfer, and/ 
or expression of a polynucleotide contained therein that is 
known in the art. As noted herein, in preferred embodiments 
of the invention, recombinant expression is conducted in 
mammalian cells that have been transfected, transformed or 
transduced with a nucleic acid according to the invention. See 
also, for example, Machida, Calif., “Viral Vectors for Gene 
Therapy: Methods and Protocols’; Wolff, JA, “Gene Thera 
peutics: Methods and Applications of Direct Gene Transfer” 
(Birkhauser 1994); Stein, U and Walther, W (eds., “Gene 
Therapy of Cancer: Methods and Protocols” (Humana Press 
2000); Robbins, PD (ed.), “Gene Therapy Protocols” (Hu 
mana Press 1997); Morgan, J R (ed.), “Gene Therapy Proto 
cols” (Humana Press 2002); Meager, A (ed.), “Gene Therapy 
Technologies, Applications and Regulations: From Labora 
tory to Clinic” (John Wiley & Sons Inc. 1999); MacHida, CA 
and Constant, J.G., “Viral Vectors for Gene Therapy: Methods 
and Protocols” (Humana Press 2002): “New Methods Of 
Gene Therapy For Genetic Metabolic Diseases NIH Guide.” 
Volume 22, Number 35, Oct. 1, 1993. See also U.S. Pat. Nos. 
6,384,210; 6,384.203; 6,384,202; 6,384,018; 6,383,814; 
6,383,811; 6,383,795; 6,383,794; 6,383,785; 6,383,753; 
6,383,746; 6,383,743; 6,383,738; 6,383,737; 6,383,733; 
6,383,522; 6,383,512; 6,383,481; 6,383,478; 6,383,138: 
6,380,382; 6,380,371; 6,380,369; 6,380,362; 6,380,170: 
6,380,169; 6,379,967; and 6,379,966. 
0220 Typically, expression constructs are derived from 
plasmid vectors. One preferred construct is a modified 
pNASS vector (Clontech, Palo Alto, Calif.), which has 
nucleic acid sequences encoding an amplicillin resistance 
gene, a polyadenylation signal and a T7 promoter site. Other 
Suitable mammalian expression vectors are well known (see, 
e.g., Ausubel et al., 1995; Sambrook et al., Supra; see also, 
e.g., catalogues from Invitrogen, San Diego, Calif.; Novagen, 
Madison, Wis.; Pharmacia, Piscataway, N.J.). Presently pre 
ferred constructs may be prepared that include a dihydro 
folate reductase (DHFR)-encoding sequence under suitable 
regulatory control, for promoting enhanced production levels 
of the multivalent binding protein with effector function, 
which levels result from gene amplification following appli 
cation of an appropriate selection agent (e.g., methotrexate). 
0221 Generally, recombinant expression vectors will 
include origins of replication and selectable markers permit 
ting transformation of the host cell, and a promoter derived 
from a highly-expressed gene to direct transcription of a 
downstream structural sequence, as described above. A vec 
tor in operable linkage with a polynucleotide according to the 
invention yields a cloning or expression construct. Exemplary 
cloning/expression constructs contain at least one expression 
control element, e.g., a promoter, operably linked to a poly 
nucleotide of the invention. Additional expression control 
elements, such as enhancers, factor-specific binding sites, 
terminators, and ribosome binding sites are also contem 
plated in the vectors and cloning/expression constructs 
according to the invention. The heterologous structural 
sequence of the polynucleotide according to the invention is 
assembled in appropriate phase with translation initiation and 
termination sequences. Thus, for example, the multivalent 
binding protein-encoding nucleic acids as provided herein 
may be included in any one of a variety of expression vector 
constructs as a recombinant expression construct for express 
ing Such a protein in a host cell. In certain preferred embodi 
ments the constructs, are included in formulations that are 
administered in vivo. Such vectors and constructs include 
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chromosomal, nonchromosomal and synthetic DNA 
sequences, e.g., derivatives of SV40; bacterial plasmids; 
phage DNA; yeast plasmids; vectors derived from combina 
tions of plasmids and phage DNA, viral DNA, such as vac 
cinia, adenovirus, fowlpox virus, and pseudorabies, or rep 
lication deficient retroviruses as described below. However, 
any other vector may be used for preparation of a recombinant 
expression construct, and in preferred embodiments such a 
vector will be replicable and viable in the host. 
0222. The appropriate DNA sequence(s) may be inserted 
into a vector, for example, by a variety of procedures. In 
general, a DNA sequence is inserted into an appropriate 
restriction endonuclease cleavage site(s) by procedures 
known in the art. Standard techniques for cloning, DNA iso 
lation, amplification and purification, for enzymatic reactions 
involving DNA ligase, DNA polymerase, restriction endonu 
cleases and the like, and various separation techniques are 
contemplated. A number of standard techniques are 
described, for example, in Ausubel et al. (1993 Current Pro 
tocols in Molecular Biology, Greene Publ. Assoc. Inc. & John 
Wiley & Sons, Inc., Boston, Mass.); Sambrook et al. (1989 
Molecular Cloning, Second Ed., Cold Spring Harbor Labo 
ratory, Plainview, N.Y.); Maniatis et al. (1982 Molecular 
Cloning, Cold Spring Harbor Laboratory, Plainview, N.Y.); 
Glover (Ed.) (1985 DNA Cloning Vol. I and II, IRL Press, 
Oxford, UK); Hames and Higgins (Eds.), (1985 Nucleic Acid 
Hybridization, IRL Press, Oxford, UK); and elsewhere. 
0223) The DNA sequence in the expression vector is 
operatively linked to at least one appropriate expression con 
trol sequence (e.g., a constitutive promoter or a regulated 
promoter) to direct mRNA synthesis. Representative 
examples of Such expression control sequences include pro 
moters of eukaryotic cells or their viruses, as described above. 
Promoter regions can be selected from any desired gene using 
CAT (chloramphenicol transferase) vectors or other vectors 
with selectable markers. Eukaryotic promoters include CMV 
immediate early, HSV thymidine kinase, early and late SV40. 
LTRs from retrovirus, and mouse metallothionein-1. Selec 
tion of the appropriate vector and promoter is well within the 
level of ordinary skill in the art, and preparation of certain 
particularly preferred recombinant expression constructs 
comprising at least one promoter or regulated promoter oper 
ably linked to a nucleic acid encoding a protein or polypeptide 
according to the invention is described herein. 
0224 Transcription of the DNA encoding proteins and 
polypeptides of the invention by higher eukaryotes may be 
increased by inserting an enhancer sequence into the vector. 
Examples include the SV40 enhancer on the late side of the 
replication origin bp 100 to 270, a cytomegalovirus early 
promoter enhancer, the polyoma enhancer on the late side of 
the replication origin, and adenovirus enhancers. 
0225 Gene therapies using the nucleic acids of the inven 
tion are also contemplated, comprising strategies to replace 
defective genes or add new genes to cells and/or tissues, and 
is being developed for application in the treatment of cancer, 
the correction of metabolic disorders and in the field of immu 
notherapy. Gene therapies of the invention include the use of 
various constructs of the invention, with or without a separate 
carrier or delivery vehicle or constructs, for treatment of the 
diseases, disorders, and/or conditions noted herein. Such con 
structs may also be used as vaccines for treatment or preven 
tion of the diseases, disorders, and/or conditions noted herein. 
DNA vaccines, for example, make use of polynucleotides 
encoding immunogenic protein and nucleic acid determi 
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nants to stimulate the immune system against pathogens or 
tumor cells. Such strategies can stimulate either acquired or 
innate immunity or can involve the modification of immune 
function through cytokine expression. In vivo gene therapy 
involves the direct injection of genetic material into a patient 
or animal, typically to treat, prevent orameliorate a disease or 
symptoms associated with a disease. Vaccines and immune 
modulation are systemic therapies. With tissue-specific in 
Vivo therapies. Such as those that aim to treat cancer, localized 
gene delivery and/or expression/targeting systems are pre 
ferred. Diverse gene therapy vectors that target specific tis 
Sues are known in the art, and procedures have been devel 
oped to physically target specific tissues, for example, using 
catheter-based technologies, all of which are contemplated 
herein. 
0226 Ex vivo approaches to gene therapy are also con 
templated herein and involve the removal, genetic modifica 
tion, expansion and re-administration of a Subjects, e.g., 
human patients, own cells. Examples include bone marrow 
transplantation for cancer treatment or the genetic modifica 
tion of lymphoid progenitor cells. Ex vivo gene therapy is 
preferably applied to the treatment of cells that are easily 
accessible and can Survive in culture during the gene transfer 
process (such as blood or skin cells). 
0227 Useful genetherapy vectors include adenoviral vec 
tors, lentiviral vectors, Adeno-associated virus (AAV) vec 
tors, Herpes Simplex Virus (HSV) vectors, and retroviral 
vectors. Gene therapies may also be carried out using "naked 
DNA liposome-based delivery, lipid-based delivery (in 
cluding DNA attached to positively charged lipids), elec 
troporation, and ballistic projection. 
0228. In certain embodiments, including but not limited to 
gene therapy embodiments, the vector may be a viral vector 
such as, for example, a retroviral vector. Miller et al., 1989 
BioTechniques 7:980; Coffin and Varmus, 1996 Retroviruses, 
Cold Spring Harbor Laboratory Press, NY. For example, 
retroviruses from which the retroviral plasmid vectors may be 
derived include, but are not limited to, Moloney Murine Leu 
kemia Virus, spleen necrosis virus, retroviruses Such as Rous 
Sarcoma Virus, Harvey Sarcoma virus, avian leukosis virus, 
gibbon ape leukemia virus, human immunodeficiency virus, 
adenovirus, Myeloproliferative Sarcoma Virus, and mam 
mary tumor virus. 
0229 Retroviruses are RNA viruses which can replicate 
and integrate into the genome of a host cell via a DNA inter 
mediate. This DNA intermediate, or provirus, may be stably 
integrated into the host cell DNA. According to certain 
embodiments of the present invention, an expression con 
struct may comprise a retrovirus into which a foreign gene 
that encodes a foreign protein is incorporated in place of 
normal retroviral RNA. When retroviral RNA enters a host 
cell coincident with infection, the foreign gene is also intro 
duced into the cell, and may then be integrated into host cell 
DNA as if it were part of the retroviral genome. Expression of 
this foreign gene within the host results in expression of the 
foreign protein. 
0230 Most retroviral vector systems that have been devel 
oped for gene therapy are based on murine retroviruses. Such 
retroviruses exist in two forms, as free viral particles referred 
to as virions, or as proviruses integrated into host cell DNA. 
The virion form of the virus contains the structural and enzy 
matic proteins of the retrovirus (including the enzyme reverse 
transcriptase), two RNA copies of the viral genome, and 
portions of the source cell plasma membrane containing viral 
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envelope glycoprotein. The retroviral genome is organized 
into four main regions: the Long Terminal Repeat (LTR), 
which contains cis-acting elements necessary for the initia 
tion and termination of transcription and is situated both 5' 
and 3' to the coding genes, and the three genes encoding gag, 
pol, and enV. These three genes, gag, pol, and env, encode, 
respectively, internal viral structures, enzymatic proteins 
(such as integrase), and the envelope glycoprotein (desig 
nated gp70 and p15e) which confers infectivity and host 
range specificity of the virus, as well as the “R” peptide of 
undetermined function. 
0231 Separate packaging cell lines and vector-producing 
cell lines have been developed because of safety concerns 
regarding the uses of retroviruses, including uses in expres 
sion constructs. Briefly, this methodology employs the use of 
two components, a retroviral vector and a packaging cell line 
(PCL). The retroviral vector contains long terminal repeats 
(LTRs), the foreign DNA to be transferred and a packaging 
sequence (y). This retroviral vector will not reproduce by 
itself because the genes which encode structural and envelope 
proteins are not included within the vector genome. The PCL 
contains genes encoding the gag, pol, and env proteins, but 
does not contain the packaging signal “y.” Thus, a PCL can 
only form empty virion particles by itself. Within this general 
method, the retroviral vector is introduced into the PCL, 
thereby creating a vector-producing cell line (VCL). This 
VCL manufactures virion particles containing only the for 
eign genome of the retroviral vector, and therefore has previ 
ously been considered to be a safe retrovirus vector for thera 
peutic use. 
0232 A “retroviral vector construct” refers to an assembly 
which is, within preferred embodiments of the invention, 
capable of directing the expression of a sequence(s) or gene 
(s) of interest, such as multivalent binding protein-encoding 
nucleic acid sequences. Briefly, the retroviral vector construct 
must include a 5' LTR, a tRNA binding site, a packaging 
signal, an origin of second strand DNA synthesis and a 3' 
LTR. A wide variety of heterologous sequences may be 
included within the vector construct including, for example, 
sequences which encode a protein (e.g., cytotoxic protein, 
disease-associated antigen, immune accessory molecule, or 
replacement gene), or which are useful as a molecule itself 
(e.g., as a ribozyme or antisense sequence). 
0233 Retroviral vector constructs of the present invention 
may be readily constructed from a wide variety of retrovi 
ruses, including for example, B, C, and D type retroviruses as 
well as spumaviruses and lentiviruses (see, e.g., RNATumor 
Viruses, Second Edition, Cold Spring Harbor Laboratory, 
1985). Such retroviruses may be readily obtained from 
depositories or collections such as the AmericanType Culture 
Collection (ATCC': Rockville, Md.), or isolated from 
known sources using commonly available techniques. Any of 
the above retroviruses may be readily utilized in order to 
assemble or construct retroviral vector constructs, packaging 
cells, or producer cells of the invention, given the disclosure 
provided herein and standard recombinant techniques (e.g., 
Sambrook et al. Molecular Cloning: A Laboratory Manual, 
2d ed., Cold Spring Harbor Laboratory Press, 1989; Kunkle, 
1985 Proc. Natl. Acad. Sci. (USA) 82:488). 
0234 Suitable promoters for use in viral vectors generally 
may include, but are not limited to, the retroviral LTR; the 
SV40 promoter; and the human cytomegalovirus (CMV) pro 
moter described in Miller, et al., 1989 Biotechniques 7: 980 
990, or any other promoter (e.g., cellular promoters such as 
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eukaryotic cellular promoters including, but not limited to, 
the histone, pol III, and 3-actin promoters). Other viral pro 
moters that may be employed include, but are not limited to, 
adenovirus promoters, thymidine kinase (TK) promoters, and 
B19 parvovirus promoters. The selection of a suitable pro 
moter will be apparent to those skilled in the art from the 
teachings contained herein, and may be from among either 
regulated promoters or promoters as described above. 
0235. The retroviral plasmid vector is employed to trans 
duce packaging cell lines to form producer cell lines. 
Examples of packaging cells which may be transfected 
include, but are not limited to, the PE501, PA317, p.-2, 
p-AM, PA12, T19-14x, VT-19-17-H2, CRE, pCRIP 
GP+E-86, GP+enVAm12, and DAN cell lines as described in 
Miller, Human Gene Therapy, 1:5-14 (1990). The vector may 
transduce the packaging cells through any means known in 
the art. Such means include, but are not limited to, electropo 
ration, the use of liposomes, and CaPO precipitation. In one 
alternative, the retroviral plasmid vector may be encapsulated 
into a liposome, or coupled to a lipid, and then administered 
to a host. 

0236. The producer cell line generates infectious retrovi 
ral vector particles which include the nucleic acid sequence 
(s) encoding the multivalent binding proteins with effector 
function. Such retroviral vector particles then may be 
employed to transduce eukaryotic cells, either in vitro or in 
vivo. The transduced eukaryotic cells will express the nucleic 
acid sequence(s) encoding the protein or polypeptide. 
Eukaryotic cells that may be transduced include, but are not 
limited to, embryonic stem cells, as well as hematopoietic 
stem cells, hepatocytes, fibroblasts, circulating peripheral 
blood mononuclear and polymorphonuclear cells including 
myelomonocytic cells, lymphocytes, myoblasts, tissue mac 
rophages, dendritic cells, Kupffer cells, lymphoid and reticu 
loendothelial cells of the lymph nodes and spleen, kerati 
nocytes, endothelial cells, and bronchial epithelial cells. 
0237 Host Cells 
0238 A further aspect of the invention provides a host cell 
transformed or transfected with, or otherwise containing, any 
of the polynucleotides or cloning/expression constructs of the 
invention. The polynucleotides and cloning/expression con 
structs are introduced into Suitable cells using any method 
known in the art, including transformation, transfection and 
transduction. Host cells include the cells of a subject under 
going ex vivo cell therapy including, for example, ex vivo 
genetherapy. Eukaryotic host cells contemplated as an aspect 
of the invention when harboring a polynucleotide, vector, or 
protein according to the invention include, in addition to a 
subject's own cells (e.g., a human patient's own cells), VERO 
cells, HeLa cells, Chinese hamster ovary (CHO) cell lines 
(including modified CHO cells capable of modifying the 
glycosylation pattern of expressed multivalent binding mol 
ecules, see Published US Patent Application No. 2003/ 
0115614 A1), incorporated herein by reference, COS cells 
(such as COS-7), WI38, BHK, HepG2, 3T3, RIN, MDCK, 
A549, PC12, K562, HEK293 cells, HepG2 cells, Ncells, 3T3 
cells, Spodoptera frugiperda cells (e.g., Sf9 cells), Saccharo 
myces cerevisiae cells, and any other eukaryotic cell known in 
the art to be useful in expressing, and optionally isolating, a 
protein or peptide according to the invention. Also contem 
plated are prokaryotic cells, including but not limited to, 
Escherichia coli, Bacillus subtilis, Salmonella typhimurium, 
a Streptomycete, or any prokaryotic cell known in the art to be 
Suitable for expressing, and optionally isolating, a protein or 
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peptide according to the invention. In isolating protein or 
peptide from prokaryotic cells, in particular, it is contem 
plated that techniques known in the art for extracting protein 
from inclusion bodies may be used. The selection of an appro 
priate host is within the scope of those skilled in the art from 
the teachings herein. 
0239. The engineered host cells can be cultured in a con 
ventional nutrient medium modified as appropriate for acti 
Vating promoters, selecting transformants, or amplifying par 
ticular genes. The culture conditions for particular host cells 
selected for expression, such as temperature, pH and the like, 
will be readily apparent to the ordinarily skilled artisan. Vari 
ous mammalian cell culture systems can also be employed to 
express recombinant protein. Examples of mammalian 
expression systems include the COS-7 lines of monkey kid 
ney fibroblasts, described by Gluzman, 1981 Cell 23:175, and 
other cell lines capable of expressing a compatible vector, for 
example, the C127, 3T3, CHO, HeLa and BHK cell lines. 
Mammalian expression vectors will comprise an origin of 
replication, a suitable promoter and, optionally, enhancer, and 
also any necessary ribosome binding sites, polyadenylation 
site, splice donor and acceptor sites, transcriptional termina 
tion sequences, and 5' flanking nontranscribed sequences, for 
example as described herein regarding the preparation of 
multivalent binding protein expression constructs. DNA 
sequences derived from the SV40 splice, and polyadenylation 
sites may be used to provide the required nontranscribed 
genetic elements. Introduction of the construct into the host 
cell can be effected by a variety of methods with which those 
skilled in the art will be familiar, including but not limited to, 
calcium phosphate transfection, DEAE-Dextran-mediated 
transfection, or electroporation (Davis et al., 1986 Basic 
Methods in Molecular Biology). 
0240. In one embodiment, a host cell is transduced by a 
recombinant viral construct directing the expression of a pro 
tein or polypeptide according to the invention. The trans 
duced host cell produces viral particles containing expressed 
protein or polypeptide derived from portions of a host cell 
membrane incorporated by the viral particles during viral 
budding. 
0241 
0242. In some embodiments, the compositions of the 
invention, Such as a multivalent binding protein or a compo 
sition comprising a polynucleotide encoding Such a protein as 
described herein, are suitable to be administered under con 
ditions and for a time sufficient to permit expression of the 
encoded protein in a host cell in vivo or in vitro, for gene 
therapy, and the like. Such compositions may be formulated 
into pharmaceutical compositions for administration accord 
ing to well known methodologies. Pharmaceutical composi 
tions generally comprise one or more recombinant expression 
constructs, and/or expression products of such constructs, in 
combination with a pharmaceutically acceptable carrier, 
excipient or diluent. Such carriers will be nontoxic to recipi 
ents at the dosages and concentrations employed. For nucleic 
acid-based formulations, or for formulations comprising 
expression products according to the invention, about 0.01 
ug/kg to about 100 mg/kg body weight will be administered, 
for example, by the intradermal, Subcutaneous, intramuscular 
or intravenous route, or by any route known in the art to be 
Suitable under a given set of circumstances. A preferred dos 
age, for example, is about 1 lug/kg to about 1 mg/kg, with 
about 5 g/kg to about 200 g/kg particularly preferred. 

Pharmaceutical Compositions 
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0243. It will be evident to those skilled in the art that the 
number and frequency of administration will be dependent 
upon the response of the host. Pharmaceutically acceptable 
carriers for therapeutic use are well known in the pharmaceu 
tical art, and are described, for example, in Remingtons Phar 
maceutical Sciences, Mack Publishing Co. (A. R. Gennaro 
edit. 1985). For example, sterile saline and phosphate-buff 
ered saline at physiological pH may be used. Preservatives, 
stabilizers, dyes and the like may be provided in the pharma 
ceutical composition. For example, sodium benzoate, Sorbic 
acid and esters of p-hydroxybenzoic acid may be added as 
preservatives. Id. at 1449. In addition, antioxidants and Sus 
pending agents may be used. Id. The compounds of the 
present invention may be used in either the free base or salt 
forms, with both forms being considered as being within the 
Scope of the present invention. 
0244. The pharmaceutical compositions that contain one 
or more nucleic acid constructs of the invention, or the pro 
teins corresponding to the products encoded by Such nucleic 
acid constructs, may be in any form which allows for the 
composition to be administered to a patient. For example, the 
composition may be in the form of a solid, liquid or gas 
(aerosol). Typical routes of administration include, without 
limitation, oral, topical, parenteral (e.g., Sublingually or buc 
cally), Sublingual, rectal, vaginal, and intranasal. The term 
parenteral as used herein includes Subcutaneous injections, 
intravenous, intramuscular, intrasternal, intracavernous, 
intrathecal, intrameatal, intraurethral injection or infusion 
techniques. The pharmaceutical composition is formulated so 
as to allow the active ingredients contained therein to be 
bioavailable upon administration of the composition to a 
patient. Compositions that will be administered to a patient 
take the form of one or more dosage units, where for example, 
a tablet may be a single dosage unit, and a container of one or 
more compounds of the invention in aerosol form may hold a 
plurality of dosage units. 
0245. For oral administration, an excipient and/or binder 
may be present. Examples are Sucrose, kaolin, glycerin, 
starch dextrins, Sodium alginate, carboxymethylcellulose and 
ethyl cellulose. Coloring and/or flavoring agents may be 
present. A coating shell may be employed. 
0246 The composition may be in the form of a liquid, e.g., 
an elixir, syrup, Solution, emulsion or Suspension. The liquid 
may be for oral administration or for delivery by injection, as 
two examples. When intended for oral administration, pre 
ferred compositions contain, in addition to one or more bind 
ing domain-immunoglobulin fusion construct or expressed 
product, one or more of a Sweetening agent, preservatives, 
dye? colorant and flavor enhancer. In a composition intended 
to be administered by injection, one or more of a Surfactant, 
preservative, wetting agent, dispersing agent, Suspending 
agent, buffer, stabilizer and isotonic agent may be included. 
0247 A liquid pharmaceutical composition as used 
herein, whether in the form of a solution, suspension or other 
like form, may include one or more of the following adju 
vants: Sterile diluents such as water for injection, saline solu 
tion, preferably physiological Saline, Ringer's solution, iso 
tonic sodium chloride, fixed oils such as synthetic mono or 
digylcerides which may serve as the solvent or Suspending 
medium, polyethylene glycols, glycerin, propylene glycol or 
other solvents; antibacterial agents such as benzyl alcohol or 
methyl paraben; antioxidants such as ascorbic acid or sodium 
bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; buffers such as acetates, citrates or phosphates and 
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agents for the adjustment oftonicity Such as Sodium chloride 
or dextrose. The parenteral preparation can be enclosed in 
ampoules, disposable syringes or multiple dose vials made of 
glass or plastic. Physiological Saline is a preferred adjuvant. 
An injectable pharmaceutical composition is preferably ster 
ille. 
0248. It may also be desirable to include other components 
in the preparation, such as delivery vehicles including, but not 
limited to, aluminum salts, water-in-oil emulsions, biode 
gradable oil vehicles, oil-in-water emulsions, biodegradable 
microcapsules, and liposomes. Examples of immunostimula 
tory Substances (adjuvants) for use in Such vehicles include 
N-acetylmuramyl-L-alanine-D-isoglutamine (MDP), 
lipopolysaccharides (LPS), glucan, IL-12, GM-CSF, gamma 
interferon and IL-15. 

0249 While any suitable carrier known to those of ordi 
nary skill in the art may be employed in the pharmaceutical 
compositions of this invention, the type of carrier will vary 
depending on the mode of administration and whether a sus 
tained release is desired. For parenteral administration, Such 
as Subcutaneous injection, the carrier preferably comprises 
water, saline, alcohol, a fat, a wax or a buffer. For oral admin 
istration, any of the above carriers or a solid carrier, Such as 
mannitol, lactose, starch, magnesium Stearate, sodium sac 
charine, talcum, cellulose, glucose. Sucrose, and magnesium 
carbonate, may be employed. Biodegradable microspheres 
(e.g., polylactic galactide) may also be employed as carriers 
for the pharmaceutical compositions of this invention. Suit 
able biodegradable microspheres are disclosed, for example, 
in U.S. Pat. Nos. 4,897.268 and 5,075,109. In this regard, it is 
preferable that the microsphere be larger than approximately 
25 microns. 
0250 Pharmaceutical compositions may also contain 
diluents such as buffers, antioxidants such as ascorbic acid, 
low molecular weight (less than about 10 residues) polypep 
tides, proteins, amino acids, carbohydrates (e.g., glucose, 
Sucrose or dextrins), chelating agents (e.g., EDTA), glu 
tathione and other stabilizers and excipients. Neutral buffered 
saline or saline mixed with nonspecific serum albumin are 
exemplary appropriate diluents. Preferably, product is formu 
lated as a lyophilizate using appropriate excipient solutions 
(e.g., Sucrose) as diluents. 
0251. The pharmaceutical compositions according to the 
invention also include stabilized proteins and stable liquid 
pharmaceutical formulations in accordance with technology 
known in the art, including the technology disclosed in Pub 
lished US Patent Application No. 2006/0008415 A1, incor 
porated herein by reference. Such technologies include 
derivatization of a protein, wherein the protein comprises a 
thiol group coupled to N-acetyl-L-cysteine, N-ethyl-maleim 
ide, or cysteine. 
0252. As described above, the subject invention includes 
compositions capable of delivering nucleic acid molecules 
encoding multivalent binding proteins with effector function. 
Such compositions include recombinant viral vectors, e.g., 
retroviruses (see WO 90/07936, WO 91/02805, WO 
93/25234, WO 93/25698, and WO 94/03622), adenovirus 
(see Berkner, 1988 Biotechniques 6:616-627; Liet al., 1993 
Hum. Gene Ther: 4:403-409:Vincentet al., Nat. Genet. 5:130 
134; and Kolls et al., 1994 Proc. Natl. Acad. Sci. USA 91:215 
219), pox virus (see U.S. Pat. No. 4,769,330; U.S. Pat. No. 
5,017,487; and WO89/01973)), recombinant expression con 
struct nucleic acid molecules complexed to a polycationic 
molecule (see WO 93/03709), and nucleic acids associated 
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with liposomes (see Wang et al., 1987 Proc. Natl. Acad. Sci. 
USA 84:7851). In certain embodiments, the DNA may be 
linked to killed or inactivated adenovirus (see Curiel et al., 
1992 Hum. Gene Ther. 3:147-154; Cotton et al., 1992 Proc. 
Natl. Acad. Sci. USA 89:6094). Other suitable compositions 
include DNA-ligand (see Wu et al., 1989 J. Biol. Chem. 
264:16985-16987) and lipid-DNA combinations (see Felgner 
et al., 1989 Proc. Natl. Acad. Sci. USA 84:7413-7417). 
0253) In addition to direct in vivo procedures, ex vivo 
procedures may be used in which cells are removed from a 
host (e.g., a Subject, such as a human patient), modified, and 
placed into the same or another host animal. It will be evident 
that one can utilize any of the compositions noted above for 
introduction of constructs of the invention, either the proteins/ 
polypeptides or the nucleic acids encoding them into tissue 
cells in an ex vivo context. Protocols for viral, physical and 
chemical methods of uptake are well known in the art. 
0254 Generation of Antibodies 
0255 Polyclonal antibodies directed toward an antigen 
polypeptide generally are produced in animals (e.g., rabbits, 
hamsters, goats, sheep, horses, pigs, rats, gerbils, guinea pigs, 
mice, or any other Suitable mammal, as well as other non 
mammal species) by means of multiple Subcutaneous or 
intraperitoneal injections of antigen polypeptide or a frag 
ment thereof and an adjuvant. Adjuvants include, but are not 
limited to, complete or incomplete Freund's adjuvant, min 
eral gels such as aluminum hydroxide, and Surface active 
Substances such as lysolecithin, pluronic polyols, polyanions, 
peptides, oil emulsions, and dinitrophenol. BCG (bacilli Cal 
mette-Guerin) and Corynebacterium parvum are also poten 
tially useful adjuvants. It may be useful to conjugate an anti 
gen polypeptide to a carrier protein that is immunogenic in the 
species to be immunized; typical carriers include keyhole 
limpet hemocyanin, serum albumin, bovine thyroglobulin, or 
Soybean trypsin inhibitor. Also, aggregating agents such as 
alum are used to enhance the immune response. After immu 
nization, the animals are bled and the serum is assayed for 
anti-antigen polypeptide antibody titer using conventional 
techniques. Polyclonal antibodies may be utilized in the sera 
from which they were detected, or may be purified from the 
Sera using, e.g., antigen affinity chromatography. 
0256 Monoclonal antibodies directed toward antigen 
polypeptides are produced using any method which provides 
for the production of antibody molecules by continuous cell 
lines in culture. For example, monoclonal antibodies may be 
made by the hybridoma method as described in Kohler et al., 
Nature 256:495 (1975: the human B-cell hybridoma tech 
nique (Kosbor et al., Immunol Today 4:72, 1983; Cote et al., 
Proc Natl Acad Sci 80: 2026-2030, 1983) and the EBV 
hybridoma technique (Cole et al., Monoclonal Antibodies 
and Cancer Therapy, Alan R Liss Inc, New York N.Y., pp 
77-96, (1985). 
0257. When the hybridoma technique is employed, 
myeloma cell lines may be used. Cell lines suited for use in 
hybridoma-producing fusion procedures preferably do not 
produce endogenous antibody, have high fusion efficiency, 
and exhibit enzyme deficiencies that render them incapable of 
growing in certain selective media which support the growth 
of only the desired fused cells (hybridomas). For example, 
where the immunized animal is a mouse, one may use 
P3-X63/Ag8, P3-X63-Ag8.653, NS1/1. Ag 41, Sp210-Ag14, 
FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 and S194/ 
5XX0 Bul; for rats, one may use R210. RCY3,Y3-Ag 1.2.3, 
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IR983F and 4B210; and U-266, GM1500-GRG2, LICR 
LON-HMy2 and UC729-6 are all useful in connection with 
cell fusions. 

0258 Inan alternative embodiment, human antibodies can 
be produced from phage-display libraries (Hoogenboom et 
al., J. Mol. Biol. 227: 381 1991; Marks et al., J. Mol. Biol. 
222:581, see also U.S. Pat. No. 5,885,793)). These processes 
mimic immune selection through the display of antibody 
repertoires on the Surface of filamentous bacteriophage, and 
Subsequent selection of phage by their binding to an antigen 
of choice. One such technique is described in PCT Applica 
tion No. PCT/US98/17364, filed in the name of Adams et al., 
which describes the isolation of high affinity and functional 
agonistic antibodies for MPL- and msk-receptors using Such 
an approach. In this approach, a complete repertoire of human 
antibody genes can be created by cloning naturally rear 
ranged human V genes from peripheral blood lymphocytes as 
previously described (Mullinax, et al., Proc. Natl. Acad. Sci. 
(USA) 87: 8095-8099 (1990). 
0259 Alternatively, an entirely synthetic human heavy 
chain repertoire can be created from unrearranged V gene 
segments by assembling each human V segment with D 
segments of random nucleotides together with a human J 
segment (Hoogenboom, et al., J. Mol. Biol. 227:381-388 
1992). Likewise, a light chain repertoire can be constructed 
by combining each human V segment with a J segment (Grif 
fiths, et al., EMBO J. 13:3245-3260 (1994). Nucleotides 
encoding the complete antibody (i.e., both heavy and light 
chains) are linked as a single-chain Fv fragment and this 
polynucleotide is ligated to a nucleotide encoding a filamen 
tous phage minor coat protein. When this fusion protein is 
expressed on the Surface of the phage, a polynucleotide 
encoding a specific antibody can be identified by selection 
using an immobilized antigen. 
0260 Beyond the classic methods of generating poly 
clonal and monoclonal antibodies, any method for generating 
any known antibody form is contemplated. In addition to 
polyclonals and monoclonals, antibody forms include chi 
merized antibodies, humanized antibodies, CDR-grafted 
antibodies, and antibody fragments and variants. 
0261 
0262. In one example, insertion variants are provided 
wherein one or more amino acid residues Supplement a spe 
cific binding agent amino acid sequence. Insertions may be 
located at either or both termini of the protein, or may be 
positioned within internal regions of the specific binding 
agent amino acid sequence. Variant products of the invention 
also include mature specific binding agent products, i.e., spe 
cific binding agent products wherein leader or signal 
sequences are removed, and the resulting protein having addi 
tional amino terminal residues. The additional amino termi 
nal residues may be derived from another protein, or may 
include one or more residues that are not identifiable as being 
derived from a specific protein. Polypeptides with an addi 
tional methionine residue at position -1 (e.g., Met-1-multi 
valent binding peptides with effector function) are contem 
plated, as are polypeptides of the invention with additional 
methionine and lysine residues at positions-2 and -1 (Met-2- 
Lys-1-multivalent binding proteins with effector function). 
Variants of the polypeptides of the invention having addi 
tional Met, Met-Lys, or Lys residues (or one or more basic 
residues in general) are particularly useful for enhanced 
recombinant protein production in bacterial host cells. 

Variants and Derivatives of Specific Binding Agents 
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0263. The invention also embraces specific polypeptides 
of the invention having additional amino acid residues which 
arise from use of specific expression systems. For example, 
use of commercially available vectors that express a desired 
polypeptide as part of a glutathione-5-transferase (GST) 
fusion product provides the desired polypeptide having an 
additional glycine residue at position-1 after cleavage of the 
GST component from the desired polypeptide. Variants 
which result from expression in other vector systems are also 
contemplated, including those wherein histidine tags are 
incorporated into the amino acid sequence, generally at the 
carboxy and/or amino terminus of the sequence. 
0264. In another aspect, the invention provides deletion 
variants wherein one or more amino acid residues in a 
polypeptide of the invention are removed. Deletions can be 
effected at one or both termini of the polypeptide, or from 
removal of one or more residues within the amino acid 
sequence. Deletion variants necessarily include all fragments 
of a polypeptide according to the invention. 
0265 Antibody fragments refer to polypeptides having a 
sequence corresponding to at least part of an immunoglobulin 
variable region sequence. Fragments may be generated, for 
example, by enzymatic or chemical cleavage of polypeptides 
corresponding to full-length antibodies. Other binding frag 
ments include those generated by synthetic techniques or by 
recombinant DNA techniques, such as the expression of 
recombinant plasmids containing nucleic acid sequences 
encoding partial antibody variable regions. Preferred 
polypeptide fragments display immunological properties 
unique to, or specific for, a target as described herein. Frag 
ments of the invention having the desired immunological 
properties can be prepared by any of the methods well known 
and routinely practiced in the art. 
0266. In still another aspect, the invention provides sub 
stitution variants of multivalent binding polypeptides having 
effector function. Substitution variants include those 
polypeptides wherein one or more amino acid residues in an 
amino acid sequence are removed and replaced with alterna 
tive residues. In some embodiments, the Substitutions are 
conservative in nature; however, the invention embraces Sub 
stitutions that ore also non-conservative. Amino acids can be 
classified according to physical properties and contribution to 
secondary and tertiary protein structure. A conservative Sub 
stitution is recognized in the art as a Substitution of one amino 
acid for anotheramino acid that has similar properties. Exem 
plary conservative substitutions are set out in Table B (see 
WO 97/09433, page 10, published Mar. 13, 1997 (PCT/ 
GB96/02197 filed Sep. 6, 1996), immediately below. 

TABLE B 

Conservative Substitutions I 

SIDE CHAIN CHARACTERISTIC AMINO ACID 

Aliphatic Non-polar GAP I LV 
Polar - uncharged ST M N Q 
Polar - charged DEKR 

Aromatic HF WY 
Other NQ DE 

0267 Alternatively, conservative amino acids can be 
grouped as described in Lehninger, Biochemistry, Second 
Edition: Worth Publishers, Inc. NY:NY (1975), pp.71-77 as 
set out in Table C, immediately below. 
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TABLE C 

Conservative Substitutions II 

SIDE CHAIN CHARACTERISTIC AMINO ACID 

Non-polar A. Aliphatic: A LIVP 
(hydrophobic) B. Aromatic FW 

C. Sulfur-containing M 
D. Borderline G 

Uncharged-polar A. Hydroxyl STY 
B. Amides NQ 
C. Sulfhydryl C 
D. Borderline G 

Positively Charged KRH 
(Basic) 
Negatively DE 
Charged (Acidic) 

Conservative Substitutions II 

SIDE CHAIN CHARACTERISTIC AMINO ACID 

Non-polar A. Aliphatic: A LIVP 
(hydrophobic) B. Aromatic: FW 

C. Sulfur-containing: M 
D. Borderline: G 

Uncharged-polar A. Hydroxyl: STY 
B. Amides: NQ 
C. Sulfhydryl: C 
D. Borderline: G 

Positively Charged KRH 
(Basic) 
Negatively Charged DE 
(Acidic) 

0268. The invention also provides derivatives of specific 
binding agent polypeptides. Derivatives include specific 
binding agent polypeptides bearing modifications other than 
insertion, deletion, or Substitution of amino acid residues. 
Preferably, the modifications are covalent in nature, and 
include for example, chemical bonding with polymers, lipids, 
other organic, and inorganic moieties. Derivatives of the 
invention may be prepared to increase circulating half-life of 
a specific binding agent polypeptide, or may be designed to 
improve targeting capacity for the polypeptide to desired 
cells, tissues, or organs. 
0269. The invention further embraces multivalent binding 
proteins with effector function that are covalently modified or 
derivatized to include one or more water-soluble polymer 
attachments such as polyethylene glycol, polyoxyethylene 
glycol, or polypropylene glycol, as described U.S. Pat. Nos. 
4,640,835, 4,496,689, 4,301,144, 4,670,417, 4,791,192 and 
4,179,337. Still other useful polymers known in the art 
include monomethoxy-polyethylene glycol, dextran, cellu 
lose, and other carbohydrate-based polymers, poly-(N-vinyl 
pyrrolidone)-polyethylene glycol, propylene glycol 
homopolymers, a polypropylene oxide/ethylene oxide co 
polymer, polyoxyethylated polyols (e.g., glycerol) and poly 
vinyl alcohol, as well as mixtures of these polymers. Particu 
larly preferred are polyethylene glycol (PEG)-derivatized 
proteins. Water-soluble polymers may be bonded at specific 
positions, for example at the amino terminus of the proteins 
and polypeptides according to the invention, or randomly 
attached to one or more side chains of the polypeptide. The 
use of PEG for improving therapeutic capacities is described 
in U.S. Pat. No. 6,133,426 to Gonzales, et al. 
0270 Target Sites for Immunoglobulin Mutagenesis 
0271 Certain strategies are available to manipulate inher 
ent properties of an antigen-specific immunoglobulin (e.g., an 
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antibody) that are not available to non-immunoglobulin 
based binding molecules. A good example of the strategies 
favoring, e.g., antibody-based molecules, over these alterna 
tives is the in vivo modulation of the affinity of an antibody for 
its target through affinity maturation, which takes advantage 
of the Somatic hypermutation of immunoglobulin genes to 
yield antibodies of increasing affinity as an immune response 
progresses. Additionally, recombinant technologies have 
been developed to alter the structure of immunoglobulins and 
immunoglobulin regions and domains. Thus, polypeptides 
derived from antibodies may be produced that exhibit altered 
affinity for a given antigen, and a number of purification 
protocols and monitoring screens are known in the art for 
identifying and purifying or isolating these polypeptides. 
Using these known techniques, polypeptides comprising 
antibody-derived binding domains can be obtained that 
exhibit decreased or increased affinity for an antigen. Strate 
gies for generating the polypeptide variants exhibiting altered 
affinity include the use of site-specific or random mutagenesis 
of the DNA encoding the antibody to change the amino acids 
present in the protein, followed by a screening step designed 
to recover antibody variants that exhibit the desired change, 
e.g., increased or decreased affinity relative to the unmodified 
parent or referent antibody. 
0272. The amino acid residues most commonly targeted in 
mutagenic strategies to alter affinity are those in the comple 
mentarity-determining region (CDR) or hyper-variable 
region of the light and the heavy chain variable regions of an 
antibody. These regions contain the residues that physico 
chemically interact with an antigen, as well as other amino 
acids that affect the spatial arrangement of these residues. 
However, amino acids in the framework regions of the vari 
able domains outside the CDR regions have also been shown 
to make Substantial contributions to the antigen-binding 
properties of an antibody, and can be targeted to manipulate 
such properties. See Hudson, P. J. Curr. Opin. Biotech., 9: 
395-402 (1999) and references therein. 
0273 Smaller and more effectively screened libraries of 
antibody variants can be produced by restricting random or 
site-directed mutagenesis to sites in the CDRs that corre 
spond to areas prone to "hyper-mutation” during the Somatic 
affinity maturation process. See Chowdhury, et al., Nature 
Biotech., 17: 568-572 (1999) and references therein. The 
types of DNA elements known to define hyper-mutation sites 
in this manner include direct and inverted repeats, certain 
consensus sequences, secondary structures, and palindromes. 
The consensus DNA sequences include the tetrabase 
sequence Purine-G-Pyrimidine-A/T (i.e., A or G-G-C or T-A 
or T) and the serine codon AGY (wherein Y can be C or T). 
0274 Thus, another aspect of the invention is a set of 
mutagenic strategies for modifying the affinity of an antibody 
for its target. These strategies include mutagenesis of the 
entire variable region of a heavy and/or light chain, mutagen 
esis of the CDR regions only, mutagenesis of the consensus 
hypermutation sites within the CDRs, mutagenesis of frame 
work regions, or any combination of these approaches (“mu 
tagenesis' in this context could be random or site-directed). 
Definitive delineation of the CDR regions and identification 
of residues comprising the binding site of an antibody can be 
accomplished though solving the structure of the antibody in 
question, and the antibody:ligand complex, through tech 
niques known to those skilled in the art, such as X-ray crys 
tallography. Various methods based on analysis and charac 
terization of Such antibody crystal structures are known to 
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those of skill in the art and can be employed to approximate 
the CDR regions. Examples of such commonly used methods 
include the Kabat, Chothia, AbM and contact definitions. 
0275. The Kabat definition is based on sequence variabil 

ity and is the most commonly used definition to predict CDR 
regions. Johnson, et al., Nucleic Acids Research, 28: 214-8 
(2000). The Chothia definition is based on the location of the 
structural loop regions. (Chothia et al., J. Mol. Biol., 196: 
901-17 (1986; Chothia et al., Nature, 342: 877-83 (1989.) 
The AbM definition is a compromise between the Kabat and 
Chothia definitions. AbM is an integral suite of programs for 
antibody structure modeling produced by the Oxford 
Molecular Group (Martin, et al., Proc. Natl. Acad. Sci. (USA) 
86:9268-9272 (1989: Rees, et al., ABMTM, a computer 
program for modeling variable regions of antibodies, Oxford, 
UK: Oxford Molecular, Ltd.). The AbM suite models the 
tertiary structure of an antibody from primary sequence using 
a combination of knowledge databases and ab initio methods 
An additional definition, known as the contact definition, has 
been recently introduced. See MacCallum et al., J. Mol. Biol. 
5:732-45 (1996). This definition is based on an analysis of the 
available complex crystal structures. 
0276 By convention, the CDR domains in the heavy chain 
are typically referred to as H1, H2 and H3, and are numbered 
sequentially in order moving from the amino terminus to the 
carboxy terminus. The CDR regions in the light chain are 
typically referred to as L1, L2 and L3, and are numbered 
sequentially in order moving from the amino terminus to the 
carboxy terminus. 
(0277. The CDR-H1 is approximately 10 to 12 residues in 
length and typically starts 4 residues after a Cys according to 
the Chothia and AbM definitions, or typically 5 residues later 
according to the Kabat definition. The H1 is typically fol 
lowed by a Trp, typically Trp-Val, but also Trp-Ile, or Trp-Ala. 
The length of H1 is approximately 10 to 12 residues accord 
ing to the AbM definition, while the Chothia definition 
excludes the last 4 residues. 

(0278. The CDR-H2 typically starts 15 residues after the 
end of H1 according to the Kabat and AbM definitions. The 
residues preceding H2 are typically Leu-Glu-Trp-Ile-Gly but 
there are a number of variations. H2 is typically followed by 
the amino acid sequence Lys/Arg-Leu/Ile/Val/Phe/Thr/Ala 
Thr/Ser/Ile/Ala. According to the Kabat definition, the length 
of H2 is approximately 16 to 19 residues, where the AbM 
definition predicts the length to be typically 9 to 12 residues. 
(0279. The CDR-H3 typically starts 33 residues after the 
end of H2 and is typically preceded by the amino acid 
sequence Cys-Ala-Arg. H3 is typically followed by the amino 
acid Gly. The length of H3 ranges from 3 to 25 residues 
0280. The CDR-L1 typically starts at approximately resi 
due 24 and will typically follow a Cys. The residue after the 
CDR-L1 is always Trp and will typically begin one of the 
following sequences: Trp-Tyr-Gln, Trp-Leu-Gln, Trp-Phe 
Gln, or Trp-Tyr-Leu. The length of CDR-L1 is approximately 
10 to 17 residues. 

0281. The CDR-L2 starts approximately 16 residues after 
the end of L. It will generally follow residues Ile-Tyr, Val 
Tyr, Ile-Lys or Ile-Phe. The length of CDR-L2 is approxi 
mately 7 residues. 
0282. The CDR-L3 typically starts 33 residues after the 
end of L2 and typically follows a Cys. L is typically followed 
by the amino acid sequence Phe-Gly-XXX-Gly. The length of 
L is approximately 7 to 11 residues. 
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0283 Various methods for modifying antibodies have 
been described in the art, including, e.g., methods of produc 
ing humanized antibodies wherein the sequence of the 
humanized immunoglobulin heavy chain variable region 
framework is 65% to 95% identical to the sequence of the 
donor immunoglobulin heavy chain variable region frame 
work. Each humanized immunoglobulin chain will usually 
comprise, in addition to the CDRs, amino acids from the 
donor immunoglobulin framework that are, e.g., capable of 
interacting with the CDRs to effect binding affinity, such as 
one or more amino acids that are immediately adjacent to a 
CDR in the donor immunoglobulin or those within about 3 
angstroms, as predicted by molecular modeling. The heavy 
and light chains may each be designed by using any one or all 
of various position criteria. When combined into an intact 
antibody, humanized immunoglobulins are Substantially non 
immunogenic in humans and retain Substantially the same 
affinity as the donor immunoglobulinto the antigen, such as a 
protein or other compound containing an epitope. 
0284. In one example, methods for the production of anti 
bodies, and antibody fragments, are described that have bind 
ing specificity similar to a parent antibody, but which have 
increased human characteristics. Humanized antibodies are 
obtained by chain shuffling using, for example, phage display 
technology and a polypeptide comprising the heavy or light 
chain variable region of a non-human antibody specific for an 
antigen of interest, which is then combined with a repertoire 
of human complementary (light or heavy) chain variable 
regions. Hybrid pairings which are specific for the antigen of 
interest are identified and human chains from the selected 
pairings are combined with a repertoire of human comple 
mentary variable domains (heavy or light). In another 
embodiment, a component of a CDR from a non-human 
antibody is combined with a repertoire of component parts of 
CDRs from human antibodies. From the resulting library of 
antibody polypeptide dimers, hybrids are selected and may 
used in a second humanizing shuffling step; alternatively, this 
second step is eliminated if the hybrid is already of sufficient 
human character to be of therapeutic value. Methods of modi 
fication to increase human character are known in the art. 

0285 Another example is a method for making human 
ized antibodies by Substituting a CDR amino acid sequence 
for the corresponding human CDR amino acid sequence and/ 
or Substituting a FR amino acid sequence for the correspond 
ing human FR amino acid sequences. 
0286 Yet another example provides methods for identify 
ing the amino acid residues of an antibody variable domain 
that may be modified without diminishing the native affinity 
of the antigenbinding domain while reducing its immunoge 
nicity with respect to a heterologous species and methods for 
preparing these modified antibody variable regions as useful 
for administration to heterologous species. 
0287 Modification of an immunoglobulin such as an anti 
body by any of the methods known in the art is designed to 
achieve increased or decreased binding affinity for an antigen 
and/or to reduce immunogenicity of the antibody in the 
recipient and/or to modulate effector activity levels. In one 
approach, humanized antibodies can be modified to eliminate 
glycosylation sites in order to increase affinity of the antibody 
for its cognate antigen (Co, et al., Mol. Immunol. 30:1361 
1367 (1993). Techniques such as “reshaping,” hyperchimer 
ization.” and "veneering/resurfacing have produced human 
ized antibodies with greater therapeutic potential. Vaswami, 
et al., Annals of Allergy, Asthma, & Immunol 81:105 (1998); 
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Roguska, et al., Prot. Engineer. 9:895-904 (1996). See also 
U.S. Pat. No. 6,072,035, which describes methods for reshap 
ing antibodies. While these techniques diminish antibody 
immunogenicity by reducing the number of foreign residues, 
they do not prevent anti-idiotypic and anti-allotypic 
responses following repeated administration of the antibod 
ies. Alternatives to these methods for reducing immunoge 
nicity are described in Gilliland et al., J. Immunol. 62(6): 
3663-71 (1999). 
0288. In many instances, humanizing antibodies results in 
a loss of antigenbinding capacity. It is therefore preferable to 
“back mutate' the humanized antibody to include one or 
more of the amino acid residues found in the original (most 
often rodent) antibody in an attempt to restore binding affinity 
of the antibody. See, for example, Saldanha et al., Mol. Immu 
nol. 36:709-19 (1999). 
0289 Glycosylation of immunoglobulins has been shown 

to affect effector functions, structural stability, and the rate of 
secretion from antibody-producing cells (see Leatherbarrow 
et al., Mol. Immunol. 22:407 (1985), incorporated herein by 
reference). The carbohydrate groups responsible for these 
properties are generally attached to the constant regions of 
antibodies. For example, glycosylation of IgG at Asn 297 in 
the C. domain facilitates full capacity of the IgG to activate 
complement-dependent cytolysis (Tao et al., J. Immunol. 
143:2595 (1989)). Glycosylation of IgM at Asn 402 in the 
C. domain, for example, facilitates proper assembly and 
cytolytic activity of the antibody (Muraoka et al., J. Immunol. 
142:695 (1989)). Removal of glycosylation sites at positions 
162 and 419 in the C and C domains of an IgA antibody 
led to intracellular degradation and at least 90% inhibition of 
secretion (Taylor et al., Wall, Mol. Cell. Biol. 8:4197 (1988)). 
Accordingly, the molecules of the invention include muta 
tionally altered immunoglobulins exhibiting altered glycosy 
lation patterns by mutation of specific residues in, e.g., a 
constant sub-region to alter effector function. See Co et al., 
Mol. Immunol. 30:1361-1367 (1993), Jacquemon et al., J. 
Thromb. Haemost. 4:1047-1055 (2006), Schuster et al., Can 
cer Res.65:7934-7941 (2005), and Warnocket al., Biotech 
nol Bioeng.92:831-842 (2005), each incorporated herein by 
reference. 

0290 The invention also includes multivalent binding 
molecules having at least one binding domain that is at least 
80%, preferably 90% or 95% or 99% identical in sequence to 
a known immunoglobulin variable region sequence and 
which has at least one residue that differs from such immu 
noglobulin variable region, wherein the changed residue adds 
a glycosylation site, changes the location of one or more 
glycosylation site(s), or preferably removes a glycosylation 
site relative to the immunoglobulin variable region. In some 
embodiments, the change removes an N-linked glycosylation 
site in a an immunoglobulin variable region framework, or 
removes an N-linked glycosylation site that occurs in the 
immunoglobulin heavy chain variable region framework in 
the region spanning about amino acid residue 65 to about 
amino acid residue 85, using the numbering convention of Co 
et al., J. Immunol. 148: 1149, (1992). 
0291 Any method known in the art is contemplated for 
producing the multivalent binding molecules exhibiting 
altered glycosylation patterns relative to an immunoglobulin 
referent sequence. For example, any of a variety of genetic 
techniques may be employed to alter one or more particular 
residues. Alternatively, the host cells used for production may 
be engineered to produce the altered glycosylation pattern. 
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One method known in the art, for example, provides altered 
glycosylation in the form of bisected, non-fucosylated vari 
ants that increase ADCC. The variants result from expression 
in a host cell containing an oligosaccharide-modifying 
enzyme. Alternatively, the Potelligent technology of BioWa/ 
Kyowa Hakko is contemplated to reduce the fucose content of 
glycosylated molecules according to the invention. In one 
known method, a CHO host cell for recombinant immuno 
globulin production is provided that modifies the glycosyla 
tion pattern of the immunoglobulin F, region, through pro 
duction of GDP-fucose. This technology is available to 
modify the glycosylation pattern of a constant Sub-region of a 
multivalent binding molecule according to the invention. 
0292. In addition to modifying the binding properties of 
binding domains, such as the binding domains of immuno 
globulins, and in addition to such modifications as humaniza 
tion, the invention comprehends the modulation of effector 
function by changing or mutating residues contributing to 
effector function, such as the effector function of a constant 
Sub-region. These modifications can be effected using any 
technique known in the art, Such as the approach disclosed in 
Presta et al., Biochem. Soc. Trans. 30:487-490 (2001), incor 
porated herein by reference. Exemplary approaches would 
include the use of the protocol disclosed in Presta et al. to 
modify specific residues known to affect binding in one or 
more constant sub-regions corresponding to FCYRI, FCYRII, 
FCYRIII, FCCR, and FCeR. 
0293. In another approach, the Xencor Xmab technology 

is available to engineer constant Sub-regions corresponding to 
F domains to enhance cell killing effector function. See 
Lazaret al., Proc. Natl. Acad. Sci. (USA) 103(11):4005-4010 
(2006), incorporated herein by reference. Using this 
approach, for example, one can generate constant Sub-regions 
optimized for FYR specificity and binding, thereby enhanc 
ing cell killing effector function. 
0294 Production of Multivalent Binding Proteins with 
Effector Function 
0295) A variety of expression vector/host systems may be 
utilized to contain and express the multivalent binding protein 
(with effector function) of the invention. These systems 
includebut are not limited to microorganisms such as bacteria 
transformed with recombinant bacteriophage, plasmid, 
cosmid, or other expression vectors; yeast transformed with 
yeast expression or shuttle vectors; insect cell systems 
infected with virus expression vectors (e.g., baculovirus); 
plant cell systems transfected with virus expression vectors 
(e.g., cauliflower mosaic virus, CaMV; tobacco mosaic virus, 
TMV) or transformed with bacterial expression vectors (e.g., 
Ti or pBR322 plasmid); or animal cell systems. Mammalian 
cells that are useful in recombinant multivalent binding pro 
tein productions include, but are not limited to, VERO cells, 
HeLa cells, Chinese hamster ovary (CHO) cell lines, COS 
cells (such as COS-7), W138, BHK, HepG2, 3T3, RIN, 
MDCK, A549, PC12, K562 and HEK293 cells. Exemplary 
protocols for the recombinant expression of the multivalent 
binding protein are described herein below. 
0296 An expression vector can comprise a transcriptional 
unit comprising an assembly of (1) a genetic element or 
elements having a regulatory role in gene expression, for 
example, a promoter, enhancer, or factor-specific binding 
site, (2) a structural or sequence that encodes the binding 
agent which is transcribed into mRNA and translated into 
protein, and (3) appropriate transcription initiation and ter 
mination sequences. Structural units intended for use in yeast 
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or eukaryotic expression systems preferably include a leader 
sequence enabling extracellular secretion of translated pro 
tein by a host cell. Alternatively, where recombinant multi 
Valent binding protein is expressed without a leader or trans 
port sequence, it may include an amino terminal methionine 
residue. This residue may or may not be Subsequently cleaved 
from the expressed recombinant protein to provide a final 
multivalent binding protein. 
0297 For example, the multivalent binding proteins may 
be recombinantly expressed in yeast using a commercially 
available expression system, e.g., the Pichia Expression Sys 
tem (Invitrogen, San Diego, Calif.), following the manufac 
turer's instructions. This system also relies on the pre-pro 
alpha sequence to direct secretion, but transcription of the 
insert is driven by the alcohol oxidase (AOX1) promoter upon 
induction by methanol. The secreted multivalent binding pep 
tide may be purified from the yeast growth medium by, e.g., 
the methods used to purify the peptide from bacterial and 
mammalian cell Supernatants. 
0298 Alternatively, the cDNA encoding the multivalent 
binding peptide may be cloned into the baculovirus expres 
sion vector pVL1393 (PharMingen, San Diego, Calif.). This 
vector can be used according to the manufacturer's directions 
(PharMingen) to infect Spodoptera frugiperda cells in SF9 
protein-free medium and to produce recombinant protein. 
The multivalent binding protein can be purified and concen 
trated from the medium using a heparin-Sepharose column 
(Pharmacia, Piscataway, N.J.). Insect systems for protein 
expression, such as the SF9 system, are well known to those 
of skill in the art. In one such system, Autographa Californica 
nuclear polyhedrosis virus (AcNPV) can be used as a vector 
to express foreign genes in the Spodoptera frugiperda cells or 
in Trichoplusia larvae. The multivalent binding peptide cod 
ing sequence can be cloned into a nonessential region of the 
virus, Such as the polyhedrin gene, and placed under control 
of the polyhedrin promoter. Successful insertion of the mul 
tivalent binding peptide will render the polyhedrin gene inac 
tive and produce recombinant virus lacking coat protein. The 
recombinant viruses can be used to infect S. frugiperda cells 
or Trichoplusia larvae in which peptide is expressed (Smithet 
al., JVirol 46:584, 1983; Engelhard et al., Proc Nat AcadSci 
(USA) 91: 3224-7, 1994). 
0299. In another example, the DNA sequence encoding 
the multivalent binding peptide can be amplified by PCR and 
cloned into an appropriate vector, for example, pGEX-3x 
(Pharmacia, Piscataway, N.J.). The pGEX vector is designed 
to produce a fusion protein comprising glutathione-S-trans 
ferase (GST), encoded by the vector, and a multivalent bind 
ing protein encoded by a DNA fragment inserted into the 
cloning site of the vector. The primers for the PCR can be 
generated to include for example, an appropriate cleavage 
site. Where the multivalent binding protein fusion moiety is 
used solely to facilitate expression or is otherwise not desir 
able as an attachment to the peptide of interest, the recombi 
nant multivalent binding protein fusion may then be cleaved 
from the GST portion of the fusion protein. The pGEX-3x/ 
multivalent binding peptide construct is transformed into E. 
coli XL-1 Blue cells (Stratagene, La Jolla Calif.), and indi 
vidual transformants isolated and grown. Plasmid DNA from 
individual transformants is purified and may be partially 
sequenced using an automated sequencer to confirm the pres 
ence of the desired multivalent binding protein-encoding 
nucleic acid insert in the proper orientation. 
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0300. The fused multivalent binding protein, which may 
be produced as an insoluble inclusion body in the bacteria, 
can be purified as follows. Host cells can be harvested by 
centrifugation; washed in 0.15 MNaCl, 10 mM Tris, pH 8, 1 
mM EDTA; and treated with 0.1 mg/ml lysozyme (Sigma 
Chemical Co.) for 15 minutes at room temperature. The lysate 
can be cleared by sonication, and cell debris can be pelleted 
by centrifugation for 10 minutes at 12,000xg. The multivalent 
binding protein fusion-containing pellet can be resuspended 
in 50 mM Tris, pH 8, and 10 mM EDTA, layered over 50% 
glycerol, and centrifuged for 30 minutes at 6000 g. The pellet 
can be resuspended in standard phosphate buffered saline 
solution (PBS) free of Mg" and Ca". The multivalent bind 
ing protein fusion can be further purified by fractionating the 
resuspended pellet in a denaturing SDS polyacrylamide gel 
(Sambrook et al.). The gel is soaked in 0.4M KCl to visualize 
the protein, which is excised and electroeluted in gel-running 
buffer lacking SDS. If the GST/multivalent binding peptide 
fusion protein is produced in bacteria as a soluble protein, it 
can be purified using the GST Purification Module (Pharma 
cia Biotech). 
0301 The multivalent binding protein fusion is preferably 
subjected to digestion to cleave the GST from the multivalent 
binding peptide of the invention. The digestion reaction (20 
40 ug fusion protein, 20-30 units human thrombin (4000 
U/mg (Sigma) in 0.5 ml PBS) can be incubated 16-48 hours at 
room temperature and loaded on a denaturing SDS-PAGEgel 
to fractionate the reaction products. The gel can be soaked in 
0.4M KCl to visualize the protein bands. The identity of the 
protein band corresponding to the expected molecular weight 
of the multivalent binding peptide can be confirmed by amino 
acid sequence analysis using an automated sequencer (Ap 
plied Biosystems Model 473A, Foster City, Calif.). Alterna 
tively, the identity can be confirmed by performing HPLC 
and/or mass spectrometry of the peptides. 
0302 Alternatively, a DNA sequence encoding the multi 
Valent binding peptide can be cloned into a plasmid contain 
ing a desired promoter and, optionally, a leadersequence (see, 
e.g., Better et al., Science, 240: 1041-43, 1988). The sequence 
of this construct can be confirmed by automated sequencing. 
The plasmid can then be transformed into a suitable E. coli 
strain, Such as Strain MC1061, using standard procedures 
employing CaCl incubation and heat shock treatment of the 
bacteria (Sambrook et al.). The transformed bacteria can be 
grown in LB medium supplemented with carbenicillin or 
another suitable form of selection as would be known in the 
art, and production of the expressed protein can be induced by 
growth in a suitable medium. If present, the leader sequence 
can effect secretion of the multivalent binding peptide and be 
cleaved during secretion. The secreted recombinant protein 
can be purified from the bacterial culture medium by the 
methods described herein below. 

0303 Mammalian host systems for the expression of the 
recombinant protein are well known to those of skill in the art 
and are preferred systems. Host cell Strains can be chosen for 
aparticular ability to process the expressed protein or produce 
certain post-translation modifications that will be useful in 
providing proteinactivity. Such modifications of the polypep 
tide include, but are not limited to, acetylation, carboxylation, 
glycosylation, phosphorylation, lipidation and acylation. Dif 
ferent host cells such as CHO, HeLa, MDCK,293, W138, and 
the like, have specific cellular machinery and characteristic 
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mechanisms for Such post-translational activities and can be 
chosen to ensure the correct modification and processing of 
the foreign protein. 
0304. It is preferable that the transformed cells be used for 
long-term, high-yield protein production and, as such, stable 
expression is desirable. Once such cells are transformed with 
vectors that preferably contain at least one selectable marker 
along with the desired expression cassette, the cells are grown 
for 1-2 days in an enriched medium before being switched to 
selective medium. The selectable marker is designed to con 
ferresistance to selection and its presence allows growth and 
recovery of cells that successfully express the foreign protein. 
Resistant clumps of stably transformed cells can be prolifer 
ated using tissue culture techniques appropriate to the cell. 
0305. A number of selection systems can be used to 
recover the cells that have been transformed for recombinant 
protein production. Such selection systems include, but are 
not limited to, HSV thymidine kinase, hypoxanthine-guanine 
phosphoribosyltransferase and adenine phosphoribosyltrans 
ferase genes, in tha-, hgprt- or aprt-cells, respectively. Also, 
anti-metabolite resistance can be used as the basis of selection 
for dhfr, which confers resistance to methotrexate; gpt, which 
confers resistance to mycophenolic acid; neo, which confers 
resistance to the aminoglycoside G418 and confers resistance 
to chlorSulfuron; and hygro, which confers resistance to 
hygromycin. Additional selectable genes that may be useful 
include trpB, which allows cells to utilize indole in place of 
tryptophan, or hisD, which allows cells to utilize histinol in 
place of histidine. Markers that give a visual indication for 
identification of transformants include anthocyanins, B-glu 
curonidase and its substrate, GUS, and luciferase and its 
substrate, luciferin. 
0306 Purification of Proteins 
0307 Protein purification techniques are well known to 
those of skill in the art. These techniques involve, at one level, 
the crude fractionation of the polypeptide and non-polypep 
tide fractions. Having separated the multivalent binding 
polypeptide from at least one other protein, the polypeptide of 
interest is purified, but further purification using chromato 
graphic and electrophoretic techniques to achieve partial or 
complete purification (or purification to homogeneity) is fre 
quently desired. Analytical methods particularly Suited to the 
preparation of a pure multivalent binding peptide are ion 
exchange chromatography, exclusion chromatography; poly 
acrylamide gel electrophoresis; and isoelectric focusing. Par 
ticularly efficient methods of purifying peptides are fast 
protein liquid chromatography and HPLC. 
0308 Certain aspects of the present invention concern the 
purification, and in particular embodiments, the Substantial 
purification, of an encoded multivalent binding protein or 
peptide. The term “purified multivalent binding protein or 
peptide' as used herein, is intended to refer to a composition, 
isolatable from other components, wherein the multivalent 
binding protein or peptide is purified to any degree relative to 
its naturally obtainable state. A purified multivalent binding 
protein or peptide therefore also refers to a multivalent bind 
ing protein or peptide, free from the environment in which it 
may naturally occur. 
0309 Generally, “purified” will refer to a multivalent 
binding protein composition that has been Subjected to frac 
tionation to remove various other components, and which 
composition Substantially retains its expressed biological 
activity. Where the term “substantially purified' is used, this 
designation refers to a multivalent binding protein composi 
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tion in which the multivalent binding protein or peptide forms 
the major component of the composition, Such as constituting 
about 50%, about 60%, about 70%, about 80%, about 90%, 
about 95%, about 99% or more of the protein, by weight, in 
the composition. 
0310 Various methods for quantifying the degree of puri 
fication of the multivalent binding protein will be known to 
those of skill in the artin light of the present disclosure. These 
include, for example, determining the specific binding activ 
ity of an active fraction, or assessing the amount of multiva 
lent binding polypeptides within a fraction by SDS/PAGE 
analysis. A preferred method for assessing the purity of a 
multivalent binding protein fraction is to calculate the binding 
activity of the fraction, to compare it to the binding activity of 
the initial extract, and to thus calculate the degree of purifi 
cation, herein assessed by a "-fold purification number.” The 
actual units used to represent the amount of binding activity 
will, of course, be dependent upon the particular assay tech 
nique chosen to follow the purification and whether or not the 
expressed multivalent binding protein or peptide exhibits a 
detectable binding activity. 
0311 Various techniques suitable for use in multivalent 
binding protein purification are well known to those of skill in 
the art. These include, for example, precipitation with ammo 
nium sulfate, PEG, antibodies and the like, or by heat dena 
turation, followed by centrifugation; chromatography steps 
Such as ion exchange, gel filtration, reverse phase, hydroxy 
lapatite and affinity chromatography; isoelectric focusing: 
gel electrophoresis; and combinations of these and other tech 
niques. As is generally known in the art, it is believed that the 
order of conducting the various purification steps may be 
changed, or that certain steps may be omitted, and still result 
in a suitable method for the preparation of a substantially 
purified multivalent binding protein. 
0312 There is no general requirement that the multivalent 
binding protein always be provided in its most purified State. 
Indeed, it is contemplated that less substantially multivalent 
binding proteins will have utility in certain embodiments. 
Partial purification may be accomplished by using fewer puri 
fication steps in combination, or by utilizing different forms 
of the same general purification scheme. For example, it is 
appreciated that a cation-exchange column chromatography 
performed utilizing an HPLC apparatus will generally result 
in greater purification than the same technique utilizing a low 
pressure chromatography system. Methods exhibiting a 
lower degree of relative purification may have advantages in 
total recovery of multivalent binding protein product, or in 
maintaining binding activity of an expressed multivalent 
binding protein. 
0313. It is known that the migration of a polypeptide can 
vary, sometimes significantly, with different conditions of 
SDS/PAGE (Capaldi et al., Biochem. Biophys. Res. Comm., 
76:425, 1977). It will therefore be appreciated that under 
differing electrophoresis conditions, the apparent molecular 
weights of purified or partially purified multivalent binding 
protein expression products may vary. 
0314. Effector Cells 
0315 Effector cells for inducing, e.g., ADCC, ADCP (an 
tibody-dependent cellular phagocytosis), and the like, against 
a target cell include human leukocytes, macrophages, mono 
cytes, activated neutrophils, activated natural killer (NK) 
cells, and eosinophils. Effector cells express FOR(CD89), 
FcyRI. FcyRII, FcyRIII, and/or FeR1 and include, for 
example, monocytes and activated neutrophils. Expression of 
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FcyRI, e.g., has been found to be up-regulated by interferon 
gamma (IFN-Y). This enhanced expression increases the cyto 
toxic activity of monocytes and neutrophils against target 
cells. Accordingly, effector cells may be activated with (IFN 
Y) or other cytokines (e.g., TNF-C. or B, colony stimulating 
factor, IL-2) to increase the presence of FcyRI on the surface 
of the cells prior to being contacted with a multivalent protein 
of the invention. 
0316 The multivalent proteins of the invention provide an 
antibody effector function, such as antibody-dependent effec 
tor cell-mediated cytotoxicity (ADCC), for use against a tar 
get cell. Multivalent proteins with effector function are 
administered alone, as taught herein, or after being coupled to 
an effector cell, thereby forming an “activated effector cell.” 
An “activated effector cell' is an effector cell, as defined 
herein, linked to a multivalent protein with effector function, 
also as defined herein, such that the effector cell is effectively 
provided with a targeting function prior to administration. 
0317 Activated effector cells are administered in vivo as a 
Suspension of cells in a physiologically acceptable solution. 
The number of cells administered is on the order of 10-10, 
but will vary depending on the therapeutic purpose. In gen 
eral, the amount will be sufficient to obtain localization of the 
effector cell at the target cell, and to provide a desired level of 
effector cell function in that locale, such as cell killing by 
ADCC and/or phagocytosis. The term physiologically 
acceptable solution, as used herein, is intended to include any 
carrier solution which stabilizes the targeted effector cells for 
administration in vivo including, for example, saline and 
aqueous buffer solutions, solvents, antibacterial and antifun 
gal agents, isotonic agents, and the like. 
0318 Accordingly, another aspect of the invention pro 
vides a method of inducing a specific antibody effector func 
tion, such as ADCC, against a cell in a subject, comprising 
administering to the Subject a multivalent protein (or encod 
ing nucleic acid) or activated effector cell in a physiologically 
acceptable medium. Routes of administration can vary and 
suitable administration routes will be determined by those of 
skill in the art based on a consideration of case-specific vari 
ables and routine procedures, as is known in the art. 
0319 Cell-Free Effects 
0320 Cell-free effects are also provided by the multiva 
lent molecules of the invention, e.g., by providing a CDC 
functionality. The complement system is a biochemical cas 
cade of the immune system that helps clear foreign matter 
Such as pathogens from an organism. It is derived from many 
Small plasma proteins that work together in inducing cytoly 
sis of a target cell by disrupting the target cell's plasma 
membrane. The complement system consists of more than 35 
soluble and cell-bound proteins, 12 of which are directly 
involved in the complement pathways. The proteins are active 
in three biochemical pathways leading to the activation of the 
complement system: the classical complement pathway, the 
alternate complement pathway, and the mannose-bindinglec 
tin pathway. Antibodies, in particular the IgG1 class, can also 
“fix' complement. A detailed understanding of these path 
ways has been achieved in the art and will not be repeated 
here, but it is worth noting that complement-dependent cyto 
toxicity is not dependent on the interaction of a binding mol 
ecule with a cell, e.g., a B cell, of the immune system. Also 
worth noting is that the complement system is regulated by 
complement regulating proteins. These proteins are present at 
higher concentrations in the blood plasma than the comple 
ment proteins. The complement regulating proteins are found 
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on the Surfaces of self-cells, providing a mechanism to pre 
vent self-cells from being targeted by complement proteins. It 
is expected that the complement system plays a role in several 
diseases with an immune component, such as Barraquer 
Simons Syndrome, Alzheimer's disease, asthma, lupus 
erythematosus, various forms of arthritis, autoimmune heart 
disease, and multiple Sclerosis. Deficiencies in the terminal 
pathway predispose an individual to both autoimmune dis 
ease and infections (particularly meningitis). 
0321 
0322 The invention provides a multivalent binding pro 
teins with effector function, and variant and derivative 
thereof, that bind to one or more binding partners and those 
binding events are useful in the treatment, prevention, or 
amelioration of a symptomassociated with a disease, disorder 
or pathological condition, preferably one afflicting humans. 
In preferred embodiments of these methods, the multivalent 
(and multispecific) binding protein with effector function 
associates a cell bearing a target, such as a tumor-specific 
cell-surface marker, with an effector cell, such as a cell of the 
immune system exhibiting cytotoxic activity. In other 
embodiments, the multispecific, multivalent binding protein 
with effector function specifically binds two different dis 
ease-, disorder- or condition-specific cell-surface markers to 
ensure that the correct target is associated with an effector 
cell. Such as a cytotoxic cell of the immune system. Addition 
ally, the multivalent binding protein with effector function 
can be used to induce or increase antigen activity, or to inhibit 
antigen activity. The multivalent binding proteins with effec 
tor function are also suitable for combination therapies and 
palliative regimes. 
0323. In one aspect, the present invention provides com 
positions and methods useful for treating or preventing dis 
eases and conditions characterized by aberrant levels of anti 
gen activity associated with a cell. These diseases include 
cancers and other hyperproliferative conditions, such as 
hyperplasia, psoriasis, contact dermatitis, immunological 
disorders, and infertility. A wide variety of cancers, including 
Solid tumors and leukemias are amenable to the compositions 
and methods disclosed herein. Types of cancer that may be 
treated include, but are not limited to: adenocarcinoma of the 
breast, prostate, and colon; all forms of bronchogenic carci 
noma of the lung, myeloid; melanoma; hepatoma; neuroblas 
toma; papilloma; apudoma; choristoma; branchioma: malig 
nant carcinoid syndrome; carcinoid heart disease; and 
carcinoma (e.g., Walker, basal cell, basosquamous, Brown 
Pearce, ductal, Ehrlich tumor, Krebs 2, merkel cell, muci 
nous, non-small cell lung, oat cell, papillary, Scirrhous, bron 
chiolar, bronchogenic, squamous cell, and transitional cell). 
Additional types of cancers that may be treated include: his 
tiocytic disorders; leukemia; histiocytosis malignant; 
Hodgkin's disease; immunoproliferative Small; non 
Hodgkin's lymphoma; plasmacytoma; reticuloendotheliosis: 
melanoma; chondroblastoma; chondroma; chondrosarcoma; 
fibroma; fibrosarcoma; giant cell tumors; histiocytoma; 
lipoma; liposarcoma; mesothelioma, myxoma, myxosar 
coma, osteoma; osteosarcoma; chordoma; craniopharyn 
gioma; dysgerminoma, hamartoma; mesenchymoma; meso 
nephroma: myosarcoma; ameloblastoma; cementoma; 
odontoma; teratoma; thymoma; trophoblastic tumor. Further, 
the following types of cancers are also contemplated as ame 
nable to treatment: adenoma; cholangioma; cholesteatoma; 
cyclindroma; cystadenocarcinoma; cystadenoma; granulosa 
cell tumor; gynandroblastoma; hepatoma; hidradenoma; islet 
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cell tumor, Leydig cell tumor; papilloma; Sertoli cell tumor; 
theca cell tumor; leimyoma; leiomyosarcoma; myoblastoma; 
myomma; myosarcoma, rhabdomyoma; rhabdomyosar 
coma; ependymoma; ganglioneuroma; glioma; medulloblas 
toma; meningioma; neurilemmoma; neuroblastoma; neu 
roepithelioma; neurofibroma; neuroma; paraganglioma; 
paraganglioma nonchromaffin. The types of cancers that may 
be treated also include, but are not limited to, angiokeratoma; 
angiolymphoid hyperplasia with eosinophilia; angioma Scle 
rosing: angiomatosis; glomangioma: hemangioendothe 
lioma: hemangioma: hemangiopericytoma; hemangiosar 
COma, lymphangioma: lymphangiomyoma; 
lymphangiosarcoma; pinealoma; carcinosarcoma; chondro 
sarcoma; cystosarcoma phyllodes; fibrosarcoma; heman 
giosarcoma; leiomyosarcoma; leukosarcoma; liposarcoma; 
lymphangiosarcoma; myosarcoma; myxosarcoma; ovarian 
carcinoma, rhabdomyosarcoma; sarcoma; neoplasms; ner 
ofibromatosis; and cervical dysplasia. The invention further 
provides compositions and methods useful in the treatment of 
other conditions in which cells have become immortalized or 
hyperproliferative due to abnormally high expression of anti 
gen. 
0324 Exemplifying the variety of hyperproliferative dis 
orders amenable to the compositions and methods of the 
invention are B-cell cancers, including B-cell lymphomas 
(such as various forms of Hodgkin's disease, non-Hodgkins 
lymphoma (NHL) or central nervous system lymphomas), 
leukemias (Such as acute lymphoblastic leukemia (ALL), 
chronic lymphocytic leukemia (CLL), Hairy cell leukemia 
and chronic myoblastic leukemia) and myelomas (such as 
multiple myeloma). Additional B cell cancers include small 
lymphocytic lymphoma, B-cell prolymphocytic leukemia, 
lymphoplasmacytic lymphoma, splenic marginal Zone lym 
phoma, plasma cell myeloma, Solitary plasmacytoma of 
bone, extraosseous plasmacytoma, extra-nodal marginal 
Zone B-cell lymphoma of mucosa-associated (MALT) lym 
phoid tissue, nodal marginal Zone B-cell lymphoma, follicu 
lar lymphoma, mantle cell lymphoma, diffuse large B-cell 
lymphoma, mediastinal (thymic) large B-cell lymphoma, 
intravascular large B-cell lymphoma, primary effusion lym 
phoma, Burkitt's lymphoma/leukemia, B-cell proliferations 
of uncertain malignant potential, lymphomatoid granuloma 
tosis, and post-transplant lymphoproliferative disorder. 
0325 Disorders characterized by autoantibody produc 
tion are often considered autoimmune diseases. Autoimmune 
diseases include, but are not limited to: arthritis, rheumatoid 
arthritis, juvenile rheumatoid arthritis, osteoarthritis, poly 
chondritis, psoriatic arthritis, psoriasis, dermatitis, polymyo 
sitis/dermatomyositis, inclusion body myositis, inflamma 
tory myositis, toxic epidermal necrolysis, systemic 
scleroderma and sclerosis, CREST syndrome, responses 
associated with inflammatory bowel disease, Crohn's dis 
ease, ulcerative colitis, respiratory distress syndrome, adult 
respiratory distress syndrome (ARDS), meningitis, encepha 
litis, uveitis, colitis, glomerulonephritis, allergic conditions, 
eczema, asthma, conditions involving infiltration of T cells 
and chronic inflammatory responses, atherosclerosis, 
autoimmune myocarditis, leukocyte adhesion deficiency, 
systemic lupus erythematosus (SLE), Subacute cutaneous 
lupus erythematosus, discoid lupus, lupus myelitis, lupus 
cerebritis,juvenile onset diabetes, multiple Sclerosis, allergic 
encephalomyelitis, neuromyelitis optica, rheumatic fever, 
Sydenham's chorea, immune responses associated with acute 
and delayed hyperSensitivity mediated by cytokines and 
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T-lymphocytes, tuberculosis, sarcoidosis, granulomatosis 
including Wegener's granulomatosis and Churg-Strauss dis 
ease, agranulocytosis, vasculitis (including hypersensitivity 
vasculitisfangiitis, ANCA and rheumatoid vasculitis), aplas 
tic anemia, Diamond Blackfan anemia, immune hemolytic 
anemia including autoimmune hemolytic anemia (AIHA), 
pernicious anemia, pure red cell aplasia (PRCA), Factor VIII 
deficiency, hemophilia A, autoimmune neutropenia, pancy 
topenia, leukopenia, diseases involving leukocyte diapedesis, 
central nervous system (CNS) inflammatory disorders, mul 
tiple organ injury syndrome, myasthenia gravis, antigen-an 
tibody complex mediated diseases, anti-glomerular basement 
membrane disease, anti-phospholipid antibody syndrome, 
allergic neuritis, Behcet disease, Castleman's syndrome, 
Goodpasture's syndrome, Lambert-Eaton Myasthenic Syn 
drome, Reynaud's syndrome, Sorgen’s syndrome, Stevens 
Johnson syndrome, Solid organ transplant rejection, graft ver 
SuS host disease (GVHD), bullous pemphigoid, pemphigus, 
autoimmune polyendocrinopathies, seronegative spondy 
loarthropathies, Reiter's disease, stiff-man syndrome, giant 
cell arteritis, immune complex nephritis, IgA nephropathy, 
IgM polyneuropathies or IgM mediated neuropathy, idio 
pathic thrombocytopenic purpura (ITP), thrombotic throb 
ocytopenic purpura (TTP), Henoch-Schonlein purpura, 
autoimmune thrombocytopenia, autoimmune disease of the 
testis and ovary including autoimmune orchitis and oophori 
tis, primary hypothyroidism; autoimmune endocrine diseases 
including autoimmune thyroiditis, chronic thyroiditis (Hash 
imoto's Thyroiditis), subacute thyroiditis, idiopathic 
hypothyroidism, Addison's disease, Grave's disease, autoim 
mune polyglandular syndromes (or polyglandular endocrin 
opathy syndromes). Type I diabetes also referred to as insulin 
dependent diabetes mellitus (IDDM) and Sheehan's 
syndrome; autoimmune hepatitis, lymphoid interstitial pneu 
monitis (HIV), bronchiolitis obliterans (non-transplant) vs 
NSIP. Guillain-Barré Syndrome, large vessel vasculitis (in 
cluding polymyalgia rheumatica and giant cell (Takayasu's) 
arteritis), medium vessel vasculitis (including Kawasaki's 
disease and polyarteritis nodosa), polyarteritis nodosa (PAN) 
ankylosing spondylitis, Berger's disease (IgA nephropathy), 
rapidly progressive glomerulonephritis, primary biliary cir 
rhosis, Celiac sprue (gluten enteropathy), cryoglobulinemia, 
cryoglobulinemia associated with hepatitis, amyotrophic lat 
eral sclerosis (ALS), coronary artery disease, familial Medi 
terranean fever, microscopic polyangiitis, Cogan's Syn 
drome, Whiskott-Aldrich syndrome and thromboangiitis 
obliterans. 

0326 Rheumatoid arthritis (RA) is a chronic disease char 
acterized by inflammation of the joints, leading to Swelling, 
pain, and loss of function. Patients having RA for an extended 
period usually exhibit progressive joint destruction, defor 
mity, disability and even premature death. Beyond RA, 
inflammatory diseases, disorders and conditions in general 
are amenable to treatment, prevention or amelioration of 
symptoms (e.g., heat, pain, Swelling, redness) associated with 
the process of inflammation, and the compositions and meth 
ods of the invention are beneficial in treating, preventing or 
ameliorating aberrant or abnormal inflammatory processes, 
including RA. 
0327 Crohn's disease and a related disease, ulcerative 
colitis, are the two main disease categories that belong to a 
group of illnesses called inflammatory bowel disease (IBD). 
Crohn's disease is a chronic disorder that causes inflamma 
tion of the digestive orgastrointestinal (GI) tract. Although it 
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can involve any area of the GI tract from the mouth to the 
anus, it most commonly affects the Small intestine and/or 
colon. In ulcerative colitis, the GI involvement is limited to 
the colon. Crohn's disease may be characterized by antibod 
ies against neutrophil antigens, i.e., the “perinuclear anti 
neutrophilantibody’ (p.ANCA), and Saccharomyces cervi 
siae, i.e. the “anti-Saccharomyces cerevisiae antibody' 
(ASCA). Many patients with ulcerative colitis have the 
pANCA antibody in their blood, but not the ASCA antibody, 
while many Crohn's patients exhibit ASCA antibodies, and 
not pANCA antibodies. One method of evaluating Crohn's 
disease is using the Crohn's disease Activity Index (CDAI), 
based on 18 predictor variables scores collected by physi 
cians. CDAI values of 150 and below are associated with 
quiescent disease; values above that indicate active disease, 
and values above 450 are seen with extremely severe disease 
Best et al., “Development of a Crohn's disease activity 
index. Gastroenterology 70:439-444 (1976). However, 
since the original study, Some researchers use a subjective 
value of 200 to 250 as an healthy score. 
0328 Systemic Lupus Erythematosus (SLE) is an autoim 
mune disease caused by recurrent injuries to blood vessels in 
multiple organs, including the kidney, skin, and joints. In 
patients with SLE, a faulty interaction between T cells and 
B-cells results in the production of autoantibodies that attack 
the cell nucleus. There is general agreement that autoantibod 
ies are responsible for SLE, so new therapies that deplete the 
B-cell lineage, allowing the immune system to reset as new 
B-cells are generated from precursors, would offer hope for 
long lasting benefit in SLE patients. 
0329 Multiple sclerosis (MS) is also an autoimmune dis 
ease. It is characterized by inflammation of the central ner 
Vous system and destruction of myelin, which insulates nerve 
cell fibers in the brain, spinal cord, and body. Although the 
cause of MS is unknown, it is widely believed that autoim 
mune T cells are primary contributors to the pathogenesis of 
the disease. However, high levels of antibodies are present in 
the cerebral spinal fluid of patients with MS, and some theo 
ries predict that the B-cell response leading to antibody pro 
duction is important for mediating the disease. 
0330 Autoimmune thyroid disease results from the pro 
duction of autoantibodies that either stimulate the thyroid to 
cause hyperthyroidism (Graves’ disease) or destroy the thy 
roid to cause hypothyroidism (Hashimoto's thyroiditis). 
Stimulation of the thyroid is caused by autoantibodies that 
bind and activate the thyroid stimulating hormone (TSH) 
receptor. Destruction of the thyroid is caused by autoantibod 
ies that react with other thyroid antigens. 
0331 Additional diseases, disorders, and conditions ame 
nable to the benefits provided by the compositions and meth 
ods of the invention include Sjogren's syndrome is an autoim 
mune disease characterized by destruction of the body’s 
moisture-producing glands. Further, immune thrombocy 
topenic purpura (ITP) is caused by autoantibodies that bind to 
blood platelets and cause their destruction, and this condition 
is suitable for application of the materials and methods of the 
invention. Myasthenia Gravis (MG), a chronic autoimmune 
neuromuscular disorder characterized by autoantibodies that 
bind to acetylcholine receptors expressed at neuromuscular 
junctions leading to weakness of the Voluntary muscle 
groups, is a disease having symptoms that are treatable using 
the composition and methods of the invention, and it is 
expected that the invention will be beneficial in treating and/ 
or preventing MG. Still further, Rous Sarcoma Virus infec 
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tions are expected to be amenable to treatment, or ameliora 
tion of at least one symptom, with the compositions and 
methods of the invention. 
0332 Another aspect of the present invention is using the 
materials and methods of the invention to prevent and/or treat 
any hyperproliferative condition of the skin including psoria 
sis and contact dermatitis or other hyperproliferative disease. 
Psoriasis, is characterized by autoimmune inflammation in 
the skin and is also associated with arthritis in 30% of cases, 
as well as Scleroderma, inflammatory bowel disease, includ 
ing Crohn's disease and ulcerative colitis. It has been dem 
onstrated that patients with psoriasis and contact dermatitis 
have elevated antigen activity within these lesions (Ogoshi et 
al., J. Inv. Dermatol., 110:818-23 1998). The multispecific, 
multivalent binding proteins can deliver a cytotoxic cell of the 
immune system, for example, directly to cells within the 
lesions expressing high levels of antigen. The multivalent, 
e.g., multispecific, binding proteins can be administered Sub 
cutaneously in the vicinity of the lesions, or by using any of 
the various routes of administration described herein and 
others which are well known to those of skill in the art. 
0333 Also contemplated is the treatment of idiopathic 
inflammatory myopathy (IIM), including dermatomyositis 
(DM) and polymyositis (PM). Inflammatory myopathies 
have been categorized using a number of classification 
schemes. Miller's classification schema (Miller, Rheum Dis 
Clin North Am. 20:811-826, 1994) identifies 2 idiopathic 
inflammatory myopathies (IIM), polymyositis (PM) and der 
matomyositis (DM). 
0334 Polymyositis and dermatomyositis are chronic, 
debilitating inflammatory diseases that involve muscle and, in 
the case of DM, skin. These disorders are rare, with a reported 
annual incidence of approximately 5 to 10 cases per million 
adults and 0.6 to 3.2 cases per million children per year in the 
United States (Targoff, Curr Probl Dermatol. 1991, 3:131 
180). Idiopathic inflammatory myopathy is associated with 
significant morbidity and mortality, with up to half of affected 
adults noted to have suffered significant impairment (Gottdi 
ener et al., Am J Cardiol. 1978, 41:1141-49). Miller (Rheum 
Dis Clin North Am. 1994, 20:811-826 and Arthritis and 
Allied Conditions, Ch. 75, Eds. Koopman and Moreland, 
Lippincott Williams and Wilkins, 2005) sets out five groups 
of criteria used to diagnose IIM, i.e., Idiopathic Inflammatory 
Myopathy Criteria (IIMC) assessment, including muscle 
weakness, muscle biopsy evidence of degeneration, elevation 
of serum levels of muscle-associated enzymes, electromag 
netic triad of myopathy, evidence of rashes in dermatomyo 
sitis, and also includes evidence of autoantibodies as a sec 
ondary criteria. 
0335 IIMassociated factors, including muscle-associated 
enzymes and autoantibodies include, but are not limited to, 
creatine kinase (CK), lactate dehydrogenase, aldolase, C-re 
active protein, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and antinuclear autoantibody 
(ANA), myositis-specific antibodies (MSA), and antibody to 
extractable nuclear antigens. 
0336 Preferred autoimmune diseases amenable to the 
methods of the invention include Crohn's disease, Guillain 
Barré syndrome (GBS; also known as acute inflammatory 
demyelinating polyneuropathy, acute idiopathic polyradicu 
loneuritis, acute idiopathic polyneuritis and Landry's ascend 
ing paralysis), lupus erythematosus, multiple Sclerosis, myas 
thenia gravis, optic neuritis, psoriasis, rheumatoid arthritis, 
hyperthyroidism (e.g., Graves disease), hypothyroidism 
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(e.g., Hashimoto's disease), Ord's thyroiditis (a thyroiditis 
similar to Hashimoto's disease), diabetes mellitus (type 1), 
aplastic anemia, Reiter's syndrome, autoimmune hepatitis, 
primary biliary cirrhosis, antiphospholipid antibody Syn 
drome (APS), opsoclonus myoclonus syndrome (OMS), tem 
poral arteritis (also known as "giant cell arteritis'), acute 
disseminated encephalomyelitis (ADEM), Goodpasture's 
syndrome, Wegener's granulomatosis, coeliac disease, pem 
phigus, canine polyarthritis, warm autoimmune hemolytic 
anemia. In addition, the invention contemplates methods for 
the treatment, or amelioration of a symptom associated with, 
the following diseases, endometriosis, interstitial cystitis, 
neuromyotonia, Scleroderma, vitiligo, Vulvodynia, Chagas 
disease leading to Chagasic cardiopathy (cardiomegaly), sar 
coidosis, chronic fatigue syndrome, and dysautonomia. 
0337 The complement system is believed to play a role in 
many diseases with an immune component, such as Alzhe 
imer's disease, asthma, lupus erythematosus, various forms 
of arthritis, autoimmune heart disease and multiple Sclerosis, 
all of which are contemplated as diseases, disorders or con 
ditions amenable to treatment or symptom amelioration using 
the methods according to the invention. 
0338 Certain constant sub-regions are preferred, depend 
ing on the particular effector function or functions to be 
exhibited by a multivalent single-chain binding molecule. For 
example, IgG (IgG1, 2, or 3) and IgM are preferred for 
complement activation, IgG of any subtype is preferred for 
opSonization and toxin neutralization, IgA is preferred for 
pathogen binding; and IgE for binding of such parasites as 
WOS. 

0339. By way of example, FRS recognizing the constant 
region of IgG antibodies have been found on human leuko 
cytes as three distinct types of Fcy receptors, which are dis 
tinguishable by structural and functional properties, as well as 
by antigenic structures detected by CD monoclonal antibod 
ies. They are known as FcyRI, FcyRII, and FcyRIII, and are 
differentially expressed on (overlapping) Subsets of leuko 
cytes. 
0340 FcgRI (CD64), a high-affinity receptor expressed on 
monocytes, macrophages, neutrophils, myeloid precursors 
and dendritic cells, comprised isoforms 1a and 1b. FcgR1 has 
a high affinity for monomeric human IgG1 and IgG3. Its 
affinity for IgG4 is about 10 times lower, while it does not 
bind IgG2. FcgRI does not show genetic polymorphism. 
(0341 FcyRII (CD32), comprised of isoforms 11a, 11b1, 
11b2, 11b3 and 11 c, is the most widely distributed human 
FcyR type, being expressed on most types of blood leuko 
cytes, as well as on Langerhans cells, dendritic cells and 
platelets. FcyRII is a low-affinity receptor that only binds 
aggregated IgG. It is the only FcyR class able to bind IgG2. 
FcyRIIa shows genetics polymorphism, resulting in two dis 
tinct allotypes, FcyR11a-H131 and FcyR11a-R131, respec 
tively. This functional polymorphism is attributable to a 
single amino acid difference: a histidine (H) or an arginine 
(R) residue at position 131, which is critical for IgG binding. 
FcyR11a readily binds human IgG and IgG3 and appears not 
to bind IgG4. The FcyR11a-H131 has a much higher affinity 
for complexed IgG2 than the FcyR11a-R131 allotype. 
0342 FcyRIII (CD16) has two isoforms or allelotypes, 
both of which are able to bind IgG1 and IgG3. The FcyRIIa, 
with an intermediate affinity for IgG, is expressed on mac 
rophages, monocytes, natural killer (NK) cells and Subsets of 
T cells. FcyRIIIb is a low-affinity receptor for IgG, selectively 
expressed on neutrophils. It is a highly mobile receptor with 
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efficient collaboration with other membrane receptors. Stud 
ies with myeloma IgG dimers have shown that only IgG1 and 
IgG3 bind to FcyRIIIb (with low affinity), while no binding of 
IgG2 and IgG4 has been found. The FcyRIIIb bears a co 
dominant, bi-allelic polymorphism, the allotypes being des 
ignated NA1 (Neutrophil Antigen) and NA2. 
0343 Yet another aspect of the invention is use of the 
materials and methods of the invention to combat, by treating, 
preventing or mitigating the effects of infection, resulting 
from any of a wide variety of infectious agents. The multiva 
lent, multispecific binding molecules of the invention are 
designed to efficiently and effectively recruit the host organ 
ism's immune system to resist infection arising from a foreign 
organism, aforeign cell, aforeign virus or a foreign inanimate 
object. For example, a multispecific binding molecule may 
have one binding domain that specifically binds to a target on 
an infectious agent and another binding domain that specifi 
cally binds to a target on an Antigen Presenting Cell. Such as 
CD 40, CD80, CD86, DC-SIGN, DEC-205, CD83, and the 
like). Alternatively, each binding domain of a multivalent 
binding molecule may specifically bind to an infectious 
agent, thereby more effectively neutralizing the agent. In 
addition, the invention contemplates multispecific, multiva 
lent binding molecules that specifically bind to a target on an 
infectious agent and to a non-cell-associated binding partner, 
which may be effective in conjunction with an effector func 
tion of the multispecific binding molecule in treating or pre 
venting infection arising from an infectious agent. 
0344 Infectious cells contemplated by the invention 
include any known infectious cell, including but not limited to 
any of a variety of bacteria (e.g., pathogenic E. coli, S. typh 
imurium, P. aeruginosa, B. anthracis, C. botulinum, C. diffi 
cile, C. perfingens, H. pylori, V. cholerae, and the like), 
mycobacteria, mycoplasma, fungi (including yeast and 
molds), and parasites (including any known parasitic member 
of the Protozoa, Trematoda, Cestoda and Nematoda). Infec 
tious viruses include, but are not limited to, eukaryotic viruses 
(e.g., adenovirus, bunyavirus, herpesvirus, papovavirus, 
paramyxovirus, picornavirus, poxvirus, reovirus, retrovi 
ruses, and the like) as well as bacteriophage. Foreign objects 
include objects entering an organism, preferably a human, 
regardless of mode of entry and regardless of whether harm is 
intended. In view of the increasing prevalence of multi-drug 
resistant infectious agents (e.g., bacteria), particularly as the 
causative agents of nosocomial infection, the materials and 
methods of the invention, providing an approach to treatment 
that avoids the difficulties imposed by increasing antibiotic 
resistance. 

(0345 Diseases, conditions or disorders associated with 
infectious agents and amenable to treatment (prophylactic or 
therapeutic) with the materials and methods disclosed herein 
include, but are not limited to, anthrax, aspergillosis, bacterial 
meningitis, bacterial pneumoniae (e.g., chlamydia pneumo 
niae), blastomycosis, botulism, brucellosis, candidiasis, 
cholera, ciccidioidomycosis, cryptococcosis, diahhreagenic, 
enterohemorrhagic or enterotoxigenic E. coli, diphtheria, 
glanders, histoplasmosis, legionellosis, leprosy, listeriosis, 
nocardiosis, pertussis, salmonellosis, Scarlet fever, sporotri 
chosis, Strep throat, toxic shock syndrome, traveler's diar 
rhea, and typhoid fever. 
0346 Additional aspects and details of the invention will 
be apparent from the following examples, which are intended 
to be illustrative rather than limiting. Example 1 describes 
recombinant cloning of immunoglobulin heavy and light 
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chain variable regions. Example 2 describes the construction 
of Small Modular ImmunoPharmaceuticals. Example 3 
describes the construction of a prototype cassette for a mul 
tivalent binding protein with effector function. Example 4 
describes binding and expression studies with this initial pro 
totype molecule. Example 5 describes construction of alter 
native constructs derived from this initial prototype molecule 
where the sequence of the linker region between the EFD and 
BD2 was changed in both length and sequence. In addition, it 
describes alternative forms where the orientation of V regions 
in binding domain 2 were also altered. Example 6 describes 
Subsequent binding and functional studies on these alterna 
tive constructs with variant linker forms, identifying a cleav 
age in the linker region in several of these derivative forms, 
and the new sequence variants developed to address this prob 
lem. Example 7 describes the construction of an alternative 
preferred embodiment of the multispecific, multivalent 
fusion proteins, where both BD1 and BD2 bind to antigens on 
the same cell type (CD20 and CD37), or another multispecific 
fusion protein where the antigen binding specificity for BD2 
has been changed to human CD3 instead of CD28. Example 
8 describes the binding and functional studies performed with 
the CD20-hIgG-CD37 multispecific constructs. Example 9 
describes the binding and functional studies with the CD20 
hIgG-CD3 multivalent fusion protein constructs. Example 10 
discloses multivalent binding molecules having linkers based 
on specific regions of the extracellular domains of members 
of the immunoglobulin Superfamily. Example 11 discloses 
assays for identifying binding domains expected to be effec 
tive in multivalent binding molecules in achieving at least one 
beneficial effect identified as being associated with such mol 
ecules (e.g., disease treatment). 

Example 1 

Cloning of Immunoglobulin Heavy and Light Chain 
Variable Regions 

0347 Any methods known in the art can be used to elicit 
antibodies to a given antigenic target. Further, any methods 
known in the art can be used to clone the immunoglobulin 
light and/or heavy chain variable regions, as well as the con 
stant Sub-region of an antibody or antibodies. The following 
method provides an exemplary cloning method. 
0348 A. Isolation of Total RNA 
0349 To clone the immunoglobulin heavy and light chain 
variable regions, or the constant Sub-region, total RNA is 
isolated from hybridoma cells Secreting the appropriate anti 
body. Cells (2x10) from the hybridoma cell line are washed 
with 1xPBS and pelleted via centrifugation in a 12x75 mm 
round bottom polypropylene tube (Falcon no. 2059). TRI 
ZolTM Total RNA Isolation Reagent (Gibco BRL, Life Tech 
nologies, Cat no. 15596-018) is added (8 ml) to each tube and 
the cells are lysed via repeated pipetting. The lysate is incu 
bated for 5 minutes at room temperature prior to the addition 
of 1.6 ml (0.2x volume) of chloroform and vigorous shaking 
for 15 seconds. After standing 3 minutes at room temperature, 
the lysates are centrifuged at 9,000 rpm for 15 minutes in a 4° 
C. pre-chilled Beckman JA-17 rotor in order to separate the 
aqueous and organic phases. The top aqueous phase (about 
4.8 ml) is transferred into a new tube and mixed gently with 4 
ml of isopropanol. After a 10 minute incubation at room 
temperature, the RNA is precipitated by centrifugation at 
9,000 rpm in a 4° C. JA-17 rotor for 11 minutes. The RNA 
pellet is washed with 8 ml of ice-cold 75% ethanol and re 
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pelleting by centrifugation at 7,000xrpm for 7 minutes in a 
JA-17 rotor at 4°C. The ethanol wash is decanted and the 
RNA pellets are air-dried for 10 minutes. The RNA pellets are 
resuspended in 150 ul of diethylpyrocarbonate (DEPC)- 
treated ddHO containing 1 ul of RNase Inhibitor (Catalog 
No. 799017: Boehringer Mannheim/Roche) per 1 ml of 
DEPC-treated ddHO. The pellets are resuspended by gentle 
pipetting and are incubated for 20 minutes at 55° C. RNA 
samples are quantitated by measuring the ODeo of diluted 
aliquots (1.0 ODeo, unit 40 ug/ml RNA). 
0350 B. Rapid Amplification of cDNA Ends 
0351 5' RACE is carried out to amplify the ends of the 
heavy and light chain variable regions, or the constant Sub 
region. The 5' RACE System for Rapid Amplification of 
cDNA Ends Kit version 2.0 (Life Technologies, cat. no. 
18374-058) is used according to the manufacturer's instruc 
tions. Degenerate 5' RACE oligonucleotide primers are 
designed to match, e.g., the constant regions of two common 
classes of mouse immunoglobulin heavy chains (IgG1 and 
IgG2b) using the oligonucleotide design program Oligo Ver 
sion 5.1 (Molecular Biology Insights, Cascade Colo.). Prim 
ers are also designed to match the constant region of the 
mouse IgG kappa light chain. This is the only class of immu 
noglobulin light chain, so no degeneracy is needed in the 
primer design. The sequences of the primers are as follows: 

SEQ 
ID 

Name Sequence NO 

Heavy Chain GSP 1 
SAGGTGCTGGAGGGGACAGTCACTGAGCTGC3" 7 

Nested Heavy Chain 
5 GTCACWGTCACTGRCTCAGGGAARTAGC3" 8 

(W = A or T; R = A or G) 

Light Chain GSP1 
s' GGGTGCTGCTCATGCTGTAGGTGCTGTCTTTGC3 9 

Nested Light Chain 
5. CAAGAAGCACACGACTGAGGCACCTCCAGATG3 10 

5' Race Abridged Anchor Primer 
5 GGCCACGCGTCGACTAGTACGGGNINGGGNNGGGNNG3 11 

0352 To amplify the mouse immunoglobulin heavy chain 
component, the reverse transcriptase reaction is carried in a 
0.2 ml thin-walled PCR tube containing 2.5 pmoles of heavy 
chain GSP1 primer (SEQ ID NO: 7), 4 ug of total RNA 
isolated from a suitable hybridoma clone (e.g., either clone 
4A5 or clone 4B5), and 12 ul of DEPC treated dd H.O. Like 
wise, for the mouse light chain component, the reverse tran 
scriptase reaction is carried out in a 0.2 ml thin-walled PCR 
tube containing 2.5 pmoles of a light chain GSP1 primer 
(SEQID NO:9), 4 ug of total RNA from a suitable hybridoma 
clone (e.g., either clone 4A5 or clone 4B5), and 12 Jul of 
DEPC treated dd H2O. 
0353. The reactions are carried out in a PTC-100 program 
mable thermal cycler (MJ research Inc., Waltham, Mass.). 
The mixture is incubated at 70° C. for 10 minutes to denature 
the RNA and then chilled on wet ice for 1 minute. The tubes 
are centrifuged briefly in order to collect moisture from the 
lids of the tubes. Subsequently, the following components are 
added to the reaction: 2.5 ul of 10xPCR buffer (200 mM 


















































































































































































































































































































































































































































