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ANTI-FC-GAMMA RUB RECEPTOR ANTIBODY AND USES THEREFOR

This application is a non-provisional application filed under 37 CFR § 1.53(b)(1), claiming 

priority under 35 U.S.C. § 119(e) to U.S. provisional application Serial No. 60/606,851, filed 

September 2, 2005, the entire contents of which is hereby incorporated by reference.

Field of the Invention

The present invention pertains to antibodies that preferentially bind human FcyRIIB over 

human FcyRIIA, as well as uses for those antibodies.

Background of the Invention
An antibody binds to an antigen and neutralizes it by preventing it from binding to its 

endogenous target (e.g. receptor or ligand) or by inducing effector responses that lead to antigen 

removal. To efficiently remove and/or destroy antigens foreign to the body, an antibody should 

exhibit both high affinity for its antigen and efficient effector functions. Anitbodies having 

multispecificities (such as, for example, bispecific antibodies) are useful for mediating 

complementary or synergistic responses of multiple antigens.

Antibody effector functions are mediated by an antibody Fc region. Effector functions are 

divided into two categories: (1) effector functions that operate after the binding of antibody to an 

antigen (these functions involve the participation of the complement cascade or Fc receptor (FcR)- 

bearing cells); and (2) effector functions that operate independently of antigen binding (these 

functions confer persistence of antibody in the circulation and its ability to be transferred across 

cellular barriers by transcytosis). See, for example, Ward and Ghetie, 1995, Therapeutic 

Immunology 2:77-94. Interactions of antibodies and antibody-antigen complexes with cells of the 

immune system cause such responses as, for example, antibody-dependent cell-mediated 

cytotoxicity (ADCC) and complement dependent cytotoxicity (CDC) (reviewed in Daeron, 1997, 

Annu. Rev. Immunol. 15:203-234; Ward etal., supra; Ravetch et al., 1991, Annu. Rev. Immunol. 

9:457-492; and Ravetch et al, 2000, Science 290:84-89.

Because Fc receptors mediate antibody effector function by binding to the Fc region of the 

receptor's cognate antibody, FcRs are defined by their specificity for immunoglobulin isotypes: Fc 

receptors specific for IgG antibodies are referred to as FcyR; Fc receptors for IgE antibodies are 

FceR; Fc receptors for IgA antibodies are FcaR, and so on.
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Three subclasses of FcyR have been identified: FcyRI (CD64), FcyRII (CD32), and FcyRIH 

(CD16). Each FcyR subclass is encoded by two or three genes that undergo alternative RNA 

spicing, thereby leading to multiple transcripts and the existence of a broad diversity in FcyR 

isoforms. The three genes encoding the human FcyRI subclass (FcyRIa, FcyRIb, and FcyRIc) are 

clustered in region lq21.1 of the long arm of chromosome 1; the genes encoding human FcyRII 

isoforms (FcyRHa, FcyRIIb and FcyRHc) are in region lq23-24; and the two genes encoding human 

FcyRHI (FcyRHIa and FcyRnib) are clustered in region lq22. FcyRIIC is formed from an unequal 

genetic cross over between FcyRIIA and FcyRHB, and consists of the extracellular region of FcRIIB 

and the cytoplasmic region of FcyRIIA.

FcyRIIA encodes a transmembrane receptor FcyRIIA 1. Alternative RNA splicing results in 

FcyRHA2 that lacks the transmembrane region. Allelic variants of the FcyRIIA gene give rise to 

high responder (HR) or low responder (LR) molecules that differ in their ability to bind IgG. The 

HR and LR FcyRIIA molecules differ in two amino acids corresponding to positions 27 and 131. 

FcyRHB encodes splice variants FcyRIIBl, FcyRHB2 and FcyRHB3. FcyRHB 1 and FcyRHB2 

differ by a 19 amino acid insertion in the cytoplasmic domain of FcyRHB 1; FcyRHB3 is identical to 

FcyRHB2, but lacks information for the putative signal peptidase cleavage site.

The receptors are also distinguished by their affinity for IgG. FcyRI exhibit a high affinity

for IgG, Ka =10^10^-1 (Ravetch et al., 2001, Ann. Rev. Immunol. 19:275-290) and can bind

monomeric IgG. In contrast, FcyRH and FcyRHI show a relatively weaker affinity for monomeric 
7 “1IgGKa< 10 M (Ravetch et al., supra), and only interact effectively with multimeric immune 

complexes. The different FcyR subtypes are expressed on different cell types (reviewed in Ravetch, 

J.V. et al, Annu. Rev. Immunol. 9:457-492). For example, only FcyRHIA is expressed on NK cells. 

Binding of antibodies to this receptor leads to ADCC activity typical of NK cells. Human FcyRIIIB 

is found only on neutrophils, whereas FcyRIHA is found on macrophages, monocytes, natural killer 

(NK) cells, and a subpopulation of T-cells. On the other hand, FcyRH receptors with low affinity for 

monomeric IgG are the most widely distributed FcRs, and are usually co-expressed on the same 

cells. FcyRH (encoded by CD32) is expressed strongly on B cells, monocytes, granulocytes, mast 

cells, and platelets, while some T cells express the receptor at lower levels (Mantzioris, B.X. et al., 

1993, J. Immunol. 150:5175-5184; and Zola, H. etal., 2000, J. Biol. Regul. Homeost. Agents,

14:311-316). For example, human FcyRHB receptor is distributed predominantly on B cells, 

myeloid cells, and mast cells (Ravetch J.V. and et al., 2000, Science 290:84-89).

FcyRIIA and FcyRHB isoforms contain very similar extracellular domains (approximately 

92% amino acid sequence identity) but differ in their cytoplasmic regions, leading to functional 

differences as “activating receptors” (FcyRIIA) and “inhibitory receptors” (FcyRHB). FcyRI and

2
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FcyRIII receptors also function as activating receptors. These activating receptors contain a 19 

amino acid immunoreceptor tyrosine-based activation motif (ΓΓΑΜ) in the cytoplasmic domain.

The ΓΓΑΜ sequences trigger activation of src and syk families of tyrosine kinases, which in turn 

activate a variety of cellular mediators, such as P13K, PLCy, and Tec kinases. The net result of 

these activation steps is to increase intracellular calcium release from the endoplasmic reticulum 

stores and open the capacitance-coupled calcium channel, thereby generating a sustained calcium 

response. These calcium fluxes are important for the exocytosis of granular contents, stimulation of 

phagocytosis, ADCC responses, and activation of specific nuclear transcription factors.

Cellular responses mediated by activating FcyRs are regulated by the inhibitory FcyRITB 

receptor in the maintenance of peripheral tolerance, regulation of activation response thresholds, and 

ultimately in terminating IgG mediated effector stimulation (Ravetch, J.V. et al, Annu. Rev.

Immunol. 19:275-290 (2001)). Such regulation is initiated by crosslinking of activating receptors 

with inhibiting FcyRITB receptors via an antigen-IgG antibody immune complex (See, for example, 

Ravetch, J.V. et al., 2000, supra). Crosslinking of an ITAM-containing activating receptor leads to 

tyrosine phosphorylation within the 13 amino acid immunoreceptor tyrosine-based inhibition motif 

(ITIM) in the FcyRlIB cytoplasmic domain. This “activation” of FcyRlIB initiates recruitment of a 

specific SH2-containing inositol polyphosphate-5-phosphatase (SHIP). SHIP catalyzes the 

hydrolysis of the membrane inositol lipid PIP3, thereby preventing activation of PLCy and Tec 

kinases and abrogating the sustained calcium flux mediated by influx of calcium through the 

capacitance-coupled channel. While FcyRlIB negatively regulates ITAM-containing activating 

receptors (Daeron, M. etal., 1995, Immunity 3:635 - 646), it has also been shown to negatively 

regulate receptor tyrosine kinase (RTK) c-kit in the control of RTK-mediated-mediated cell 

proliferation (Malbec, O. etal., 1999 J. Immunol. 162:4424-4429).

Antibodies that bind FcyRII receptors have been described in: Looney et al., (1986) J. 

Immunol. 136:1641-1647; Zipf etal., (1983) J. Immunol. 131:3064-3072; Pulford etal., (1986) 

Immunology 57:71-76; Greenman et al., (1991) Mol. Immunol. 28:1243-1254; Ierino etal., (1993) J. 

Immunol. 150:1794-1803. Weinrichetal., (1996)Hybridoma, 15:109-116; Sondermanetal.,

(1999) Biochemistry, 38:8469-8477; Lyden, T.W. etal. (2001) J. Immunol. 166:3882-3889; and 

International Publication No. WO 2004/016750, published February 26, 2004. The high-affinity 

IgERl receptor, FcaRI, mediates signaling for antigen induced histamine release upon binding of 

IgE during, for example, allergic reaction (von Bubnoff, D. et al., (2003) Clinical & Experimental 

Dermatology. 28(2):184-187). FcyRlIB receptors have been shown to interact with and inhibit the 

activity of FcsRI through the FcyRlIB ITIM domain (Daeron, M. et al. (1995) J. Clin. Invest. 

95:577-585; Malbec, O. et al. (1998) J. Immunol 160:1647-1658); and Tam, S.W. et al. (2004) 

Allergy 59:772-780). Antibodies that specifically bind human FcyRlIB are needed, not only for

research, but also to manipulate FcyRlIB and FcsRI activity to treat disease.
3
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It is to be understood that, if any prior art publication is referred to herein, such reference 

does not constitute an admission that the publication forms a part of the common general knowledge 

in the art, in Australia or any other country.

5 Summary of the Invention

A first aspect provides an isolated bispecific antibody comprising:

a) a first antibody or antigen binding fragment thereof that selectively binds FcyRIIB 

receptor; and

b) a second antibody or antigen binding fragment thereof, that specifically binds an 

10 activating receptor.

A second aspect provides a method for activating FcyRIIB in a mammalian cell, the method 

comprising:

a) contacting a cell expressing FcyRIIB with the bispecific antibody of the first aspect; and

b) coaggregating the FcyRIIB and an activating receptor with the bispecific antibody, thereby 

15 activating the FcyRIIB.

A third aspect provides a method of inhibiting expression of FceRI receptor in a cell by 

administering to a cell comprising said FceRI receptor and FcyRIIB receptor an effective amount of 

the bispecific antibody of the first aspect.

A fourth aspect provides a bispecific antibody for downregulating FceRIa expression on a 

20 cell by crosslinking FcyRIIB2 with FceRIa, wherein the bispecifc antibody specifically binds

FcyRIIB and FceRIa, and does not (a) downregulate FcyRIlA expression and (b) crosslink FcyRIIB 1.

A fifth aspect provides a method of downregulating FceRIa expression on a cell comprising 

crosslinking FcyRIIB2 with FceRIa by contacting said cell with an effective amount of a bispecific 

antibody that specifically binds FcyRIIB and FceRIa, and which does not (a) downregulate FcyRIlA
25 expression, and (b) cross link FcyRIIB 1.

A sixth aspect provides a bispecific antibody for inhabiting an immune response or treating an 

allergic disorder in a mammal, wherein the bispecific antibody: (i) specifically binds both FcyRIIB 

and FceRIa, and which does not downregulate FcyRIlA expiession; (ii) binds FceRIa when FceRIa is 

bound to IgE; (iii) comprises a knob mutation at position 366 in a first binding component of the

30 bispecific antibody and corresponding hole mutations at positions 366, 368 and 407 in a second

binding component; and (iv) comprises a C226S and C229S mutation in the bispecific antibody hinge 
region.

A seventh aspect provides a method of inhibiting an immune response or treating an allergic 

disorder in a mammal comprising administering at least a therapeutically effective amount of a

35 bispecific antibody that: (i) specifically binds both FcyRIIB and FceRIa, and which does not 

4
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downregulate FctRIIA expression; (ii) binds FceRIa when FceRIa is bound to IgE; (iii) comprises a 

knob mutation at position 366 in a first binding component o;? the bispecific antibody and 

corresponding hole mutations at positions 366, 368 and 407 in a second binding component; and (iv) 

comprises a C226S and C229S mutation in the bispecific antibody hinge region.

5 An eighth aspect provides a bispecific antibody for reducing histamine release from a cell,

wherein the bisecific antibody specifically binds FctRIIB and FceRIa, and which does not 

downregulate FctRILA expression.

A ninth aspect provides a method of reducing histamine release from a cell comprising 

contacting said cell with an effective amount of a bispecific antibody that specifically binds FctRIIB

10 and FceRIa, and which does not downregulate FctRIIA expression and wherein FctRIIB expression 

is upregulated by stimulation from IgE.

A tenth aspect provides a composition comprising the bispecific antibody of any one of the 

first, fourth, sixth or eighth aspect and a pharmaceutical carrier.

An eleventh aspect provides a kit for treating allergy, asthma and/or inflammation in a 

15 mammal, the kit comprising the composition of the tenth aspect.

A twelfth aspect provides a method of treating allergy, asthma or inflammation in a mammal 

in need thereof, the method comprising administering to the mammal an anti-FcyRIIB/anti-FceRI 

bispecific antibody in combination with an anti-IgE antibody or anti-IgE binding fragment thereof, or 

the composition of the tenth aspect.

20 A thirteenth aspect provides use of the bispecific antibody of first aspect in the manufacture

of a medicament for activating FctRIIB in a mammalian cell, or inhibiting expression of FcfRI 

receptor in a cell comprising said FceRI receptor and FctRIIB receptor.

A fourteenth aspect provides use of a bispecific antibody that specifically binds FctRIIB and 

FceRIa, and which does not downregulate FctRIIA expression and crosslink FctRIIB 1, in the

25 manufacture of a medicament for downregulating FceRIa expression on a cell.

A fifteenth aspect provides use of a bispecific antibody that: (i) specifically binds both

FctRIIB and FceRIa, and which does not downregulate FctRIIA expression; (ii) binds FceRIa when 

FceRIa is bound to IgE; (iii) comprises a knob mutation at position 366 in a first binding component 

of the bispecific antibody and corresponding hole mutations at positions 366, 368 and 407 in a second

30 binding component; and (iv) comprises a C226S and C229S mutation in the bispecific antibody hinge 

region, in the manufacture of a medicament for inhibiting an immune response or treating an allergic 
disorder in a mammal.

A sixteenth aspect provides use of a bispecific antibody that specifically binds FctRIIB and 

FceRIa, and which does not downregulate FctRIIA expression in the manufacture of a medicament
35 for inhibiting histamine release from a cell.

5
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A seventeenth aspect provides use of an anti-FcyRIIB/anti-FceRI bispecific antibody in 

combination with an anti-IgE antibody or anti-IgE binding fragment thereof in the manufacture of a 

medicament for treating allergy, asthma or inflammation.

The invention provides an antibody or antigen binding fragment thereof that selectively binds 

5 human FcyRUB. An antigen binding polypeptide or antibody of the invention binds human FcyRUB

with significantly better affinity than it binds to other human FcyRs, and in some embodiments is 

essentially unable to cross-react with human FcyRIIA.

In some embodiments, an antibody or antigen binding fragment thereof of the invention that 

selectively binds human FcyRUB comprises at least one or more CDRs (Antibody Complementarity -

10 determining regions of SEQ DD NOs: 1, 2, 3, 4, 5, and 6, and in further embodiments, comprises the 

heavy chain CDRs of SEQ ID NOs: 1, 2, and 3 and/or the light chain CDRs of SEQ ID NO:4, 5, and 

6. In further embodiments, an antibody of the invention com prises one or more CDRs which is a 

variant of one or more of the CDRs of SEQ ED NOs: 1, 2, 3, 4, 5, and 6, which variant has at least 

80%, at least 85%, at least 90%, at least 95%, at least 97%, al least 98%, or at least 99% amino acid

15 sequence identity with one or more of the CDRs of SEQ ED NOs: 1,2, 3, 4, 5, and 6. In further

embodiments, the variant antigen binding polypeptide or antibody binds FcyRUB with an affinity that 

is from approximately 10-fold less to approximately at least 2-fold, at least 3 fold, at least 5-fold, at 

least 10-fold, at least 50-fold greater than the affinity of antibody 5A6 for FcyRUB, while still being 

essentially unable to cross-react with human FcyRIIA. In further embodiments, an antigen binding

20 polypeptide or antibody of the invention comprises a heavy chain variable domain of SEQ ID NO:7 

and/or a light chain variable domain of SEQ ID NO:8.

In some embodiments, an antibody or antigen binding fragment thereof of the invention is a 

monoclonal antibody, a chimeric antibody or a humanized antibody, or a fragment of a monoclonal, 

chimeric or humanized antibody. In some embodiments, an antibody or antigen binding fragment

25 thereof of the invention, including monoclonal, chimeric, humanized or multispecific antibodies, or 

fragments thereof, is derived from an antibody produced from a hybridoma cell line having ATCC 
accession number PTA-4614.

Antibodies or antigen binding fragments thereof of the invention may be administered with 

therapeutic antibodies or chemotherapeutic agents in methods of treatment of a disease or disorder

30 treated by the therapeutic antibody or chemotherapeutic agen:.

The invention provides isolated bispecific antibodies comprising an antibody or antigen

binding fragment thereof that selectively binds FcyRUB, including those described above, and a 
second antibody or antigen binding polypeptide that specifically binds an activating receptor, such as 

FceRI. In some embodiments, bispecific antibodies comprise a variant heavy chain hinge region

35 incapable of inter-heavy chain disulfide linkage.

6
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1 Bispecific antibodies of the invention are useful in methods of inhibiting immune responses 

and suppressing histamine release, for example, associated with allergy, asthma, and inflammation.

In some embodiments of the invention, bispecific antibodies of the invention are useful for activating 

FcyRIIB receptor in mammalian cells by coaggregating the FcyRHB receptor with an activating

5 receptor in a cell. In some embodiments, the mammalian cells are human cells; in further

embodiments, the human cells are T cells, B cells, mast cells, basophils, antigen presenting cells, 

macrophages and/or monocytes. For embodiments involving general ITEM protein-mediated 

inhibition, such inhibition typically occurs in T cells, B cells, mast cells, basophils, and antigen 

presenting cells. For embodiments in which inhibition is mediated by FcyRHB, such inhibition

10 typically occurs in mast cells, basophils, antigen presenting cells, monocytes, macrophage, and B 

cells. In some embodiments, bispecific antibodies of the invention are useful for inactivating, 

inhibiting the activity of or downregulating expression of the FceRI receptor. For embodiments in 

which FceRI is inhibited or downregulated, the inhibition or downregulation typically occurs in 

mammalian mast cells, basophils, and antigen presenting cel Is.

15 Disclosed herein is a composition comprising an isolated anti-huFcyRIIB/anti-huFceRI

bispecific antibody in a pharmaceutical carrier. In another embodiment, the invention encompasses a 

composition comprising an isolated anti-huFcyRIIB/anti-huFceRI bispecific antibody and an isolated 

anti-IgE antibody. A useful ratio of anti-huFcyRIIB/anti-huFceRI bispecific antibody to anti-IgE 

antibody in a combination composition is readily determined for each patient. The ratio is typically

20 within the range from approximately 0.01:1 to 100:1. The antibodies of the composition can be 

monoclonal, human, humanized, or chimeric antibodies.

Also disclosed is a therapeutic method of treating an immune disorder in a mammal by 

administering an anti-huFcyRIIB/anti-huFceRI bispecific antibody. In an embodiment the mammal is 

a human patient, such as a human patient in need of treatment for an allergic disorder, asthma and/or

25 inflammation. In another embodiment, the therapeutic method further comprises administering to a 

mammal experiencing an immune disorder, an allergy, asthma, or in need of inhibition of histamine 

release, the anti-huFcyRIIB/anti-huFceRI bispecific antibody of the invention. In a still further 

embodiment, the anti-huFcyRIIB/anti-huFceRI bispecific antibody of the invention is administered in 

combination with an anti-IgE antibody, where administration is separate in time or simultaneous. In

30 an embodiment, the anti-IgE antibody is a monoclonal antibody. In a further embodiment, the anti- 

IgE antibody is Xolair®. In a still further embodiment, the bispecific antibody is administered in 

combination with the anti-IgE antibody as part of a therapeutic treatment for an ongoing immune 

disorder (for example, as part of the same therapeutic regimen), where the bispecific antibody is 
administerd separately from (not at the same time as) the anli-IgE antibody. In another embodiment,

35 the bispecific antibody of the invention and an anti-IgE antibody are administered at the same time.

6a
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1 A useful ratio of anti-huFcyRIIB/anti-huFceRl bispecific antibody to anti-IgE antibody in a 

combination administration (whether administration is perfoimed separate times or at the same time) 

is readily determined for each patient. For purposes of the invention, the ratio is from approximately 

0.01:1 to 100:1 and any useful ratio within that range as determined for a patient. Useful ratios may

5 be, for example, 0.05:1, 0.1:1, 0.5:1, 1:1, 1:0.5, 1:0.1, and 1:0.05, although no useful ratio is excluded 

which may be determined by standard clinical techniques.

Also disclosed are isolated nucleic acid encoding the antibody, a vector or host cell 

comprising that nucleic acid, and a method of making an ant ibody comprising culturing the host cell 

and, optionally, further comprising recovering the antibody from the host cell culture (e.g. from the

10 host cell or host cell culture medium).

Brief Description of the Drawings
Figure 1 is a schematic representation of a native IgG. Disulfide bonds are represented by 

heavy lines between CHI and Cl domains and the two CH2 domains. V is variable domain; C is 

constant domain; L stands for light chain and H stands for heavy chain.

15 Figure 2A is an alignment of the preferred human FcyRIIA (SEQ ID NO:9); human FcyRIIB2

(SEQ DD NO: 10) amino acid sequences. Figure 2B shows the amino acid sequence of FcyRIIB 1 

(SEQ ED NO: 11).

Figure 3 depicts an alignment of native sequence human antibody Fc region sequences. The 

sequences are native-sequence human IgGl (SEQ ID NO:31), non-A allotype; native-sequence

20 human IgG2 (SEQ ID NO:32); native sequence human IgG2 (SEQ ID NO:33); and native-sequence 

human IgG4 (SEQ ID NO:34).

Figure 4 provides a bar graph indicating relative binding of antibodies to GST-huFcyRIIB 

relative to GST-huFcyR.IIA and GST-huFcyRIII fusion proteins.

Figure 5 shows binding specificity by immunofluorescence binding of the antibodies to CHO

25 cells expressing GPI-huFcyRIIB relative to CHO cells expressing GPl-huFcyRIIA.

Figures 6-9 present binding affinity curves for binding of various anti-Fc7RII (CD32) MAbs

to GST-huFcyRIIB, GST-huFcyRIIA(H131), or GST-huFcyRILA(R131).

Figure 10 depicts the amino acid sequences of light and heavy chains of monoclonal antibody
5A6.2.1.

30 Figures 11-15 show that 5A6 does not block E27-IgE hexamer binding to huFcyRIIA and

5A6 does block binding of E27-IgE hexamer binding to huFcyRIIB.

Figure 16 presents indirect immunofluorescence birding analysis of 5A6 MAb on native 

FcyRIIA expressing K562 erythroleukemia line (ATCC No. CCL-243).

Figure 17 shows effects ofFcyRIIB cross-linking to activating receptors measured

35 quantitatively by blocking of histamine release.
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Figure 18 depicts anti-Fab Western blot results for p5A6.ll .Knob (knob anti-FcTRIIB) and 

p22E7.11 .Hole (hole anti-FceRI) antibody component expression.
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Figure 19 depicts anti-Fc Western blot results for p5A6.11 .Knob (knob anti-FcyRIIB) and 

p22E7.11.Hole (hole anti-FceRI) antibody component expression.

Figure 20 depicts anti-Fab Western blot results for expression of antibody components with 

wild type or variant hinge sequences.

Figure 21 depicts anti-Fc Western blot results for expression of antibody components with 

wild type or variant hinge sequences.

Figure 22 depicts isoelectric focusing analysis of 5A6Rnob, 22E7Hole, mixed 5A6Knob 

and 22E7Hole at room temperature, and the mixture heated to 50°C for 5 minutes.

Figure 23 depicts FcyRIIB affinity column flow-throughs for 5A6Knob/22E7Hole 

bispecific, 22E7Hole, and 5A6Knob antibodies.

Figure 24 isoelectric focusing analysis of 5A6Knob, 22E7Hole, and 5A6Knob and 

22E7Hole mixture heated to 50°C for 10 minutes.

Fig. 25 depicts a nucleic acid sequence (SEQ ED NO:35) encoding the alkaline phosphatase 

promoter (phoA), STII signal sequence and the entire (variable and constant domains) light chain of 

the 5A6 antibody.

Fig. 26 depicts a nucleic acid sequence (SEQ ID NO:36) encoding the alkaline phosphatase 

promoter (phoA), STII signal sequence and the entire (variable and constant domains) light chain of 

the 22E7 antibody.

Fig. 27 depicts a nucleic acid sequence (SEQ ED NO:37) encoding the last 3 amino acids of 

the STH signal sequence and approximately 119 amino acids of the murine heavy variable domain 

of the 5A6 antibody.

Fig. 28 depicts a nucleic acid sequence (SEQ ID NO :3 8) encoding the last 3 amino acids of 

the STII signal sequence and approximately 123 amino acids of the murine heavy variable domain 

of the 22E7 antibody.

Figures 29 and 30 provide ELISA results illustrating the dual binding specificity of a 

5A6/22E7 hingeless bispecific antibody.

Figure 31-33 present histamine release assay ELISA data illustrating the ability of the 

5A6/22E7 bispecific antibody to crosslink huFcyRIEB to huFceRI.

Figures 34 is a graph of ELISA histamine release assay results demonstrating blocking of 

inhibition of antigen-induced histamine release in RBL-huFceRI+FcyRUBl cells by preincubation 

of 5A6/22E7 bispecific antibody with huFceRI ECD and huFcyRIEB ECD.

Figure 35 includes graphs of FACS data for the binding of 5A6/22E7 bispecific antibody in 

the presence of huFceRI ECD and huFcyRIEB ECD to RBL-huFceRI+FcyRUBl cells.

Figure 36 is a graph of ELISA histamine release assay results demonstrating blocking of 

inhibition of antigen-induced histamine release in RBL-huFceRI+FcyRIIB2 cells by preincubation 

of 5A6/22E7 bispecific antibody with huFceRI ECD and huFcyRUB ECD.
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Figure 37 includes graphs of FACS data for the binding of 5A6/22E7 bispecific antibody in 

the presence of huFceRI ECD and huFcyRIIB ECD to RBL huFceRI+FcyRIIB2 cells.

Figure 38 includes graphs of FACS data illustrating blocking of 5A6/22E7 bispecific 

antibody binding to RBL huFceRI cells by huFceRI ECD, huFcyRIIB ECD, or both ECDs.

5 Figure 39 includes graphs of FACS data illustrating blocking of 5A6/22E7 bispecific

antibody binding to RBL huFcyRIIB cells by huFceRI ECD, huFcyRIIB ECD, or both ECDs.

Figure 40 includes graphs of FACS data illustrating blocking of 5A6/22E7 bispecific 

antibody binding to RBL huFceRI+huFcyRIIB 1 cells by huFceRI ECD, huFcyRIIB ECD, or both 

ECDs.

10 Figure 41 includes graphs of FACS data illustrating blocking of 5A6/22E7 bispecific

antibody binding to RBL huFceRI+huFcyRIIB2 cells by huFceRI ECD, huFcyRIIB ECD, or both 

ECDs.

Figure 42 is a graph of ELISA histamine release assay results demonstrating inhibition of 

antigen-induced histamine release in RBL huFceRI+FcyRIDB 1 cells by 5A6/22E7 bispecific

15 antibody at subsaturating concentrations.

Figure 43 is flow cytometry data of 5A6/22E7 bispecific antibody binding to RBL

huFceRI+FcyRIIBl cells.

Figure 44 is a graph of ELISA histamine release assay results demonstrating inhibition of 

antigen-induced histamine release in RBL huFceRI+FcyRHB2 cells by 5A6/22E7 bispecific

20 antibody at subsaturating concentrations.

Figure 45 is flow cytometry data of 5A6/22E7 bispecific antibody binding to RBL

huFceRI+FcyRDB2 cells.

Figures 46A and 46B depict flow cytometry data of the titration of 5A6/22E7 bispecific 

antibody binding to RBL huFceRI, RBL FcyRIIB cells, RBL huFceRI+FcyRIIB 1 cells, and

25 RBLhuFce+FcyRHB2 cells.

Figure 47 is a graph of bispecific antibody levels detected by ELISA in cell culture media of 

RBL FceRI cells, RBL FceRI + FcyRIIB 1 cells, and RBL FceRI + FcyRIIB2 cells over the seven 

day timecourse after treatment with IgE in the presence or absence of bispecific antibody indicating 

that the antibodies were not depleted.

30 Figure 48 is a graph of IgE levels detected by ELISA in cell culture media of RBL FceRI

cells, RBL FceRI + FcyRIIB 1 cells, and RBL FceRI + FcyRIIB2 cells over the seven day timecourse 

after treatment with IgE in the presence or absence of bispecific antibody indicating that the 

antibodies were not depleted.

Figures 49 and 50 present flow cytometry data for IgE-induced upregulation of FceRI

35 surface expression in RBL FceRI cells.

Figures 51 and 52 present flow cytometry data for IgE-induced upregulation of FceRI

surface expression in RBL FceRI + FcyRIIB 1 cells.

8
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Figures 53 and 54 present flow cytometry data for IgE-induced upregulation of FceRI 

surface expression in RBL FceRI + FcyRIIB2 cells.

Figure 55 presents flow cytometry data showing effect of bispecific antibody for 

downregulation of FceRI surface expression in RBL FceRI cells after removal of IgE.

Figure 56 presents flow cytometry data showing effect of bispecific antibody for 

downregulation of FceRI surface expression in RBL FceRI + FcyRUB 1 cells after removal of IgE.

Figure 57 presents flow cytometry data showing the effect of bispecific antibody on 

downregulation of FceRI surface expression in RBL FceRI + FcyRIIB2 cells after removal of IgE.

Figures 58-61 present RT-PCR data of mRNA expression of huFceRIa, FcyRIIBl, 

FcyRIIB2, huRPL19 (control), and rat FcaRIa in mast cells RBL huFcsRI (designated huFcERIa), 

RBL huFcERI+FcyRIIB 1 cells (designated huFcGRIIbl), and RBLhuFcsRI +FcyRIIB2 cells 

(designated huFcGRIIb2) and on human basophils from three different donors.

Figure 62 presents results of an assay in which anti-IgE-induced histamine release in 

primary human basophils was inhibited by the anti- FcyRUB-anti-FcERI bispecific antibody 

5A6/22E7.

Figure 63 graphically represents flow cytometry data showing the effect of bispecific 

antibody on downregulation of IgE-induced FcsRI surface expression in RBL FceRI + FcyRIIB2 

cells when anti- FcyRIIB-anti-FcERI bispecific antibody 5A6/22E7 is added at day zero, day three 

and day four.

Figure 64 presents results of assays in which IgE/antigen-induced cytokine release in RBL 

FceRI + FcyRIIB2 cells was inhibited by the anti- FcyRIIB-anti-FcERI bispecific antibody 

5A6/22E7. For each bar graph: antigen/IgE alone (NP(ll)-OVA + IgE), dark grey bars; 

antigen/IgE + bispecific antibody (NP(ll)-OVA +IgE + BsAb), light grey bars.

Figure 65 presents the results of assays in which IgE/antigen-induced arachidonic acid 

cascade stimulation in RBL FcsRI + FcyRIIB 1 cells was inhibited by the anti- FcyRIIB-anti-FcERI 

bispecific antibody 5A6/22E7.

Detailed Description

I. Definitions
Allergy refers to certain diseases in which immune responses to environmental antigens 

cause tissue inflammation and organ dysfunction. An allergen is any antigen that causes allergy. As 

such, it can be either the antigenic molecule itself or its source, such as pollen grain, animal dander, 

insect venom, or food product. IgE plays a central role in allergic disorders. IgE high affinity 

receptors (FceRI) are located on mast cells and basophils, which serve as antigenic targets 

stimulating the further release of inflammatory mediators producing many of the manifestations of 

allergic disease.

9
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IgE-mediated inflammation occurs when antigen binds to the IgE antibodies that occupy the 

FceRI receptor on mast cells. Within minutes, this binding causes the mast cell to degranulate, 

releasing certain preformed mediators. Subsequently, the degranulated cell begins to synthesize and 

release additional mediators de novo. The result is a two-phase response: an initial immediate effect 

on blood vessels, smooth muscle, and glandular secretion (immediate hypersensitivity), followed by 

a few hours later by cellular infiltration of the involved site. IgE-mediated inflammation is the 

mechanism underlying atopic allergy (such as hay fever, asthma and atopic dermatitis), systemic 

anaphylactic reactions and allergic urticaria (hives). It may normally play a role as a first line of 

immunologic defense, since it causes rapid vasodilation, facilitating entry of circulating soluble 

factors and cells to the site of antigen contact. Many of the most destructive attributes of allergic 

disease are due to the actions of the chemoattracted leukocytes.

The terms “antibody” and immunoglobulin are used interchangeably in the broadest sense 

and include monoclonal antibodies (e.g., full length or intact monoclonal antibodies), polyclonal 

antibodies, multispecific antibodies (e.g., bispecific antibodies so long as they exhibit the desired 

biological activity), and may also include certain antibody fragments (as described in greater detail 

herein), such as, for example, antigen binding polypeptides which polypeptides may be fragments of 

an antibody. In one embodiment, antibodies and immunoglobulins of the present invention have 

reduced (fewer) disulfide linkages. In one embodiment, antibodies and immunoglobulins of the 

invention comprise a hinge region in which at least one cysteine residue is rendered incapable of 

forming a disulfide linkage, wherein the disulfide linkage is preferably intermolecular, preferably 

between two heavy chains. A hinge cysteine can be rendered incapable of forming a disulfide 

linkage by any of a variety of suitable methods known in the art, some of which are described 

herein, including but not limited to deletion of the cysteine residue or substitution of the cysteine 

with another amino acid.

Antibodies (immunoglobulins) are assigned to different classes, depending on the amino 

acid sequences of the heavy chain constant domains. Five major classes of immunoglobulins have 

been described: IgA, IgD, IgE, IgG and IgM. These may be further divided into subclasses 

(isotypes), e.g., IgG-1, IgG-2, IgA-1, IgA-2, and the like. The heavy chain constant domains 

corresponding to each immunoglobulin class are termed α, δ, ε, γ and μ for IgA, D, E, G, and M, 

respectively. The subunit structures and three-dimensional configurations of the different classes of 

immunoglobulins are well known and described generally, for example, in Abbas etal., 2000, 

Cellular and Mol. Immunology, 4th ed. An antibody may be part of a larger fusion molecule, 

formed by covalent or non-covalent association of the antibody with one or more other protein or 

peptide.

The terms "full length antibody," "intact antibody" and "whole antibody" are used herein 

interchangeably, to refer to an antibody in its substantially intact form, and not antibody fragments

10
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as defined below. The terms particularly refer to an antibody with heavy chains contains Fc regions. 

An antibody variant of the invention can be a full length antibody. A full length antibody can be 

human, humanized, chimeric, and/or affinity matured.

An "affinity matured" antibody is one having one or more alteration in one or more CDRs 

thereof which result in an improvement in the affinity of the antibody for antigen, compared to a 

parent antibody which does not possess those alteration(s). Preferred affinity matured antibodies will 

have nanomolar or even picomolar affinities for the target antigen. Affinity matured antibodies are 

produced by known procedures. See, for example, Marks et al., 1992, Biotechnology 10:779-783 

that describes affinity maturation by variable heavy chain (VH) and variable light chain (VL) 

domain shuffling. Random mutagenesis of CDR and/or framework residues is described in: Barbas, 

et al. 1994, Proc. Nat. Acad. Sci, USA 91:3809-3813; Shier et al., 1995, Gene 169:147-155; Yelton 

etal., 1995, J. Immunol. 155:1994-2004; Jackson et al., 1995, J. Immunol. 154(7):3310-9; and 

Hawkins et al, 1992, J. Mol. Biol. 226:889-896, for example.

An "agonist antibody" is an antibody that binds and activates an antigen, such as a receptor. 

Generally, receptor activation capability of the agonist antibody will be at least qualitatively similar 

(and may be essentially quantitatively similar) to that of a native agonist ligand of the receptor.

"Antibody fragments" comprise only a portion of an intact antibody, where the portion 

retains at least one, and may retain most or all, of the functions normally associated with that portion 

when present in an intact antibody. An antibody fragment of the invention may comprise a sufficient 

portion of the constant region to permit dimerization (or multimerization) of heavy chains that have 

reduced disulfide linkage capability, for example where at least one of the hinge cysteines normally 

involved in inter-heavy chain disulfide linkage is altered as described herein. In one embodiment, 

an antibody fragment comprises an antigen binding site or variable domains of the intact antibody 

and thus retains the ability to bind antigen. In another embodiment, an antibody fragment, for 

example one that comprises the Fc region, retains at least one of the biological functions normally 

associated with the Fc region when present in an intact antibody, such as FcRn binding, antibody 

half life modulation, ADCC function, and/or complement binding (for example, where the antibody 

has a glycosylation profile necessary for ADCC function or complement binding). Examples of 

antibody fragments include linear antibodies; single-chain antibody molecules; and multispecific 

antibodies formed from antibody fragments.

“Antibody-dependent cell-mediated cytotoxicity” and “ADCC” refer to a cell-mediated 

reaction in which nonspecific cytotoxic cells that express FcRs (such as Natural Killer (NK) cells, 

neutrophils, and macrophages) recognize bound antibody on a target cell and subsequently cause 

lysis of the target cell. NK cells, the primary cells for mediating ADCC, express only FcyRHI, 

whereas monocytes express FcyRI, FcyRH, and FcyRHI. FcR expression on hematopoietic cells is 

summarized in Table 3 on page 464 of Ravetch et al., 1991, Annu. Rev. Immunol 9:457-92. To
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assess ADCC activity of a molecule of interest, an in vitro ADCC assay such as that described in US 

Patent No. 5,500,362 or 5,821,337 may be performed. Useful effector cells for such assays include 

peripheral blood mononuclear cells (PBMC) and Natural Killer (NK) cells. Alternatively, or 

additionally, ADCC activity of the molecule of interest may be assessed in vivo, for example, in a 

animal model such as that disclosed in Clynes et al., 1998, PNAS (USA) 95:652-656.

An "antibody-immunoadhesin chimera" comprises a molecule which combines at least one 

binding domain of an antibody (as herein defined) with at least one immunoadhesin (as defined in 

this application). Exemplary antibody-immunoadhesin chimeras are the bispecific CD4-IgG 

chimeras described in Berg et al., 1991, PNAS (USA) 88:4723-and Chamow et al., 1994, J.

Immunol. 153:4268.

An “autoimmune disease” as used herein is a non-malignant disease or disorder arising from 

and directed against an individual’s own tissues. The autoimmune diseases described herein 

specifically exclude malignant or cancerous diseases or conditions, particularly excluding B cell 

lymphoma, acute lymphoblastic leukemia (ALL), chronic lymphocytic leukemia (CLL), Hairy cell 

leukemia, and chronic myeloblastic leukemia. Examples of autoimmune diseases or disorders 

include, but are not limited to, inflammatory responses such as inflammatory skin diseases including 

psoriasis and dermatitis (for example, atopic dermatitis); systemic scleroderma and sclerosis; 

responses associated with inflammatory bowel disease (such as Crohn's disease and ulcerative 

colitis); respiratory distress syndrome (including adult respiratory distress syndrome; ARDS); 

dermatitis; meningitis; encephalitis; uveitis; colitis; glomerulonephritis; allergic conditions such as 

eczema and asthma and other conditions involving infiltration of T cells and chronic inflammatory 

responses; atherosclerosis; leukocyte adhesion deficiency; rheumatoid arthritis; systemic lupus 

erythematosus (SLE); diabetes mellitus (e.g. Type I diabetes mellitus or insulin dependent diabetes 

mellitis); multiple sclerosis; Reynaud's syndrome; autoimmune thyroiditis; allergic 

encephalomyelitis; Sjorgen's syndrome; juvenile onset diabetes; and immune responses associated 

with acute and delayed hypersensitivity mediated by cytokines and T-lymphocytes typically found 

in tuberculosis, sarcoidosis, polymyositis, granulomatosis and vasculitis; pernicious anemia 

(Addison’s disease); diseases involving leukocyte diapedesis; central nervous system (CNS) 

inflammatory disorder; multiple organ injury syndrome; hemolytic anemia (including, but not 

limited to cryoglobinemia or Coombs positive anemia) ; myasthenia gravis; antigen-antibody 

complex mediated diseases; anti-glomerular basement membrane disease; antiphospholipid 

syndrome; allergic neuritis; Graves’ disease; Lambert-Eaton myasthenic syndrome; pemphigoid 

bullous; pemphigus; autoimmune polyendocrinopathies; Reiter’s disease; stiff-man syndrome; 

Behcet disease; giant cell arteritis; immune complex nephritis; IgA nephropathy; IgM 

polyneuropathies; immune thrombocytopenic purpura (ΓΓΡ) or autoimmune thrombocytopenia etc.
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A "biologically active" or "functional" immunoglobulin is one capable of exerting one or 

more of its natural activities in structural, regulatory, biochemical or biophysical events. For 

example, a biologically active antibody may have the ability to specifically bind an antigen and the 

binding may elicit or alter a cellular or molecular event such as signaling transduction or enzymatic 

activity. A biologically active antibody may also block ligand activation of a receptor or act as an 

agonist antibody. The capability of an antibody to exert one or more of its natural activities depends 

on several factors, including proper folding and assembly of the polypeptide chains.

"Binding affinity" generally refers to the strength of the sum total of noncovalent 

interactions between a single binding site of a molecule (e.g., an antibody) and its binding partner 

(e.g., an antigen or FcRn receptor). The affinity of a molecule X for its partner Y can generally be 

represented by the dissociation constant (Kd). Affinity can be measured by common methods 

known in the art, including those described herein. Low-affinity antibodies bind antigen (or FcRn 

receptor) weakly and tend to dissociate readily, whereas high-affinity antibodies bind antigen (or 

FcRn receptor) more tightly and remain bound longer.

A "blocking" antibody or an "antagonist" antibody is one that inhibits or reduces biological 

activity of the antigen it binds. Such blocking can occur by any means, for example, by interfering 

with: ligand binding to the receptor, receptor complex formation, tyrosine kinase activity of a 

tyrosine kinase receptor in a receptor complex and/or phosphorylation of tyrosine kinase residue(s) 

in or by the receptor. For example, an FcyRUB antagonist antibody binds FcyRIIB and inhibits the 

ability of IgG to bind FcyRIIB thereby inhibiting immune effector response. Preferred blocking 

antibodies or antagonist antibodies substantially or completely inhibit the biological activity of the 

antigen.

The terms “cancer” and “cancerous” refer to or describe the physiological condition in 

mammals that is typically characterized by unregulated cell growth. Examples of cancer include but 

are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia. More particular 

examples of such cancers include squamous cell cancer, small-cell lung cancer, non-small cell lung 

cancer, adenocarcinoma of the lung, squamous carcinoma of the lung, cancer of the peritoneum, 

hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, 

ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer, colorectal 

cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney cancer, liver cancer, 

prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, and various types of head and 

neck cancer.

The term "chimeric" antibodies refer to antibodies in which a portion of the heavy and/or 

light chain is identical with or homologous to corresponding sequences in antibodies derived from a 

particular species or belonging to a particular antibody class or subclass, while the remainder of the 

chain(s) is identical with or homologous to corresponding sequences in antibodies derived from
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1 another species or belonging to another antibody class or subclass, as well as fragments of such 

antibodies, so long as they exhibit the desired biological activity (See, for example, U.S. Patent No. 

4,816,567 and Morrison et al., 1984, Proc. Natl. Acad. Sci. USA 81:6851-6855).

As used herein, the expressions “cell,” “cell line,” and “cell culture” are used interchangeably 

5 and all such designations include progeny. Thus, the words ‘ transformants” and “transformed cells”

include the primary subject cell and cultures derived therefrom without regard for the number of 

transfers. It is also understood that all progeny may not be precisely identical in DNA content, due to 

deliberate or inadvertent mutations. Mutant progeny that have the same function or biological activity 

as screened for in the originally transformed cell are includec. Where distinct designations are

10 intended, it will be clear from the context.

In the claims which follow and in the preceding description of the invention, except where the

context requires otherwise due to express language or necessary implication, the word “comprise” or 

variations such as “comprises” or “comprising” is used in an inclusive sense, i.e. to specify the 

presence of the stated features but not to preclude the presenc e or addition of further features in

15 various embodiments of the invention.

The expression “control sequences” refers to DNA sequences necessary for the expression of 

an operably linked coding sequence in a particular host orgar ism. The control sequences that are 

suitable for prokaryotes, for example, include a promoter, optionally an operator sequence, and a 

ribosome binding site. Eukaryotic cells are known to utilize promoters, polyadenylation signals, and

20 enhancers.

A “disorder” is any condition that would benefit from treatment with a therapeutic antibody. 

This includes chronic and acute disorders or diseases including those pathological conditions which 

predispose the mammal to the disorder in question. In one embodiment, the disorder is cancer or an 

autoimmune disease.

25 An “extracellular domain” is defined herein as that region of a transmembrane polypeptide,

such as an FcR, that is external to a cell.

The terms “Fc receptor” or “FcR” are used to describe a receptor that binds to the Fc region 

of an antibody. The preferred FcR is a native sequence hurm n FcR. Moreover, a preferred FcR is 

one that binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FcyRII, and

30 FcyRIII subclasses, including allelic variants and alternatively spliced forms of these receptors. Other 

FcRs, including those to be identified in the future, are encompassed by the term “FcR” herein. The 

term also includes the neonatal receptor, FcRn, that is responsible for the transfer of maternal IgGs to 

the fetus (See Guyer et al., 1976, J. Immunol. 117:587 and Kim et al., 1994, J. Immunol. 24:249).

The term “Fc region” is used to define a C-terminal region of an immunoglobulin heavy chain.

35 The “Fc region” may be a native sequence Fc region or a varant Fc region. Although the boundaries
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1 of the Fc region of an immunoglobulin heavy chain might va:y, the human IgG heavy chain Fc region 

is usually defined to stretch from an amino acid residue at position Cys226 or from Pro230, to the 

carboxyl-terminus thereof. The Fc region of an immunoglobulin generally comprises two constant 

domains, CH2 and CH3, as shown in Figure 1. A “functional Fc region” possesses an “effector

5 function” of a native sequence Fc region. Exemplary “effector functions” include Clq
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binding; complement dependent cytotoxicity; Fc receptor binding; antibody-dependent cell- 

mediated cytotoxicity (ADCC); phagocytosis; down regulation of cell surface receptors {e.g. B cell 

receptor; BCR), and the like. Such effector functions generally require the Fc region to be combined 

with a binding domain {e.g. an antibody variable domain) and can be assessed using various assays 

as, for example, those disclosed herein. A “native sequence Fc region” comprises an amino acid 

sequence identical to the amino acid sequence of a Fc region found in nature. Native sequence 

human Fc regions are shown in Figure 3 and include a native sequence human IgGl Fc region (non- 

A and A allotypes); native sequence human IgG2 Fc region; native sequence human IgG3 Fc region; 

and native sequence human IgG4 Fc region as well as naturally occurring variants thereof. A 

“variant Fc region” comprises an amino acid sequence that differs from a native sequence Fc region 

by virtue of at least one “amino acid modification” as herein defined. The variant Fc region can 

have at least one amino acid substitution compared to a native sequence Fc region or to the Fc 

region of a parent antibody, and may have, for example, from about one to about ten amino acid 

substitutions, or from about one to about five amino acid substitutions in a native sequence Fc 

region or in the Fc region of the parent antibody. The variant Fc region can possess at least about 

80% identity with a native sequence Fc region and/or with an Fc region of a parent antibody, and 

may have at least about 90% identity therewith, or have at least about 95% identity therewith.

The term “FcyRIIA”, unless otherwise indicated, refers to human FcyRIIA (huFcyRIIA), a 

polypeptide encoded by the human FcyRIIa gene and, includes, but is not limited to, FcyRHAl and 

FcyRHA2, and allelic variants thereof. The Human FcyRIIA is an “activating” FcR and contains an 

immunoreceptor tyrosine-based activation motif (ITAM) in a cytoplasmic domain thereof. The 

most preferred human FcyRIIA is human FcRIIAl comprising the amino acid sequence of SEQ ID 

NO: 9 or allelic variants thereof, including high responder (HR) and low responder (LR) allelic 

variants thereof.

The term “FcyRIIB”, unless otherwise indicated, refers to a polypeptide encoded by the 

human FcRIIB gene, and includes, but is not limited to, FcyRIIB 1, FcyRHB2, FcyRUB3, and allelic 

variants thereof. The preferred FcyRIIB is an “inhibiting” FcR receptor that contains an 

immunoreceptor tyrosine-based inhibition motif (ΓΓΙΜ) (I/V/LxYxxL/V)(Sathish, et al., 2001, J. 

Immunol. 166, 1763) in a cytoplasmic domain thereof. The preferred human FcyRIIB is human 

FcyRIIB2 (huFcyRHB2) or FcyRIIB 1 (huFcyRIIB 1) having the amino acid sequence of SEQ ID 

NO: 10, or SEQ ED NO: 11, respectively, and allelic variants thereof. The FcyRIIB 1 and B2 

sequences differ from each other in a 19 amino acid sequence insertion in the cytoplasmic domain of 

FcyRIIB 1, LPGYPECREMGETLPEKPA (SEQ ID NO:29).

An “FcR dependent condition” as used herein includes type Π inflammation, IgE-mediated 

allergy, asthma, anaphylaxis, autoimmune disease, IgG-mediated cytotoxicity, or a rash.
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A "hinge region," and variations thereof, as used herein, includes the meaning known in the 

art, which is illustrated in, for example, Janeway et al., 1999, Immuno Biology: The Immune System 

in Health and Disease, Elsevier Science Ltd., NY. 4th ed.; Bloom et al., 1997, Protein Science, 

6:407-415; Humphreys etal., 1997, J. Immunol. Methods, 209:193-202.

“Homology” is defined as the percentage of residues in the amino acid sequence variant that 

are identical after aligning the sequences and introducing gaps, if necessary, to achieve the 

maximum percent homology. Methods and computer programs for the alignment are well known in 

the art. One such computer program is “Align 2,” authored by Genentech, Inc., and filed with user 

documentation in the United States Copyright Office, Washington, DC 20559, on December 10, 

1991.

The term "host cell" (or "recombinant host cell"), as used herein, refers to a cell that has 

been genetically altered, or is capable of being genetically altered, by introduction of an exogenous 

polynucleotide, such as a recombinant plasmid or vector. It should be understood that such terms 

are intended to refer not only to the particular subject cell but to the progeny of such a cell. Because 

certain modifications may occur in succeeding generations due to either mutation or environmental 

influences, such progeny may not, in fact, be identical to the parent cell, but are still included within 

the scope of the term "host cell" as used herein.

“Human effector cells” are leukocytes that express one or more FcRs and perform effector 

functions. Preferably, the cells express at least FcyRHI and perform ADCC effector function. 

Examples of human leukocytes that mediate ADCC include peripheral blood mononuclear cells 

(PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells, and neutrophils; with PBMCs and 

NK cells being preferred. The effector cells may be isolated from a native source, for example, from 

blood or PBMCs (Peripheral blood mononuclear cells) as described herein.

“Humanized” forms of non-human (for example, murine) antibodies are chimeric antibodies 

that contain minimal sequence derived from non-human immunoglobulin. For the most part, 

humanized antibodies are human immunoglobulins (recipient antibody) in which residues from a 

hypervariable region of the recipient are replaced by residues from a hypervariable region of a non

human species (donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired 

specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of the 

human immunoglobulin are replaced by corresponding non-human residues. Furthermore, 

humanized antibodies may comprise residues that are not found in the recipient antibody or in the 

donor antibody. These modifications are made to further refine antibody performance. In general, 

the humanized antibody will comprise substantially all of at least one, and typically two, variable 

domains, in which all or substantially all of the hypervariable loops correspond to those of a non

human immunoglobulin and all or substantially all of the FR regions are those of a human 

immunoglobulin sequence. The humanized antibody optionally also will comprise at least a portion
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of an immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further 

details, see Jones et al., Nature 321:522-525 (1986); Riechmann etal., Nature 332:323-329 (1988); 

and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992).

A "human antibody" is an antibody that possesses an amino acid sequence corresponding to 

that of an antibody produced by a human and/or has been made using any of the techniques for 

making human antibodies disclosed herein. This definition specifically excludes a humanized 

antibody that comprises non-human antigen-binding residues.

As used herein, the term "hyperglycemic disorders" refers to all forms of diabetes and 

disorders resulting from insulin resistance, such as Type I and Type II diabetes, as well as severe 

insulin resistance, hyperinsulinemia, and hyperlipidemia, e.g., obese subjects, and insulin-resistant 

diabetes, such as Mendenhall's Syndrome, Werner Syndrome, leprechaunism, lipoatrophic diabetes, 

and other lipoatrophies. A particular hyperglycemic disorder disclosed herein is diabetes, especially 

Type 1 and Type Π diabetes. "Diabetes" itself refers to a progressive disease of carbohydrate 

metabolism involving inadequate production or utilization of insulin and is characterized by 

hyperglycemia and glycosuria.

The term “hypervariable region,” as used herein, refers to the amino acid residues of an 

antibody which are responsible for antigen-binding. The hypervariable region comprises amino acid 

residues from a “complementarity determining region” or “CDR,” defined by sequence alignment, 

for example residues 24-34 (Ll), 50-56 (L2) and 89-97 (L3) in the light chain variable domain and 

31-35 (Hl), 50-65 (H2) and 95-102 (H3) in the heavy chain variable domain; see Kabat et al., 1991, 

Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes 

of Health, Bethesda, MD. and/or those residues from a “hypervariable loop” (HVL), as defined 

structurally, for exampole, residues 26-32 (Ll), 50-52 (L2) and 91-96 (L3) in the light chain variable 

domain and 26-32 (Hl), 53-55 (H2) and 96-101 (H3) in the heavy chain variable domain; see 

Chothia and Leskl, 1987, J. Mol. Biol. 196:901-917. “Framework” or “FR” residues are those 

variable domain residues other than the hypervariable region residues as herein defined.

Immune and inflammatory diseases include: rheumatoid arthritis, osteoarthritis, juvenile 

chronic arthritis, spondyloarthropathies, systemic sclerosis (scleroderma), idiopathic inflammatory 

myopathies (dermatomyositis), systemic vasculitis, sarcoidosis, autoimmune hemolytic anemia 

(immune pancytopenia, paroxysmal nocturnal hemoglobinuria), autoimmune thrombocytopenia 

(idiopathic thrombocytopenic purpura, immune-mediated thrombocytopenia), thyroiditis (Grave's 

disease, Hashimoto’s thyroiditis, juvenile lymphocytic thyroiditis, atrophic thyroiditis) autoimmune 

inflammatory diseases (e.g., allergic encephalomyelitis, multiple sclerosis, insulin-dependent 

diabetes mellitus, autoimmune uveoretinitis, thyrotoxicosis, autoimmune thyroid disease, pernicious 

anemia, autograft rejection, diabetes mellitus, and immune-mediated renal disease

(glomerulonephritis, tubulointerstitial nephritis)), demyelinating diseases of the central and
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peripheral nervous systems such as multiple sclerosis, idiopathic demyelinating polyneuropathy or 

Guillain-Barre syndrome, and chronic inflammatory demyelinating polyneuropathy; hepatobiliary 

diseases such as infectious hepatitis (hepatitis A, B, C, D, E and other non-hepatotropic viruses), 

autoimmune chronic active hepatitis, primary biliary cirrhosis, granulomatous hepatitis, and 

sclerosing cholangitis, gluten-sensitive enteropathy, and Whipple's disease; autoimmune or immune- 

mediated skin diseases including bullous skin diseases, erythema multiforme and contact dermatitis, 

psoriasis; allergic diseases such as asthma, allergic rhinitis, atopic dermatitis, vernal conjunctivitis, 

eczema, food hypersensitivity and urticaria; immunologic diseases of the lung such as eosinophilic 

pneumonia, idiopathic pulmonary fibrosis and hypersensitivity pneumonitis; transplantation 

associated disease including graft rejection and graft-versus-host-disease;

As used herein, the term "immunoadhesin" designates antibody-like molecules that combine 

the "binding domain” of a heterologous "adhesin" protein (for example, a receptor, ligand, or 

enzyme) with the effector functions of an immunoglobulin constant domain. Structurally, the 

immunoadhesins comprise a fusion of the adhesin amino acid sequence with the desiyed binding 

specificity that is other than the antigen recognition and binding site (antigen combining site) of an 

antibody (i.e. is "heterologous") and an immunoglobulin constant domain sequence. The 

immunoglobulin constant domain sequence in the immunoadhesin is preferably derived from γΐ, γ2, 

or γ4 heavy chains, since immunoadhesins comprising these regions can be purified by Protein A 

chromatography. See, for example, Lindmark et al., 1983, J. Immunol. Meth. 62:1-13.

An “isolated” antibody is one that has been identified and separated and/or recovered from a 

component of its natural environment. Contaminant components of its natural environment are 

materials that would interfere with diagnostic or therapeutic uses for the antibody, and may include 

enzymes, hormones, and other proteinaceous or nonproteinaceous solutes. In some embodiments, 

the antibody will be purified (1) to greater than 95% by weight of antibody as determined by the 

Lowiy method, and most preferably more than 99% by weight, (2) to a degree sufficient to obtain at 

least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, 

or (3) to homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie 

blue or, preferably, silver stain. Isolated antibody includes the antibody in situ within recombinant 

cells since at least one component of the antibody’s natural environment will not be present. 

Ordinarily, however, isolated antibody will be prepared by at least one purification step.

An “isolated” nucleic acid molecule is a nucleic acid molecule that is identified and 

separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated 

in the natural source of the antibody nucleic acid. An isolated nucleic acid molecule is other than in 

the form or setting in which it is found in nature. Isolated nucleic acid molecules therefore are 

distinguished from the nucleic acid molecule as it exists in natural cells. Etowever, an isolated 

nucleic acid molecule includes a nucleic acid molecule contained in cells that ordinarily express the
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antibody where, for example, the nucleic acid molecule is in a chromosomal location different from 

that of natural cells.

The term “mammal” includes any animals classified as mammals, including humans, cows, 

horses, dogs, and cats. In one embodiment of the invention, the mammal is a human.

The term “monoclonal antibody” as used herein refers to an antibody obtained from a 

population of substantially homogeneous antibodies, i.e., the individual antibodies comprising the 

population are identical except for possible naturally occurring mutations that may be present in 

minor amounts. Monoclonal antibodies are highly specific, being directed against a single antigenic 

site. Furthermore, in contrast to conventional (polyclonal) antibody preparations that typically 

include different antibodies directed against different determinants (epitopes), each monoclonal 

antibody is directed against a single determinant on the antigen. The modifier “monoclonal” 

indicates the character of the antibody as being obtained from a substantially homogeneous 

population of antibodies, and is not to be construed as requiring production of the antibody by any 

particular method. For example, the monoclonal antibodies to be used in accordance with the 

present invention may be made by the hybridoma method first described by Kohler et al., 1975, 

Nature 256:495, or may be made by recombinant DNA methods (see, for example, U.S. Patent No. 

4,816,567). The “monoclonal antibodies” may also be isolated from phage antibody libraries using 

the techniques described in Clackson et al., 1991, Nature 352:624-628 and Marks et al., 1991, J. 

Mol. Biol. 222:581-597, for example.

The monoclonal antibodies herein specifically include “chimeric” antibodies 

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or 

homologous to corresponding sequences in antibodies derived from a particular species or belonging 

to a particular antibody class or subclass, while the remainder of the chain(s) is identical with or 

homologous to corresponding sequences in antibodies derived from another species or belonging to 

another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit 

the desired biological activity (U.S. Patent No. 4,816,567; and Morrison etal., 1984, Proc. Natl. 

Acad. Sci. USA 81:6851-6855).

A nucleic acid is “operably linked,” as used herein, when it is placed into a functional 

relationship with another nucleic acid sequence. For example, DNA for a presequence or secretory 

leader is operably linked to DNA for a antibody if it is expressed as a preprotein that participates in 

the secretion of the antibody; a promoter or enhancer is operably linked to a coding sequence if it 

affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding 

sequence if it is positioned so as to facilitate translation. Generally, “operably linked” means that 

the DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous 

and in reading phase. However, an enhancer may not have to be contiguous. Linking is
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accomplished by ligation at convenient restriction sites. If such sites do not exist, synthetic 

oligonucleotide adaptors or linkers are used in accordance with conventional practice.

For the purposes herein, a “pharmaceutical composition” is one that is adapted and suitable 

for administration to a mammal, especially a human. Thus, the composition can be used to treat a 

disease or disorder in the mammal. Moreover, the protein in the composition has been subjected to 

one or more purification or isolation steps, such that contaminant(s) that might interfere with its 

therapeutic use have been separated therefrom. Generally, the pharmaceutical composition 

comprises the therapeutic protein and a pharmaceutically acceptable carrier or diluent. The 

composition is usually sterile and may be lyophilized. Pharmaceutical preparations are described in 

more detail below.

"Polynucleotide," or "nucleic acid," as used interchangeably herein, refer to polymers of 

nucleotides of any length, and include DNA and RNA. The nucleotides can be 

deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or any 

substrate that can be incorporated into a polymer by DNA or RNA polymerase or by a synthetic 

reaction. A polynucleotide may comprise modified nucleotides, such as methylated nucleotides and 

their analogs. If present, modification to the nucleotide structure may be imparted before or after 

assembly of the polymer. The sequence of nucleotides may be interrupted by non-nucleotide 

components. A polynucleotide may be further modified after synthesis, such as by conjugation with 

a label. Other types of modifications include, for example, "caps", substitution of one or more of the 

naturally occurring nucleotides with an analog, intemucleotide modifications such as, for example, 

those with uncharged linkages (e.g., methyl phosphonates, phosphotriesters, phosphoamidates, 

carbamates, etc.) and with charged linkages (e.g., phosphorothioates, phosphorodithioates, etc.), 

those containing pendant moieties, such as, for example, proteins (e.g., nucleases, toxins, antibodies, 

signal peptides, ply-L-lysine, etc.), those with intercalators (e.g., acridine, psoralen, etc.), those 

containing chelators (e.g., metals, radioactive metals, boron, oxidative metals, etc.), those containing 

alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well as 

unmodified forms of the polynucleotide(s). Further, any of the hydroxyl groups ordinarily present in 

the sugars may be replaced, for example, by phosphonate groups, phosphate groups, protected by 

standard protecting groups, or activated to prepare additional linkages to additional nucleotides, or 

may be conjugated to solid or semi-solid supports. The 5' and 3' terminal OH can be phosphorylated 

or substituted with amines or organic capping group moieties of from 1 to 20 carbon atoms. Other 

hydroxyls may also be derivatized to standard protecting groups. Polynucleotides can also contain 

analogous forms of ribose or deoxyribose sugars that are generally known in the art, including, for 

example, 2'-O-methyl-, 2'-O-allyl, 2'-fluoro- or 2'-azido-ribose, carbocyclic sugar analogs, a- 

anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars, furanose 

sugars, sedoheptuloses, acyclic analogs, and abasic nucleoside analogs such as methyl riboside. One
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or more phosphodiester linkage may be replaced by alternative linking groups. These alternative 

linking groups include, but are not limited to, embodiments wherein phosphate is replaced by 

P(O)S("thioate"), P(S)S ("dithioate"), "(O)NR2 ("amidate"), P(O)R, P(O)OR', CO orCH2 

("formacetal"), in which each R or R' is independently H or substituted or unsubstituted alkyl (1-20 

C.) optionally containing an ether (-0-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl, or araldyl. 

Not all linkages in a polynucleotide need be identical. The preceding description applies to all 

polynucleotides referred to herein, including RNA and DNA.

"Oligonucleotide," as used herein, generally refers to short, generally single stranded, 

generally synthetic polynucleotides that are generally, but not necessarily, less than about 200 

nucleotides in length. The terms "oligonucleotide" and "polynucleotide" are not mutually exclusive. 

The description above for polynucleotides is equally and fully applicable to oligonucleotides.

"Secretion signal sequence" or "signal sequence" refers to a nucleic acid sequence encoding 

a short signal peptide that can be used to direct a newly synthesized protein of interest through a 

cellular membrane, usually the inner membrane or both inner and outer membranes of prokaryotes. 

As such, the protein of interest such as the immunoglobulin light or heavy chain polypeptide is 

secreted into the periplasm of the prokaryotic host cells or into the culture medium. The signal 

peptide encoded by the secretion signal sequence may be endogenous to the host cells, or they may 

be exogenous, including signal peptides native to the polypeptide to be expressed. Secretion signal 

sequences are typically present at the amino terminus of a polypeptide to be expressed, and are 

typically removed enzymatically between biosynthesis and secretion of the polypeptide from the 

cytoplasm. Thus, the signal peptide is usually not present in a mature protein product.

The term "receptor binding domain" is used to designate any native ligand for a receptor, 

including cell adhesion molecules, or any region or derivative of such native ligand retaining at least 

a qualitative receptor binding ability of a corresponding native ligand. This definition, among 

others, specifically includes binding sequences from ligands for the above-mentioned receptors.

As used herein, a “therapeutic antibody” is an antibody that is effective in treating a disease 

or disorder in a mammal with or predisposed to the disease or disorder. Exemplary therapeutic 

antibodies include the 5A6 anti- FcyRIIB antibody of the invention and the bispecific anti- 

FcyRIIB/anti-FceRI antibody of the invention, as well as antibodies including rhuMAb 4D5 

(HERCEPTIN®) (Carter etal., 1992, Proc. Natl. Acad. Sci. USA, 89:4285-4289, U.S. Patent No. 

5,725,856); anti-CD20 antibodies such as chimeric anti-CD20 “C2B8” as in US Patent No. 

5,736,137 (RTTUXAN®), a chimeric or humanized variant of the 2H7 antibody as in US Patent No. 

5,721,108, BI or Tositumomab (BEXXAR®); anti-IL-8 (St John et al., 1993, Chest, 103:932, and 

International Publication No. WO 95/23865); anti-VEGF antibodies including humanized and/or 

affinity matured anti-VEGF antibodies such as the humanized anti-VEGF antibody huA4.6.1 

AVASTIN™ (Kim et al., 1992, Growth Factors, 7:53-64, International Publication No. WO
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96/30046, and WO 98/45331, published October 15, 1998); anti-PSCA antibodies (W001/40309); 

anti-CD40 antibodies, including S2C6 and humanized variants thereof (WO00/75348); anti-CDl la 

(US Patent No. 5,622,700, WO 98/23761, Steppe et al., 1991, Transplant Inti. 4:3-7, and Hourmant 

etal., 1994, Transplantation 58:377-380); anti-IgE (Presta et al., 1993,7. Immunol. 151:2623-2632, 

and International Publication No. WO 95/19181); anti-CD18 (US Patent No. 5,622,700, issued April 

22, 1997, or as in WO 97/26912, published July 31, 1997); anti-IgE (US Patent No. 5,714,338, 

issued February 3,1998 or US Patent No. 5,091,313, issued February 25, 1992, WO 93/04173 

published March 4, 1993, or International Application No. PCT/US98/13410 filed June 30, 1998,

US Patent No. 5,714,338); anti-Apo-2 receptor antibody (WO 98/51793 published November 19, 

1998); anti-TNF-α antibodies including cA2 (REMICADE®), CDP571 and MAK-195 (See, US 

Patent No. 5,672,347 issued September 30, 1997, Lorenz et al. 1996,7. Immunol. 156(4):1646-1653, 

and Dhainaut et al. 1995, Crit. Care Med. 23(9):1461-1469); anti-Tissue Factor (TF) (European 

Patent No. 0 420 937 BI granted November 9, 1994); anti-human ε^-βγ integrin (WO 98/06248 

published February 19, 1998); anti-EGFR (chimerized or humanized 225 antibody as in WO 

96/40210 published December 19, 1996); anti-CD3 antibodies such as OKT3 (US Patent No. 

4,515,893 issued May 7,1985); anti-CD25 or anti-tac antibodies such as CHI-621 (SIMULECT®) 

and (ZENAPAX®) (See US Patent No. 5,693,762 issued December 2, 1997); anti-CD4 antibodies 

such as the cM-7412 antibody (Choy et al. 1996, Arthritis Rheum 39( 1):52-56); anti-CD52 

antibodies such as CAMPATH-1H (Riechmann etal. 1988, Nature 332:323-337; anti-Fc receptor 

antibodies such as the M22 antibody directed against FcyRI as in Graziano et al. 1995, 7. Immunol. 

155(10):4996-5002; anti-carcinoembryonic antigen (CEA) antibodies such as hMN-14 (Sharkey et 

al. 1995, Cancer Res. 55(23Suppl): 5935s-5945s; antibodies directed against breast epithelial cells 

including huBrE-3, hu-Mc 3 and CHL6 (Ceriani et al. 1995, Cancer Res. 55(23): 5852s-5856s; and 

Richman et al. 1995, Cancer Res. 55(23 Supp): 5916s-5920s); antibodies that bind to colon 

carcinoma cells such as C242 (Litton et al. 1996, Eur J. Immunol. 26(1): 1-9); anti-CD38 antibodies, 

e.g. AT 13/5 (Ellis et al. 1995,7. Immunol. 155(2):925-937); anti-CD33 antibodies such as Hu M195 

(Jurcic et al. 1995, Cancer Res 55(23 Suppl):5908s-5910s and CMA-676 or CDP771; anti-CD22 

antibodies such as LL2 or LymphoCide (Juweid etal. 1995, Cancer Res 55(23 Suppl):5899s-5907s; 

anti-EpCAM antibodies such as 17-1A (PANOREX®); anti-GpUb/HIa antibodies such as 

abciximab or c7E3 Fab (REOPRO®); anti-RSV antibodies such as MEDI-493 (SYNAGIS®); anti- 

CMV antibodies such as PROTOVIR®; anti-HIV antibodies such as PRO542; anti-hepatitis 

antibodies such as the anti-Hep B antibody OSTAVIR®; anti-CA 125 antibody OvaRex; anti- 

idiotypic GD3 epitope antibody BEC2; anti-avP3 antibody VITAXIN®; anti-human renal cell 

carcinoma antibody such as ch-G250; 1NG-1; anti-human 17-1A antibody (3622W94); anti-human 

colorectal tumor antibody (A33); anti-human melanoma antibody R24 directed against GD3
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ganglioside; anti-human squamous-cell carcinoma (SF-25); and anti-human leukocyte antigen 

(HLA) antibodies such as Smart ID 10 and the anti-HLA DR antibody Oncolym (Lym-1).

The term “therapeutically effective amount” refers to an amount of a composition of this 

invention effective to “alleviate” or “treat” a disease or disorder in a subject or mammal. In one 

embodiment, if the immune-disease to be treated is a B-cell mediated disease, it is an amount that 

results in the reduction in the number of B cells (B cell depletion) in the mammal.

“Treatment” refers to use of this invention effective to “treatment” or “treat” a disease or 

disorder in a subject or mammal. Generally, treatment of a disease or disorder involves the 

lessening of one or more symptoms or medical problems associated with the disease or disorder. In 

some embodiments, antibodies and compositions of this invention can be used to prevent the onset 

or reoccurrence of the disease or disorder in a subject or mammal. For example, in a subject with 

autoimmune disease, an antibody of this invention can be used to prevent or treat flare-ups. 

Consecutive treatment or administration refers to treatment on at least a daily basis without 

interruption in treatment by one or more days. Intermittent treatment or administration, or, 

treatment or administration in an intermittent fashion, refers to treatment that is not consecutive, but 

rather cyclic in nature. The treatment regime herein may be either consecutive or intermittent.

A "variant" or "altered" heavy chain, as used herein, generally refers to a heavy chain with 

reduced disulfide linkage capability, for e.g., wherein at least one cysteine residue has been rendered 

incapable of disulfide linkage formation. Preferably, said at least one cysteine is in the hinge region 

of the heavy chain.

The term "vector," as used herein, is intended to refer to a nucleic acid molecule capable of 

transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid", a 

circular double stranded DNA loop into which additional DNA segments may be ligated. Another 

type of vector is a phage vector. Another type of vector is a viral vector, wherein additional DNA 

segments may be ligated into the viral genome. Certain vectors are capable of autonomous 

replication in a host cell into which they are introduced (for example, bacterial vectors having a 

bacterial origin of replication and episomal mammalian vectors). Other vectors (for example, non- 

episomal mammalian vectors) can be integrated into the genome of a host cell upon introduction 

into the host cell, and thereby are replicated along with the host genome. Moreover, certain vectors 

are capable of directing the expression of genes to which they are operatively linked. Such vectors 

are referred to herein as "recombinant expression vectors" (or simply, "recombinant vectors"). In 

general, expression vectors of utility in recombinant DNA techniques are often in the form of 

plasmids. In the present specification, "plasmid" and "vector" may be used interchangeably as the 

plasmid is the most commonly used form of vector.

An antibody that “selectively binds human FcyRIIB” binds to human FcyRIIB with 

significantly better affinity than it binds to other human FcyRs. In some embodiments, an antibody

23



WO 2006/028956 PCT/US2005/031281

5

10

15

20

25

30

that selectively binds human FcyRIIB, binds both FcyRIIB 1 and FcyRIIB2 and demonstrates little or 

no binding to FcyRIIA, FcyRI and FcyRIII, and allelic variants thereof. The relative binding and/or 

binding affinity may be demonstrated in a variety of methods accepted in the art including, but not 

limited to: enzyme linked immunosorbent assay (ELISA) and fluorescence activated cell sorting 

(FACS). Generally, this means that the antibody of the invention binds FcyRIIB with at least about 

1 log higher concentration reactivity than it binds FcyRIIA, as determined for an ELISA.

Preferably, the antibody that binds human FcyRIIB selectively over human FcyRIIA is essentially 

unable to cross-react with human FcyRIIA.

As used herein, an antibody that is “essentially unable to cross-react with human FcyRIIA” 

is one in which the extent of binding to human FcyRIIA will be less than 10% of the level of 

FcyRIIB binding, alternatively less than 8%, alternatively less than 6%, alternatively less than 4%, 

alternatively less than 2%, alternatively less than 1% binding to human FcyRIIA relative to binding 

to FcyRIIB as determined by fluorescence activated cell sorting (FACS) analysis or 

radioimmunoprecipitation assay (RIA).

As used herein, an antibody that “antagonizes binding of an Fc region to human FcyRIIB” 

blocks or interferes with the binding of an Fc region (for example, the Fc region of an antibody, such 

as IgG, or immunoadhesin, or other Fc containing construct) to human FcyRIIB. Such antagonstic 

activity may be determined, for example, by ELISA.

II. Modes for Carrying Out the Invention

A. Production of the Anti-FcyRUB Antibody

(i) FcgRIIB antigen

Soluble human FcyRIIB or fragments thereof, optionally conjugated to other molecules, can 

be used as immunogens for generating antibodies. Example immunogens include fusion proteins 

comprising an extracellular domain of FcyRIIB 1 or FcyRHB2 with a carrier protein or affinity tag 

such as GST or Hisg. Alternatively, or additionally, cells expressing human FcyRIIB can be used as 

the immunogen. Such cells can be derived from a natural source or may be cells that have been 

transformed by recombinant techniques to express human FcyRIIB. Other forms of human FcyRIIB 

useful for preparing antibodies will be apparent to those in the art.

(ii) Polyclonal antibodies

Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or 

intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to conjugate 

the relevant antigen to a protein that is immunogenic in the species to be immunized, e.g., keyhole 

limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin inhibitor using a 

bifunctional or derivatizing agent, for example, maleimidobenzoyl sulfosuccinimide ester
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(conjugation through cysteine residues), N-hydroxysuccinimide (through lysine residues), 

glutaraldehyde, succinic anhydride, SOCI2, or RfN=C=NR, where R and R1 are different alkyl 

groups.

Animals are immunized against the antigen, immunogenic conjugates, or derivatives by 

combining, for example, 100 μg or 5 μg of the protein or conjugate (for rabbits or mice, 

respectively) with 3 volumes of Freund’s complete adjuvant and injecting the solution intradermally 

at multiple sites. Approximately one month later, the animals are boosted with 1/5 to 1/10 the 

original amount of peptide or conjugate in Freund’s complete adjuvant by subcutaneous injection at 

multiple sites. Seven to 14 days later the animals are bled and the serum is assayed for antibody 

titer. Animals are boosted until the titer plateaus. Preferably, the animal is boosted with the 

conjugate of the same antigen, but conjugated to a different protein and/or through a different cross

linking reagent. Conjugates also can be made in recombinant cell culture as protein fusions. Also, 

aggregating agents such as alum are suitably used to enhance the immune response.

(iii) Monoclonal antibodies

Monoclonal antibodies may be made using the hybridoma method first described by Kohler 

et al., 1975, Nature, 256:495, or may be made by recombinant DNA methods (See, for example, 

U.S. Patent No. 4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster or 

macaque monkey, is immunized as hereinabove described to elicit lymphocytes that produce or are 

capable of producing antibodies that will specifically bind to the protein used for immunization. 

Alternatively, lymphocytes may be immunized in vitro. Lymphocytes then are fused with myeloma 

cells using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell (Goding, 

1986, Monoclonal Antibodies: Principles and Practice, pp.59-103 (Academic Press)).

The hybridoma cells thus prepared are seeded and grown in a suitable culture medium that 

preferably contains one or more substances that inhibit the growth or survival of the unfused, 

parental myeloma cells. For example, if the parental myeloma cells lack the enzyme hypoxanthine 

guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas 

typically will include hypoxanthine, aminopterin, and thymidine (HAT medium), which substances 

prevent the growth of HGPRT-deficient cells.

Preferred myeloma cells are those that fuse efficiently, support stable high-level production 

of antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT 

medium. Among these, preferred myeloma cell lines are murine myeloma lines, such as those 

derived from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell 

Distribution Center, San Diego, California USA, and SP-2 or X63-Ag8-653 cells available from the 

American Type Culture Collection, Rockville, Maryland USA. Human myeloma and mouse-human 

heteromyeloma cell lines also have been described for the production of human monoclonal
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antibodies (Kozbor, 1984, J. Immunol., 133:3001; Brodeur etal., 1987, Monoclonal Antibody 

Production Techniques and Applications, pp. 51-63 (Marcel Dekker, Inc., New York)).

Culture medium in which hybridoma cells are growing is assayed for production of 

monoclonal antibodies directed against the antigen. Preferably, the binding specificity of 

monoclonal antibodies produced by hybridoma cells is determined by immunoprecipitation or by an 

in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay 

(ELISA).

After hybridoma cells are identified that produce antibodies of the desired specificity, 

affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and grown by 

standard methods (Goding, supra). Suitable culture media for this purpose include, for example, D- 

MEM or RPMI-1640 medium. In addition, the hybridoma cells may be grown in vivo as ascites 

tumors in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated from the culture 

medium, ascites fluid, or serum by conventional immunoglobulin purification procedures such as, 

for example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or 

affinity chromatography.

DNA encoding the monoclonal antibodies is readily isolated and sequenced using 

conventional procedures (e.g., by using oligonucleotide probes that are capable of binding 

specifically to genes encoding the heavy and light chains of the monoclonal antibodies). The 

hybridoma cells serve as a preferred source of such DNA. Once isolated, the DNA may be placed 

into expression vectors, which are then transfected into host cells such as E. coli cells, simian COS 

cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce 

immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant host 

cells. Recombinant production of antibodies will be described in more detail below.

In a further embodiment, antibodies or antibody fragments can be isolated from antibody 

phage libraries generated using the techniques described in McCafferty et al., 1990, Nature, 

348:552-554. Clackson etal., 1991, Nature, 352:624-628, and Marks etal., 1991, J. Mol. Biol., 

222:581-597 describe the isolation of murine and human antibodies, respectively, using phage 

libraries. Subsequent publications describe the production of high affinity (nM range) human 

antibodies by chain shuffling (Marks et al., 1992, Bio/Technology, 10:779-783), as well as 

combinatorial infection and in vivo recombination as a strategy for constructing very large phage 

libraries (Waterhouse et al., 1993, Nuc. Acids. Res., 21:2265-2266). Thus, these techniques are 

viable alternatives to traditional monoclonal antibody hybridoma techniques for isolation of 

monoclonal antibodies.

The DNA also may be modified, for example, by substituting the coding sequence for 

human heavy- and light-chain constant domains in place of the homologous murine sequences (U.S.
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Patent No. 4,816,567; Morrison, et al., 1984, Proc. Natl Acad. Sci. USA, 81:6851), or by covalently 

joining to the immunoglobulin coding sequence all or part of the coding sequence for non

immunoglobulin material (e.g., protein domains).

Typically such non-immunoglobulin material is substituted for the constant domains of an 

antibody, or is substituted for the variable domains of one antigen-combining site of an antibody to 

create a chimeric bivalent antibody comprising one antigen-combining site having specificity for an 

antigen and another antigen-combining site having specificity for a different antigen.

(iv) Humanized and human antibodies

A humanized antibody has one or more amino acid residues from a source that is non

human. The non-human amino acid residues are often referred to as “import” residues, and are 

typically taken from an “import” variable domain. Humanization can be performed generally 

following the method of Winter and co-workers (Jones etal., 1986, Nature, 321:522-525;

Riechmann etal., 1988, Nature, 332:323-327; Verhoeyen etal., 1988, Science, 239:1534-1536), by 

substituting rodent CDRs or CDR sequences for the corresponding sequences of a human antibody. 

Accordingly, such “humanized” antibodies are chimeric antibodies (U.S. Patent No. 4,816,567) 

wherein substantially less than an intact human variable domain has been substituted by the 

corresponding sequence from a non-human species. In practice, humanized antibodies are typically 

human antibodies in which some CDR residues and possibly some FR residues are substituted by 

residues from analogous sites in non-human, for example, rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making the 

humanized antibodies is very important to reduce antigenicity. According to the so-called “best-fit” 

method, the sequence of the variable domain of a rodent antibody is screened against the entire 

library of known human variable-domain sequences. The human sequence which is closest to that 

of the rodent is then accepted as the human framework (FR) for the humanized antibody (Sims et 

al., 1981,J. Immunol., 151:2296; Chothia et al., \9%1,J. Mol. Biol., 196:901). Another method uses 

a particular framework derived from the consensus sequence of all human antibodies of a particular 

subgroup of light or heavy chains. The same framework may be used for several different 

humanized antibodies (Carter et al., 1992, Proc. Natl. Acad. Sci. USA, 89:4285; Presta et al., 1993,

J. Immnol., 151:2623).

It is further important that antibodies be humanized with retention of high affinity for the 

antigen and other favorable biological properties. To achieve this goal, according to a preferred 

method, humanized antibodies are prepared by a process of analysis of the parental sequences and 

various conceptual humanized products using three-dimensional models of the parental and 

humanized sequences. Three-dimensional immunoglobulin models are commonly available and are 

familiar to those skilled in the art. Computer programs are available which illustrate and display 

probable three-dimensional conformational structures of selected candidate immunoglobulin
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sequences. Inspection of these displays permits analysis of the likely role of the residues in the 

functioning of the candidate immunoglobulin sequence, i.e., the analysis of residues that influence 

the ability of the candidate immunoglobulin to bind its antigen. In this way, FR residues can be 

selected and combined from the recipient and import sequences so that the desired antibody 

characteristic, such as increased affinity for the target antigen(s), is achieved. In general, the CDR 

residues are directly and most substantially involved in influencing antigen binding.

Alternatively, it is now possible to produce transgenic animals (e.g., mice) that are capable, 

upon immunization, of producing a full repertoire of human antibodies in the absence of endogenous 

immunoglobulin production. For example, it has been described that the homozygous deletion of 

the antibody heavy-chain joining region (JH) gene in chimeric and germ-line mutant mice results in 

complete inhibition of endogenous antibody production. Transfer of the human germ-line 

immunoglobulin gene array in such germ-line mutant mice will result in the production of human 

antibodies upon antigen challenge. See, e.g., Jakobovits et al., 1993, Proc. Natl. Acad. Sci. USA, 

90:2551; Jakobovits et al., 1993, Nature, 362:255-258; Bruggermann et al., 1993, Year in Immuno., 

7:33; and Duchosal et al., 1992, Nature 355:258. Human antibodies can also be derived from 

phage-display libraries (Hoogenboom et al., 1991, J. Mol. Biol., 227:381; Marks et al., J. Mol. Biol., 

1991, 222:581-597; Vaughan etal., 1996, Nature Biotech 14:309).

(v) Multispecific antibodies

Multispecific antibodies have binding specificities for at least two different antigens. While 

such molecules normally will only bind two antigens {i.e. bispecific antibodies, BsAbs), antibodies 

with additional specificities such as trispecific antibodies are encompassed by this expression when 

used herein. Examples of BsAbs include those with one antigen binding site directed against 

FcyRIIB and another antigen binding site directed against, for example: B-cell receptor (BCR), 

CD79a and/or CD79P, an antigen expressed on a tumor cell, IgE receptor (FceR), IgE coupled to 

IgER such as on mast cells and/or basophils, IgG receptors RI (FcyRI) and RIII (FcyRIlI) such as on 

NK and monocytes and macrophages, receptor tyrosine kinase c-kit. In some embodiments, the 

BsAbs comprise a first binding specificity for FcyRIIB and a second binding specificity for an 

activating receptor having a cytoplasmic IT AM motif. An ITAM motif structure possesses two 

tyrosines separated by a 9-11 amino acid spacer. A general consensus sequence is YxxL/I(x)6- 

8YxxL (Isakov, N., 1997, J. Leukoc. Biol., 61:6-16). Exemplary activating receptors include FceRI, 

FcyRIlI, FcyRI, FcyRIIA, and FcyRUC. Other activating receptors include, e.g., CD3, CD2, CD10, 

CD161, DAP-12, KAR, KARAP, FceRII, Trem-1, Trem-2, CD28, p44, p46, B cell receptor, 

LMP2A, STAM, STAM-2, GPVI, and CD40 (See, e.g., Azzoni, et al., 1998, J. Immunol. 161:3493; 

Kita, et al., 1999, J. Immunol. 162:6901; Merchant, et al., 2000, J. Biol. Chem. 74:9115; Pandey, et 

al., 2000, J. Biol. Chem. 275:38633; Zheng, et al., 2001, J. Biol Chem. 2Ί6Ά2999·, Propst, et al., 

2000, J. Immunol. 165:2214).
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In one embodiment, a BsAb comprises a first binding specificity for FcyRIIB and a second 

binding specificity for FceRI. Bispecific antibodies can be prepared as full length antibodies or 

antibody fragments (for example, F(ab’)2 bispecific antibodies). Bispecific antibodies may 

additionally be prepared as knobs-in-holes or hingeless antibodies. Bispecific antibodies are 

reviewed in Segal etal., 2001, J. Immunol. Methods 248:1-6.

Methods for making bispecific antibodies are known in the art. Traditional production of 

full length bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain- 

light chain pairs, where the two chains have different specificities (Millstein et al., 1983, Nature, 

305:537-539). Because of the random assortment of immunoglobulin heavy and light chains, these 

hybridomas (quadromas) produce a potential mixture of 10 different antibody molecules, of which 

only one has the correct bispecific structure. Purification of the correct molecule, usually done by 

affinity chromatography steps, is rather cumbersome, and the product yields are low. Similar 

procedures are disclosed in WO 93/08829, and in Traunecker et al., 1991, EMBO J., 10:3655-3659.

According to a different approach, antibody variable domains with the desired binding 

specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain 

sequences. The fusion can be with an immunoglobulin heavy chain constant domain, comprising at 

least part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant 

region (CHI) containing the site necessary for light chain binding, present in at least one of the 

fusions. DNAs encoding the immunoglobulin heavy chain fusions and, if desired, the 

immunoglobulin light chain, are inserted into separate expression vectors, and are co-transfected 

into a suitable host organism. This provides for great flexibility in adjusting the mutual proportions 

of the three antibody fragments in embodiments when unequal ratios of the three antibody chains 

used in the construction provide the optimum yields. It is, however, possible to insert the coding 

sequences for two or all three antibody chains in one expression vector when the expression of at 

least two antibody chains in equal ratios results in high yields or when the ratios are of no particular 

significance.

In another embodiment of this approach, the bispecific antibodies are composed of a hybrid 

immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid 

immunoglobulin heavy chain-light chain pair (providing a second binding specificity) in the other 

arm. It was found that this asymmetric structure facilitates the separation of the desired bispecific 

compound from unwanted immunoglobulin chain combinations, as the presence of an 

immunoglobulin light chain in only one half of the bispecific molecule provides for a facile method 

of separation. This approach is disclosed in WO 94/04690. For further details of methods for 

generating bispecific antibodies, see, for example, Suresh et al., 1986, Methods in Enzymology, 

121:210.
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According to another approach described in W096/27011, the interface between a pair of 

antibody molecules can be engineered to maximize the percentage of heterodimers that are 

recovered from recombinant cell culture. The preferred interface comprises at least a part of the 

CH3 domain of an antibody constant domain. In this method, one or more small amino acid side 

chains from the interface of the first antibody molecule are replaced with larger side chains (for 

example, tyrosine or tryptophan). Compensatory “cavities” of identical or similar size to the large 

side chain(s) are created on the interface of the second antibody molecule by replacing large amino 

acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism for 

increasing the yield of the heterodimer over other unwanted end-products such as homodimers.

Bispecific antibodies include cross-linked or “heteroconjugate” antibodies. For example, 

one of the antibodies in the heteroconjugate can be coupled to avidin, the other to biotin. Such 

antibodies have, for example, been proposed to target immune system cells to unwanted cells (US 

Patent No. 4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 

03089). Heteroconjugate antibodies may be made using any convenient cross-linking methods. 

Suitable cross-linking agents are well known in the art, and are disclosed, for example, in US Patent 

No. 4,676,980, along with a number of cross-linking techniques.

Antibodies with more than two valencies are also contemplated. For example, trispecific 

antibodies can be prepared According to Tutt et al., 1991, J. Immunol. 147: 60.

(vi) Antibodies with variant hinge regions

The antibodies of the present invention may also comprise variant heavy chains, for 

example as described in Application Serial No. 10/697,995, filed October 30, 2003. Antibodies 

comprising variant heavy chains comprise an alteration of at least one disulfide-forming cysteine 

residue, such that the cysteine residue is incapable of forming a disulfide linkage. In one aspect, 

said cysteine(s) is of the hinge region of the heavy chain (thus, such a hinge region is referred to 

herein as a "variant hinge region" and may additionally be referred to as "hingeless").

In some aspects, such immunoglobulins lack the complete repertoire of heavy chain cysteine 

residues that are normally capable of forming disulfide linkages, either intermolecularly (such as 

between two heavy chains) or intramolecularly (such as between two cysteine residues in a single 

polypeptide chain). Generally and preferably, the disulfide linkage formed by the cysteine 

residue(s) that is altered (i.e., rendered incapable of forming disulfide linkages) is one that, when not 

present in an antibody, does not result in a substantial loss of the normal physicochemical and/or 

biological characteristics of the immunoglobulin. Preferably, but not necessarily, the cysteine 

residue that is rendered incapable of forming disulfide linkages is a cysteine of the hinge region of a 

heavy chain.

An antibody with variant heavy chains or variant hinge region is generally produced by 

expressing in a host cell an antibody in which at least one, at least two, at least three, at least four, or
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between two and eleven inter-heavy chain disulfide linkages are eliminated, and recovering said 

antibody from the host cell. Expression of said antibody can be from a polynucleotide encoding an 

antibody, said antibody comprising a variant heavy chain with reduced disulfide linkage capability, 

followed by recovering said antibody from the host cell comprising the polynucleotide. Preferably, 

said heavy chain comprises a variant hinge region of an immunoglobulin heavy chain, wherein at 

least one cysteine of said variant hinge region is rendered incapable of forming a disulfide linkage.

It is further anticipated that any cysteine in an immunoglobulin heavy chain can be rendered 

incapable of disulfide linkage formation, similarly to the hinge cysteines described herein, provided 

that such alteration does not substantially reduce the biological function of the immunoglobulin. For 

example, IgM and IgE lack a hinge region, but each contains an extra heavy chain domain; at least 

one (in some embodiments, all) of the cysteines of the heavy chain can be rendered incapable of 

disulfide linkage formation in methods of the invention so long as it does not substantially reduce 

the biological function of the heavy chain and/or the antibody which comprises the heavy chain.

Heavy chain hinge cysteines are well known in the art, as described, for example, in Kabat, 

1991, "Sequences of proteins of immunological interest," supra. As is known in the art, the number 

of hinge cysteines varies depending on the class and subclass of immunoglobulin. See, for example, 

Janeway, 1999, Immunobiology, 4th Ed., (Garland Publishing, NY). For example, in human IgGIs, 

two hinge cysteines are separated by two prolines, and these are normally paired with their 

counterparts on an adjacent heavy chain in intermolecular disulfide linkages. Other examples 

include human IgG2 that contains 4 hinge cysteines, IgG3 that contains 11 hinge cysteines, and 

IgG4 that contains 2 hinge cysteines.

Accordingly, methods of the invention include expressing in a host cell an immunoglobulin 

heavy chain comprising a variant hinge region, where at least one cysteine of the variant hinge 

region is rendered incapable of forming a disulfide linkage, allowing the heavy chain to complex 

with a light chain to form a biologically active antibody, and recovering the antibody from the host 

cell.

Alternative embodiments include those where at least 2, 3, or 4 cysteines are rendered 

incapable of forming a disulfide linkage; where from about two to about eleven cysteines are 

rendered incapable; and where all the cysteines of the variant hinge region are rendered incapable.

Light chains and heavy chains constituting antibodies of the invention as produced 

according to methods of the invention may be encoded by a single polynucleotide or by separate 

polynucleotides.

Cysteines normally involved in disulfide linkage formation can be rendered incapable of 

forming disulfide linkages by any of a variety of methods known in the art, or those that would be 

evident to one skilled in the art in view of the criteria described herein. For example, a hinge 

cysteine can be substituted with another amino acid, such as serine that is not capable of disulfide
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bonding. Amino acid substitution can be achieved by standard molecular biology techniques, such 

as site directed mutagenesis of the nucleic acid sequence encoding the hinge region that is to be 

modified. Suitable techniques include those described in Sambrook et al., 1989, Molecular 

Cloning: A Laboratory Manual, 2nd Ed., Other techniques for generating an immunoglobulin with 

a variant hinge region include synthesizing an oligonucleotide that encodes a hinge region, where 

the codon for the cysteine to be substituted is replaced with a codon for the substitute amino acid. 

This oligonucleotide can then be ligated into a vector backbone comprising other appropriate 

antibody sequences, such as variable regions and Fc sequences, as appropriate.

In another embodiment, a hinge cysteine can be deleted. Amino acid deletion can be 

achieved by standard molecular biology techniques, such as site directed mutagenesis of the nucleic 

acid sequence encoding the hinge region that is to be modified. Suitable techniques include those 

described in Sambrook et al., Supra. Other techniques for generating an immunoglobulin with a 

variant hinge region include synthesizing an oligonucleotide comprising a sequence that encodes a 

hinge region in which the codon for the cysteine to be modified is deleted. This oligonucleotide can 

then be ligated into a vector backbone comprising other appropriate antibody sequences, such as 

variable regions and Fc sequences, as appropriate.

(vii) Bispecific antibodies formed using "protuberance-into-cavity" strategy.

In some embodiments, bispecific antibodies of the invention are formed using a 

"protuberance-into-cavity" strategy, also referred to as "knobs into holes" that serves to engineer an 

interface between a first and second polypeptide for hetero-oligomerization. The preferred interface 

comprises at least a part of the CH3 domain of an antibody constant domain. The “knobs into 

holes” mutations in the CH3 domain of an Fc sequence has been reported to greatly reduce the 

formation of homodimers (See, for example, Merchant et al., 1998, Nature Biotechnology, 16:677- 

681). "Protuberances" are constructed by replacing small amino acid side chains from the interface 

of the first polypeptide with larger side chains (e.g. tyrosine or tryptophan). Compensatory 

"cavities" of identical or similar size to the protuberances are optionally created on the interface of 

the second polypeptide by replacing large amino acid side chains with smaller ones (e.g. alanine or 

threonine). Where a suitably positioned and dimensioned protuberance or cavity exists at the 

interface of either the first or second polypeptide, it is only necessary to engineer a corresponding 

cavity or protuberance, respectively, at the adjacent interface. The protuberance and cavity can be 

made by synthetic means such as altering the nucleic acid encoding the polypeptides or by peptide 

synthesis. For further description of knobs into holes, see U.S. Patents 5,731,168; 5,807,706; 

5,821,333.

In some embodiments “knobs into holes” technology is used to promote heterodimerization 

to generate full length bispecific anti-FcyRIIB and anti-"activating receptor" (e.g., IgER) antibody. 

In one embodiment, constructs were prepared for the anti-FcylTB component (e.g., p5A6.1 l.Knob)
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by introducing the “knob” mutation (T366W) into the Fc region, and the anti-IgER component (e.g., 

p22E7.1 l.Hole) by introducing the “hole” mutations (T366S, L368A, Y407V). In another 

embodiment, constructs are prepared for the anti-FcyHB component (e.g., p5A6.1 l.Hole) by 

introducing a “hole” mutation into its Fc region, and the anti-IgER component (e.g., 

p22E7.1 l.Knob) by introducing a “knob” mutation in its Fc region such as by the procedures 

disclosed herein or the procedures disclosed by Merchant et al., (1998), supra, or in U.S. Patents 

Patents 5,731,168; 5,807,706; 5,821,333.

A general method of preparing a heteromultimer using the "protuberance-into-cavity" 

strategy comprises expressing, in one or separate host cells, a polynucleotide encoding a first 

polypeptide that has been altered from an original polynucleotide to encode a protuberance, and a 

second polynucleotide encoding a second polypeptide that has been altered from the original 

polynucleotide to encode the cavity. The polypeptides are expressed, either in a common host cell 

with recovery of the heteromultimer from the host cell culture, or in separate host cells, with 

recovery and purification, followed by formation of the heteromultimer. In some embodiments, the 

heteromultimer formed is a multimeric antibody, for example a bispecific antibody.

In some embodiments, antibodies of the present invention combine a knobs into holes 

strategy with variant hinge region constructs to produce hingeless bispecific antibodies.

B. Vectors, Host Cells and Recombinant Methods

The invention also provides isolated polynucleotides encoding the antibodies as disclosed 

herein, vectors and host cells comprising the polynucleotides, and recombinant techniques for the 

production of the antibodies.

For recombinant production of the antibody, a polynucleotide encoding the antibody is 

isolated and inserted into a replicable vector for further cloning (amplification of the DNA) or for 

expression. DNA encoding the antibody is readily isolated and sequenced using conventional 

procedures, for example, by using oligonucleotide probes capable of binding specifically to genes 

encoding the antibody. Many vectors are available. The vector components generally include, but 

are not limited to, one or more of the following: a signal sequence, an origin of replication, one or 

more marker genes, an enhancer element, a promoter, and a transcription termination sequence.

(i) Signal sequence component

The antibodies of this invention may be produced recombinantly, not only directly, but also 

as fusion antibodies with heterologous antibodies. In one embodiment, the heterologous antibody is 

a signal sequence or other antibody having a specific cleavage site at the N-terminus of the mature 

protein or antibody. The heterologous signal sequence selected preferably is one that is recognized 

and processed (i.e., cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do 

not recognize and process the native antibody signal sequence, the signal sequence is substituted by
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a prokaryotic signal sequence selected, for example, from the group of the alkaline phosphatase, 

penicillinase, lpp, or heat-stable enterotoxin II leaders. For yeast secretion the native signal sequence 

may be substituted by, e.g., the yeast invertase leader, a factor leader (including Saccharomyces and 

Kluyveromyces α-factor leaders), or acid phosphatase leader, the C. albicans glucoamylase leader, 

or the signal described in WO 90/13646. In mammalian cell expression, mammalian signal 

sequences as well as viral secretory leaders, for example, the herpes simplex gD signal, are 

available. The DNA for such precursor region is ligated in reading frame to DNA encoding the 

antibody.

In another embodiment, production of antibodies can occur in the cytoplasm of the host cell, 

and therefore does not require the presence of secretion signal sequences within each cistron. In that 

regard, immunoglobulin light and heavy chains are expressed, folded, and assembled to form 

functional immunoglobulins within the cytoplasm. Certain host strains (for example, the E. coli 

trxB strains) provide cytoplasm conditions that are favorable for disulfide bond formation, thereby 

permitting proper folding and assembly of expressed protein subunits. (Proba and Plukthun, 1995, 

Gene, 159:203.)

(ii) Origin of replication component

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector 

to replicate in one or more selected host cells. Generally, in cloning vectors this sequence is one that 

enables the vector to replicate independently of the host chromosomal DNA, and includes origins of 

replication or autonomously replicating sequences. Such sequences are well known for a variety of 

bacteria, yeast, and viruses. The origin of replication from the plasmid pBR322 is suitable for most 

Gram-negative bacteria, the 2μ plasmid origin is suitable for yeast, and various viral origins (SV40, 

polyoma, adenovirus, VSV, or BPV) are useful for cloning vectors in mammalian cells. Generally, 

the origin of replication component is not needed for mammalian expression vectors (the SV40 

origin may typically be used only because it contains the early promoter).

(Hi) Selection gene component

Expression and cloning vectors may contain a selection gene, also termed a selectable 

marker. Typical selection genes encode proteins that (a) confer resistance to antibiotics or other 

toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic 

deficiencies, or (c) supply critical nutrients not available from complex media, e.g., the gene 

encoding D-alanine racemase for Bacilli.

One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those 

cells that are successfully transformed with a heterologous gene produce a protein conferring drug 

resistance and thus survive the selection regimen. Examples of such dominant selection use the 

drugs neomycin, mycophenolic acid and hygromycin.
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Another example of suitable selectable markers for mammalian cells are those that enable 

the identification of cells competent to take up the antibody nucleic acid, such as DHFR, thymidine 

kinase, metallothionein-I and -II, preferably primate metallothionein genes, adenosine deaminase, 

ornithine decarboxylase, an the like.

For example, cells transformed with the DHFR selection gene are first identified by 

culturing all of the transformants in a culture medium that contains methotrexate (Mtx), a 

competitive antagonist of DHFR. An appropriate host cell when wild-type DHFR is employed is the 

Chinese hamster ovary (CHO) cell line deficient in DHFR activity.

Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) 

transformed or co-transformed with DNA sequences encoding antibody, wild-type DHFR protein, 

and another selectable marker such as aminoglycoside 3’-phosphotransferase (APH) can be selected 

by cell growth in medium containing a selection agent for the selectable marker such as an 

aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. See U.S. Patent No. 4,965,199.

A suitable selection gene for use in yeast is the trpl gene present in the yeast plasmid YRp7 

(Stinchcomb et al., 1979, Nature, 282:39). The trpl gene provides a selection marker for a mutant 

strain of yeast lacking the ability to grow in tryptophan, for example, ATCC No. 44076 or PEP4-1. 

Jones, 1977, Genetics, 85:12. The presence of the trpl lesion in the yeast host cell genome then 

provides an effective environment for detecting transformation by growth in the absence of 

tryptophan. Similarly, Leu2-deficient yeast strains (for example, strains having ATCC accession 

number 20,622 or 38,626) are complemented by known plasmids bearing the Leu.2 gene.

In addition, vectors derived from the 1.6 pm circular plasmid pKDl can be used for 

transformation of Kluyveromyces yeasts. Alternatively, an expression system for large-scale 

production of recombinant calf chymosin was reported for K. lactis. See Van den Berg, 1990, 

Bio/Technology, 8:135. Stable multi-copy expression vectors for secretion of mature recombinant 

human serum albumin by industrial strains of Kluyveromyces have also been disclosed. See Fleer et 

al., 1991, Bio/Technology, 9:968-915.

(iv) Promoter component

Expression and cloning vectors usually contain a promoter that is recognized by the host 

organism and is operably linked to the antibody nucleic acid. Promoters suitable for use with 

prokaryotic hosts include the phoA promoter, β-lactamase and lactose promoter systems, alkaline 

phosphatase, a tryptophan (trp) promoter system, and hybrid promoters such as the tac promoter. 

However, other known bacterial promoters are suitable. Promoters for use in bacterial systems also 

will contain a Shine-Dalgarno (S.D.) sequence operably linked to the DNA encoding the antibody.

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT- 

rich region located approximately 25 to 30 bases upstream from the site where transcription is 

initiated. Another sequence found 70 to 80 bases upstream from the start of transcription of many
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genes is a CNCAAT region where N may be any nucleotide. At the 3’ end of most eukaryotic genes 

is an AATAAA sequence that may be the signal for addition of the poly A tail to the 3’ end of the 

coding sequence. All of these sequences are suitably inserted into eukaryotic expression vectors.

Examples of suitable promoting sequences for use with yeast hosts include the promoters 

for 3-phosphoglycerate kinase or other glycolytic enzymes, such as enolase, glyceraldehyde-3-phos- 

phate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-e- 

phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase, 

phosphoglucose isomerase, and glucokinase.

Other yeast promoters, which are inducible promoters having the additional advantage of 

transcription controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, 

isocytochrome C, acid phosphatase, degradative enzymes associated with nitrogen metabolism, 

metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose 

and galactose utilization. Suitable vectors and promoters for use in yeast expression are further 

described in EP 73,657. Yeast enhancers also are advantageously used with yeast promoters.

Antibody transcription from vectors in mammalian host cells is controlled, for example, by 

promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus, adenovirus 

(such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, 

hepatitis-B virus and most preferably Simian Virus 40 (SV40), from heterologous mammalian 

promoters, e.g., the actin promoter or an immunoglobulin promoter, from heat-shock promoters, 

provided such promoters are compatible with the host cell systems.

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 

restriction fragment that also contains the SV40 viral origin of replication. The immediate early 

promoter of the human cytomegalovirus is conveniently obtained as a Hindi!! E restriction 

fragment. A system for expressing DNA in mammalian hosts using the bovine papilloma virus as a 

vector is disclosed in U.S. Patent No. 4,419,446. A modification of this system is described in U.S. 

Patent No. 4,601,978. See also Reyes et al., 1982, Nature 297:598-601 on expression of human β- 

interferon cDNA in mouse cells under the control of a thymidine kinase promoter from herpes 

simplex virus. Alternatively, the rous sarcoma virus long terminal repeat can be used as the 

promoter.

(v) Enhancer element component

Transcription of a DNA encoding the antibody of this invention by higher eukaryotes is 

often increased by inserting an enhancer sequence into the vector. Many enhancer sequences are 

now known from mammalian genes (globin, elastase, albumin, α-fetoprotein, and insulin). 

Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the 

SV40 enhancer on the late side of the replication origin (bp 100-270), the cytomegalovirus early 

promoter enhancer, the polyoma enhancer on the late side of the replication origin, and adenovirus
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enhancers. See also Yaniv, 1982, Nature 297:17-18 on enhancing elements for activation of 

eukaryotic promoters. The enhancer may be spliced into the vector at a position 5’ or 3’ to the 

antibody-encoding sequence, but is preferably located at a site 5’ from the promoter.

(vi) Transcription termination component

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, 

or nucleated cells from other multicellular organisms) will also contain sequences necessary for the 

termination of transcription and for stabilizing the mRNA. Such sequences are commonly available 

from the 5’ and, occasionally 3’, untranslated regions of eukaryotic or viral DNAs or cDNAs. These 

regions contain nucleotide segments transcribed as polyadenylated fragments in the untranslated 

portion of the mRNA encoding the antibody. One useful transcription termination component is the 

bovine growth hormone polyadenylation region. See WO94/11026 and the expression vector 

disclosed therein.

(vii) Modulation of translational strength

Immunoglobulins of the present invention can also be expressed from an expression system 

in which the quantitative ratio of expressed light and heavy chains can be modulated in order to 

maximize the yield of secreted and properly assembled full length antibodies. Such modulation is 

accomplished by simultaneously modulating translational strengths for light and heavy chains.

One technique for modulating translational strength is disclosed in Simmons et al., U.S. Pat. 

No. 5, 840,523 and Simmons et al., 2002, J. Immunol. Methods, 263: 133-147. It utilizes variants 

of the translational initiation region (TIR) within a cistron. For a given TIR, a series of amino acid 

or nucleic acid sequence variants can be created with a range of translational strengths, thereby 

providing a convenient means by which to adjust this factor for the desired expression level of the 

specific chain. TIR variants can be generated by conventional mutagenesis techniques that result in 

codon changes which can alter the amino acid sequence, although silent changes in the nucleotide 

sequence are preferred. Alterations in the TIR can include, for example, alterations in the number or 

spacing of Shine-Dalgamo sequences, along with alterations in the signal sequence. One preferred 

method for generating mutant signal sequences is the generation of a "codon bank" at the beginning 

of a coding sequence that does not change the amino acid sequence of the signal sequence (i.e., the 

changes are silent). This can be accomplished by changing the third nucleotide position of each 

codon; additionally, some amino acids, such as leucine, serine, and arginine, have multiple first and 

second positions that can add complexity in making the bank. This method of mutagenesis is 

described in detail in Yansura et al., 1992, METHODS: A Companion to Methods in Enzymol., 

4:151-158.

Preferably, a set of vectors is generated with a range of TIR strengths for each cistron 

therein. This limited set provides a comparison of expression levels of each chain as well as the 

yield of full length products under various TIR strength combinations. TIR strengths can be
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determined by quantifying the expression level of a reporter gene as described in detail in Simmons 

et al., U.S. Pat. No. 5, 840,523 and Simmons et al., 2002, J. Immunol. Methods, 263: 133-147. For 

the purpose of this invention, the translational strength combination for a particular pair of TIRs 

within a vector is represented by (N-light, M-heavy), wherein N is the relative TIR strength of light 

chain and M is the relative TIR strength of heavy chain. For example, (3-light, 7-heavy) means the 

vector provides a relative TIR strength of about 3 for light chain expression and a relative TIR 

strength of about 7 for heavy chain expression. Based on the translational strength comparison, the 

desired individual TIRs are selected to be combined in the expression vector constructs of the 

invention.

(vii) Selection and transformation of host cells

Suitable host cells for cloning or expressing the DNA in the vectors herein are the 

prokaryote, yeast, or higher eukaryote cells described above. Suitable prokaryotes for this purpose 

include Archaebacteria and Eubacteria, such as Gram-negative or Gram-positive organisms, for 

example, Enterobacteriaceae such as Escherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, 

Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and 

Shigella, as well as Bacilli such as B. subtilis and B. licheniformis {e.g., B. licheniformis 41P 

disclosed in DD 266,710, published 12 April 1989), Pseudomonas such as P. aeruginosa, and 

Streptomyces. One preferred E. coli cloning host is E. coli 294 (ATCC 31,446), although other 

strains such as E. coli B, E. coli X1776 (ATCC 31,537), and E. coli W3110 (ATCC 27,325) are 

suitable. These examples are illustrative rather than limiting. It is also preferably for the host cell to 

secrete minimal amounts of proteolytic enzymes, and additional protease inhibitors may desirably be 

incorporated in the cell culture. Prokaryotic host cells may also comprise mutation(s) in the 

thioredoxin and/or glutathione pathways.

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are 

suitable cloning or expression hosts for antibody-encoding vectors. Saccharomyces cerevisiae, or 

common baker’s yeast, is the most commonly used among lower eukaryotic host microorganisms. 

However, a number of other genera, species, and strains are commonly available and useful herein, 

such as Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K. lactis, Kfragilis 

(ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii (ATCC 24,178), K. waltii (ATCC 

56,500), K. drosophilarum (ATCC 36,906), K. thermotolerans, and K. marxianus; yarrowia (EP 

402,226); Pichia pastoris (EP 183,070); Candida; Trichoderma reesia (EP 244,234); Neurospora 

crassa; Schwanniomyces such as Schwanniomyces occidentalis·, and filamentous fungi such as, e.g., 

Neurospora, Penicillium, Tolypocladium, and Aspergillus hosts such as A. nidulans and A. niger.

Suitable host cells for the expression of glycosylated antibody are derived from multicellular 

organisms. Examples of invertebrate cells include plant and insect cells. Numerous baculoviral 

strains and variants and corresponding permissive insect host cells from hosts such as Spodoptera
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frugiperda (caterpillar), Aedes aegypti (mosquito), Aedes albopictus (mosquito), Drosophila 

melanogaster (fruitfly), and Bombyx mori have been identified. A variety of viral strains for 

transfection are publicly available, e.g., the L-l variant of Autographa califomica NPV and the Bm- 

5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein according to the 

present invention, particularly for transfection of Spodoptera frugiperda cells. Plant cell cultures of 

cotton, com, potato, soybean, petunia, tomato, and tobacco can also be utilized as hosts.

Vertebrate host cells are widely used, and propagation of vertebrate cells in culture (tissue 

culture) has become a routine procedure. Examples of useful mammalian host cell lines are monkey 

kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney line 

(293 or 293 cells subcloned for growth in suspension culture, Graham et al., J. Gen Virol. 36:59 

(1977)); baby hamster kidney cells (BHK, ATCC CCL 10); Chinese hamster ovary cells/-DHFR 

(CHO, Urlaub et al., 1980, Proc. Natl. Acad. Sci. USA 77:4216); mouse sertoli cells (TM4, Mather, 

1980, Biol. Reprod. 23:243-251); monkey kidney cells (CV1 ATCC CCL 70); African green 

monkey kidney cells (VERO-76, ATCC CRL-1587); human cervical carcinoma cells (HELA,

ATCC CCL 2); canine kidney cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A,

ATCC CRL 1442); human lung cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 

8065); mouse mammary tumor (MMT 060562, ATCC CCL51); TRI cells (Mather et al., 1982, 

Annals N.Y. Acad. Sci. 383:44-68); MRC 5 cells; FS4 cells; mouse myeloma cells, such as NSO 

(e.g. RCB0213, 1992, Bio/Technology 10:169) and SP2/0 cells (e.g. SP2/0-Agl4 cells, ATCC CRL 

1581); rat myeloma cells, such as YB2/0 cells (e.g. YB2/3HL.P2.G11.16Ag.2O cells, ATCC CRL 

1662); and a human hepatoma line (Hep G2). CHO cells are a preferred cell line for practicing the 

invention, with CHO-K1, DUK-B11, CHO-DP12, CHO-DG44 (Somatic Cell and Molecular 

Genetics 12:555 (1986)), and Lecl3 being exemplary host cell lines. In the case of CHO-K1, DUK- 

Bll, DG44 or CHO-DP12 host cells, these may be altered such that they are deficient in their ability 

to fucosylate proteins expressed therein.

The invention is also applicable to hybridoma cells. The term “hybridoma” refers to a 

hybrid cell line produced by the fusion of an immortal cell line of immunologic origin and an 

antibody producing cell. The term encompasses progeny of heterohybrid myeloma fusions, which 

are the result of a fusion with human cells and a murine myeloma cell line subsequently fused with a 

plasma cell, commonly known as a trioma cell line. Furthermore, the term is meant to include any 

immortalized hybrid cell line that produces antibodies such as, for example, quadromas (See, for 

example, Milstein et al., 1983, Nature, 537:3053). The hybrid cell lines can be of any species, 

including human and mouse.

In a most preferred embodiment the mammalian cell is a non-hybridoma mammalian cell, 

which has been transformed with exogenous isolated nucleic acid encoding the antibody of interest. 

By “exogenous nucleic acid” or “heterologous nucleic acid” is meant a nucleic acid sequence that is

39



WO 2006/028956 PCT/US2005/031281

5

10

15

20

25

30

35

foreign to the cell, or homologous to the cell but in a position within the host cell nucleic acid in 

which the nucleic acid is ordinarily not found.

(viii) Culturing the host cells

Host cells are transformed with the above-described expression or cloning vectors for 

antibody production and cultured in conventional nutrient media modified as appropriate for 

inducing promoters, selecting transformants, or amplifying the genes encoding the desired 

sequences.

The host cells used to produce the antibody of this invention may be cultured in a variety of 

media. Commercially available media such as Ham’s F10 (Sigma), Minimal Essential Medium 

((MEM), (Sigma), RPMI-1640 (Sigma)), and Dulbecco’s Modified Eagle’s Medium ((DMEM), 

Sigma) are suitable for culturing the host cells. In addition, any of the media described in Ham et 

al., 1979, Meth. Enz. 58:44, Barnes et al., 1980, Anal. Biochem.lQ2-.255, U.S. Pat. Nos. 4,767,704; 

4,657,866; 4,927,762; 4,560,655; or 5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 

30,985 may be used as culture media for the host cells. Any of these media may be supplemented as 

necessary with hormones and/or other growth factors (such as insulin, transferrin, or epidermal 

growth factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), buffers (such 

as HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as GENTAMYCIN™ 

drug), trace elements (defined as inorganic compounds usually present at final concentrations in the 

micromolar range), and glucose or an equivalent energy source. Any other necessary supplements 

may also be included at appropriate concentrations that would be known to those skilled in the art. 

The culture conditions, such as temperature, pH, and the like, are those previously used with the host 

cell selected for expression, and will be apparent to the ordinarily skilled artisan.

All culture medium typically provides at least one component from one or more of the 

following categories:

1) an energy source, usually in the form of a carbohydrate such as glucose;

2) all essential amino acids, and usually the basic set of twenty amino acids plus

cystine;

3) vitamins and/or other organic compounds required at low concentrations;

4) free fatty acids; and

5) trace elements, where trace elements are defined as inorganic compounds or 

naturally occurring elements that are typically required at very low concentrations, usually in the 

micromolar range.

The culture medium is preferably free of serum, e.g. less than about 5%, preferably less than 

1%, more preferably 0 to 0.1% serum, and other animal-derived proteins. However, they can be 

used if desired. In a preferred embodiment of the invention the cell culture medium comprises 

excess amino acids. The amino acids that are provided in excess may, for example, be selected from
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Asn, Asp, Gly, lie, Leu, Lys, Met, Ser, Thr, Trp, Tyr, and Val. Preferably, Asn, Asp, Lys, Met, Ser, 

and Trp are provided in excess. For example, amino acids, vitamins, trace elements and other media 

components at one or two times the ranges specified in European Patent EP 307,247 or U.S. Patent 

No 6,180,401 may be used. These two documents are incorporated by reference herein.

For the culture of the mammalian cells expressing the desired protein and capable of adding 

the desired carbohydrates at specific positions, numerous culture conditions can be used paying 

particular attention to the host cell being cultured. Suitable culture conditions for mammalian cells 

are well known in the art (W. Louis Cleveland et al., 1983, J. Immunol. Methods 56:221-234) or can 

be easily determined by the skilled artisan (see, for example, Animal Cell Culture: A Practical 

Approach 2nd Ed., Rickwood, D. and Hames, B.D., eds. Oxford University Press, New York (1992)), 

and vary according to the particular host cell selected.

(ix) Antibody purification

When using recombinant techniques, the antibody can be produced intracellularly, in the 

periplasmic space, or directly secreted into the medium. If the antibody is produced intracellularly, 

as a first step, the particulate debris, either host cells or lysed fragments, is removed, for example, by 

centrifugation or ultrafiltration. Carter et al., 1992, Bio/Technology 10:163-167 describe a 

procedure for isolating antibodies which are secreted to the periplasmic space of E. coli. Briefly, 

cell paste is thawed in the presence of sodium acetate (pH 3.5), EDTA, and

phenylmethylsulfonylfluoride (PMSF) over about 30 min. Cell debris can be removed by 

centrifugation. Where the antibody is secreted into the medium, supernatants from such expression 

systems are generally first concentrated using a commercially available protein concentration filter, 

for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease inhibitor such as 

PMSF may be included in any of the foregoing steps to inhibit proteolysis and antibiotics may be 

included to prevent the growth of adventitious contaminants.

The antibody composition prepared from the cells can be purified using, for example, 

hydroxylapatite chromatography, gel electrophoresis, dialysis, and affinity chromatography, with 

affinity chromatography being the preferred purification technique. The suitability of protein A as 

an affinity ligand depends on the species and isotype of any immunoglobulin Fc region that is 

present in the antibody. Protein A can be used to purify antibodies that are based on human γΐ, γ2, 

or γ4 heavy chains (Lindmark et al., 1983, J. Immunol. Meth. 62:1-13). Protein G is recommended 

for all mouse isotypes and for human γ3 (Guss et al., 1986, EMBO J. 5:15671575). The matrix to 

which the affinity ligand is attached is most often agarose, but other matrices are available. 

Mechanically stable matrices such as controlled pore glass or poly(styrenedivinyl)benzene allow for 

faster flow rates and shorter processing times than can be achieved with agarose. Where the 

antibody comprises a Cr3 domain, the Bakerbond ABX™ resin (J. T. Baker, Phillipsburg, NJ) is

useful for purification. Other techniques for protein purification such as fractionation on an ion-
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exchange column, ethanol precipitation, Reverse Phase HPLC, chromatography on silica, 

chromatography on heparin SEPHAROSE™ chromatography on an anion or cation exchange resin 

(such as a polyaspartic acid column), chromatofocusing, SDS-PAGE, and ammonium sulfate 

precipitation are also available depending on the antibody to be recovered.

In one embodiment, the glycoprotein may be purified using adsorption onto a lectin 

substrate (e.g. a lectin affinity column) to remove fucose-containing glycoprotein from the 

preparation and thereby enrich for fucose-free glycoprotein.

(x) Antibody Activity Assays

The immunoglobulins of the present invention can be characterized for their 

physical/chemical properties and biological functions by various assays known in the art. In one 

aspect of the invention, it is important to compare the selectivity of an antibody of the present 

invention to bind the immunogen versus other binding targets. Particularly, an antibody to that 

selectively binds FcyRIIB will preferably not bind or exhibit poor binding affinity to other FcyRs, 

particularly, FcyRIlA.

In certain embodiments of the invention, the immunoglobulins produced herein are analyzed 

for their biological activity. In some embodiments, the immunoglobulins of the present invention 

are tested for their antigen binding activity. The antigen binding assays that are known in the art and 

can be used herein include without limitation any direct or competitive binding assays using 

techniques such as western blots, radioimmunoassays, ELISA (enzyme linked immnosorbent assay), 

"sandwich" immunoassays, immunoprecipitation assays, fluorescent immunoassays, and protein A 

immunoassays. Illustrative antigen binding assays are provided below in the Examples section.

The purified immunoglobulins can be farther characterized by a series of assays including, 

but not limited to, N-terminal sequencing, amino acid analysis, non-denaturing size exclusion high 

pressure liquid chromatography (HPLC), mass spectrometry, ion exchange chromatography, and 

papain digestion. Methods for protein quantification are well known in the art. For example, 

samples of the expressed proteins can be compared for their quantitative intensities on a Coomassie- 

stained SDS-PAGE. Alternatively, the specific band(s) of interest (e.g., the full length band) can be 

detected by, for example, western blot gel analysis and/or AME5-RP assay.

C. Pharmaceutical Formulations

Therapeutic formulations of the antibody can be prepared by mixing the antibody having the 

desired degree of purity with optional physiologically acceptable carriers, excipients or stabilizers 

(Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized 

formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to 

recipients at the dosages and concentrations employed, and include buffers such as phosphate, 

citrate, and other organic acids; antioxidants including ascorbic acid and methionine; preservatives
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(such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium 

chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or 

propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight 

(less than about 10 residues) antibody; proteins, such as serum albumin, gelatin, or

immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, 

glutamine, asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other 

carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such 

as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal 

complexes (e.g., Zn-protein complexes); and/or non-ionic surfactants such as TWEEN™, 

PLURONICS™ or polyethylene glycol (PEG).

The formulation herein may also contain more than one active compound as necessary for 

the particular indication being treated, preferably those with complementary activities that do not 

adversely affect each other. For instance, the formulation may further comprise another antibody or 

a chemotherapeutic agent. Such molecules are suitably present in combination in amounts that are 

effective for the purpose intended.

The active ingredients may also be entrapped in microcapsule prepared, for example, by 

coacervation techniques or by interfacial polymerization, for example, hydroxymethylcellulose or 

gelatin-microcapsule and poly-(methylmethacylate) microcapsule, respectively, in colloidal drug 

delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles 

and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington’s 

Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

The formulations to be used for in vivo administration must be sterile. This is readily 

accomplished by filtration through sterile filtration membranes.

Sustained-release preparations may be prepared. Suitable examples of sustained-release 

preparations include semipermeable matrices of solid hydrophobic polymers containing the 

antibody, which matrices are in the form of shaped articles, e.g., films, or microcapsule. Examples 

of sustained-release matrices include polyesters, hydrogels (for example, poly(2-hydroxyethyl- 

methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), copolymers of L- 

glutamic acid and γ ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic 

acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres composed 

of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. 

While polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of 

molecules for over 100 days, certain hydrogels release proteins for shorter time periods. When 

encapsulated antibodies remain in the body for a long time, they may denature or aggregate as a 

result of exposure to moisture at 37°C, resulting in a loss of biological activity and possible changes

in immunogenicity. Rational strategies can be devised for stabilization depending on the mechanism 
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involved. For example, if the aggregation mechanism is discovered to be intermolecular S-S bond 

formation through thio-disulfide interchange, stabilization may be achieved by modifying sulfhydryl 

residues, lyophilizing from acidic solutions, controlling moisture content, using appropriate 

additives, and developing specific polymer matrix compositions.

D. Non-Therapeutic Uses for the Antibody

The antibody of the invention may be used as an affinity purification agent. In this process, 

the antibody is immobilized on a solid phase such a Sephadex™ resin or filter paper, using methods 

well known in the art. The immobilized antibody is contacted with a sample containing the antigen 

to be purified, and thereafter the support is washed with a suitable solvent that will remove 

substantially all the material in the sample except the antigen to be purified, which is bound to the 

immobilized antibody. Finally, the support is washed with another suitable solvent, such as glycine 

buffer, pH 5.0, that will release the antigen from the antibody.

The antibody may also be useful in diagnostic assays, e.g., for detecting expression of an 

antigen of interest in specific cells, tissues, or serum. For diagnostic applications, the antibody 

typically will be labeled with a detectable moiety. Numerous labels are available which can be 

generally grouped into the following categories:

(a) Radioisotopes, such as S, C, I, H, and I. The antibody can be labeled with the 

radioisotope using the techniques described in Current Protocols in Immunology, Volumes 1 and 2, 

Coligen et al., Ed. Wiley-Interscience, New York, New York, Pubs. (1991), for example, and 

radioactivity can be measured using scintillation counting.

(b) Fluorescent labels such as rare earth chelates (europium chelates) or fluorescein and its 

derivatives, rhodamine and its derivatives, dansyl, Lissamine, phycoerythrin and Texas Red are 

available. The fluorescent labels can be conjugated to the antibody using the techniques disclosed in 

Current Protocols in Immunology, supra, for example. Fluorescence can be quantified using a 

fluorimeter.

(c) Various enzyme-substrate labels are available and U.S. Patent No. 4,275,149 provides a 

review of some of these. The enzyme generally catalyzes a chemical alteration of the chromogenic 

substrate that can be measured using various techniques. For example, the enzyme may catalyze a 

color change in a substrate, which can be measured spectrophotometrically. Alternatively, the 

enzyme may alter the fluorescence or chemiluminescence of the substrate. Techniques for 

quantifying a change in fluorescence are described above. The chemiluminescent substrate becomes 

electronically excited by a chemical reaction and may then emit light that can be measured (using a 

chemiluminometer, for example) or donates energy to a fluorescent acceptor. Examples of 

enzymatic labels include luciferases (e.g., firefly luciferase and bacterial luciferase; U.S. Patent No. 

4,737,456), luciferin, 2,3-dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such
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as horseradish peroxidase (HRPO), alkaline phosphatase, β-galactosidase, glucoamylase, lysozyme, 

saccharide oxidases (e.g., glucose oxidase, galactose oxidase, and glucose-6-phosphate 

dehydrogenase), heterocyclic oxidases (such as uricase and xanthine oxidase), lactoperoxidase, 

microperoxidase, and the like. Techniques for conjugating enzymes to antibodies are described in 

O’Sullivan et al., Methods for the Preparation of Enzyme-Antibody Conjugates for use in Enzyme 

Immunoassay, in Methods in Enzym. (ed J. Langone and H. Van Vunakis), Academic press, New 

York, 73:147-166(1981).

Examples of enzyme-substrate combinations include, for example:

1) Horseradish peroxidase (HRPO) utilizes hydrogen peroxide to oxidize a dye 

precursor (e.g.,orthophenylene diamine (OPD) or 3,3’,5,5’-tetramethyl benzidine hydrochloride 

(TMB));

2) alkaline phosphatase (AP) with para-Nitrophenyl phosphate as chromogenic 

substrate; and

3) β-D-galactosidase (β-D-Gal) with a chromogenic substrate (e.g., p-nitrophenyl^-D- 

galactosidase) or fluorogenic substrate 4-methylumbelIiferyl^-D-galactosidase.

Numerous other enzyme-substrate combinations are available to those skilled in the art. For 

a general review of these, see U.S. Patent Nos. 4,275,149 and 4,318,980.

Sometimes, the label is indirectly conjugated with the antibody. The skilled artisan will be 

aware of various techniques for achieving this. For example, the antibody can be conjugated with 

biotin and any of the three broad categories of labels mentioned above can be conjugated with 

avidin, or vice versa. Biotin binds selectively to avidin and thus, the label can be conjugated with the 

antibody in this indirect manner. Alternatively, to achieve indirect conjugation of the label with the 

antibody, the antibody is conjugated with a small hapten (e.g., digoxin) and one of the different 

types of labels mentioned above is conjugated with an anti-hapten antibody (e.g., anti-digoxin 

antibody). Thus, indirect conjugation of the label with the antibody can be achieved.

In another embodiment of the invention, the antibody need not be labeled, and the presence 

thereof can be detected using a labeled antibody which binds to the antibody.

The antibody of the present invention may be employed in any known assay method, such 

as competitive binding assays, direct and indirect sandwich assays, and immunoprecipitation assays. 

Zola, Monoclonal Antibodies: A Manual of Techniques, pp.147-158 (CRC Press, Inc. 1987).

The antibody may also be used for in vivo diagnostic assays. Generally, the antibody is 

labeled with a radionuclide (such as11 *1x1, 99Tc, 14C, 131I, I25I, 3H, 32P or 35S) so that the antigen or 

cells expressing it can be localized using immunoscintiography.
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E. In Vivo Uses for the Antibody

(i) Reducing inhibitory activity of FcyRIIB (CD32B): Interfering with antibody Fc

binding

In another embodiment, the anti-FcyRIIB antibody is co-administered with a therapeutic 

agent to enhance the function of the therapeutic agent. For example, anti-FcyRIIB is administered to 

a mammal to block IgG binding to FcyRIIB, thereby preventing FcyRHB-mediated inhibition of an 

immune response. This results in enhanced cytoxicity of an IgG therapeutic antibody. For example, 

where a therapeutic antibody is specific for a tumor antigen, co-administration of anti-FcyRIIB of 

the invention with the anti-tumor antigen antibody enhances cytoxicity of the anti-tumor antigen 

antibody.

Therapeutic antibodies, a number of which are described above, have been developed and 

approved for treatment of a variety of diseases, including cancer. For example, 

RITUXAN®(Rituximab) (LDEC Pharm/Genentech, Inc.) is used to treat B cell lymphomas, 

AVASTIN™(bevacizumab) (Genentech, Inc.) is used to treat metastatic colorectal cancer and 

HERCEPTIN®(Trastumab) (Genentech, Inc.) is a humanized anti-HER2 monoclonal antibody used 

to treat metastatic breast cancer. Although, the mechanisms for treatment of cancer by all 

monoclonal antibodies developed for such treatment may not be completely understood, at least in 

some cases, a portion of the effectiveness of antibody therapy can be attributed to the recruitment of 

immune effector function (Houghton et al., 2000, Nature Medicine, 6:373-374; Clynes et al., 2000, 

Nature Medicine, 6:433-446). XOLAIR® (Omalizumab) (Genentech, Inc.) is an anti-IgE antibody 

used to treat allergies.

FcyRIIB is expressed on lymphoid and myeloid lineage cells, but not on natural killer cells 

and is an inhibitory receptor. When activated, FcyRIIB can, for example, inhibit FcyRIH signaling, 

which would otherwise activate macrophages, natural killer and mast cells. Inhibition of FcyRIIB, 

(e.g, blocking Fc binding to FcyRIIB) attenuates its inhibitory effect on immune effector function, 

thereby assisting MAb therapies. Ravetch, J., (WOO 1/79299) described a method for enhancing the 

cytotoxicity of an anti-tumor antibody by reducing the affinity of the Fc region for FcyRIIB and 

thereby limiting SHIP-mediated inhibition of cellular activation.

In one embodiment, an antibody that selectively binds FcyRIIB is administered with an anti

tumor antibody in a mammal in need of such treatment. Selectivity for FcyRIIB is desired so that 

the immune effector response activation by other FcyRs, including FcyRIIA is not impaired. By 

failing to cross-react with FcyRIIA, the inhibitory function of FcyRIIB is more efficiently blocked, 

thereby further enhancing the effect of the co-therapeutic agent.
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In one embodiment, the anti-FcyRIIB antibody of the invention is administered to a 

mammal to block binding of IgG antibodies, thereby blocking the inhibitory effects of FcyRIIB and, 

for example, enhancing B cell proliferation.

(ii) Enhancing inhibitory activity of FcyRIIB: Co-aggregation with activating receptor:

In vivo, FcyRIIB can be co-aggregated with a variety of activating receptors including, as 

non-limiting examples, the B cell antigen receptor (BCR), the high affinity receptor for IgE (IgER or 

FceRI), FcyRIIA, and the c-kit receptor (FcyRIII). The activating receptors, as non-limiting 

examples are transmembrane proteins with activating activity for immune effector response and 

comprise an IT AM activation motif. FcyRIIB is activated by co-aggregation of FcyRIIB with an 

activating receptor attenuates the signals delivered through the activating receptors. To date, 

FcyRIIB has not been shown to be phosphorylated by self aggregation or homodimerization. The 

FcyRIIB receptor has been experimentally heterodimerized or co-aggregated (or co-ligated) with 

other receptors expressing a phosphorylated IT AM (activation motif) and by indirect association 

with protein tyrosine kinases (PTKs), the FcyRIIB ITIM can be phosphorylated. The

phosphorylated FcyRIIB ΓΠΜ recruits the SH2 domain containing phosphatase SHIP (inositol 

polyphosphate 5’-phosphatase) and inhibits ΓΓΑΜ-triggered calcium mobilization and cellular 

proliferation (Daeron et al., 1995, Immunity 3, 635; Malbec et al., 1998, J. Immunol. 169, 1647; Ono 

et al., 1996, Nature, 383, 263). The net effect is to block calcium influx and prevent sustained 

calcium signaling, which prevents calcium-dependent processes such as degranulation, 

phagocytosis, ADCC, and cytokine release (Ravetch etal., 2000, Science, 290:84-89) although some 

FcyRDB-mediated blocks of signaling may also be calcium independent. The arrest of proliferation 

in B cells is also dependent on the ΓΓΙΜ pathway.

Activation of FcyRIIB inhibitory activity has been accomplished by indirect crosslinking of 

monoclonal antibodies specific for the FcyRIIB and an associated activating receptor. Indirect 

crosslinking reagents include avidin for biotinylated monoclonals, polyclonal antibodies specific for 

the Fc portion of murine monoclonal IgG and multivalent antigen which forms an immune complex 

that links both inhibitor and activating receptors. Most experimental models have described the use 

of murine B cells or mast cells and a monoclonal antibody (rat G4.2) that cross-reacts with both 

murine FcyRH and FcyRIH receptors.

According to the invention, a hetero-bifunctional antibody comprising a monoclonal anti

human FcyRIIB Fab and a monoclonal Fab specific for an activating receptor is prepared by 

chemical or genetic engineering methods well known in the art.

The therapeutic potential for such a bifunctional antibody would include attenuation of 

signals involved in inflammation and allergy. When activated by IgE and allergen (via the FceR), 

mast cells and basophils secrete inflammatory mediators and cytokines that act on vascular and 

muscular cells and recruit inflammatory cells. The inflammatory cells in turn secrete inflammatory
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mediators and recruit inflammatory cells, in a continuing process resulting in long-lasting 

inflammation. Consequently, means of controlling IgE induced mast cell activation provides a 

therapeutic approach to treating allergic diseases by interrupting the initiation of the inflammatory 

response. As described above, a bifunctional antibody further comprising an antibody, or fragment 

thereof that selectively binds FcyRIIB and comprising an antibody, or fragment thereof, that binds, 

for example FceRI or FceRI bound by IgE, attenuates IgE-mediated activation via the inhibitory 

activity of FcyRIIB.

Additional bifunctional antibody examples (e.g, bispecific antibodies) comprise 

combinations of an antibody or fragment thereof that selectively binds FcyRIIB, and a second 

antibody or fragment thereof, that binds an activating receptor involved in: asthma (monoclonal anti

human FcyRIIB Fab and a monoclonal Fab specific for FceRI, FceRI bound by IgE, or CD23), 

rheumatoid arthritis and systemic lupus erythematosus (monoclonal anti-human FcyRIIB Fab and a 

monoclonal Fab specific for FcyRI), psoriasis (monoclonal anti-human FcyRIIB Fab and a 

monoclonal Fab specific for CD1 la), immune mediated thrombocytopenia, rheumatoid arthritis and 

systemic lupus erythematosus (monoclonal anti-human FcyRIIB Fab and a monoclonal Fab specific 

for FcyRIlI (CD16) or CD4), Crohn’s disease and Ulcerative colitis (monoclonal anti-human 

FcyRIIB Fab and a monoclonal Fab specific for alpha4beta7 integrin, beta7 integrin subunit, or 

alpha 4 integrin subunit, or a binding portion of these monoclonal antibodies), and other 

autoimmune disorders in which cells such as mast cells, basophils, B cells, monocytes, natural killer 

cells, neutrophils and dendritic cells are actively engaged. Various autoimmune diseases are 

described in the definitions section above. The antibody may also be used treat autoimmune 

diseases for which there is a significant immune complex component associated with the disease.

In some embodiments, the antibody of the invention is used to activate inhibitory FcyRIIB 

receptors in a mammal treated with the antibody so as to inhibit pro-inflammatory signals and/or B 

cell activation mediated by activating receptors. Hence, the antibody is used to treat inflammatory 

disorders and/or autoimmune diseases such as those identified above. Activation of the FcyRIIB 

inhibitory function is accomplished by a bispecific antibody of the invention that directly cross-links 

FcyRIIB and an activating receptor or by an antibody that indirectly cross-links FcyRIIB and an 

activating receptor.

In some embodiments, the antibody of the invention inhibits activation-associated 

degranulation. Inhibition of activation-associated degranulation is associated with and can be 

measured by suppression of histamine release. In some embodiments, the antibody of the invention 

inhibits histamine release at least 70% relative to total histamine. In further embodiments, inhibition 

of histamine release is at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, including 

each successive integer from 70% to 100%, wherein 100% reduction of histamine release is 

equivalent to background histamine release.
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For the prevention or treatment of disease, the appropriate dosage of antibody will depend 

on the type of disease to be treated, the severity and course of the disease, whether the antibody is 

administered for preventive or therapeutic purposes, previous therapy, the patient’s clinical history 

and response to the antibody, and the discretion of the attending physician. The antibody is suitably 

administered to the patient at one time or over a series of treatments.

Depending on the type and severity of the disease, about 1 μg/kg to 15 mg/kg (e.g., 0.1- 

20mg/kg) of antibody is an initial candidate dosage for administration to the patient, whether, for 

example, by one or more separate administrations, or by continuous infusion. A typical daily dosage 

might range from about 1 gg/kg to 100 mg/kg or more, depending on the factors mentioned above. 

For repeated administrations over several days or longer, depending on the condition, the treatment 

is sustained until a desired suppression of disease symptoms occurs. However, other dosage 

regimens may be useful. The progress of this therapy is easily monitored by conventional 

techniques and assays.

The antibody composition should be formulated, dosed, and administered in a fashion 

consistent with good medical practice. Factors for consideration in this context include the 

particular disorder being treated, the particular mammal being treated, the clinical condition of the 

individual patient, the cause of the disorder, the site of delivery of the agent, the method of 

administration, the scheduling of administration, and other factors known to medical practitioners. 

The “therapeutically effective amount” of the antibody to be administered will be governed by such 

considerations, and is the minimum amount necessary to prevent, ameliorate, or treat a disease or 

disorder. The antibody need not be, but is optionally formulated with one or more agents currently 

used to prevent or treat the disorder in question. The effective amount of such other agents depends 

on the amount of antibody present in the formulation, the type of disorder or treatment, and other 

factors discussed above. These are generally used in the same dosages and with administration 

routes as used hereinbefore or about from 1 to 99% of the heretofore employed dosages.

Therapeutic antibody compositions generally are placed into a container having a sterile 

access port, for example, an intravenous solution bag or vial having a stopper pierceable by a 

hypodermic injection needle.

The invention further provides an article of manufacture and kit containing materials useful 

for the treatment of cancer, for example. The article of manufacture comprises a container with a 

label. Suitable containers include, for example, bottles, vials, and test tubes. The containers may be 

formed from a variety of materials such as glass or plastic. The container holds a composition 

comprising the antibody described herein. The active agent in the composition is the particular 

antibody. The label on the container indicates that the composition is used for the treatment or 

prevention of a particular disease or disorder, and may also indicate directions for in vivo, such as 

those described above.
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The kit of the invention comprises the container described above and a second container 

comprising a buffer. It may further include other materials desirable from a commercial and user 

standpoint, including other buffers, diluents, filters, needles, syringes, and package inserts with 

instructions for use.

For example, for treating autoimmune diseases where there is the involvement of an 

inflammatory cell (e.g., leukocyte) adhesion, migration and activation, such as rheumatoid arthritis 

and lupus, the antibody herein can be co-administered with, e.g., anti-LFA-1 antibody (such as an 

anti-CD 11a or anti-CD 18 antibody) or an anti-ICAM antibody such as ICAM-1, -2, or -3.

Additional agents for treating rheumatoid arthritis in combination with the antibody herein include
TM

Enbrel , DMARDS, e.g., methotrexate, and NSAIDs (non-steroidal anti-inflammatory drags).

More than one of such other active agents than the antibody herein may also be employed. 

Additionally, insulin can be used for treating diabetes, anti-IgE for asthma, anti-CD 1 la for psoriasis, 

anti-alpha4beta7 and growth hormone (GH) for inflammatory bowel disease.

Furthermore, the formulation is suitably administered along with an effective amount of a 

hypoglycemic agent. For purposes herein, the term "hypoglycemic agent" refers to compounds that 

are useful for regulating glucose metabolism, preferably oral agents. More preferred herein for 

human use are insulin and the sulfonylurea class of oral hypoglycemic agents, which cause the 

secretion of insulin by the pancreas. Examples include glyburide, glipizide, and gliclazide. In 

addition, agents that enhance insulin sensitivity or are insulin sensitizing, such as biguanides 

(including metformin and phenformin) and thiazolidenediones such as REZULINTM™

(troglitazone) brand insulin-sensitizing agent, and other compounds that bind to the PPAR-gamma 

nuclear receptor, are within this definition, and also are preferred.

The hypoglycemic agent is administered to the mammal by any suitable technique including 

parenterally, intranasally, orally, or by any other effective route. Most preferably, the administration 

is by the oral route. For example, MICRONASE™ tablets (glyburide) marketed by Upjohn in 1.25, 

2.5, and 5 mg tablet concentrations are suitable for oral administration. The usual maintenance dose 

for Type Π diabetics, placed on this therapy, is generally in the range of from or about 1.25 to 20 mg 

per day, which may be given as a single dose or divided throughout the day as deemed appropriate. 

Physician's Desk Reference, 2563-2565 (1995). Other examples of glyburide-based tablets available 

for prescription include GLYNASE™ brand drug (Upjohn) and DIABETA™ brand drug (Hoechst- 

Roussel). GLUCOTROL™ (Pratt) is the trademark for a glipizide (l-cyclohexyl-3-(p-(2-(5- 

methylpyrazine carboxamide)ethyl)phenyl)sulfonyl)urea) tablet available in both 5- and 10-mg 

strengths and is also prescribed to Type Π diabetics who require hypoglycemic therapy following 

dietary control or in patients who have ceased to respond to other sulfonylureas. Physician's Desk 

Reference, 1902-1903 (1995). Other hypoglycemic agents than sulfonylureas, such as the 

biguanides (e.g., metformin and phenformin) or thiazolidinediones (e.g., troglitozone), or other
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drugs affecting insulin action may also be employed. If a thiazolidinedione is employed with the 

peptide, it is used at the same level as currently used or at somewhat lower levels, which can be 

adjusted for effects seen with the peptide alone or together with the dione. The typical dose of 

troglitazone (REZULINTM™) employed by itself is about 100-1000 mg per day, more preferably 

200-800 mg/day, and this range is applicable herein. See, for example, Ghazzi et al., Diabetes, 46: 

433-439 (1997). Other thiazolidinediones that are stronger insulin-sensitizing agents than 

troglitazone would be employed in lower doses.

F. Deposit of Materials

The following hybridoma cell line has been deposited with the American Type Culture 

Collection, 10801 University Blvd., Manassas, VA 20110-2209 USA (ATCC):

Hybridoma/Antibody Designation ATCC No. Deposit Date

FcyRIIB 5A6.2.1 PTA-4614 August 28, 2002

This deposit was made under the provisions of the Budapest Treaty on the International 

Recognition of the Deposit of Microorganisms for the Purpose of Patent Procedure and the 

Regulations thereunder (Budapest Treaty). This assures maintenance of a viable culture for 30 years 

from the date of deposit. The cell line will be made available by ATCC under the terms of the 

Budapest Treaty, and subject to an agreement between Genentech, Inc. and ATCC, which assures

(a) that access to the culture will be available during pendency of the patent application to one 

determined by the Commissioner to be entitled thereto under 37 CFR §1.14 and 35 USC §122, and

(b) that all restrictions on the availability to the public of the culture so deposited will be irrevocably 

removed upon the granting of the patent.

The assignee of the present application has agreed that if the culture on deposit should die or 

be lost or destroyed when cultivated under suitable conditions, it will be promptly replaced on 

notification with a viable specimen of the same culture. Availability of the deposited cell line is not 

to be construed as a license to practice the invention in contravention of the rights granted under the 

authority of any government in accordance with its patent laws.

The foregoing written specification is considered to be sufficient to enable one skilled in the 

art to practice the invention. The present invention is not to be limited in scope by the culture 

deposited, since the deposited embodiment is intended as a single illustration of one aspect of the 

invention and any culture that is functionally equivalent is within the scope of this invention. The 

deposit of material herein does not constitute an admission that the written description herein 

contained is inadequate to enable the practice of any aspect of the invention, including the best mode 

thereof, nor is it to be construed as limiting the scope of the claims to the specific illustration that it 

represents. Indeed, various modifications of the invention in addition to those shown and described 

herein will become apparent to those skilled in the art from the foregoing description and fall within 

the scope of the appended claims.
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The invention will be more fully understood by reference to the following examples. They 

should not, however, be construed as limiting the scope of this invention. All literature and patent 

citations mentioned herein are expressly incorporated by reference.

III. Examples

Although functionally opposed, human FcyRIIA (activating receptor) and human FcyRIIB 

(inhibitory receptor) are highly homologous proteins (regions of homology are boxed in Figure 2A), 

differing in about nine amino acids in the IgGl and 3 binding domains. Commercially available 

monoclonal antibodies bind both human FcyRIIA and FcyRIIB. A monoclonal antibody that 

specifically binds FcyRIIB would be useful, and the additional ability to block IgG binding is also 

desirable.

In the Examples and supporting figures, FcyRIIB is human FcyRIIB, and generally refers to 

human FcyRIIB 1, unless specifically noted. FcyRIIB may be interchangeably referred to as 

FcgRIIB, FcGRIIb, huFcyRIIB, hu FcGRIIb, hFcRIIB, Fcy-RHb, FcyR2B, FcyR2b, or IgGR. 

Specific allelic variants are designated by the addition of a numeral 1, 2, or 3, e.g, hu FcGRIIbl. 

FcsRI is human FcsRI, and refers to human FceRIa. FcsRI may be interchangeably referred to as 

FceRI, FceRIa, FcERI, IgER, IgE-R FcsRIa, Fcs-RI or FcsRIa.

Antibodies of any of the above proteins are designated either by name, or generally, by 

prepending “anti”- to the related protein antigen, e.g, anti-FcyRUB, anti-IgER, etc... Extracellular 

domains of a protein are designated by the addition of ECD to the protein name, e.g, FcyRIIB ECD. 

Cells expressing protein(s) of interest may be named descriptively to include variations of the 

protein name in the cell line name and are designated “cells”.

EXAMPLE 1.0 Materials and Methods

1.1 Materials
TM

Reverse transcriptase-PCR was performed using GeneAmp from Perkin Elmer Life 

Sciences. pGEX-4T2 plasmid, Protein A columns and reagents, and Protein G FcyRIIl: columns 

and reagents, were obtained from Amersham Pharmacia Biotech. Ni-NTA columns and reagents 

were from Qiagen, Valencia, CA. Centriprep-30 concentrators were from Millipore, Bedford, MA. 

SDS-polyacrylamide gels and polyvinylidene difluoride membranes were obtained from NOVEX, 

San Diego, CA. FuGENE® 6 was obtained from Roche.

The cDNAs encoding extracellular and transmembrane domains of human FcyRIIA 

(CD32A; Hisi3i allotype), FcyRIIB (CD32B), and FcyRfflA (CD16A; Vali58 allotype); and glucose- 

e-phosphate-isomerase (GPI) isoforms of FcyRIIB, and FcyRIIA were provided by Dr. J. Ravetch 

(Rockefeller University, New York). FcyRIIA-Argi3i allotype and FcyRIHA-Phei58 allotype were 

generated by site-directed mutagenesis (31). Sequence information for: FcyRIIB 1 (SEQ ED NO: 11)
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is also available at Accession No: NP_003992; FcyRIIB2 (SEQ ID NO: 10) and at Accession No: 

NP_001002273; FcyRIIA (SEQ ED NO:9) and at Accession No: NP.067674, andFcyRIII (two 

isoforms) at Accession Nos: NP_000560 and NP_000561.

Antibody AT10 was obtained from Biosource International, Camirillo, CA. Antibody 

mopc21 was obtained from BD Pharmagen. Murine monoclonal antibodies were obtained from the 

following sources: 32.2 (anti-FcyRI), IV.3 (anti-FcyRII), and 3G8 (anti-FcyRHI) from Medarex, 

Annandale, NJ; and B1G6 (anti-b2-microglobulin) from Beckman Coulter, Palo Alto, CA. Anti- 

GST antibody was from Zymed Laboratories Inc. Anti-GST-biotin was Genentech clone 15H4.1.1. 

JW8.5.13 was obtained from Serotec Inc., Raleigh, NC.

ELISA plates, for example, Nunc® maxisorb plates, were obtained from (Nalge-Nunc, 

Naperville, IL). Tissue culture plates may be obtained, for example, from Linbro or Fisher. Bovine 

serum albumin (BSA), Tween 20®, Triton X-100, EMEM (Eagle's Minimal Essential Media, 

ionomycin, protamine sulfate and o-phenylenediamine dihydrochloride (OPD), propidium iodide 

were from Sigma (St. Louis, MO). Streptavidin and casein blocker (Prod # 37528) were from Pierce 

(Rockford, IL). Horseradish peroxidase rabbit anti-mouse IgG antibody conjugate, and peroxidase- 

conjugated F(ab’)2 fragment of goat anti-human F(ab’)2-specific IgG, were obtained from Jackson 

ImmunoResearch Laboratories, West Grove, PA. Peroxidase-conjugated protein G was from Bio- 

Rad. Streptavidin-HRP was from either Boehringer Mannheim or Zymed. TMB substrate (Prod # 

TMBW-0100-01) and stop solution (Prod # BSTP-0100-01) were from BioFx Laboratory. Goat 

anti-mouse IgG-Fluorescein was obtained from American Qualex Labs. NP-(11)-OVA and TNP- 

(11)-OVA were obtained from Biosearch Technologies, Inc., Novado, Ca. Streptavidin-PE and rat 

anti-mouse IgG-ΡΕ or Fluorescein conjugates were obtained from BD Pharmagen, Franklin, Lakes, 

NJ.

Flow cytometry was performed on a FACScan™ or FACSCalibur™ flow cytometer from 

BD, Franklin Lakes, NJ. Absorbances were read using a Vmax plate reader from Molecular 

Devices, MountainView, CA. Histamine ELISA was performed using a Histamine ELISA Kit 

obtained from IBL Immunobiological Labs (Hamburg, Germany), distributed by RDI, Inc (NJ).

7.2 Producing GST - Fc Receptor Fusion Proteins

The cDNA for FcyRI (CD64) was isolated by reverse transcriptase-PCR of oligo(dT)- 

primed RNA from U937 cells using primers that generated a fragment encoding the a-chain 

extracellular domain. The coding regions of all receptors were subcloned into previously described 

pRK mammalian cell expression vectors (Eaton, D. et al., 1986, Biochemistry 25:8343-8347). For 

all FcyR pRK plasmids, the transmembrane and intracellular domains were replaced by DNA 

encoding a Gly-His6 tag and human glutathione S-transferase (GST). The 234-amino acid GST 

sequence was obtained by PCR from the pGEX-4T2 plasmid with Nhel and Xbal restriction sites at 

the 5' and 3' ends, respectively. Thus, the expressed proteins contained the extracellular domains of
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the α-chain fused at their carboxyl termini to Gly/His6/GST at amino acid positions as follows: 

FcyRI, His292; FcyRIIA, Met216; FcyRlIB, Metl95; FcyRIIIA, Glnl91 (residue numbers include 

signal peptides).

Plasmids were transfected into the adenovirus-transformed human embryonic kidney cell 

line 293 by calcium phosphate precipitation (Gorman et al., 1990, DNA Prot. Eng. Tech. 2:3-10). 

Supernatants were collected 72 hours after conversion to serum-free PSO4 medium supplemented 

with 10 mg/liter recombinant bovine insulin, 1 mg/liter human transferrin, and trace elements. 

Proteins were purified by nickel-nitrilotriacetic acid (Ni-NTA) chromatography and buffer 

exchanged into phosphate-buffered saline (PBS) using Centriprep-30 concentrators. Proteins were 

analyzed on 4-20% SDS-polyacrylamide gels, transferred to polyvinylidene difluoride membranes, 

and their amino termini sequenced to ensure proper signal sequence cleavage. Receptor 

conformation was evaluated by ELISA using murine monoclonals 32.2 (anti-FcyRI), IV.3 (anti- 

FcyRII), 3G8 (anti-FcyRIII), and B1G6 (anti-b2-microglobulin). Receptor concentrations were 

determined by absorption at 280nm using extinction coefficients derived by amino acid composition 

analysis.

1.3 Producing FcyRlIB Antibodies

Human FcyRIIB-specific antibodies that block IgG Fc binding by the receptor were 

generated against FcyRlIB-His6-GST fusion proteins. BALB/c mice were immunized in the footpad 

with 2 pg of huFcyRHB- His6- GST. Splenocytes from the immunized mice were fused with 

P3X63Ag8Ul myeloma cells (cells described in Oi VT, Herzenberg LA., 1981, Immunoglobulin 

producing hybrid cell lines. In: Selected methods in cellular immunology (Mishell BB, Shiigi SM, 

eds), pp 351-372. San Francisco: Freeman.) resulting in approximately 900 hybridomas.

ELISA is generally performed as follows: the receptor fusion protein at approximately 1.5 

mg/ml in PBS, pH 7.4, was coated onto ELISA plates for 18 hours at 4 °C. Plates were blocked 

with assay buffer at 25 °C for 1 hour. Serial 3-fold dilutions of antibodies to be screened and control 

antibodies (10.0-0.0045 mg/ml) were added to plates and incubated for 2 hours. After washing
2plates with assay buffer, IgG bound to the receptors was detected with peroxidase-conjugated F(ab') 

fragment of goat anti-human F(ab')2-specific IgG or with peroxidase-conjugated protein G. The 

substrate used was o-phenylenediamine dihydrochloride. Absorbance at 490 nm was read using a 

Vmax plate reader.

1.4 Primary Screen for FcyRlIB Specific Antibodies

In a primary screen, supernatants containing antibodies expressed from the hybridoma sub

clones were screened for positive binding to FcyRHB-Hisg-GST. Antibodies reactive to FcyRIEB- 

Hisg-GST by ELISA were rescreened for binding to FcyRIIB-Hisg-GST and negative binding to 

FcyRHA(R131 variant)-His6-GST and FcyRIII(F158 variant)-His6-GST by ELISA.

54



WO 2006/028956 PCT/US2005/031281

5

10

15

20

25

30

35

Approximately 50 antibodies were selected from the primary screen for further analysis.

7.5 Secondary Screen for FcyRIIB Specific Antibodies

In a secondary screen, the antibodies were re-screened for receptor specificity by ELISA, 

and cell binding assays utilizing CHO cell lines expressing glucose-6-phosphate-isomerase (GPI) 

linked FcyRHB, and FcyRIIA. ELISA was performed and described above and results are depicted 

in Figure 4. In Figure 4, a bar graph indicates relative binding of the antibodies to GST-huFcyRIIB 

relative to GST-huFcyRIIA and GST-huFcYRHI fusion proteins. Antibodies 1D1, 5A6, 5H11 and 

6A5 selectively bind GST-huFcyRIIB over GST-huFcYRIIA and GST- huFcyRHI fusion proteins. 

Antibody 5B9 binds both GST-huFcyRIIB and GST-huFcyRIIA selectively over GST- huFcyRIIL

Figure 5 shows binding specificity by immunofluorescence binding of the antibodies to 

CHO cells expressing GPI-huFcyRIIB relative to CHO cells expressing GPI-huFcyRHA. Separated 

aliquots of CHO cells were stained with either a mlgGl isotype control (mope 21), or (anti-human 

FcyRIIB) monoclonal antibodies, 1D1,5A6, 5B9, 5D11 and 6A5. Binding was detected indirectly 

by a second incubation with Fluorescein conjugated F(ab)'2 goat anti-mouse IgG (F(ab)'2 specific 

antibody) and analyzed by flow cytometry. Antibody 5A6 preferentially binds to CHO cells 

expressing GPI-huFcyRIIB relative to CHO cells expressing GPI-huFcyRHA. Results are similar to 

binding to GST constructs.

Additional ELISA binding data is illustrated in Figures 6-9. Figures 6-9 present binding 

affinity curves for binding of various anti-FcyRH (CD32) MAbs to GST-huFcyRIIB, GST- 

huFcyRIIA(H131), or GST-huFcyRHA(R131). AT10 is a mlgG specific for FcyRIIA and mopc21 

is mlgG isotype control. 5A6 mlgGl has a measured EC50 of 0.06nM for binding to GST- 

huFcyRIIB shown in Figure 6. In contrast, the EC50 of 5A6 mlgGl for binding to GST- 

huFcyRIIA(H131) is greater than 50pg/ml (Figure 9) and for binding to GST-huFcyRIIA(R131) is 

2.5pg/ml (Figure 8).

1.6 Antibody Expression and Purification

Antibody 5A6.2.1 (herein referred to interchangeably as 5A6.2.1 or 5A6) was selected for 

ascites and purified using protein G chromatography (Amersham Pharmacia Biotech). DNA 

encoding the 5A6.2.1 was isolated and sequenced using conventional procedures. The amino acid 

sequences and CDRs of the heavy chain (SEQ ED NO:7) and light chain (SEQ ID NO: 8) are 

provided in Figure 10. The heavy chain CDRs are: DAWMD (SEQ ID NO:1),

EIRSKPNNHATYYAESVKG (SEQ ID NO:2), and FDY (SEQ ID NO:3). The light chain CDRs 

are: RASQEISGYLS (SEQ ID NO:4), AASALDS (SEQ ID NO:5), and LQYVSYPL (SEQ ED 

NO:6).

The putative binding epitopes for 5A6 monoclonal antibobdy include amino acid residues 

K158-V161 and F174-N180, where the numbering is indicated for FcyRHB2 in Figure 2A 

(FcyRHB2, SEQ ID NO: 10). The FcyREtBl and FcyRIEB2 receptors have structural domains
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indicated in Figures 2A and 2B (illustrated by FcyRIIB 2) as an IgG-like Domain 1 at residues T43- 

P123 and IgG-like domain 3 at residues W132-P217. The ΓΓΙΜ motif is shown in Figure 2A for 

FcyRIIB2 and comprises residues N269-M277. It was recently reported that the the amino acid 

sequence of FcyRIlA F165-T171 indicated as FSRLDPT (SEQ ID NO:39) in Figure 2A, may be 

FSHLDPT (SEQ ID NO:40), thereby indicating a greater sequence difference between FcyRIlA and 

FcyRIIB in the FcyRIIB putative binding epitope for antibody 5A6 (see Figure 2 and Accession 

No:NP_067674, SEQ ED NO:30, which amino acid sequence also includes residues changes in the 

N-terminal portion of FcyRIlA).

1.7 Competition with E27:IgE complexes

This assay screens the ability of the 5A6 MAb to interfere with binding of IgGl to FcyRIlA 

and FcyRIIB. FcyRIIs have a weak affinity for monomeric IgGl, consequently, IgGl binding is 

assayed using a stable hexameric complex of three IgE and three anti-IgE molecules, e.g. E27, a 

humanized IgGl antibody that binds IgE (Shields, R.L., et al., J. Biol. Chem., 276:6591-6604 

(2001)). The 5A6 MAb was screened for neutralizing IgG binding by assessing the ability of the 

antibody to compete with binding of E27-IgE hexamer complexes to human FcyRIlA and FcyRIIB. 

The competition assay was performed as follows and results are illustrated in Figures 11 and 12.

FcyRIIB and FcyRIlA fusion proteins at 1 mg/ml in PBS, pH 7.4, were coated onto ELISA 

plates for 48 hours at 4 °C. Plates were blocked with Tris-buffered saline, 0.5% bovine serum 

albumin, 0.05% polysorbate-20, 2 mM EDTA, pH 7.45 (assay buffer), at 25 °C for 1 hour. E27-IgE 

hexameric complexes were prepared in assay buffer by mixing equimolar amounts of E27 and 

human myeloma IgE (Nilsson, K., Bennich, H., Johansson, S.G.O., and Ponten, J., (1970) Clin. Exp. 

Immunol. 7:477-489) at 25 °C for 1 hour. E27-IgE (10.0 mg/ml in assay buffer) was added to plates 

and incubated for 2 hours. The plates were washed to remove unbound E27-IgE. 5A6 MAb, 5A6 

F(ab)2, 5A6 Fab, mlgGl (control), and 5B9 (anti-FcyRHA/B) were prepared in assay buffer at 

various concentrations from O.OlnM to lOOnM. The antibodies were added to individual wells and 

incubated for 1 hour. After washing plates with assay buffer, detection of E27-IgE hexameric 

complexes that remained bound to FcyRIlA or FcyRUB in the presence of competing antibody was 

performed. Detection involved binding to the IgGl portion of E27 a peroxidase-conjugated F(ab’) 

fragment of goat anti-human F(ab’) -specific IgG. The detectable peroxidase substrate used was o- 

phenylenediamine dihydrochloride. Absorbance at 490 nm was read using a Vmax plate reader. 

Figure 11 shows that 5A6 does not block E27-IgE hexamer binding to huFcyRHA as indicated by 

the continued binding of E27-IgE hexamer to FcyRIlA with increasing concentration of competition 

antibody (5A6 MAb, 5A6 F(ab)2, 5A6 Fab, mlgGl, and 5B9). Only antibody 5B9, known to bind 

both FcyRIlA and FcyRIIB (see Figures 4 and 5) was able to compete with E27-IgE hexamer 

binding. Figure 12 shows that 5A6 does compete with E27-IgE hexamer binding to FcyRUB as
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indicated by the reduction in E27-IgE hexamer binding with increasing 5A6 antibody, Fab or 

F(ab)2. As expected, control IgGl antibody did not compete. Binding of antibodies to huFcyllB 

(5A6, 5A5, 5H11.1 and 5A6 Fab'2) and IgGl (E27-IgE hexamer) to FcyRIIB, FcyRIIA(R131), or 

FcyRHA(H131) is additionally shown in Figures 13-16. Figure 14 shows IgG was prevented from 

binding to FcyRIIB in the presence of antibodies 5A6.2.1 and 6A5 while IgG binding to 

FcyRHA(R131), shown in Figure 13, and IgG binding to FcyRIIA(H131), shown in Figure 15 is not 

blocked.

1.8 Immunofluorescence Binding Analysis

Indirect immunofluorescence binding analysis of 5A6 MAb to native FcyRHA

expressed on K562 erythroleukemia cells (ATCC No. CCL-243) is presented in Figure 16.

Separated aliquots of K562 cells were stained with either a mlgGl isotype control (mope 21), 5A6 

(anti-human FcyRIIB) monoclonal antibody or Medarex 4.3 MAb (anti-human FcyRIIA/B) 

monoclonal antibody. Binding was detected indirectly by a second incubation with Fluorescein 

conjugated F(ab)'2 goat anti-mouse IgG (F(ab)'2 specific antibody and analyzed by flow cytometry. 

Medarex 4.3 MAb bound to huFcyRUA (CD32A) as shown in Figure 16. 5A6, anti-huFcyRIIB 

(anti-CD32B) antibody, did not bind huFcyRUA (CD32A), consistent with isotype control, mope 21 

antibody, which also did not bind huFcyRUA (CD32A) as shown by the dotted line in Figure 4.

EXAMPLE 2.0 Properties of the anti-FcyRIIB Antibody

2.1 Materials

Anti-FceRI MAb, 22E7 MAb binds FceRI with or without IgE bound at the receptor. 22E7 

MAb was purified from Hoffman-LaRoche cell line IGE4R:22E7.2D2.1D11 (Risek, F., etal., 1991, 

J. Biol. Chem. 266: 11245-11251). Hoffman-LaRoche cells expressing 22E7 MAb were grown in 

Iscove's Modified Dulbecco's Media, with lOx FBS, lxPen-Strep, and lxGlutamine. The 22E7 

MAb was purified using protein A and protein G chromatography. The 22E7 extracts were pooled 

and affinity for FceRI was verified.

2.2 RBL cell lines

RBL48 cell line, derived from parental rat mast cell line RBL-2H3 (ATCC# CRL-2256), 

expresses the α-subunit of the high affinity human IgE receptor (FceRI). (Gilfillian A.M. et al., 

1992, Immunology, 149, 2445-2451). RBL48 cell line was transfected by electroporation with a 

cDNA clone of full length α-subunit of human FcyRIIB 1 (Muta T., et al., 1994, Nature 368:70-73.) 

which had been subcloned into a puromycin selectable expression vector (Morgenstem, J. P., et al., 

1990, Nucleic Acid Research, 18:3587-3596). Clones were selected in ΙμΜ puromycin and 

analyzed for FcyRIIB cell surface expression by immunofluorescence staining with anti-human 

FcyRIIB monoclonal antibody, 5A6.2.1. The selected sub-clone was designated RBL48.C.4.
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2.3 Histamine Release

Effects of FcyRIIB cross-linking (also refered interchangeably to herein as co-cross-linking, 

co-aggregation, or co-ligation) on activating receptors is measured quantitatively based on the 

ability of the antibody to block histamine release from allergen sensitized RBL48.C.4 cells. Assay 

methods are described below, with results additionally depicted in Figure 17.

The RBL48.C.4 clone was incubated in a 96 well, flat bottom, microtiter plate in assay 

buffer (EMEM (Eagle's Minimum Essential Medium with Earle's BSS) with 2mM L-glutamine, 

ImM sodium pyruvate, O.lmM non-essential amino acids, 1.5 g/L sodium bicarbonate, penicillin, 

streptomycin, 15% fetal bovine serum) with 2pg/ml anti-FcaRI MAb 22E7 and either an mlgGI 

isotype control (mopc21) or 5A6 MAb at varying concentrations from 0.002 to 2 pg/ml at 37°C for 

30 minutes in a CO2 incubator. Cells were washed twice in assay buffer and incubated with F(ab)'2 

goat anti-mouse Fc specific crosslinking antibody for 30 minutes at 37°C. Supernatants were 

harvested and assayed for histamine content by ELISA as described generally above using a 

histamine ELISA kit.

Histamine release values are expressed as the mean and SEM from triplicate wells and 

presented graphically in Figure 5. Both 5A6 and 22E7 with the crosslinking antibody were required 

for inhibition of histamine release. Histamine release was suppressed by binding of 5A6 to 

FcyRHB and binding of 22E7 to FcsRI where 5A6 and 22E7 are also crosslinked by the goat anti

mouse Fc specific crosslinking antibody. A 1:1 ratio of 5A6 to 22E7 was the most effective at 

inhibiting histamine release, with discernable suppression also seen at ratios of 1:10,1:100 and 

1:1000.

EXAMPLE 3.0 Producing Bispecific Antibody

This example describes construction and purification of bispecific antibodies having a 

variant hinge region lacking disulfide-forming cysteine residues ("hingeless"). Construction of 

bispecific antibodies having wild type hinge sequence is also described; these antibodies can be used 

to assess efficiency of obtaining various species of antibody complexes.

3.1 Construction of Expression Vectors

All plasmids for the expression of full-length antibodies were based on a separate cistron 

system (Simmons et al., 2002, J. Immunol. Methods, 263: 133-147; Simmons et al., U.S. Pat. No. 5, 

840,523) which relied on separate phoA promoters (AP) (Kikuchi et al., 1981, Nucleic Acids Res.,

9: 5671-5678) for the transcription of heavy and light chains, followed by the trp Shine-Dalgamo 

sequences for translation initiation (Yanofsky et al., 1981, Nucleic Acids Res., 9: 6647-6668 and 

Chang etal., 1987, Gene, 55: 189-196). Additionally, the heat-stable enterotoxin Π signal sequence 

(STII) (Picken et al., 1983, Infect. Immun., 42: 269-275 and Lee et al., 1983, Infect. Immun., 42: 

264-268) was used for periplasmic secretion of heavy and light chains. Fine control of translation
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for both chains was achieved with previously described STII signal sequence variants of measured 

relative translational strengths, which contain silent codon changes in the translation initiation 

region (TIR) (Simmons and Yansura, 1996, Nature Biotechnol., 14: 629-634 and Simmons et al., 

supra). For the purpose of this invention, the translational strength combination for a particular pair 

of TIRs within a vector is represented by (N-light, M-heavy), wherein N is the relative TIR strength 

of light chain and M is the relative TIR strength of heavy chain. Finally, the Ato transcriptional 

terminator (Schlosstissek and Grosse, 1997, Nucleic Acids Res., 15: 3185) was placed downstream 

of the coding sequences for both chains. All plasmids use the framework of a pBR322-based vector 

system (Sutcliffe, 1978, Cold Spring Harbor Symp. Quant. Biol., 43: 77-90).

To enhance association of bispecific polypeptide chains, “knob-and-hole” mutations were 

introduced into dimerization regions. It is understood that either chain may comprise a “knob” 

mutation while the other chain comprises a complementary “hole” mutation. The invention 

comprises both embodiments. In the present illustrative example, the 5A6 arm of the bispecific 

antibody is constructed to comprise a “knob” mutation and the 22E7 arm of the bispecific antibody 

is constructed to comprise a complementary “hole” mutation.

(i) Plasmid p5A6.11.Knoh.Hg-
Two intermediate plasmids were required to generate the desired p5A6.11.Knob.Hg- 

plasmid. The variable domain of the 5A6 (anti-FcyRIIB) chimeric light chain was first transferred 

onto the pVGll.VNERK.Knob plasmid to generate the intermediate plasmid

p5A6.1.L.VG.l.H.Knob. The variable domain of the 5A6 chimeric heavy chain was then 

transferred onto the p5A6.1.L.VG.l.H.Knob plasmid to generate the intermediate plasmid 

p5A6.1 l.Knob plasmid. The following describes the preparation of these intermediate plasmids 

p5A6.1.LC.VG.l.HC.Knob and p5A6.1 l.Knob followed by the construction of p5A6.11.Knob.Hg- 

p5A6.1.L.VG.l.H.Knob

This plasmid was constructed in order to transfer the murine light variable domain of the 

5A6 antibody to a plasmid compatible for generating the full-length antibody heavy chain-light 

chain (H/L) monomeric antibody. The construction of this plasmid involved the ligation of two 

DNA fragments. The first was the pVGll.VNERK.Knob vector in which the small EcoRI-PacI 

fragment had been removed. The plasmid pVGll.VNERK.Knob is a derivative of the separate 

cistron vector with relative TIR strengths of 1 - light and 1 - heavy (Simmons et al., 2002, supra) in 

which the light and heavy variable domains have been changed to an anti-VEGF antibody (VNERK) 

with the “knob” mutation (T366W)(Merchant etal., 1998, Nature Biotechnology, 16:677-681) and 

all the control elements described above. The second part of the ligation involved ligation of the 

sequence depicted in Figure 25 (SEQ ID NO :35) into the EcoRI-PacI digested

pVGll.VNERK.Knob vector described above. The sequence encodes the alkaline phosphatase
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promoter (phoA), STII signal sequence and the entire (variable and constant domains) light chain of 

the 5A6 antibody. p5A6.1 l.Knob

This plasmid was constructed to introduce the murine heavy variable domain of the 5A6 

antibody into a human heavy chain framework to generate the chimeric full-length heavy chain/light 

chain (H/L) monomeric antibody. The construction of p5A6.1 l.Knob involved the ligation of two 

DNA fragments. The first fragment was the p5A6.1.L.VG.l.H.Knob vector, from above, in which 

the small MluI-PspOMI fragment had been removed. The second fragment involved ligation of the 

sequence depicted in Figure 27 (SEQ ID NO:37) into the MluI-PspOMI digested

p5A6.1.L.VG.l.H.Knob vector. The sequence encodes the last 3 amino acids of the STD signal 

sequence and approximately 119 amino acids of the murine heavy variable domain of the 5A6 

antibody.

p5A6.1 l.Knob.Hg-

The p5A6.1 l.Knob.Hg- plasmid was constructed to express the full-length chimeric 5A6 

hingeless Knob heavy chain/light (H/L) chain monomeric antibody. The construction of the plasmid 

involved the ligation of two DNA fragments. The first fragment was the p5A6.1 l.Knob vector, 

from above, in which the small PspOMI-SacII fragment had been removed. The second fragment 

was an approximately 514 base-pair PspOMI-SacII fragment from p4D5.22.Hg- encoding 

approximately 171 amino acids of the human heavy chain in which the two hinge cysteines have 

been converted to serines (C226S, C229S, EU numbering scheme of Kabat, E.A. et al. (eds.), 1991, 

page 671 in Sequences of proteins of Immunological interest, 5th ed. Vol. 1. NIH, Bethesda MD.). 

The plasmid p4D5.22.Hg- is a derivative of the separate cistron vector with relative TIR strengths of 

2 - light and 2 - heavy (Simmons et al., J. Immunol. Methods, 263: 133-147 (2002)) in which the 

light and heavy variable domains have been changed to an anti-HER2 antibody and the two hinge 

cysteines have been converted to serines (C226S, C229S).

(ii) Plasmid p5A6.22.Knob.Hg-
One intermediate plasmid was required to generate the desired p5A6.22.Knob.Hg- plasmid. 

The phoA promoter and the STII signal sequence (relative TIR strength of 2 for light chain) were 

first transferred onto the p5A6.1 l.Knob.Hg- plasmid to generate the intermediate plasmid 

p5A6.2l.Knob.Hg-. The following describes the preparation of the intermediate plasmid 

p5A6.2l.Knob.Hg- followed by the construction of p5A6.22.Knob.Hg-

p5A6.21.Knob.Hg-

This plasmid was constructed to introduce the STII signal sequence (relative TIR strength of 

2) for the light chain. The construction of p5A6.21.Knob.Hg- involved the ligation of three DNA 

fragments. The first fragment was the p5A6.1 l.Knob.Hg- vector in which the small EcoRI-PacI 

fragment had been removed. The second fragment was an approximately 658 base-pair Nsil-Pacl 

fragment from the p5A6.1 l.Knob.Hg- plasmid encoding the light chain for the chimeric 5A6
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antibody. The third part of the ligation was an approximately 489 base-pair EcoRI-Nsil PCR 

fragment generated from the plH1.22.Hg- plasmid, using the following primers:

5’ - AAAGGGAAAGAATTCAACTTCTCCAGACTTTGGATAAGG 
(SEQ ID NO:27)

5’ - AAAGGGAAAATGCATTTGTAGCAATAGAAAAAACGAA 
(SEQ ID NO:28)

The plasmid plH1.22.Hg- is a derivative of the separate cistron vector with relative TIR 

strengths of 2 - light and 2 - heavy (Simmons et al., J. Immunol. Methods, 263: 133-147 (2002)) in 

which the light and heavy variable domains have been changed to a rat anti-Tissue Factor antibody 

in which the two hinge cysteines have been converted to serines (C226S, C229S).

p5A6.22.Knob.Hg-

This plasmid was constructed to introduce the STII signal sequence - with a relative TIR 

strength of 2 for the heavy chain. The construction of p5A6.22.Knob involved the ligation of two 

DNA fragments. The first was the p5A6.21.Knob.Hg- vector in which the small Pacl-Mlul 

fragment had been removed. The second part of the ligation was an approximately 503 base-pair 

Pacl-Mlul fragment from the plHl ,22.Hg- plasmid encoding the λ® transcriptional terminator for 

the light chain, the phoA promoter, and the STII signal sequence (relative TIR strength of 2 for the 

heavy chain).

(iii) Plasmid p22E7.ll.Hole.HR-

Two intermediate plasmids were required to generate the desired p22E7.11.Hole.Hg- 

plasmid. The variable domain of the 22E7 (anti-FcaRI) chimeric light chain was first transferred 

onto the pVGl l.VNERK.Hole plasmid to generate the intermediate plasmid

p22E7.1.L.VG.l.H.Hole. The variable domain of the 22E7 chimeric heavy chain was then 

transferred onto the p22E7.1.L.VG.1.H.Hole plasmid to generate the intermediate plasmid 

p22E7. ll.Hole plasmid. The following describes the preparation of these intermediate plasmids 

p22E7.1.L.VG.l.H.Hole and p22E7.ll.Hole followed by the construction of p22E7.11.Hole.Hg-

P22E7.1.L.VG.l.H.Hole

This plasmid was constructed in order to transfer the murine light variable domain of the 

22E7 antibody to a plasmid compatible for generating the full-length heavy chain/light chain (H/L) 

monomeric antibody. The construction of this plasmid involved the ligation of two DNA fragments. 

The first fragment was the pVGl l.VNERK.Hole vector in which the small EcoRI-PacI fragment 

had been removed. The plasmid pVGll.VNERK.Hole is a derivative of the separate cistron vector 

with relative TIR strengths of 1 - light and 1 - heavy (Simmons et al., J. Immunol. Methods, 263: 

133-147 (2002)) in which the light and heavy variable domains have been changed to an anti-VEGF
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antibody (VNERK) having the “hole” mutations (T366S, L368A, Y407V) (Merchant et al., Nature 

Biotechnology, 16:677-681 (1998)) and all the control elements described above. The second part 

of the ligation involved ligating the sequence depicted in Figure 26 (SEQ ID NO:36) into the EcoRI- 

Pacl digested pVGll.VNERK.Hole vector described above. The sequence encodes the alkaline 

phosphatase promoter (phoA), STII signal sequence and the entire (variable and constant domains) 

light chain of the 22E7 antibody.

p22E7.11.Hole

This plasmid was constructed to introduce the murine heavy variable domain of the 22E7 

antibody into a human heavy chain framework to generate the chimeric full-length heavy chain/light 

chain H/L monomeric antibody. The construction of p22E7.11.Knob involved the ligation of two 

DNA fragments. The first was the p22E7.1 .L.VG.l.H.Hole vector in which the small MluI-PspOMI 

fragment had been removed. The second part of the ligation involved ligating the sequence depicted 

in Figure 28 (SEQ ID NO:38) into the MluI-PspOMI digested p22.E7.1.L.VG.l.H.Hole vector. The 

sequence encodes the last 3 amino acids of the STII signal sequence and approximately 123 amino 

acids of the murine heavy variable domain of the 22E7 antibody.

P22E7.11.Hole.Hg-

The p22E7.11.Hole.Hg- plasmid was constructed to express the full-length chimeric 22E7 

hingelcss Hole heavy chain/light chain (H/L) monomeric antibody. The construction of the plasmid 

involved the ligation of two DNA fragments. The first was the p22E7.11.Hole vector in which the 

small PspOMI-SacII fragment had been removed. The second part of the ligation was an 

approximately 514 base-pair PspOMI-SacH fragment from p4D5.22.Hg- encoding approximately 

171 amino acids of the human heavy chain in which the two hinge cysteines have been converted to 

serines (C226S, C229S).

(iv) Plasmid p22E7.22.Hole.Hg-

One intermediate plasmid was required to generate the desired p22E7.22.Hole.Hg- plasmid. 

The phoA promoter and the STII signal sequence (relative TIR strength of 2) for light chain were 

first transferred onto the p22E7.11 .Hole.Hg- plasmid to generate the intermediate plasmid 

p22E7.21.Hole.Hg-. The following describes the preparation of the intermediate plasmid 

p22E7.21.Hole.Hg- followed by the construction of p22E7.22.Hole.Hg-

p22E7.21.Hole.Hg-

This plasmid was constructed to introduce the STII signal sequence (with a relative TIR 

strength of 2) for the light chain. The construction of p22E7.21 .Hole.Hg- involved the ligation of 

three DNA fragments. The first fragment was the p22E7.11.Hole.Hg- vector in which the small 

EcoRI-PacI fragment had been removed. The second fragment was an approximately 647 base-pair 

EcoRV-PacI fragment from the p22E7.11 .Hole.Hg- plasmid encoding the light chain for the
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chimeric 22E7 antibody. The third fragment was an approximately 500 base-pair EcoRI-EcoRV 

fragment from the plH1.22.Hg- plasmid encoding the alkaline phosphatase promoter (phoA) and 

STII signal sequence.

p22E7.22.Hole.Hg-

This plasmid was constructed to introduce the STII signal sequence (with a relative TIR 

strength of 2) for the heavy chain. The construction of p22E7.22.Hole.Hg- involved the ligation of 

three DNA fragments. The first fragment was the p22E7.21.Hole.Hg- vector in which the small 

EcoRI-MluI fragment had been removed. The second fragment was an approximately 1141 base- 

pair EcoRI-PacI fragment from the p22E7.21.Hole.Hg- plasmid encoding the alkaline phosphatase 

promoter, STII signal sequence, and the light chain for the chimeric 22E7 antibody. The third 

fragment was an approximately 503 base-pair Pacl-Mlul fragment from the plH1.22.Hg- plasmid 

encoding the λ#) transcriptional terminator for the light chain and the STII signal sequence (with a 

relative TIR strength of 2) for the heavy chain.

3.2 Antibody Expression — 5A6 Knob and 22E7 Hole

Full-length bispecific antibody was formed by exploiting “knobs into holes” technology to 

promote heterodimerization in the generation of anti-FcyRIIB (5A6)/anti-Fc8RI (22E7) antibody. 

The “knobs into holes” mutations in the CH3 domain of Fc sequence has been reported to greatly 

reduce the formation of homodimers (Merchant etal., Nature Biotechnology, 16:677-681 (1998)). 

Constructs were prepared for the anti-FcyRIIB component (p5A6.ll.Knob) by introducing the 

“knob” mutation (T366W) into the Fc region, and the anti-FcsRI component (p22E7.1 l.Hole) by 

introducing the “hole” mutations (T366S, L368A, Y407V) (Merchant, 1998, supra).

Small-scale synthesis of the antibodies were carried out using the plasmids p5A6.1 l.Knob 

for production of knob anti-FcyRIIB monomeric antibody and p22E7.11 .Hole for hole anti-FceRI 

monomeric antibody. Each plasmid possessed relative TIR strengths of 1 for both light and heavy 

chains. For small scale expression of each construct, the E. coli strain 33D3 (W3110 AfhuA 

(AtonA) ptr3 lac Iq lacL8 AompT A(nmpc-fepE) degP41 kanR) was used as host cells. Following 

transformation, selected transformants were inoculated into 5 mL Luria-Bertani medium 

supplemented with carbenicillin (50 pg/mL) and grown at 30°C on a culture wheel overnight. Each 

culture was then diluted (1:100) into C.R.A.P. phosphate-limiting media (Simmons et al., J. 

Immunol. Methods 263:133-147 (2002)). Carbenicillin was then added to the induction culture at a 

concentration of 50 pg/mL and the culture was grown for approximately 24 hours at 30°C on a 

culture wheel. Unless otherwise noted, all shake flask inductions were performed in a 5 mL volume.

Non-reduced whole cell lysates from induced cultures were prepared as follows: (1) 1 

OD6oo-mL induction samples were centrifuged in a microfuge tube; (2) each pellet was resuspended 

in 90 pL TE (10 mM Tris pH 7.6, 1 mM EDTA); (3) 10 pL of 100 mM iodoacetic acid (Sigma I- 

2512) was added to each sample to block any free cysteines and prevent disulfide shuffling; (4) 20
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pL of 10% SDS was added to each sample. The samples were vortexed, heated to about 90°C for 3 

minutes and then vortexed again. After the samples had cooled to room temperature, 750 pL 

acetone was added to precipitate the protein. The samples were vortexed and left at room 

temperature for about 15 minutes. Following centrifugation for 5 minutes in a microcentrifuge, the 

supernatant of each sample was removed by aspiration, and each protein pellet was resuspended in 

50 pL dH20 plus 50 pL 2X NOVEX SDS sample buffer. The samples were then heated for four 

minutes at about 90°C, vortexed and allowed to cool to room temperature. A final five minute 

centrifugation was performed and the supernatants were transferred to clean tubes.

Reduced whole cell lysates from induced cultures were prepared as follows: (1) 1 OD60o- 

mL induction samples were centrifuged in a microfuge tube; (2) each pellet was resuspended in 90 

pL TE (10 mM Tris pH 7.6, 1 raM EDTA); (3) 10 pL of 1 M dithiothreitol (Sigma D-5545 ) was 

added to each sample to reduce disulfide bonds; (4) 20 pL of 10% SDS was added to each sample. 

The samples were vortexed, heated to about 90°C for 3 minutes and then vortexed again. After the 

samples had cooled to room temperature, 750 pL acetone was added to precipitate the protein. The 

samples were vortexed and left at room temperature for about 15 minutes. Following centrifugation 

for 5 minutes in a microcentrifuge, the supernatant of each sample was removed by aspiration and 

each protein pellet was resuspended in 10 pL 1M dithiothreitol plus 40 pL dH20 plus 50 pL 2X 

NOVEX SDS sample buffer. The samples were then heated for 4 minutes at about 90°C, vortexed 

and allowed to cool to room temperature. A final five minute centrifugation was performed and the 

supernatants were transferred to clean tubes.

Following preparation, 5 to 8 pL of each sample was loaded onto a 10 well, 1.0 mm 12% 

Tris-Glycine SDS-PAGE (NOVEX and electrophoresed at ~120 volts for 1.5 - 2 hours. The 

resulting gels were then either stained with Coomassie Blue or used for Western blot analysis.

For Western blot analysis, the SDS-PAGE gels were electroblotted onto a nitrocellulose 

membrane (NOVEX) in 10 mM CAPS buffer, pH 11 + 3% methanol. The membrane was blocked 

using a solution of IX NET (150 mM NaCl, 5 mM EDTA, 50 mM Tris pH 7.4, 0.05% Triton X- 

100) plus 0.5% gelatin for approximately 30 min - 1 hours rocking at room temperature. Following 

the blocking step, the membrane was placed in a solution of IX NET/0.5% gelatin/anti-Fab antibody 

(peroxidase-conjugated goat IgG fraction to human IgG Fab; CAPPEL #55223) for an anti-Fab 

Western blot analysis. The anti-Fab antibody dilution ranged from 1:50,000 to 1:1,000,000 

depending on the lot of antibody. Alternatively, the membrane was placed in a solution of IX 

NET/0.5% gelatin/anti-Fc antibody (peroxidase-conjugated goat IgG fraction to human Fc fragment; 

BETHYL #A80-104P-41) for an anti-Fc Western blot analysis. The anti-Fc antibody dilution 

ranged from 1:50,000 to 1:250,000 depending on the lot of the antibody. The membrane in each 

case was left in the antibody solution overnight at room temperature with rocking. The next 

morning, the membrane was washed a minimum of 3 x 10 minutes in IX NET/0.5% gelatin and
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then 1x15 minutes in TBS (20 mM Tris pH 7.5, 500 mM NaCl). The protein bands bound by the 

anti-Fab antibody and the anti-Fc antibody were visualized using Amersham Pharmacia Biotech 

ECL detection kit, followed by exposure of the membrane to X-Ray film.

The anti-Fab Western blot results for the p5A6.11 .Knob (knob anti-FcyRIIB) and 

p22E7.1 l.Hole (hole anti-FcERI) antibody expression are shown in Figure 18. They reveal the 

expression of fully folded and assembled heavy-light (HL) chain species for the knob anti-FcyRIIB 

antibody in lane 1 and the hole anti-FcsRI antibody in lane 2. The anti-Fab antibody has different 

affinities for different variable domains of the light chain. The anti-Fab antibody generally has a 

lower affinity for the heavy chain. For the non-reduced samples, the expression of each antibody 

results in the detection of the heavy-light chain species. Notably, the full-length antibody 

homodimer species is detectable for the hole anti- FceRI antibody, however it is only a small 

proportion of total fully folded and assembled antibody species. The folding and assembly of the 

full-length antibody homodimer species is not favored as a result of the inclusion of the “knob” 

mutation for the anti-FcyRIIB antibody and the “hole” mutations for the anti- FceRI antibody. For 

the reduced samples, the light chain is detected for the knob anti-FcyRIIB antibody and the hole 

anti-FcsR! antibody.

Similarly, the anti-Fc Western blot results are shown in Figure 19 and they also reveal the 

expression of fully folded and assembled heavy-light (HL) chain species for the knob anti-FcyRIIB 

antibody in lane 1 and the hole anti- FceRI antibody in lane 2. The anti-Fc antibody is not able to 

bind light chain, and therefore the light chain is not detected. For the non-reduced samples, the 

expression of each antibody again results in the detection of the heavy-light chain species, but not 

the full-length antibody homodimer species. For the reduced samples, there are similar quantities of 

heavy chain detected for the knob anti-FcyRIIB antibody and the hole anti- FceRI antibody.

3.3 Expression of5A6 Knob Hinge Variant and 22E7 Hole Hinge Variant Antibodies

The primary antibody species obtained from expression of the p5A6.11.Knob and 

p22E7.1 l.Hole constructs were the fully folded and assembled heavy-light (HL) chain species. 

However, in order to facilitate the method of preparation herein described for the bispecific anti- 

FcyRHB/anti- FceRI (5A6/22E7) antibody , the hinge sequence of the two heavy chains were 

modified by substituting the two hinge cysteines with serines (C226S, C229S, EU numbering 

scheme of Kabat, E.A. et al., supra). Hinge variants are also referred to below as “hingeless”.

Plasmid constructs were prepared for the knob anti-Fcy-RDb (5A6) antibody and the hole 

anti-FcERI (22E7) antibody comprising hinge variants having C226S, C229S substitutions. Two 

plasmid constructs were prepared for each antibody. One construct had a relative TIR strength of 1 

for both light and heavy chains and the second construct had a relative TIR strength of 2 for both 

light and heavy chains.
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The knob anti-FcyRIIB antibody (from p5A6.1 l.Knob plasmid), the hole anti-FceRI 

antibody (p22E7.11.Hole), the knob hingeless anti-Fcy-RIIb antibodies (p5A6.11 .Knob.Hg- and 

p5A6.22.Knob.Hg-), and the hole hingeless anti-FceRI antibodies (p22E7.11.Hole.Hg- and 

p22E7.22.Hole.Hg-) were then expressed from their respective plasmids as described herein above. 

Whole cell lysates were prepared, separated by SDS-PAGE, transferred to nitrocellulose, and 

detected with the goat anti-human Fab conjugated antibody and goat anti-human Fc conjugated 

antibody described above.

The anti-Fab Western blot results are shown in Figure 20 and they show a significant 

improvement in folding and assembly of the heavy-light (HL) chain species for the knob hingeless 

anti-Fcy-RUB monomeric antibody (relative TIR strengths - 1 for light chain and 1 for heavy chain) 

in lane 2 and the hole hingeless anti-FceRI monomeric antibody (relative TIR strengths - 1 for light 

chain and 1 for heavy chain) in lane 5. In addition, the anti-Fab Western blot results show an 

increase in the folding and assembly of the heavy-light (HL) chain species for the monomeric HL 

knob hingeless anti-Fcy-RUB antibody (lane 3) and the monomeric HL hole hingeless anti-FceRI 

antibody (lane 6) when the relative TIR strengths for light and heavy chain are increased from 1 to

2. The anti-Fab antibody has different affinities for different variable domains of the light chain and 

generally has a lower affinity for the heavy chain. For the non-reduced samples, the expression of 

each antibody results in the detection of the heavy-light chain species, but not the full-length 

antibody species as a result of the conversion of the hinge cysteines to serines. There are significant 

improvements in the folding and assembly of the heavy-light (HL) chain species for each of the 

knob hingeless anti-Fcy-RIIb and hole hingeless anti-FceRI antibodies when the two hinge cysteines 

are converted to serines and again when the relative TIR strengths for light and heavy chains are 

increased from 1 to 2. For the reduced samples, the heavy, as well as light chains, are detected for 

the different anti-Fcy-RIIb and anti-FceRI antibodies. The increase in the quantities of heavy and 

light chains is detected when the relative TIR strengths are increased from 1 to 2.

Similarly, the anti-Fc Western blot results in Figure 21 show significant improvement in the 

folding and assembly of the heavy-light (HL) chain monomeric species for both the knob hingeless 

anti-Fcy-RUB and hole hingeless anti-FceRI antibody when the two heavy chain (HC) hinge 

cysteines are converted to serines and again when the relative TIR strengths for light and heavy 

chains are increased from 1 to 2. The anti-Fc antibody is not able to bind light chain, and therefore 

the light chain is not detected. For the reduced samples, the heavy chain is detected for the different 

anti-Fcy-RIIb and anti-FceRI antibodies. The increase in the quantities of heavy chains is detected 

when the relative TIR strengths are increased from 1 to 2.
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3.4 Purification of bispecific antibody components

Ease and efficiency of obtaining purified and functional bispecific antibodies was further 

assessed in the context of antibodies having a variant hinge region as described above.

1. Extraction from E.coli paste

Frozen E.coli paste was thawed and suspended in 5 volumes (v/w) distilled water, adjusted 

to pH 5 with HCI, centrifuged, and the supernatant discarded. The insoluble pellet was resuspended 

in 5 -10 volumes of a buffer at pH 9 using a polytron (Brinkman), and the supernatant retained 

following centrifugation. This step was repeated once.

The insoluble pellet was then resuspended in 5 - 10 volumes of the same buffer, and the 

cells disrupted by passage through a microfluidizer (Microfluidics). The supernatant was retained 

following centrifugation.

The supernatants were evaluated by SDS polyacrylamide gel electrophoresis (SDS-PAGE) 

and Western blots, and those containing the single-armed antibody (i.e. a band corresponding to the 

molecular weight of a single heavy chain plus light chain) were pooled.

2. Protein-A Affinity Chromatography

The pooled supernatants were adjusted to pH8, and ProSep™-A beads (Millipore) were 

added (approximately 250ml beads per 10 liters). The mixture was stirred for 24 - 72 hours at 4 °C, 

the beads allowed to settle, and the supernatant poured off. The beads were transferred to a 

chromatography column (Amersham Biosciences XK50™), and washed with lOmM tris buffer 

pH7.5. The column was then eluted using a pH gradient in 50mM citrate, 0.1M NaCl buffer. The 

starting buffer was adjusted to pH6, and the gradient formed by linear dilution with pH2 buffer.

Fractions were adjusted to pH5 and 2M urea by addition of 8M urea and tris base, then 

evaluated by SDS-PAGE and pooled.

3. Cation Exchange Chromatography

An S-Sepharose Fast Flow™ column (Amersham Biosciences) was equilibrated with 2M 

urea, 25mM MES pH5.5. The ProSep™-A eluate pool was diluted with an equal volume of 

equilibration buffer, and loaded onto the column. After washing with equilibration buffer, then with 

25mM MES pH5.5, the column was developed with a linear gradient of 0 - 1M NaCl in 25mM 

MES, pH5.5. Fractions were pooled based on SDS-PAGE analysis.

4. Hydrophobic Interaction Chromatography

A HI-Propyl™ column (J.T.Baker) was equilibrated with 0.5M sodium sulfate, 25mM MES 

pH6. The S-Fast Flow™ eluate was adjusted to 0.5M Sodium sulfate, pH6, loaded onto the column, 

and the column developed with a gradient of 0.5 - 0M sodium sulfate in 25mM MES, pH6. 

Fractions were pooled based on SDS-PAGE analysis.
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5. Size Exclusion Chromatography

The HI-Propyl™ eluate pool was concentrated using a CentriPrep™ YM10 

concentrator!Amicon), and loaded onto a Superdex™ SX200 column (Amersham Biosciences) 

equilibrated with lOmM succinate or lOmM histidine in 0.1M NaCl, pH6, and the column 

developed at 2.5ml/m. Fractions were pooled based on SDS-PAGE.

3.5 Annealing of Antibody Components to Generate Bispecific Antibodies

Two similar (but not identical) annealing methods are described below, both of which 

resulted in good yields of bispecific antibodies. Heavy chains of the antibodies and antibody 

components described below contain a variant hinge region as described above.

Annealing hinge variant 5A6Knob and hinge variant 22E7HoIe - Method 1

Purified 5A6Knob and 22E7Hole heavy chain/light chain monomeric antibodies in 25 mM 

MES pH5.5, 0.5 M NaCl, were mixed in equal molar ratios based on their concentrations. The 

mixture was then heated at 50° C for 5 minutes to 1 hour. This annealing temperature was derived 

from the melting curves previously described for these CH3 variants (Atwell, S., et al, 1997, J. Mol. 

Biol., 2ΊΙΥ.26-35). The annealed antibody was then subjected to analysis to determine its 

bispecificity.

Analysis of bispecificity
1) Isoelectric focusing

Annealed antibody was verified as bispecific by applying samples for isoelectric focusing 

analysis. The 5A6Knob antibody has a pi of 7.13 while the 22E7Hole has a pi of 9.14. The 

bispecific 5A6Knob/22E7Hole antibody has a pi of 8.67. Figure 22 shows the movement of the 

5A6Knob, 22E7Hole and bispecific 5A6Knob/22E7Hole (before and after heating) antibodies on an 

isoelectric focusing gel (Invitrogen, Novex pH3-10 IEF) after staining with Coomassie Blue. While 

there is some annealing upon mixing at room temperature, the heating to 50°C appears to promote 

completion of the process. The appearance of a new protein band with a pi in between that of 

5A6Knob and 22E7Hole verifies the formation of the bispecific antibody.

2) Affinity column analysis

The behaviors of the 5A6Knob, 22E7Hole, and bispecific 5A6Knob/22E7Hole antibodies 

were observed on FcyRIIB affinity columns. A human FcyRIIB (extracellular domain)-GST fusion 

protein was coupled to a solid support in a small column according to the manufacturer’s 

instructions (Pierce, UltraLink™ Immobilization Kit #46500). 5A6Knob, 22E7Hole, and bispecific 

5A6Knob/22E7Hole antibodies in PBS (137mM NaCl, 2.7mM KC1, 8mM Na2HPO4,1.5mM 

KH2PO4,pH 7.2) were loaded onto three separate FcyRIIB affinity columns at approximately 10- 

20% of the theoretical binding capacity of each column. The columns were then washed with 16 

column volumes of PBS. The column flow-throughs for the loading and wash were collected,
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combined, and concentrated approximately 10-fold in Centricon™ Microconcentrators (Amicon). 

Each concentrate in the same volume was then diluted 2 fold with 2X SDS sample buffer and 

analyzed by SDS-PAGE (Invitrogen, Novex Tris-Glycine). The protein bands were transferred to 

nitrocellulose by electroblotting in 20mM Na^HPCU pH 6.5, and probed with an anti-human IgG 

Fab peroxidase conjugated antibody (CAPPELL#55223). The antibody bands were then detected 

using Amersham Pharmacia Biotech ECL™ kit according to the manufacturer’s instructions.

The results of this analysis are shown in Figure 23. The FcyRIIB affinity column should 

retain the 5A6Knob antibody and the 5A6Knob/22E7Hole bispecific antibody. The 22E7Hole 

antibody should flow through as is shown in Figure 23. The lack of antibody detected in the 

5A6Knob/22E7Hole bispecific lane indicated bispecificity.

The behaviors of the 5A6Knob, 22E7Hole, and bispecific 5A6Knob/22E7Hole antibodies 

may also be observed on FceRI affinity columns. IgE fusion affinity column may be prepared and 

utilized as described above for the FcyRIIB affinity column. The FceRI affinity column should 

retain the 22E7Hole antibody and 5A6Knob/22E7Hole antibody. The 5A6Rnob antibody should 

flow through. Lack of antibody detected in the 5A6Knob/22E7Hole antibody lane indicated 

bispecificity.

Annealing hinge variant 5A6Knob and hinge variant 22E7Hole - Method 2

The antibody components (single arm 5 A6Knob and 22E7Hole) were purified as described

above.

The ‘heterodimer’ was formed by annealing at 50°C, using a slight molar excess of 5A6, 

then purified on a cation exchange column.

5A6(Knob) 5mg and 22E7(Hole) 4.5mg H/L monomeric antibodies were combined in a 

total volume of 10ml SmM succinate, 80mM NaCl buffer, adjusted to 20mM tris, pH7.5.

The monomeric antibodies were annealed by heating the mixture to 50°C in a water bath for 

10 minutes, then cooled to 4°C to form the bispecific antibody.

Analysis of bispecificity

1. Isoelectric focusing

Analysis on an isoelectric focusing gel (Cambrex, pH7-ll) showed formation of a single 

band at pi ~8.5 in the annealing mixture, corresponding to bispecific antibody (which has a 

calculcated pi of 8.67). See Figure 24.

2. Purification on a cation exchange column

A 5ml CM-Fast Flow column (HiTrap, Amersham Biosciences) was equilibrated with a 

buffer at pH5.5 (30mM MES, 20mM hepes, 20mM imidazole, 20rhM tris, 25mM NaCl). The 

annealed pool was diluted with an equal volume of equilibration buffer and adjusted to pH5.5, 

loaded onto the column, and washed with equilibration buffer. The column was developed at lml/m 

with a gradient of pH5.5 to pH9.0 in the same buffer, over 30 minuets.
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Fractions were analyzed by IEF, which revealed that 5A6 was eluted ahead of the 

heterodimer. Analysis by light scattering of the pooled fractions containing heterodimer revealed no 

monomer.

EXAMPLE 4.0 Characterization of 5A6/22E7 Knob in Holes Bispecific Antibody

The purpose of this example is to demonstrate 5A6/22E7, not 5A6 or 22E7 alone, is a 

bispecific antibody. 5A6/22E7 has dual binding specificity to human FcyRIIB-His6-GST and FceRI- 

ECD-Fc in a sandwich Elisa assay. Results are presented in Figures 29 and 30. 5A6(A) and 5A6(B) 

designate two protein preps of 5A6. 5A6/22E7 bispecific antibodies described below are knob in 

holes heterodimeric antibodies with either wild type hinge or are hingeless. Bispecific antibody is 

interchangeably referred to as BsAb.

Dual binding specificity of 5A6/22E7 hingeless bispecific antibody to huFcyRIIB- His6- 

GST and huFcaRI-ECD-Fc (IgE receptor fusion) was demonstrated by ELISA with results presented 

in Figure 29. ELISA plates were coated overnight at 4°C with 100μ1 of a 1 pg/ml solution of 

FcyRIIB-His6-GST in PBS, pH 7.4. The plate was washed with PBS and blocked with 1% Casein 

blocker in PBS. The wells were washed three times with PBS/0.05% TWEEN®. 10 pg/ml of CD4- 

IgG was prepared in Elisa Diluent buffer (50 mM Tris-HCl, pH7.5, 150 mM NaCl, 0.05% Tween- 

20, 0.5%BSA, 2mM EDTA) and added to wells at 100 μΐ/well to block FcyRHB-His6-GST binding 

to Fc portion of each of the test antibodies: 5A6 (A)/22E7 knob in holes, wild type hinge, bispecific 

antibody; 5A6 (B)/22E7 knob in holes, wild type hinge, BsAb; 5A6/22E7 knob in holes, hingeless 

BsAb;5A6 MAb; and 22E7 MAb. After washing the plate three times with PBS/0.05% TWEEN®, 

serial dilutions of the three 5A6/22E7 BsAb, 5A6 MAb, and 22E7 MAb were prepared in ELISA 

Diluent buffer and added to wells at 100 μΙ/well of each dilution. The plates were incubated for 1 

hour at room temperature. After washing the plate three times with PBS/0.05% TWEEN®, 100μ1 of 

lpg/ml huFcsRI-ECD-Fc was added to each well and the plates were incubated for 1 hour at room 

temperature. After washing the plate three times with PBS/0.05% TWEEN®, 100 μΐ of 1 μg/ml IgE- 

biotin was added to each well and incubated for 1 hour at room temperature. The plate was washed 

with PBS/0.05% TWEEN® and incubated 30 minutes with 100 μΐ/well of 1:2000 Streptavidin-HRP 

in ELISA diluent buffer. After washing with PBS/0.05% TWEEN®, the plate was incubated 5 

minutes with 100 μΐ TMB substrate. The reaction was quenched with 100 μΐ/well stop solution and 

the plate read at 630 nm on a 96-well plate densitometer (Molecular Devices). Results show IgE 

bound in wells containing the 5A6/22E7 bispecific antibodies. The bispecific antibodies: 5A6 (A) + 

22E7 BsAb, 5A6 (B) + 22E7 BsAb, and 5A6+22E7 hingeless knob-hole BsAb successfully bound 

to FcyRIIB-GST and IgE-biotin. See Figure 29.

A complementary ELISA experiment was performed as follows with results presented in

Figure 30. ELISA plates were coated overnight at 4°C with 100 μΐ of a 1 pg/ml solution of

huFcsRI-ECD-Fc in PBS, pH 7.4. The plate was washed with PBS and blocked with 1% Casein 
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5A6/22E7 bispecific antibodies, 5A6 antibodies, or 22E7 antibody were prepared in ELISA Diluent 

buffer and added to wells at 100 μΐ/well of each dilution. The plates were incubated for 1 hour at 

room temperature. After washing the plate three times with PBS/0.05% TWEEN®, FcyRIIB-His6- 

GST was added to each well at 100 μΐ of 1 μg/ml in the presence of 10 μg/ml of CD4-IgG to block 

FcyRIIB-Hisg-GST binding to Fc portion of the test antibody, huFccRI-ECD-Fc and secondary 

antibody (anti-GST-biotin) and incubated for 1 hour at room temperature. After washing the plate 

three times with PBS/0.05% TWEEN®, 100 μΐ of 1 μg/ml anti-GST-biotin was added to each well 

and incubated for 1 hour at room temperature. The plate was washed with PBS/0.05% TWEEN® 

and incubated 30 minutes with 100 μΐ/well of 1:2000 Streptavidin-HRP in Elisa diluent buffer.

After washing with PBS/0.05% TWEEN® , the plate was incubated 5 minutes with 100 μΐ TMB 

substrate. The reaction was quenched with 100 μΐ/well stop solution and the plate read at 630 nm. 

Results show anti-GST biotin bound in wells containing the 5A6/22E7 bispecific antibodies. The 

bispecific antibodies: 5A6 (A) + 22E7 and 5A6 (B) + 22E7 hingeless bispecific antibodies, and 

5A6+22E7 knob-hole bispecific antibody successfully bound to huFceRI-ECD-Fc and FcyRIIB- 

GST. See Figure 30.

Graphs of the curves for both experiments are presented in Figures 29 and 30. Successful 

binding to both FcyRHB-GST and huFceRI-ECD-Fc was demonstrated only by 5A6 (A) + 22E7 and 

5A6 (B) + 22E7 hingeless bispecific antibodies. IC 50 values for the results shown in Figures 29 

and 30 are provided in Table 1.

Table 1.

IC50 values for FcyRHB-GST (ng/ml) 
(Figure 29)

IC50 values for huFcsRI-ECD-Fc (ng/ml) 
(Figure 30)

BsAb-knob in hole, wild tvoe hinge BsAb-knob in hole, wild type hinge
5A6 (A)+22E7 : 55.2 5A6 (A)+22E7: 490
5A6 (B)+22E7: 76.0 5A6 (B)+22E7: 291.5
MAb MAb
5A6 (A): 3.3e+06 5A6 (A): 5.3e+06
5A6 (B): 1.4e+07 5A6 (B): 1.0e+07
22E7: 1.0e+05 22e7: 2.8e+06
BsAb-knob in hole, hingeless BsAb-knob in hole, hingeless
5A6+22E7 hingeless Knob-hole: 23 5A6+22E7 Knob-hole: 76.5

EXAMPLE 5.0 Properties of 5A6/22E7 Hingeless, Knob in Holes, Bispecific Antibody

5.1 Materials

In the previous examples, FcyRlIB referred to huFcyRUBl, one of three human FcyRlIB 

splice variants. In the remaining examples, FcyRUBl and an additional splice variant, FcyRHB2 are 

utilized and are so designated.

71



WO 2006/028956 PCT/US2005/031281

5

10

15

20

25

30

35

JW8.5.13 is a chimeric antibody consisting of a mouse variable region specific for NP 

(Nitrophenol, an antigen) and a human IgE Fc region. The variable region of JW8.5.13 IgE is 

specific for NP and does not cross-react with TNP. The human IgE portion of JW8.5.13 binds 

specifically to huFceRI and does not bind to endogenous rat FceRI in the RBL derived cell lines. 

Binding of JW8.5.13 to huFceRI upregulates its expression and loads it with antigen-specific IgE.

RBL-2H3 (ATCC# CRL-2256) cells expressing FceRIa, the α-subunit of the high affinity 

human IgE receptor (FceRI) (Gilfillan et al., (1995) Int Arch Allergy Immunol. 107(1-3):66-68) 

were transfected with combinations of (i.e. with and without), huFcyRIIB 1 and/or huFcyRIIB2 to 

generate RBL derivative cell lines. RBL 2H3 cell line variants were generated by retroviral 

transduction of RBL 2H3 cells with human FcyRIIB 1 or FcyRHB2 using a retroviral expression 

vector obtained from Washington University, MO, that is similar to the pQCXIR (Retro-X Q 

vectors) vector series available from BD-Clontech. cDNA of the full length human genes was 

subcloned into the retroviral vector either singly or in combination with an IRES (Internal 

Ribosomal Entry Sequence) to allow for bicistronic co-transfection and co-expression of two genes. 

Further description of the method of retroviral transduction is provided below.

PG13 packaging cells (ATCC CRL-10686) were seeded on a 10 cm tissue culture plate at 

2xl06 cells per plate (DMEM high glucose, 10% FCS, penicillin, streptomycin, 2 mM L-glutamine) 

for 24 hours. Cells were transfected with pMSCV DNA constructs using FuGENE 6 and cultured 

for 2 days at 37°C, 5% CO2. Cell culture supernatant containing retroviral particles was harvested 

and filtered through a 0.4 micron filter. Sterile protamine sulfate was added to a final concentration 
of 10 μg/ml, and 4 ml of supernatant was used to infect approximately lxlO6 RBL cells by spin 

infection at 32°C for 90 minutes, followed by continued culture in retroviral supernatant for 3-4 

hours at 37°C in 5% CO2. Infected RBL cells were recovered, transferred to RBL medium, and 

expanded for sorting. Positively transfected cells were identified by FACS using 22E7 and/or 5A6 

antibodies to detect human FcsRIA and human FcyRIIB, respectively.

The resulting cell lines were designated as follows: RBL huFceRI cells surface expressed 

human FceRIa; RBL huFcyRIIB cells surface expressed human FcyRIIB 1, RBL 

huFcsRI+huFcyRIIBl cells surface expressed human FceRIa and human FcyRIIB 1; and RBL 

huFcsRI+huFcyRIIB2 cells surface expressed human FceRIa and human FcyRIIB2.

Biotinylated 5A6/22E7 bispecific antibody (knob in holes, hingeless) was prepared by 

coupling a 20x molar excess of EZ-link™ NHS-PEO4-Biotin (Pierce, Rockford, IL) to bispecific 

antibody in PBS.

The huFceRIa extracellular domain (huFceRIa ECD) was produced by subcloning into a 

baculovirus expression system and purified using CNBr-sepharose linked column and sephadex size 

exclusion column. The huFcyRIIB extracellular domain (huFcyRIIB ECD) was produced by
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subcloning in frame with a C-terminal His6 tag with subsequent expression in a baculovirus 

expression system. The huFcyRIIB ECD was purified by NiNTA resin.

5.2 Histamine Release Assay

The ability of the 5A6/22E7 bispecific antibody to crosslink huFcyRIIB 1 or huFcyRIIB2 to 

huFcsRI on a cell surface was demonstrated by selectively blocking histamine release according to 

the following assay. The description below is additionally supported by Figures 31-33.

Transfected RBL 48 cells (supra) were grown in (EMEM (Eagle's Minimum Essential 

Medium with Earle's BSS) with 2mM L-glutamine, ImM sodium pyruvate, O.lmM non-essential 

amino acids, 1.5 g/L sodium bicarbonate, penicillin, streptomycin, 15% fetal bovine serum) in a 

standard tissue culture flask at 37°C in a humidified 5% CO2 incubator. The cells were harvested by 

exposure to 4 mL solution of PBS/0.05% trypsin/0.53 mM EDTA for 2 minutes at 37°C, followed 

by centrifugation (400 x g, 10 minutes.) and resuspension in fresh EMEM. The cells in suspension 

were counted with a hemocytometer (Reichert-Jung) and the density was adjusted to approximately 
105 to 106 cells/ml.

Transfected RBL cells described above, RBL huFceRI, RBL huFccRI+huFcyRIIB 1 cells, 

and RBL huFcERI+huFcyRIIB2 cells, were seeded onto a 96-well, flat bottom tissue culture plate at 

105cells/well in 200μ1 of EMEM. The cells were incubated for 24 hours at 37°C either with or 

without lpg/ml of JW8.5.13 ("NP-specific human IgE"). Next, the cells were washed three times 

with fresh media to remove unbound NP-specific human IgE. Some cells were treated with 1- 

5pg/ml of bispecific antibody, under saturating conditions, and incubated for 1 hour at 37°C, prior to 

activation with antigen.

Cells were incubated with Nitrophenol (NP)-conjugated ovalbumin (NP (ll)-OVA), an 

antigen that binds JW8.5.13, an IgE, or TNP (ll)-OVA, an irrelevant antigen, for 1 hour at 37°C. 

Activation-associated degranulation (histamine release) of RBL huFcsRI, RBL

huFcERI+huFcyRIIBl cells, and RBL huFcERI+huFcyRIIB2 cells, with or without bispecific 

antibody, by NP-(11)-OVA and TNP was tested over a range of antigen concentrations from 0.0001 

to 10 gg/ml. Following incubation, the histamine level in the cell supernatants (cell culture 

medium) was measured by ELISA as described above. Total histamine levels for the cells, to serve 

as positive controls independent of activation, were also obtained by either lysing cells with either 

Triton X-100 or triggering total histamine release by stimulation with ionomycin. Background 

histamine release by RBL cells was also obtained. Histamine release levels were quantitated by 

ELISA using a Histamine ELISA kit (KMI, Diagnostics Minneapolis, MN).

Results of the Histamine Release Assay are presented in Figures 31-33. Histamine release 

is expected to be increased in the presence of hlgE (JW8.5.13) and NP (11)-OVA antigen (“NP”), 

unless specifically inhibited. Figure 31 presents histamine release data in RBL huFcsRI cells at 

varying concentrations of TNP or NP (11)-OVA. In RBL huFcsRI cells, histamine release is
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triggered by NP and hlgE. As expected, the bispecific antibody does not affect (i.e. suppress or 

inhibit) histamine release in the absence of huFcyRUB (see “+hIgE+NP+bispecific”, dark grey 

column on far right for each sample in Figure 31 graph A).

Figure 32 presents histamine release data in RBL huFcsRI+huFcyRIIBl cells and Figure 33 

presents histamine release data in RBL huFcsRI+huFcyRIIB2 cells. In RBL huFcsRI+huFcyRIIB 1 

and RBL huFccRI+huFcyRIIB2 cells, the bispecific antibody inhibits histamine release (compare 

light grey “+hIgE+NP” bar to dark grey “+hIgE+NP+bispecific” bar in graph A of Figure 32 and in 

graph A of Figure 33).

Activation of histamine release in all RBL cell lines is antigen specific in a dose-dependent 

manner through human IgE bound to human FcsRI. Cells were not activated in the absence of 

human IgE, nor were they activated when triggered with an irrelevant antigen (i.e. TNP). Addition 

of 5A6/22E7 bispecific antibody inhibits histamine release (to background levels) in RBL 

huFcsRI+huFcyRIIB 1 and RBL huFcsRI+huFcyRIIB2 cells, but not RBL huFcsRI cells, indicating 

that the presence of FcyRIIB is necessary for inhibitory function. Similar results are seen by both 

huFcyRIIB 1 and huFcyRHB2 in the presence of huFcsRI.

The bispecific antibody of the invention also inhibits anti-IgE-induced histamine release in 

primary human basophils. Primary basophils were isolated from six normal human blood donors 

from whom informed consent had been obtained. Basophils were enriched from human blood using 

a dextran sedimentation protocol. Briefly, for every 40 ml of donor blood to be sedimented, mix in 

a 50ml conical tube, 375 mg of dextrose, 5.0 ml 0.1 M EDTA and 12.5 ml 6% clinical dextran. 

Divide the mixture into two 50 ml conical tubes and add 20 ml blood per tube. The blood is allowed 

to sediment for 60-90 minutes, at which time the plasma layer is withdrawn and centrifuged at 110 x 

g for 8 minutes, 4 °C and the pelleted cells are retained, resuspeded, washed with PAG (dextrose 

lg/L: IX PIPES, pH7.3:0.003% human serum albumin), and resuspended in PAG. Cells were 

stimulated with anti-IgE antibody either as a dextran-enriched preparation or after subsequent 

purification using Miltenyi magnetic bead separation (Miltenyi Biotec, Auburn, CA; see, for 

example, Kepley, C. et al., J. Allergy Clin. Immunol. 102:304-315 (1998)) by incubation at 37 °C 

for one hour followed by centrifugation to pellet the cells. The supernatant was retained for 

analysis. Basophils may be isolated by standard procedures such as those described by Kepley, C.L. 

et al., J. Allergy Clin. Immunol. 106(2): 337-348 (2000). Enriched basophils may be further 

purified by magnetic bead separation (Miltenyi Biotec, Auburn, CA; Kepley, C. et al., J. Allergy 

Clin. Immunol. 102:304-315 (1998) and/or by flow cytometry sorting (Kepley, C. et al. (1994), 

supra). Goat anti-human IgE was obtained from Caltag (Caltag Laboratories, Burlingame, CA, 

USA). The isolated basophils, co-expressing huFcyRUB and huFcsRI, were incubated with anti-IgE 

(goat anti-human IgE (Caltag Laboratories)) or with the further addition of 5A6/22E7 bispcific 

antibody for one hour at 37 °C. A 1:100 dilution (by volume) of goat anti-IgE was used to stimulate
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the basophils in the presence of 5A6/22E7 bispecific antibody ranging from 0 to 20000 ng/ml in the 

test solution. Histamine release was assayed as disclosed herein above. The bar graph of Figure 62 

indicates that histamine release was induced in the presence of anti-human IgE. The addition of 

5A6/22E7 bispecific antibody inhibited histamine release in a roughly dose-dependent manner. 

There was limited background histamine release in the absene of either antibody or in the presence 

of 5A6/22E7 bispecific antibody alone. Based on analyses of basophil samples from six normal 

human blood donors, the mean inhibition of histamine release by the 5A6/22E7 bispecific antibody 

was 67% ± 9. It has been reported that average histamine release from basophils of Xolair® patients 

was inhibited to approximately 50% after 90 days (MacGlashan, D.W. et al., J. Immunol. 158:1438

1445 (1997) based on downregulation of FcsRI expression. These results demonstrate that an anti- 

huFcyRHB/anti-huFcsRI bispecific antibody is useful as a therapeutic molecule to rapidly inhibit an 

immune reaction (such as histamine release in basophils) of a human patient by inhibiting the 

activity of FcsRI through cross-linking with FcyRIIB. An anti-huFcyRHB/anti-huFcsRI bispecific 

antibody is also useful in combination therapy with an anti-lgE antibody. By use of combination 

therapy, an anti-huFcyRHB/anti-huFcsRI bispecific antibody acts to rapidly inhibit histamine release 

by crosslinking with FcyRIIB followed by downregulation of FcsRI expression by the anti-lgE 

antibody (such as Xolair® anti-lgE antibody, Genentech, Inc.).

5.3 Crosslinking of huFcsRI and huFcyRIIB by Bispecific antibody

The purpose of this example is to show the dependency of inhibition of histamine upon co

crosslinking of human FcsRI and human FcyRHB on the surface of cells by 5A6/22E7 bispecific 

antibody. The assay method is described below with results further illustrated in Figures 34-41.

RBL huFcsRI+huFcyRHBl and RBL huFcsRI+huFcyRHB2 cells were incubated for 24 

hours at 37°C with 5 pg/ml of NP-specific human IgE and subsequently washed three times with 

fresh media EMEM to remove unbound NP-specific human IgE. Prior to addition to RBL cells, 

5A6/22E7 bispecific antibody was preincubated for 30 minutes with purified huFcsRIa ECD and 

huFcyRIIB ECD at various molar ratios. Preincubated 5A6/22E7 bispecific antibody was added to 

RBL cell culture medium at a final concentration of 5 pg/ml 5A6/22E7 bispecific antibody and 

further incubated for 1 hour at 37°C. Cells Were activated by incubation with NP-conjugated 

ovalbumin for 1 hour at 37°C. Activation-associated degranulation was measured by quantitating 

histamine release into the cell culture medium using ELISA procedures described generally above. 

The dependency of histamine release inhibition on human FcsRI and human FcyRIIB co

crosslinking by the bispecific antibody of the invention is shown in Figure 34 (for RBL 

huFcsRI+huFcyRHBl cells) and in Figure 36 (RBL huFcsRI+huFcyRIIB2 cells).

Binding of bispecific antibody to RBL-derived cells was also assessed in the presence of 

huFcsRIa ECDand huFcyRIIB ECD using flow cytometry. The cells and materials are as described 

above. The cells are harvested and sorted into aliquots of 105-106 cells. The cells were washed and
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resuspended in FACS buffer (PBS with 2% FCS). The cells were washed a second time and 

resuspended in FACS buffer supplemented with 10% rat serum, 2 pg/ml human IgG and 1 pg/mL 

biotinylated bispecific antibody. The cells were incubated for 30' on ice, washed and resuspended in 

FACS buffer with streptavidin-PE. After incubation for an additional 30' on ice, the mixture was 

washed cold FACS buffer, spun down and resuspended in FACS buffer with 0.1% propidium 

iodide. The samples were analyzed flow cytometry and results expressed as relative fluorescence 

units (RFU). The results of these binding studies are shown in Figures 35, and 37-41, with ratios of 

ECD to bispecific antibody indicated. Figures 35 and 37 include graphs of flow cytometry data for 

the binding of 5A6/22E7 bispecific antibody to either RBL huFcsRI+FcyRIIB 1 cells (Figure 35) or 

RBL huFcsRI+FcyRHB2 cells (Figure 37) in the presence of huFcsRI ECD and huFcyRUB ECD.

As expected, higher ratios of ECDs to bispecific antibody reduce the binding the bispecific antibody 

to the cells. Compare light peak (cell bound by BsAb in presence of ECDs) versus dark peak 

(positive control—cells bound by BsAb in absence of ECDs).

In Figures 38-41, flow cytometry is used to analyze binding of 5A6/22E7 bispecific 

antibody to various RBL-derived cells in the presence of huFcsRI ECD, huFcyRIIB ECD or both 

huFcsRI ECD and huFcyRIIB ECD. In Figures 38-41, the black peak is cell-surface receptor 

binding of 5A6/22E7 in the presence of ECDs. Compare to the light grey peak, (cells not bound by 

BsAb) and the dark grey peak (cells bound by BsAb in absence of ECDs). As expected, 5A6/22E7 

binding to to RBL huFcsRI cells (see Figure 38) is blocked by increasing concentrations of huFcaRI 

ECD, but not huFcyRUB ECD, with the blocking of both ECDs having similar results to huFcsRI 

ECD. 5A6/22E7 binding to RBL huFcyRUB cells (see Figure 39) is not affected by huFcsRI ECD, 

with blocking by huFcyRIIB ECD. Similar binding results are seen in RBL huFceRI+huFcyRIIBl 

cells (Figure 40) and RBL huFcsRI+huFcyRIIB2 cells (Figure 41). As expected, binding of 

5A6/22E7 is decreased by a 10:1 ratio of either huFcsRI ECD or huFcyRIIB ECD, with complete 

blocking of 5A6/22E7 to RBL huFcERI+huFcyRHB(l or 2) cells only at a 10:1 ratio (saturating 

concentration) of both ECDs.

These experiments demonstrate that inhibition of histamine release is dependent upon co

crosslinking of cell surface FceRI and FcyRIIB since no inhibition of histamine response was 

observed upon preincubation of the 5A6/22E7 bispecific antibody with 10-fold molar excess of 

huFcsRIa and huFcyRUB extracellular domains. Under these conditions, binding of 5A6/22E7 

bispecific antibody to the cell surface was completely blocked, as assessed by flow cytometry. 

Preincubation with lower molar ratios of huFceRI ECD and huFcyRUB ECD (2:2: 1, 1:1:1, or 

0.1:0.1:1 huFcERI:huFcyRUB:bispecific) led to incomplete blocking of 5A6/22E7 bispecific binding 

to RBL cells and incomplete inhibition of histamine release. Therefore suppression of histamine 

release in mast cells requires crosslinking of cell surface FcsRIa and FcyRIIB.
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The inhibition of histamine release by 5A6/22E7 bispecific antibody at concentrations 

below saturation suggests that full occupancy of the receptors is not required to achieve the desired 

inhibition.

5.4 Inhibition by Bispecific antibody at subsaturating concentrations

5A6/22E7 bispecific antibody inhibition of histamine release and binding of RBL 

huFceRI+huFcyRIIB 1 cells were measured at concentrations below binding saturation by the 

following method with results presented in Figures 42-46.

RBL huFcsRI+huFcyRIIB 1 or RBL huFcERI+huFcyRIIB2 cells were incubated for 24 

hours at 37°C with 5 pg/ml of NP-specific human IgE and subsequently washed three times with 

fresh media to remove unbound NP-specific human IgE. Prior to activation with antigen, cells were 

additionally incubated for 1 hour at 37°C with varying concentrations of 5A6/22E7 bispecific 

antibody. The cells were divided for analysis by flow cytometry or histamine expression.

The extent of bispecific antibody binding was assessed by flow cytometry as described 

above. Flow cytometry was performed using comparable concentrations of biotinylated bispecific 

antibody detected with streptavidin-PE.

The pre-incubated cells, above, were activated by incubation with either 0.1 pg/ml or 1 

pg/ml NP-conjugated ovalbumin for 1 hour at 37°C. Activation-associated degranulation was 

measured by quantitating histamine levels released into the cell culture medium as described above.

Histamine release data and 5A6/22E7 bispecific antibody binding for RBL huFcsRI + 

huFcyRIIBl cells are presented in Figures 42 and 43 respectively, while histamine release and 

5A6/22E7 bispecific antibody binding for RBL huFcsRI + huFcyRHB2 cells is presented in Figures 

44 and 45 respectively. Suppression of histamine release to background levels is demonstrated at 

bispecific antibody concentrations greater than 0.0025pg/mL in both RBL huFcsRI + huFcyRHBl 

cells and RBL huFceRI + huFcyRHB2 cells.

Flow cytometry studies of bispecific antibody binding to RBL huFcERI+huFcyRHB 1 and 

RBL huFcsRI+huFcyRHB2 cells indicated that binding saturation is reached at approximately 2.5 

pg/ml of bispecific antibody. Figure 46 presents titration by flow cytometry of bispecific antibody 

from 0.1pg/ml to 2.5pg/ml across four RBL-derived cell lines, RBL huFceRI cells, RBL huFcyRHB 

cells, RBL huFcsRI + huFcyRHBl cells, and RBL huFceRI + huFcyRHB2 cells. The solid peak 

corresponds to cells bound with biotinylated bispecific antibody. Titration of bispecific antibody 

binding to RBL-derived cell lines indicates binding of the bispecific antibody to RBL huFcsRI + 

huFcyRHBl cells and RBL huFceRI + huFcyRIIB2 cells was decreased at lower concentrations of 

bispecific antibody and undetectable at less than 0.0025 pg/ml. Bispecific antibody inhibition of 

RBL histamine release as shown in Figures 42 and 44 was maintained at concentrations of bispecific 

antibody below binding saturation, using two different concentrations of NP-antigen stimulus.
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5.5 Bispecific Effects on FceRIa Surface Expression Levels

Downmodulation of FceRI expression levels on mast cells and basophils is a means of 

reducing mast cell and basophil sensitivity towards antigen-induced activation and is one 

mechanism by which a therapeutic agent could have a beneficial effect in asthma or allergy.

The ability of the bispecific antibody to modulate surface expression levels of FceRI was 

assessed by performing IgE-induced FceRI upregulation and downregulation experiments in the 

presence and absence of bispecific antibody using the following procedures.

RBL huFceRI+huFcyRIIBl and RBL huFceRI+huFcyRIIB2 cells were incubated with 1 

pg/ml U266 IgE (ATCC TIB196) in the presence or absence of 2 pg/ml bispecific antibody for 1, 2, 

3, or 7 days. Figures 47 and 48 shows that 5A6/22E7 bispecific antibody and IgE concentrations 

remained unchanged, as detected by ELISA using human IgGl and IgE for detection, during the 7 

day time course, indicating that the reagents were not depleted from the cell culture medium. Total 

levels of cell surface human FceRI were determined by flow cytometry using an antibody against 

human IgE, (Caltag Laboratories) after saturation of all FceRI receptors on ice with U266 IgE.

Flow cytometry data for FcsRI upregulation is shown in Figures 49-54. Bispecific antibody 

has no effect on IgE-induced upregulation of FceRI surface expression levels in 2 samples of RBL 

huFcsRI cells, as shown in Figures 49 and 50, and in 2 samples of RBL huFcsRI+huFcyRIIB 1 

cells, as shown in Figures 51 and 52. However, bispecific antibody decreased the extent of FcsRI 

upregulation upon co-crosslinking huFceRI and huFcyRDB2 in in 2 samples of RBL

huFcsRI+huFcyRHB2 cells as shown in Figures 53 and 54.

The effect of bispecific antibody on FcsRIa downregulation after removal of IgE was also 

measured with results shown in Figures 55-57. FcsRIa on RBL cells was upregulated for 7 days 

with 1 pg/ml U266 IgE. The IgE was then washed out of the cell culture medium and FcsRIa 

downregulation was observed by flow cytometry in the presence or absence of bispecific antibody at 

1, 2, 3, and 7 days after removal of IgE. Bispecific antibody had no effect on FcsRIa 

downregulation in RBL huFceRI and RBL huFcsRI+huFcyRIIB 1 cells, as shown in Figures 55 and 

56. However, the rate of FcsRIa downregulation was increased by bispecific antibody in RBL 

huFcERI+huFcyRIIB2 cells as shown in Figure 57. The experiment using RBL

huFcERI+huFcyRIIB2 cells was repeated, but 5A6/22E7 bispecific antibody was added in the 

presence of IgE at zero, three or four days (see Figure 63). The results show that the bispecific 

antibody decreases IgE-induced expression of FceRI in these cells. It was also discovered by these 

studies that the huFcyRIIB 1 isoform does not downregulate huFcsRI expression.

These studies indicate that the bispecific antibody can decrease the surface expression level 

of FceRI on mast cells and basophils upon co-crosslinking FcsRI with the B2 isoform of FcyRIIB. 

RT-PCR data of huFcsRIa, FcyRUBl, FcyRIIB2, huRPL19 (control), and rat FcsRIa, mRNA 

expression in mast cells: RBL huFcsRI (designated huFcERIa), RBL huFcsRI+FcyRUBl cells
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basophils from three different donors. Real time RT-PCR identification of FcyRHB 1 and FcyRIIB2 

isoforms was performed on mRNA prepared from purified peripheral blood basophils from three 

different human donors. Human blood basophils were isolated from 100 ml of blood using magnetic 

bead purification (MACs human basophil isolation kit, Miltenyi). mRNA from 106 basophils was 

prepared using RNeasy™ mini kit (Qiagen). The following primer/probe sets used for real time RT- 

PCR analysis are listed in Table 2.

Table 2.

huFcsRI Forward: GGT GAA GCT CTC AAG TAC TGG TAT (SEQ ID NO: 12)
Reverse: GTA GGT TCC ACT GTC TTC AAC TGT (SEQ ID NO: 13)
Probe: AGA ACC ACA ACA TCT CCA TTA CAA ATG CC (SEQ ID NO: 14)

huFcyRHB 1
Forward: CCC TGA GTG CAG GGA AAT (SEQ ID NO: 15)
Reverse: CCT CAT CAG GAT TAG TGG GAT T (SEQ ID NO: 16)
Probe: AGA GAG CCT CCC TGA GAA ACC AGC C (SEQ ID NO: 17)

huFcyRHB2
Forward: TGC TGT AGT GGC CTT GAT CT (SEQ ID NO: 18)
Reverse: CCA ACT TTG TCA GCC TCA TC (SEQ ID NO: 19)
Probe: AGC GGA TTT CAG CCA ATC CCA (SEQ ID NO:20)

huRPL19 Forward: GCG GAT TCT CAT GGA ACA CA (SEQ ED NO:21)
Reverse: GGT CAG CCA GGA GCT TCT TG (SEQ ID NO:22)
Probe: CAC AAG CTG AAG GCA GAC AAG GCC C (SEQ ED NO:23)

rat FcsRI
Forward: CAA TTA TTT CCC ACA GTA TCT TCA A (SEQ ED NO:24)
Reverse: GGG GTA CAG ACA TTT CTA TGG AT (SEQEDNO:25)
Probe: ACA TGA GTG TCC TTT GAC AGT TGA AAG GCT (SEQ ID NO:26)

RNA was analyzed on the ABI PRISM® 7700 Sequence Detection System using TaqMan® 

One-Step RT-PCR Master Mix (Applied Biosystems) following the manufacturer’s recommended 

protocol. Both Β1 and B2 isoforms of FcyRHB are expressed in human basophils as shown in 

Figures 58-61, the demonstrated ability of the bispecific antibody to downmodulate FcsRI surface 

expression levels when co-crosslinked to FcyRHB2 in cells makes methods of using the anti- 

FcyRHB-anti-FcsRI bispecific antibody of the invention particularly useful for treatment of patients 

experiencing a disorder for which inhibition and/or downregulation of FcsRI provides relief from 

such disorder.

5.6 The Bispecific Antibody Inhibits Cytokine Release in RBL Cell Line

The release of cytokines MCP-1 (moncyte chemotactic protein-1), IL-4 (interleukin-

4), and TNF-α (tumor necrosis factor-a) was inhibited in the presence of anti- FcyRHB-anti-FcsRI 

bispecific antibody 5A6/22E7 as demonstrated by the following assay. RBL cells were transfected 

with cDNA encoding huFcyRHB2 or huFcyRHBl and huFcsRI and cultured according to the 

procedures described above in this Example 5. Cells were stimulated to release cytokines by 

exposure to nitrophenol (NP)-conjugated ovalbumin (NP(ll)-OVA) and an IgE (anti-NP human 

IgE) as described in this Example 5 for the histamine release assay. The 5A6/22E7 bispecific
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antibody was added to the text samples at a concentration of 5 pg/ml. Detection and quantitation of 

each of the cytokines of interest was performed as follows for the cytokines of interest. MCP-1 and 

IL-4 were detected using a Beadlyte Rat Multi-cytokine Beadmaster kit (catalog 48-200, Upstate, 

Charlottesville, VA, USA. Rat TNF alpha was detected using an anti-rat TNF alpha ELISA kit 

according to the manufacturer’s instructions. The assays were performed according to the 

manufacturer's instructions. Figure 64 depicts the results for cytokine release in RBL cells 

tranfected with huFcyRIIB2 and huFcsRI, although the results were the same for RBL cells 

transfected with huFcyRIIB 1 and huFceRI. Rat mast cells cytokine release was inhibited in the 

presence of 5A6/22E7 bispecific antibody (5 pg/ml, light bars), whereas cytokine release was not 

inhibited and increased over a period of five hours in cell culture (dark bars).

5.7 The Bispecific Antibody Inhibits Synthesis and Release of Arachadonic Acid

metabolites in RBL Cell Line

The presence of allergen initiates multiple immune responses, including the release 

of so-called “pre-formed” inflammatory mediators such as histamine from mast cells, the production 

of arachidonic acid and its conversion into so-called “eicosanoid” mediators such as prostaglandins, 

and the production and release of cytokines and chemokines. Pre-formed mediators are released 

immediately upon exposure, whereas eicosanoid mediators are delayed roughly 30 minutes to 2 

hours, and cytokines and chemokines are delayed roughly 5 to 24 hours. One of the body’s defense 

mechanisms, referred to as the arachidonic acid cascade, produces three newly-formed inflammatory 

mediators—prostaglandins, thromboxanes and leukotrienes—which are collectively known as 

eicosanoids. The release of metabolites of arachidonic acid was monitored to test the ability of the 

the 5A6/22E7 bispecific antibody to inhibit this downstream effect of exposure to allergen. RBL 

cells were transfected with cDNA encoding huFcyRIIB 1 or huFcyRIIB2 and huFcsRI and cultured 

as described above in this Example 5. The arachidonic acid cascade was stimulated by exposure to 

nitrophenol (NP)-conjugated ovalbumin (NP(ll)-OVA) as an antigen in combination with an IgE 

(anti-NP human IgE) as described in this Example 5 for the histamine release assay. Quantitation of 

metabolite leukotriene C4 (LTC4) was performed with an EIA kit (catalog #520211, Cayman 

Chemical Company, Ann Arbor, MI, USA) according to the manufacturer’s instructions. 

Quantitation of metabolite prostaglandin D2 (PGD2) was performed with a MOX EIA kit (catalog 

#212011 (Cayman Chemical Company, supra).according to the manufacturer’s instructions. The 

results in Figure 65 show that in RBL cells expressing huFcyRIIB 1 and FceRI, arachidonic acid 

metabolism, as evidenced by the production of LTC4 and PGD2, increased with time in the presence 

of IgE plus antigen, but not in the presence of an irrelevant antigen (TNP(11)-OVA). In the 

presence of 5 pg/ml of the 5A6/22E7 bispecific antibody, arachidonic acid metabolism was 

inhibited. The same results were obtained using RBL cells expressing huFcyRIIB2 and FceRI (data
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not shown). These results demonstrate that an important immune pathway is inhibited by the anti- 

FcyRIIB-anti-FcERI bispecific antibody.

5.8 The Bispecific Antibody Inhibits IgE-induced Mast Cell Survival

Human bone marrow derived mast cell (huBMMC) survival is induced by murine

IgE. To test whether the 5A6/22E7 bispecific antiobody inhibited such survival, the following assay 

can be performed. Human hematopoietic progenitor stem cells (CD34+) were obtained from 

Allcells (catalog # ABM012, Allcells, LLC, Berkeley, CA, USA). The cells from each of three 

donors were cultured two weeks in StemPro-34® serum-free medium (Gibco Cell Culture Systems, 

Invitrogen, Carlsbad, CA, USA) containing IL-3 (at 30 ng/ml), IL-6 (at 200 ng/ml) and stem cell 

factor (SCF, at 100 ng/ml). Mast cell survival was assessed by Annexin/7-AAD (7-Amino- 

Actinomycin D) staining (BD/Pharmingen flow cytometry kit, Becton Dickenson & Company, 

Franklin Lakes, NJ, USA) under the following test conditions: (1) StemPro® medium alone, (2) 

StemPro® medium + 30 ng/ml IL-3, 200 ng/ml IL-6, and 100 ng/ml SCF, (3) StemPro® medium +

5 μg/πll SPE-7 (mouse IgE anti-DNP monoclonal antibody (SPE-7, Sigma, St. Louis, MO, USA),

(4) StemPro® medium + 5 pg/ml boiled, denatured SPE-7, and (5) StemPro® medium + 5 pg/ml 

SPE-7 + 5 pg/ml 5A6/22E7 bispecific antibody. Cell survival was monitored for 10 days after the 

initial two-week culturing period. Cells were maintained at 37 °C, 5% CO2 during both phases. At 

a time between 4 and 7 days after the start of the test culturing, cell survival was determined. The 

average percent inhibition of cell survival for three donor cell samples was 65% + 9. These results 

indicate that inhibition of the FceRI receptor activity by cross-linking with the FcyRIIB receptor 

using an anti- FcyRUB-anti-FcERI bispecific antibody inhibits murine IgE-induced survival of 

human bone marrow derived mast cells. (

The above specification, examples and data provide a complete description of the 

manufacture and use of the composition of the invention. Since many embodiments of the invention 

can be made without departing from the spirit and scope of the invention, the invention resides in the 

claims hereinafter appended.
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1 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated bispecific antibody comprising:

a) a first antibody or antigen binding fragment thereof that selectively binds FcyRIIB receptor;

5 and

b) a second antibody or antigen binding fragment thereof, that specifically binds an activating 

receptor.

2. The bispecific antibody of claim 1, wherein the activating receptor is an IgE receptor.

10
3. The bispecific antibody of claim 2, wherein the IgE receptor is FceRl.

4. The bispecific antibody of claim 3, wherein the IgE receptor is FceRIcr.

15 5. The bispecific antibody of any one of claims 1 to 4, wherein the first antibody or antigen

binding fragment thereof is covalently bound to the second antibody or antigen binding fragment 

thereof.

6. The bispecific antibody of any one of claims 1 to 5, wherein the first antibody or antigen

20 binding fragment thereof and second antibody or antigen binding fragment thereof are covalently
bound via a linker comprising at least five amino acids.

7. The bispecific antibody of any one of claims 1 to 6, wherein the bispecific antibody comprises 

a variant heavy chain hinge region incapable of inter-heavy chain disulfide linkage.

25

8. The bispecific antibody of any one of claims 1 to 7, wherein the first antibody or antigen 

binding fragment thereof binds human FcyRIIB and demonst rates little or no binding to human 

FcyRIIA and does not downregulate FcyRIIA expression.

30 9. A method for activating FcyRIIB in a mammalian cell, the method comprising:

a) contacting a cell expressing FcyRIIB with the bispecific antibody of any one of claims 1 to

8; and

b) coaggregating the FcyRIIB and an activating receptor with the bispecific antibody, thereby 

activating the FcyRIIB.

35
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1 10. The method of claim 9, wherein the activating recepto:· comprises a ITAM activating motif.

11. The method of claim 10, wherein the coaggregation of FcyRIIB and Fee RI downregulates the 

expression of FceRI.

5
12. The method of claim 11, wherein the cells are B cells or mast cells.

13. The method of claim 11 or claim 12, wherein the cells are human cells.

10 14. The method of any one of claims 9 to 13, wherein the cell is a cell of a mammal experiencing a

disorder relieved by inhibition of FceRI expression in the cell.

15. The method of claim 14, wherein the disorder is a chronic disorder.

15 16. The method of claim 15, wherein the mammal is a human.

17. The method of claim 15 or claim 16, wherein the chronic disorder is atherosclerosis; leukocyte 

adhesion deficiency; rheumatoid arthritis; systemic lupus erythematosus (SLE); diabetes mellitus; 

multiple sclerosis; Reynaud's syndrome; autoimmune thyroiditis; allergic encephalomyelitis;
20 Sjorgen's syndrome; and juvenile onset diabetes.

18. The method of any one of claims 9 to 17, wherein the method enhances the treatment of a 

chronic disorder associated with FceRI activity.

25 19. A method of inhibiting expression of FceRI receptor in a cell by administering to a cell

comprising said FceRI receptor and FcyRIIB receptor an effective amount of the bispecific antibody 

of any one of claims 1 to 8.

20. A bispecific antibody for downregulating Fee Rice expression on a cell by crosslinking
30 FcyRIIB2 with FceRIce, wherein the bispecifc antibody speci Really binds FcyRIIB and FceRIce, and 

does not (a) downregulate FcyRIIA expression and (b) crosslink FcyRIIB 1.

21. A method of downregulating FceRIce expression on a c ell comprising crosslinking FcyRIIB2 

with FceRIce by contacting said cell with an effective amount of a bispecific antibody that specifically
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binds FcyRIIB and FctRIa, and which does not (a) downregulate FcyRIIA expression, and (b) cross 

link FcyRIIB 1.

22. A bispecific antibody for inhibiting an immune response or treating an allergic disorder in a

5 mammal, wherein the bispecific antibody: (i) specifically binds both FcyRIIB and FceRIa, and which 

does not downregulate FcyRIIA expression; (ii) binds FceRIa when FceRIa is bound to IgE; (iii) 

comprises a knob mutation at position 366 in a first binding component of the bispecific antibody and 

corresponding hole mutations at positions 366, 368 and 407 in a second binding component; and (iv) 

comprises a C226S and C229S mutation in the bispecific antibody hinge region.

10

23. A method of inhibiting an immune response or treating an allergic disorder in a mammal 

comprising administering at least a therapeutically effective amount of a bispecific antibody that: (i) 

specifically binds both FcyRIIB and FceRIa, and which does not downregulate FcyRIIA expression; 

(ii) binds FceRIa when FceRIa is bound to IgE; (iii) comprises a knob mutation at position 366 in a

15 first binding component of the bispecific antibody and corresponding hole mutations at positions 366, 

368 and 407 in a second binding component; and (iv) comprises a C226S and C229S mutation in the 

bispecific antibody hinge region.

24. The bispecific antibody of claim 20 or claim 22 or the method of claim 21 or claim 23, wherein

20 the bispecific antibody blocks binding to FcyRIIB by the anti-FcyRIIB antibody 5A6.

25. The bispecific antibody of claim 20 or claim 22 or the method of claim 21 or claim 23, wherein 

the bispecific antibody blocks binding to FcyRIIB by the anti-FcyRIIB antibody secreted by the 

hybridoma having the ATCC accession number PTA-4614.
25

26. The bispecific antibody or method of any one of claims 20 to 25, wherein FceRIa expression is 

upregulated by prior stimulation from IgE.

27. The bispecific antibody or method of any one of claims 20, 21 or 26 when appended to

30 claim 20 or claim 21, wherein the cell is a B cell or a mast cell.

28. The bispecific antibody or method of claim 27, wherein the cell is a human cell.

29. The bispecific antibody or method of claim 27 or claim 28, wherein the stimulation by IgE

35 induces mast cell survival.
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claim 20 or claim 21, wherein the bispecific antibody binds to FceRIa when FeeRice is bound to IgE.

5 31. The bispecific antibody or method of claim 30, wherein the bispecific antibody comprises an

anti-FcyRIIB component and a FceRIce binding component, wherein the anti-FcyRIIB component 

comprises a T366W mutation and the Fee RIa component comprises T366S, L368A and Y407V 

mutation.

10 32. The bispecific antibody or method of claim 31, wherein the bispecific antibody further

comprises C226S and C229S mutations in its hinge region.

33. The method of any one of claims 23 to 26, further comprising administering an anti-IgE 

antibody.

15
34. The method of claim 33, wherein the ratio of bispecific antibody: anti-IgE antibody is from 

0.01:1 to 100:1.

35. The method of any one of claims 23, 33 or 34, wherein the allergic disorder is atopic allergy, 

20 systemic anaphylaxis, or urticaria.

36. The method of claim 35, wherein the atopic allergy is hay fever, asthma or atopic dermatitis.

37. A bispecific antibody for reducing histamine release from a cell, wherein the bisecific antibody 

25 specifically binds FcyRIIB and FceRIa, and which does not clownregulate FcyRIIA expression.

38. A method of reducing histamine release from a cell comprising contacting said cell with an 

effective amount of a bispecific antibody that specifically birds FcyRIIB and FceRIa, and which does 

not downregulate FcyRIIA expression and wherein FcyRIIB expression is upregulated by stimulation

30 from IgE.

39. The bispecific antibody of claim 37 or the method of claim 38, wherein the histamine release is 

reduced at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or 100% 

relative to background levels.

35
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40. A composition comprising the bispecific antibody of ary one of claims 1 to 8, 20, 22, 24 to 32, 

37 or 39, and a pharmaceutical carrier.

41. The composition of claim 40 further comprising an anti-IgE antibody or anti-IgE binding 

5 fragment thereof.

42. The composition of claim 41, wherein the anti-IgE ant: body is omalizumab.

43. A kit for treating allergy, asthma and/or inflammation in a mammal, the kit comprising the

10 composition of any one of claims 40 to 42.

44. The kit of claim 43, wherein the ratio of administered bispecific antibody to anti-IgE antibody 

is 0.01:1 to 100:1.

15 45. The kit of claim 44, wherein the ratio is 0.05:1,0.1:1,0.5:1, 1:1,2:1, 10:1, or 20:1.

46. The kit of any one of claims 43 to 45, further comprising a container and label.

47. A method of treating allergy, asthma or inflammation in a mammal in need thereof, the method

20 comprising administering to the mammal an anti-FcTRIIB/anti-FceRI bispecific antibody in

combination with an anti-IgE antibody or anti-IgE binding fragment thereof, or the composition of 
any one of claims 40 to 42.

48. The kit of any one of claims 43 to 46 or the method of claim 47, wherein administration of the

25 bispecific antibody and the anti-IgE antibody or anti-IgE binding fragment thereof is separate or

simultaneous.

49. The kit or method of any one of claims 43 to 48, where in the mammal is a human.

30 50. Use of the bispecific antibody of any one of claims 1 to 8 in the manufacture of a medicament
for activating FctRIIB in a mammalian cell, or inhibiting expression of FceRI receptor in a cell 

comprising said FceRI receptor and FctRIIB receptor.
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1 51. Use of a bispecific antibody that specifically binds FcyRIIB and FceRIa, and which does not 

downregulate FcyRIIA expression and crosslink FcyRIIB 1, in the manufacture of a medicament for 

downregulating FceRIa expression on a cell.

5 52. Use of a bispecific antibody that: (i) specifically binds both FcyRIIB and FceRIa, and which

does not downregulate FcyRIIA expression; (ii) binds FceRIa when FceRIa is bound to IgE; (iii) 

comprises a knob mutation at position 366 in a first binding component of the bispecific antibody and 

corresponding hole mutations at positions 366, 368 and 407 in a second binding component; and (iv) 

comprises a C226S and C229S mutation in the bispecific antibody hinge region, in the manufacture of

10 a medicament for inhibiting an immune response or treating an allergic disorder in a mammal.

53. Use of a bispecific antibody that specifically binds Fc'RIIB and FceRIa, and which does not 

downregulate FcyRIIA expression, in the manufacture of a medicament for inhibiting histamine 

release from a cell.

15

54. Use of an anti-FcyRIIB/anti-FceRI bispecific antibody in combination with an anti-IgE 

antibody or anti-IgE binding fragment thereof in the manufacture of a medicament for treating 

allergy, asthma or inflammation.

20 55. A bispecific antibody according to any one of claims 1,20, 22 or 37, a method according to any

one of claims 9, 19, 21,23, 38 or 47, a composition according to claim 40, a kit according claim 43, 

or use according to any one of claims 50 to 54, substantially as hereinbefore described with reference 

to any one of the examples or figures.
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FcgR2B1 Amino Acid Sequence:

1 mgilsflpvl atesdwadck spqpwghmll wtavlflapv agtpaappka vlklepqwin 
61 vlqedsvtlt crgthspesd siqwfhngnl ipthtqpsyr fkannndsge ytcqtgqtsl 

121 sdpvhltvls ewlvlqtphl efqegetivl rchswkdkpl vkvtffqngk skkfsrsdpn 
181 fsipqanhsh sgdyhctgni gytlysskpv titvqapsss pmgiivawt giavaaivaa 
241 waliycrkk risalpgype cremgetlpe kpanptnpde adkvgaenti tysllmhpda 
301 leepddqnri (SEQ ID NO: 11)

FIG. 2B

humlgGl
humIgG2
humIgG3
hum!gG4

humlgGl
humIgG2
humIgG3
hum!gG4

humlgGl

humIgG2
humIgG3
hum!gG4

humlgGl
humIgG2
humIgG3
hum!gG4

230 240 250 260 270
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFNWYV 
PAP - PVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYV 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCWVDVSHEDPEVQFKWYV 
PAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVWDVSQEDPEVQFNWYV

fc fc fc fc fc fc "k

280 290 300 310 320
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
DGVEVHNAKTKPREEQFNSTFRWSVLTWHQDWLNGKEYKCKVSNKGLP
DGVEVHNAKTKPREEQFNSTFRVVSVLTVLHQDWLNGKEYKCKVSNKALP
DGVEVHNAKTKPREEQFNSTYRWSVLTVLHQDWLNGKEYKCKVSNKGLPfc fc fc *

330 340 350 360 370
APIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAV

D L
APIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAV
APIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAV
SSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVfc fc fc fc

380 390 400 410 420
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EWESSGQPENNYNTTPPMLDSDGSFFLYSKLTVDKSRWQQGNIFSCSVMH
EWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMH

fc fc fc fc fc fc

humlgGl
hum!gG2
humIgG3
hum!gG4

430 440
EALHNHYTQKSLSLSPGK
EALHNHYTQKSLSLSPGK
EALHNRFTQKSLSLSPGK
EALHNHYTQKSLSLSLGK

SEQ ID NO 
SEQ ID NO 
SEQ ID NO 
SEQ ID NO

31
32
33
34

FIG. 3
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GAATTCAACTTCTCCATACTTTGGATAAGGAAATACAGACATGAAAAATCTCATTGCTGA 
GTTGTTATTTAAGCTTGCCCAAAAAGAAGAAGAGTCGAATGAACTGTGTGCGCAGGTAGA 
AGCTTTGGAGATTATCGTCACTGCAATGCTTCGCAATATGGCGCAAAATGACCAACAGCG 
GTTGATTGATCAGGTAGAGGGGGCGCTGTACGAGGTAAAGCCCGATGCCAGCATTCCTGA 
CGACGATACGGAGCTGCTGCGCGATTACGTAAAGAAGTTATTGAAGCATCCTCGTCAGTA 
AAAAGTTAATCTTTTCAACAGCTGTCATAAAGTTGTCACGGCCGAGACTTATAGTCGCTT 
TGTTTTTATTTTTTAATGTATTTGTAACTAGTACGCAAGTTCACGTAAAAAGGGTATCTA 
GAATTATGAAGAAGAATATCGCATTTCTTCTTGCATCTATGTTCGTTTTTTCTATTGCTA 
CAAATGCATACGCTGACATCCAGATGACCCAGTCTCCATCTTCCTTATCTGCCTCTCTGG 
GAGAAAGAGTCAGTCTCACTTGTCGGGCAAGTCAGGAAATTAGTGGTTACTTAAGCTGGT 
TTCAGCAGAAACCAGATGGAACTATTAAACGCCTGATCTATGCCGCATCCGCTTTAGATT 
CTGGTGTCCCAAAAAGGTTCAGTGGCAGTTGGTCTGGGTCAGATTATTCTCTCACCATCA 
GCAGCCTTGAGTCTGAAGATTTTGCAGACTATTACTGTCTACAATATGTTAGTTATCCGC 
TCACGTTCGGTGCTGGGACCAAACTGGAGCTGAAACGGACCGTGGCTGCACCATCTGTCT 
TCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGC 
TGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCCAAT 
CGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCA 
GCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAG 
TCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAAT 
T SEQ ID NO: 35

FIG. 25

GAATTCAACTTCTCCATACTTTGGATAAGGAAATACAGACATGAAAAATCTCATTGCTGA 
gttgttatttaagcttgcccaaaaagaagaagagtcgaatgaactgtgtgcg 'caggtaga 
AGCTTTGGAGATTATCGTCACTGCAATGCTTCGCAATATGGCGCAAAATGACCAACAGCG 
GTTGATTGATCAGGTAGAGGGGGCGCTGTACGAGGTAAAGCCCGATGCCAGCATTCCTGA 
CGACGATACGGAGCTGCTGCGCGATTACGTAAAGAAGTTATTGAAGCATCCTCGTCAGTA 
AAAAGTTAATCTTTTCAACAGCTGTCATAAAGTTGTCACGGCCGAGACTTATAGTCGCTT 
TGTTTTTATTTTTTAATGTATTTGTAACTAGTACGCAAGTTCACGTAAAAAGGGTATCTA 
GAATTATGAAGAAGAATATCGCATTTCTTCTTGCATCTATGTTCGTTTTTTCTATTGCTA 
CAAATGCATACGCTGATATCATGATGACTCAGTCTCCTTCTTCCATGTATGCATCTCTAG 
GAGAGAGAGTCACTATCACTTGTAAGGCGAGTCAGGACATTAATAGCTATTTAAGCTGGT 
TCCAGCAGAAACCAGGGAAATCTCCTAAGACCCTGATCTCTCGTGCAAACAGATTGGTAG 
ATGGTGTCCCATCAAGATTCAGTGGCAGTGGATCTGGGCAAGATTATTCTCTCACCATCA 
GCAGCCTGGAGTATGAAGATATGGGAATTTATTATTGTCTACAGTATGATGACTTTCCGT 
TCACGTTCGGAGGGGGGACCAAGCTGGAAATAAAACGGACCGTGGCTGCACCATCTGTCT 
TCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGC 
TGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGATAACGCCCTCGAAT 
CGGGTAACTCCCAGGAGAGTGTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCA 
GCAGCACCCTGACGCTGAGCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAG 
TCACCCATCAGGGCCTGAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAAT 
T SEQ ID NO: 36

FIG. 26
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ACGCGTACGCTGAAGTGAAGCTGGAGGAGTCTGGAGGAGGCTTGGTGCAACCTGGAGGAT 
CCATGAAACTCTCTTGTGTTGCCTCTGGATTCACTTTTAGTGACGCCTGGATGGACTGGG 
TCCGCCAGTCTCCAGAGAGGGGGCTTGAGTGGGTTGCTGAAATTAGAAGCAAACCTAATA 
ATCATGCAACATACTATGCTGAGTCTGTGAAAGGGAGGTTCACCATCTCAAGAGATGATT 
CCAAAAGTAGTGTCTACCTGCAAATGACCAGCTTAAGACCTGAAGACACTGGCATTTATT 
ACTGTACCCACTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCAGCCAAAA 
CGACGGGCCC SEQ ID NO: 37

FIG. 27

ACGCGTACGCTGAAGTGAAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGT 
CCCTGAAACTCTCCTGTGCAGCCTCTGGATTCACTTTCAGTAGCTATGGCATGTCTTGGG 
TTCGCCAGACTCCGGAGAAGAGGCTGGAGTGGGTCGCAACCATTAGTGGTGGTAATAATT 
ACACCTTCTATCCAGACAATTTGAAGGGGCGCTTCACCATCTCCAGAGACAATGCCAAGA 
ACATCCTGTACCTGCAAATCAGCAGTCTGAGGTCTGTCGACACGGCCTTGTATTACTGTG 
CAAGCCTGTGGTACCGCGCCTCGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACCGTCT 
CCTCAGCAAAAACGACGGGCCC SEQ ID NO: 38

FIG. 28
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Dual Binding Specificity of 5A6/22E7 Hingeless
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FIG. 30

Dual Binding Specificity of 5A6/22E7 Hingeless

SUBSTITUTE SHEET (RULE 26)



WO 2006/028956 PCT/US2005/031281

20/42
H

ist
am

in
e L

ev
el

 (n
g/

m
l) 

H
ist

am
in

e L
ev

el

FIG. 31B SUBSTITUTE SHEET (RULE 26)



WO 2006/028956 PCT/US2005/031281

21 /42

RBL huFcsRI + huFcyRIIBl Cells

Hi
st

am
in

e 
Le

ve
l (

ng
/m

l) 
Hi

st
am

in
e 

Le
ve

l

150

100

□ -IgE + TNP 
-IgE + NP

□ -IgE + NP + Bispecific
□ +hIgE + TNP
□ +hIgE + NP
□ +hIgE + NP + Bispecific

■

/-,
/
/

I.PVl S·'lad

F/G. 32A
0.1 ' 0.01 0.00 

TNP or NP-OVA (ug/ml)

r . 
/
/ ■ 

/
/

0.0001 Bkgrd

FIG. 32B SUBSTITUTE SHEET (RULE 26)



WO 2006/028956 PCT/US2005/031281

22/42
Hi

st
am

in
e 

Le
ve

l (n
g/

m
l) 

Hi
st

am
in

e 
Le

ve
l

FIG. 33B
SUBSTITUTE SHEET (RULE 26)



WO 2006/028956 PCT/US2005/031281

23/42

huFcsRI ECD : huFcyRIIB ECD: Bispecific Antibody
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huFceRI ECD : huFcyRIIB ECD: Bispecific Antibody
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Sequence Listing

<110> GENENTECH, INC.

<120> ANTI-FC-GAMMA RUB RECEPTOR ANTIBODY AND USES THEREFOR

<130> P1935R1-PCT

<140> PCT/US2OO5/O31281
<141> 2005-09-01

<150> US 60/606,851
<151> 2004-09-02

<160> 40

<210> 1
<211> 5
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 1
Asp Ala Trp Met Asp 

5

<210> 2
<211> 19
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 2
Glu lie Arg Ser Lys Pro Asn Asn His Ala Thr Tyr Tyr Ala Glu 
15 10 15

Ser val Lys Gly

<210> 3
<211> 3
<212> PRT
<213> Artificial sequence 

<220>
<223> sequence is synthesized

<400> 3 
Phe Asp Tyr

<210> 4
<211> 11
<212> PRT
<213> Artificial sequence

<22O>
<223> sequence is synthesized

<400> 4
Arg Ala Ser Gin Glu lie Ser Gly Tyr Leu Ser 

5 10

<210> 5
Page 1
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8 <211> 7 

<212> PRT 
<213> Artificial sequence 

<220>
<223> sequence is synthesized 

<400> 5
Ala Ala Ser Ala Leu Asp Ser 

5

<210> 6
<211> 8
<212> PRT
<213> Artificial sequence 

<220>
<223> sequence is synthesized 

<400> 6
Leu Gin Tyr Val Ser Tyr Pro Leu 

5

<210> 7
<211> 222
<212> PRT
<213> Artificial sequence 

<220>
<223> sequence is synthesized

<400> 7 
Glu Val 

1
Lys Leu Glu Glu Ser Gly Gly Gly Leu Val Gin Pro Gly

155 10

Gly Ser Met Lys Leu Ser cys val Ala Ser Gly Phe Thr Phe Ser
20 25 30

Asp Ala Trp Met Asp Trp val Arg Gin Ser Pro Glu Arg Gly Leu
35 40 45

Glu T rp val Al a Glu lie Arg Ser Lys Pro Asn Asn His Ala Thr
50 55 60

Tyr Tyr Ala Glu Ser val Lys Gly Arg Phe Thr lie Ser Arg Asp
65 70 75

Asp Ser Lys Ser Ser val Tyr Leu Gin Met Thr Ser Leu Arg Pro
80 85 90

Glu Asp Thr Gly lie Tyr Tyr cys Thr His Phe Asp Tyr Trp Gly
95 100 105

Gin Gly Thr Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Gly Pro
110 115 120

Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
125 130 135

Thr Ala Ala Leu Gly Cys Leu val Lys Asp Tyr Phe pro Glu pro
140 145 150

val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly val His
155 160 165

Thr Phe Pro Ala val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser
170 175 180

Page 2
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8 Ser val val Thr val 

185
Pro Ser Ser Ser Leu

190
Gly Thr Gin Thr Tyr

195

lie cys Asn Val Asn Hi s Lys Pro Ser Asn Thr Lys val Asp Lys
200 205 210

Lys Val Glu pro Lys Ser cys Asp Lys Thr His Thr
215 220

<210> 8
<211> 214
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 8
Asp lie Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Leu

1 5 10 15

Gly Glu Arg val Ser Leu Thr Cys Arg Ala Ser Gin Glu lie Ser
20 25 30

Gly Tyr Leu Ser Trp Phe Gin Gin Lys Pro Asp Gly Thr lie Lys
35 40 45

Arg Leu lie Tyr Ala Al a Ser Ala Leu ASP Ser Gly Val Pro Lys
50 55 60

Arg Phe Ser Gly Ser Trp Ser Gly Ser Asp Tyr Ser Leu Thr lie
65 70 75

Ser Ser Leu Glu Ser Glu Asp Phe Ala Asp Tyr Tyr cys Leu Gin
80 85 90

Tyr Val Ser Tyr Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu
95 100 105

Leu Lys Arg Thr Val Ala Ala Pro Ser Val Phe lie Phe Pro Pro
110 115 120

ser ASP Glu Gin Leu Lys ser Gly Thr Al a ser val val cys Leu
125 130 135

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val Gin Trp Lys val
140 145 150

Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Gl u Ser val Thr Glu
155 160 165

Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr
170 175 180

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala cys Glu
185 190 195

val Thr His Gin Gly Leu Ser Ser Pro val Thr Lys Ser Phe Asn
200 205 210

Arg Gly Glu Cys

<210> 9
<211> 317 
<212> PRT
<213> Homo sapiens
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Met
1

Ala Met Glu Thr Gin Met Ser Gin Asn val cys Pro Arg Asn
155 10

Leu Trp Leu Leu Gin Pro Leu Thr val Leu Leu Leu Leu Ala Ser
20 25 30

Ala Asp Ser Gin Ala Ala Ala Pro Pro Lys Ala val Leu Lys Leu
35 40 45

Glu Pro pro Trp lie Asn Val Leu Gin Glu Asp Ser val Thr Leu
50 55 60

Thr cys Gin Gly Ala Arg Ser Pro Glu Ser Asp Ser lie Gin Trp
65 70 75

Phe His Asn Gly Asn Leu lie Pro Thr His Thr Gin Pro Ser Tyr
80 85 90

Arg Phe Lys Ala Asn Asn Asn Asp Ser Gly Glu Tyr Thr cys Gin
95 100 105

Thr Gly Gin Thr Ser Leu Ser Asp Pro Val His Leu Thr val Leu
110 115 120

Ser Glu Trp Leu val Leu Gin Thr Pro His Leu Glu Phe Gin Glu
125 130 135

Gly Glu Thr lie Met Leu Arg cys His ser Trp Lys Asp Lys pro
140 145 150

Leu val Lys val Thr Phe Phe Gin Asn Gly Lys Ser Gin Lys Phe
155 160 165

Ser Arg Leu Asp Pro Thr Phe Ser lie Pro Gin Ala Asn His Ser
170 175 180

His Ser Gly Asp Tyr His Cys Thr Gly Asn lie Gly Tyr Thr Leu
185 190 195

Phe Ser Ser Lys Pro Val Thr lie Thr val Gin Val Pro Ser Met
200 205 210

Gly Ser Ser ser pro Met Gly lie lie val Ala val val lie Ala
215 220 225

Thr Ala val Ala Ala lie val Ala Ala val Val Ala Leu lie Tyr
230 235 240

cys Arg Lys Lys Arg lie Ser Ala Asn Ser Thr Asp Pro val Lys
245 250 255

Ala Ala Gin Phe Glu Pro Pro Gly Arg Gin Met lie Ala lie Arg
260 265 270

Lys Arg Gin Leu Glu Glu Thr Asn Asn Asp Tyr Glu Thr Ala Asp
275 280 285

Gly Gly Tyr Met Thr Leu Asn Pro Arg Ala Pro Thr Asp Asp ASP
290 295 300

Lys Asn lie Tyr Leu Thr Leu Pro Pro Asn Asp His Val Asn Ser
305 310 315

Asn Asn

<210> 10
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<212> PRT
<213> Artificial sequence 

<220>
<223> sequence is synthesized

<400> 10
Ser

5
Phe Leu pro val Leu

10
Ala Thr Glu Ser Asp

15
Met

1
Gly lie Leu

Trp Ala Asp Cys Lys Ser Pro Gin Pro Trp Gly His Met Leu Leu
20 25 30

Trp Thr Ala val Leu Phe Leu Ala Pro Val Ala Gly Thr Pro Ala
35 40 45

Ala Pro Pro Lys Ala val Leu Lys Leu Glu Pro Gin Trp lie Asn
50 55 60

val Leu Gin Glu Asp Ser val Thr Leu Thr cys Arg Gly Thr His
65 70 75

Ser Pro Glu Ser Asp Ser lie Gin Trp Phe His Asn Gly Asn Leu
80 85 90

lie Pro Thr His Thr Gin Pro Ser Tyr Arg Phe Lys Ala Asn Asn
95 100 105

Asn Asp Ser Gly Glu Tyr Thr cys Gin Thr Gly Gin Thr Ser Leu
110 115 120

Ser Asp Pro val His Leu Thr Val Leu Ser Glu Trp Leu val Leu
125 130 135

Gin Thr pro His Leu Glu Phe Gin Glu Gly Glu Thr lie val Leu
140 145 150

Arg cys His Ser Trp Lys Asp Lys Pro Leu val Lys Val Thr Phe
155 160 165

Phe Gin Asn Gly Lys Ser Lys Lys Phe Ser Arg Ser Asp Pro Asn
170 175 180

Phe Ser lie Pro Gin Ala Asn His Ser His Ser Gly Asp Tyr His
185 190 195

Cys Thr Gly Asn lie Gly Tyr Thr Leu Tyr Ser Ser Lys Pro val
200 205 210

Thr lie Thr Val Gin Ala Pro Ser Ser Ser Pro Met Gly lie lie
215 220 225

val Ala val val Thr Gly lie Ala Val Ala Ala He Val Ala Ala
230 235 240

val val Ala Leu lie Tyr cys Arg Lys Lys Arg lie Ser Ala Asn
245 250 255

Pro Thr Asn Pro Asp Glu Ala Asp Lys val Gly Al a Gl u Asn Thr
260 265 270

lie Thr Tyr Ser Leu Leu Met His pro Asp Ala Leu Glu Glu Pro
275 280 285

Asp Asp Gin Asn Arg He
290
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<211> 310 
<212> PRT 
<213> Artificial

<220>
<223> sequence i

<400> 11 
Met Gly lie Leu

1

Trp Ala Asp Cys

Trp Thr Ala val

Ala Pro Pro Lys

val Leu Gin Glu

Ser Pro Glu Ser

lie Pro Thr His

Asn Asp Ser Gly

Ser Asp Pro val

Gin Thr Pro His

Arg cys His ser

Phe Gin Asn Gly

Phe Ser lie Pro

Cys Thr Gly Asn

Thr lie Thr Val

val Ala val val

Val Val Ala Leu

Pro Gly Tyr Pro

Lys Pro Ala Asn

Ala Glu Asn Thr

sequence

synthesized

Ser
5

Phe Leu Pro val Leu Ala Thr Glu 
10

Ser Asp
15

Lys Ser Pro Gin Pro Trp Gly His Met Leu Leu
20 25 30

Leu Phe Leu Ala Pro Val Ala Gly Thr Pro Ala
35 40 45

Ala val Leu Lys Leu Glu Pro Gin Trp lie Asn
50 55 60

Asp Ser val Thr Leu Thr cys Arg Gly Thr His
65 70 75

Asp Ser lie Gl n Trp Phe His Asn Gly Asn Leu
80 85 90

Thr Gin pro Ser Tyr Arg Phe Lys Ala Asn Asn
95 100 105

Glu Tyr Thr cys Gin Thr Gly Gin Thr Ser Leu
110 115 120

Hi s Leu Thr val Leu Ser Glu Trp Leu Val Leu
125 130 135

Leu Glu Phe Gin Glu Gly Glu Thr lie val Leu
140 145 150

Trp Lys Asp Lys Pro Leu val Lys val Thr Phe
155 160 165

Lys Ser Lys Lys Phe Ser Arg Ser Asp Pro Asn
170 175 180

Gin Ala Asn His Ser His Ser Gly Asp Tyr His
185 190 195

lie Gly Tyr Thr Leu Tyr Ser Ser Lys Pro Val
200 205 210

Gin Ala Pro Ser Ser Ser Pro Met Gly lie lie
215 220 225

Thr Gly lie Ala val Ala Ala lie Val Ala Ala
230 235 240

lie Tyr Cys Arg Lys Lys Arg lie Ser Ala Leu
245 250 255

Glu Cys Arg Glu Met Gly Glu Thr Leu Pro Glu
260 265 270

Pro Thr Asn Pro Asp Glu Ala Asp Lys val Gly
275 280 285

lie Thr Tyr Ser Leu Leu Met Hi s Pro Asp Ala
290 295 300
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Leu Glu Glu Pro Asp Asp Gin Asn Arg lie 
305 310

<210> 12
<211> 24
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 12
Gly Gly Thr Gly Ala Ala Gly Cys Thr Cys Thr cys Ala Ala Gly 
15 10 15

Thr Ala Cys Thr Gly Gly Thr Ala Thr 
20

<210> 13
<211> 24
<212> PRT
<213> Artificial sequence

<22O>
<223> sequence is synthesized

<400> 13
Gly Thr Ala Gly Gly Thr Thr Cys Cys Ala Cys Thr Gly Thr Cys 
15 10 15

Thr Thr cys Ala Ala Cys Thr Gly Thr 
20

<210> 14
<211> 29
<212> PRT
<213> Artificial sequence

<22O>
<223> sequence is synthesized

<400> 14
Ala Gly Ala Ala Cys Cys Ala Cys Ala Ala Cys Ala Thr Cys Thr 
15 10 15

Cys Cys Ala Thr Thr Ala Cys Ala Ala Ala Thr Gly Cys Cys 
20 25

<210> 15
<211> 18
<212> PRT
<213> Artificial sequence

<22O>
<223> sequence is synthesized

<400> 15
Cys Cys Cys Thr Gly Ala Gly Thr Gly Cys Ala Gly Gly Gly Ala 
15 10 15

Ala Ala Thr

<210> 16
<211> 22
<212> PRT
<213> Artificial sequence
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<220>
<223> sequence is synthesized

<400> 16
Cys Cys Thr cys Ala Thr Cys Ala Gly Gly Ala Thr Thr Ala Gly 
15 10 15

Thr Gly Gly Gly Ala Thr Thr 
20

<210> 17
<211> 25
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 17
Ala Gly Ala Gly Ala Cys Cys Cys Thr Cys Cys Cys Thr Gly Ala 
15 10 15

Gly Ala Ala Ala Cys Cys Ala Gly Cys Cys 
20 25

<210> 18
<211> 20
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 18
Thr Gly Cys Thr Gly Thr Ala Gly Thr Gly Gly Cys Cys Thr Thr 
15 10 15

Gly Ala Thr Cys Thr 
20

<210> 19
<211> 20
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 19
Cys Cys Ala Ala Cys Thr Thr Thr Gly Thr Cys Ala Gly Cys Cys 
15 10 15

Thr Cys Ala Thr Cys 
20

<210> 20
<211> 21
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 20
Ala Gly Cys Gly Gly Ala Thr Thr Thr Cys Ala Gly Cys Cys Ala 
15 10 15
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Ala Thr cys Cys Cys Ala
20

<210> 21
<211> 20
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 21
Gly Cys Gly Gly Ala Thr Thr cys Thr Cys Ala Thr Gly Gly Ala 
15 10 15

Ala Cys Ala cys Ala 
20

<210> 22
<211> 20
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 22
Gly Gly Thr Cys Ala Gly Cys Cys Ala Gly Gly Ala Gly Cys Thr 
15 10 15

Thr Cys Thr Thr Gly 
20

<210> 23
<211> 25
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 23
Cys Ala Cys Ala Ala Gly Cys Thr Gly Ala Ala Gly Gly Cys Ala 
15 10 15

Gly Ala Cys Ala Ala Gly Gly Cys Cys Cys 
20 25

<210> 24
<211> 25
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 24
Cys Ala Ala Thr Thr Ala Thr Thr Thr cys Cys Cys Ala Cys Ala 
15 10 15

Gly Thr Ala Thr Cys Thr Thr Cys Ala Ala 
20 25

<210> 25
<211> 23
<212> PRT
<213> Artificial sequence

Page 9

P71447.AU


p71447.au P1935R1 PCT Sequence Listing

20
05

28
27

20
 

28
 O

ct
 2

00
8 <220>

<223> sequence is synthesized

<400> 25
Gly Gly Gly Gly Thr Ala Cys Ala Gly Ala Cys Ala Thr Thr Thr 
15 10 15

Cys Thr Ala Thr Gly Gly Ala Thr 
20

<210> 26
<211> 30
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 26
Ala Cys Ala Thr Gly Ala Gly Thr Gly Thr Cys Cys Thr Thr Thr 
15 10 15

Gly Ala Cys Ala Gly Thr Thr Gly Ala Ala Ala Gly Gly Cys Thr 
20 25 30

<210> 27
<211> 39
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 27
Ala Ala Ala Gly Gly Gly Ala Al a Ala Gly Ala Al a Thr Thr cys

1 5 10 15

Ala Ala cys Thr Thr Cys Thr cys cys Al a Gly Ala cys Thr Thr
20 25 30

Thr Gly Gly Ala Thr Ala Ala Gly Gly
35

<210> 28
<211> 37
<212> PRT
<213> Artificial sequence 

<220>
<223> sequence is synthesized 

<400> 28
Ala Ala Ala Gly Gly Gly Ala Al a Al a Al a Thr Gly Cys Ala Thr

1 5 10 15

Thr Thr Gly Thr Ala Gly Cys Ala Ala Thr Ala Gly Ala Ala Ala
20 25 30

Al a Al a Ala cys Gly Al a Ala
35

<210> 29
<211> 19
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized
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<400> 29
Leu Pro Gly Tyr Pro Glu Cys Arg Glu Met Gly Glu Thr Leu Pro 
15 10 15

Glu Lys Pro Ala

<210> 30
<211> 317
<212> PRT
<213> Homo sapiens

<400> 30
Ser Gin Asn 

10
val cys Pro Arg Asn

15
Met

1
Ala Met Glu Thr

5
Gin Met

Leu Trp Leu Leu Gin Pro Leu Thr val Leu Leu Leu Leu Ala ser
20 25 30

Ala Asp Ser Gin Ala Ala Ala Pro Pro Lys Ala val Leu Lys Leu
35 40 45

Glu Pro Pro Trp lie Asn val Leu Gin Gl u Asp Ser val Thr Leu
50 55 60

Thr cys Gin Gly Ala Arg Ser Pro Glu Ser Asp Ser lie Gin Trp
65 70 75

Phe His Asn Gly Asn Leu lie Pro Thr His Thr Gin pro Ser Tyr
80 85 90

Arg Phe Lys Ala Asn Asn Asn Asp Ser Gly Glu Tyr Thr Cys Gin
95 100 105

Thr Gly Gin Thr Ser Leu Ser Asp Pro Val Hi s Leu Thr val Leu
110 115 120

Ser Glu T rp Leu val Leu Gin Thr Pro Hi s Leu Glu Phe Gin Glu
125 130 135

Gly Glu Thr lie Met Leu Arg cys His Ser Trp Lys Asp Lys Pro
140 145 150

Leu val Lys Val Thr Phe Phe Gin Asn Gly Lys Ser Gin Lys Phe
155 160 165

Ser Arg Leu Asp Pro Thr Phe Ser lie Pro Gin Ala Asn His Ser
170 175 180

His Ser Gly Asp Tyr His cys Thr Gly Asn lie Gly Tyr Thr Leu
185 190 195

Phe Ser Ser Lys Pro val Thr lie Thr Val Gin val Pro Ser Met
200 205 210

Gly Ser Ser Ser Pro Met Gly lie lie Val Ala val Val lie Ala
215 220 225

Thr Ala val Ala Ala lie val Ala Ala Val val Ala Leu lie Tyr
230 235 240

Cys Arg Lys Lys Arg lie Ser Ala Asn Ser Thr Asp Pro Val Lys
245 250 255

Ala Al a Gin Phe Glu Pro Pro Gly Arg Gin Met lie Ala lie Arg
260 265 270
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275 280 285

Gly Gly Tyr Met Thr Leu Asn Pro Arg Ala Pro Thr Asp Asp Asp
290 295 300

Lys Asn lie Tyr Leu Thr Leu Pro Pro Asn Asp His val Asn ser
305 310 315

Asn Asn

<210> 31
<211> 218 
<212> PRT 
<213> Homo sapiens 

<400> 31
pro Ala Pro Glu Leu Leu Gly Gly Pro ser 

10
val Phe Leu Phe Pro

151 5

Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu Val
20 25 30

Thr cys val val val Asp val Ser His Glu Asp pro Glu Val Lys
35 40 45

Phe Asn Trp Tyr val Asp Gly val Gl u Val His Asn Ala Lys Thr
50 55 60

Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val val Ser
65 70 75

val Leu Thr val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr
80 85 90

Lys cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys
95 100 105

Thr lie Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr
110 115 120

Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gin val Ser
125 130 135

Leu Thr cys Leu val Lys Gly Phe Tyr Pro Ser Asp lie Ala val
140 145 150

Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr
155 160 165

Pro Pro val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
170 175 180

Leu Thr val Asp Lys Ser Arg Trp Gin Gin Gly Asn val Phe Ser
185 190 195

Cys Ser val Met His Glu Ala Leu His Asn His Tyr Thr Gin Lys
200 205 210

Ser Leu Ser Leu Ser Pro Gly Lys
215

<210> 32
<211> 217 
<212> PRT
<213> Homo sapiens
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Ala Gly Pro Ser val
10

Phe Leu Phe Pro Pro 
15

Pro
1

Ala Pro Pro val
5

Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu val Thr
20 25 30

cys val val val Asp val Ser His Glu Asp pro Glu val Gin Phe
35 40 45

Asn Trp Tyr val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys
50 55 60

Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg Val val Ser Val
65 70 75

Leu Thr Val val His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys
80 85 90

cys Lys val ser Asn Lys Gly Leu pro Ala Pro lie Glu Lys Thr
95 100 105

lie Ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin val Tyr Thr
110 115 120

Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gin val Ser Leu
125 130 135

Thr cys Leu val Lys Gly Phe Tyr Pro Ser Asp lie Ala val Glu
140 145 150

Trp Gl u Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro
155 160 165

Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu
170 175 180

Thr val Asp Lys Ser Arg Trp Gin Gin Gly Asn val Phe Ser cys
185 190 195

Ser val Met His Glu Al a Leu Hi s Asn His Tyr Thr Gin Lys Ser
200 205 210

Leu Ser Leu Ser Pro Gly Lys
215

<210> 33
<211> 218
<212> PRT
<213> Homo sapiens

<400> 33
Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser val Phe Leu Phe Pro

1 5 10 15

Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu val
20 25 30

Thr cys val val val Asp val Ser His Gl u Asp Pro Glu val Gin
35 40 45

Phe Lys Trp Tyr val Asp Gly val Glu val Hi s Asn Ala Lys Thr
50 55 60

Lys Pro Arg Glu Glu Gin Phe Asn Ser Thr Phe Arg val val Ser
65 70 75

val Leu Thr val Leu Hi s Gin Asp Trp Leu Asn Gly Lys Glu Tyr
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Lys cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro lie Glu Lys
95 100 105

Thr lie ser Lys Thr Lys Gly Gin Pro Arg Glu Pro Gin val Tyr
110 115 120

Thr Leu pro pro Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser
125 130 135

Leu Thr cys Leu val Lys Gly Phe Tyr Pro Ser Asp lie Ala Val
140 145 150

Glu Trp Glu Ser Ser Gly Gin Pro Glu Asn Asn Tyr Asn Thr Thr
155 160 165

Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
170 175 180

Leu Thr val Asp Lys Ser Arg Trp Gin Gin Gly Asn lie Phe Ser
185 190 195

cys Ser Val Met Hi s Glu Ala Leu His Asn Arg Phe Thr Gin Lys
200 205 210

Ser Leu Ser Leu Ser Pro Gly Lys
215

<210> 34
<211> 218
<212> PRT
<213> Homo sapiens 

<400> 34
Pro Ala 

1
Pro Glu Phe 

5
Leu Gly Gly Pro Ser val 

10
Phe Leu Phe Pro

15

Pro Lys Pro Lys Asp Thr Leu Met lie Ser Arg Thr Pro Glu val
20 25 30

Thr cys val val val Asp val Ser Gin Glu Asp Pro Glu Val Gin
35 40 45

Phe Asn Trp Tyr val Asp Gly val Gl u Val Hi s Asn Ala Lys Thr
50 55 60

Lys Pro Arg Glu Glu Gin Phe Asn Ser Thr Tyr Arg val val Ser
65 70 75

val Leu Thr Val Leu His Gin Asp Trp Leu Asn Gly Lys Glu Tyr
80 85 90

Lys cys Lys val Ser Asn Lys Gly Leu Pro Ser Ser lie Glu Lys
95 100 105

Thr lie Ser Lys Ala Lys Gly Gin Pro Arg Gl u Pro Gin val Tyr
110 115 120

Thr Leu Pro Pro Ser Gin Glu Glu Met Thr Lys Asn Gin val Ser
125 130 135

Leu Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp lie Ala Val
140 145 150

Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr
155 160 165
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170 175 180

Leu Thr val Asp Lys Ser Arg Trp Gin Glu Gly Asn val Phe Ser
185 190 195

cys Ser val Met His Glu Ala Leu Hi s Asn His Tyr Thr Gin Lys
200 205 210

Ser Leu Ser Leu Ser Leu Gly Lys
215

<210> 35
<211> 1141
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 35
Gly

1
Ala Ala Thr Thr 

5
Cys Ala Ala Cys Thr 

10
Thr Cys Thr Cys Cys 

15

Ala Thr Ala cys Thr Thr Thr Gly Gly Ala Thr Ala Ala Gly Gly
20 25 30

Ala Ala Ala Thr Ala cys Ala Gly Ala Cys Ala Thr Gly Ala Ala
35 40 45

Ala Ala Ala Thr Cys Thr cys Ala Thr Thr Gly cys Thr Gly Ala
50 55 60

Gly Thr Thr Gly Thr Thr Ala Thr Thr Thr Ala Ala Gly cys Thr
65 70 75

Thr Gly Cys Cys Cys Ala Ala Ala Ala Ala Gly Ala Ala Gly Ala
80 85 90

Ala Gly Ala Gly Thr cys Gly Ala Ala Thr Gly Al a Ala cys Thr
95 100 105

Gly Thr Gly Thr Gly cys Gly cys Ala Gly Gly Thr Ala Gly Ala
110 115 120

Ala Gly Cys Thr Thr Thr Gly Gly Ala Gly Ala Thr Thr Ala Thr
125 130 135

cys Gly Thr cys Ala cys Thr Gly cys Ala Ala Thr Gly cys Thr
140 145 150

Thr cys Gly cys Ala Ala Thr Ala Thr Gly Gly cys Gly cys Ala
155 160 165

Ala Ala Ala Thr Gly Ala cys cys Ala Ala cys Ala Gly cys Gly
170 175 180

Gly Thr Thr Gly Ala Thr Thr Gly Ala Thr cys Ala Gly Gly Thr
185 190 195

Ala Gly Ala Gly Gly Gly Gly Gly cys Gly cys Thr Gly Thr Ala
200 205 210

cys Gly Ala Gly Gly Thr Ala Ala Ala Gly cys cys cys Gly Ala
215 220 225

Thr Gly cys cys Ala Gly cys Ala Thr Thr cys cys Thr Gly Ala
230 235 240
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cys Gly Ala cys Gly Ala Thr Ala cys Gly Gly Ala Gly Cys Thr
245 250 255

Gly Cys Thr Gly cys Gly cys Gly Ala Thr Thr Ala cys Gly Thr
260 265 270

Ala Ala Ala Gly Al a Ala Gly Thr Thr Ala Thr Thr Gly Ala Ala
275 280 285

Gly cys Ala Thr Cys cys Thr cys Gly Thr cys Ala Gly Thr Ala
290 295 300

Ala Ala Ala Ala Gly Thr Thr Ala Ala Thr cys Thr Thr Thr Thr
305 310 315

cys Ala Ala cys Ala Gly cys Thr Gly Thr cys Ala Thr Ala Ala
320 325 330

Ala Gly Thr Thr Gly Thr cys Al a cys Gly Gly cys cys Gly Ala
335 340 345

Gly Ala cys Thr Thr Ala Thr Ala Gly Thr cys Gly cys Thr Thr
350 355 360

Thr Gly Thr Thr Thr Thr Thr Ala Thr Thr Thr Thr Thr Thr Ala
365 370 375

Ala Thr Gly Thr Ala Thr Thr Thr Gly Thr Ala Ala cys Thr Ala
380 385 390

Gly Thr Al a cys Gly cys Ala Ala Gly Thr Thr cys Ala cys Gly
395 400 405

Thr Ala Ala Ala Ala Ala Gly Gly Gly Thr Ala Thr cys Thr Ala
410 415 420

Gly Ala Ala Thr Thr Ala Thr Gly Ala Ala Gly Ala Ala Gly Ala
425 430 435

Ala Thr Ala Thr cys Gly cys Al a Thr Thr Thr cys Thr Thr cys
440 445 450

Thr Thr Gly cys Ala Thr cys Thr Ala Thr Gly Thr Thr Cys Gly
455 460 465

Thr Thr Thr Thr Thr Thr cys Thr Ala Thr Thr Gly Cys Thr Ala
470 475 480

cys Ala Ala Ala Thr Gly cys Al a Thr Ala cys Gly cys Thr Gly
485 490 495

Al a Cys Ala Thr cys cys Ala Gly Ala Thr Gly Ala cys cys cys
500 505 510

Ala Gly Thr cys Thr Cys cys Ala Thr cys Thr Thr cys cys Thr
515 520 525

Thr Ala Thr cys Thr Gly cys cys Thr cys Thr Cys Thr Gl y Gly
530 535 540

Gly Al a Gly Ala Ala Ala Gly Ala Gly Thr cys Al a Gly Thr cys
545 550 555

Thr Cys Ala cys Thr Thr Gly Thr cys Gly Gly Gly cys Ala Ala
560 565 570

Gly Thr cys Ala Gly Gly Ala Ala Ala Thr Thr Ala Gly Thr Gly 
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575 580 585

Gly Thr Thr Ala cys Thr Thr Ala Ala Gly cys Thr Gly Gly Thr
590 595 600

Thr Thr Cys Ala Gly cys Ala Gly Ala Ala Ala cys Cys Ala Gly
605 610 615

Al a Thr Gly Gly Ala Ala cys Thr Ala Thr Thr Ala Ala Ala Cys
620 625 630

Gly Cys cys Thr Gly Ala Thr cys Thr Ala Thr Gly Cys cys Gly
635 640 645

Cys Ala Thr cys cys Gly cys Thr Thr Thr Ala Gly Ala Thr Thr
650 655 660

cys Thr Gly Gly Thr Gly Thr cys cys Cys Ala Ala Ala Ala Ala
665 670 675

Gly Gly Thr Thr Cys Ala Gly Thr Gly Gly cys Ala Gly Thr Thr
680 685 690

Gly Gly Thr cys Thr Gly Gly Gly Thr Cys Ala Gly Al a Thr Thr
695 700 705

Ala Thr Thr cys Thr Cys Thr Cys Ala Cys Cys Ala Thr Cys Ala
710 715 720

Gly cys Ala Gly cys cys Thr Thr Gly Ala Gly Thr cys Thr Gly
725 730 735

Ala Ala Gly Ala Thr Thr Thr Thr Gly cys Ala Gly Ala cys Thr
740 745 750

Al a Thr Thr Ala cys Thr Gly Thr cys Thr Ala cys Ala Ala Thr
755 760 765

Ala Thr Gly Thr Thr Ala Gly Thr Thr Ala Thr cys cys Gly cys
770 775 780

Thr Cys Ala Cys Gly Thr Thr cys Gly Gly Thr Gly cys Thr Gly
785 790 795

Gly Gly Ala cys cys Ala Ala Ala cys Thr Gly Gly Ala Gly cys
800 805 810

Thr Gly Ala Ala Ala cys Gly Gly Ala cys Cys Gly Thr Gly Gly
815 820 825

cys Thr Gly cys Ala cys cys Ala Thr cys Thr Gly Thr cys Thr
830 835 840

Thr Cys Ala Thr Cys Thr Thr Cys cys cys Gly Cys cys Ala Thr
845 850 855

cys Thr Gly Ala Thr Gly Al a Gly cys Ala Gly Thr Thr Gly Ala
860 865 870

Ala Ala Thr cys Thr Gly Gly Ala Ala Cys Thr Gly cys Cys Thr
875 880 885

cys Thr Gly Thr Thr Gly Thr Gly Thr Gly cys cys Thr Gly Cys
890 895 900

Thr Gly Ala Al a Thr Ala Al a cys Thr Thr cys Thr Al a Thr cys
905 910 915
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920
Gly Ala Gly Gly Cys 

925
cys Ala Ala Ala Gly 

930

Thr Ala cys Ala Gly 
935

Thr Gly Gly Ala Ala 
940

Gly Gly Thr Gly Gly 
945

Ala Thr Ala Ala Cys 
950

Gly Cys Cys Cys Thr 
955

Cys cys Ala Ala Thr 
960

cys Gly Gly Gly Thr 
965

Ala Al a Cys Thr Cys 
970

cys cys Ala Gly Gly 
975

Ala Gly Ala Gly Thr 
980

Gly Thr cys Ala Cys 
985

Ala Gly Ala Gly Cys 
990

Ala Gly Gly Ala Cys 
995

Ala Gly cys Ala Ala 
1000

Gly Gly Ala Cys Ala 
1005

Gly Cys Ala Cys Cys 
1010

Thr Ala cys Ala Gly 
1015

Cys cys Thr Cys Ala 
1020

Gly cys Ala Gly Cys 
1025

Ala cys cys Cys Thr 
1030

Gly Ala cys Gly Cys 
1035

Thr Gly Ala Gly Cys 
1040

Ala Ala Ala Gly Cys 
1045

Ala Gly Ala Cys Thr 
1050

Ala Cys Gly Ala Gly 
1055

Ala Ala Ala Cys Ala 
1060

cys Al a Ala Ala Gly 
1065

Thr cys Thr Ala Cys 
1070

Gly cys Cys Thr Gly 
1075

cys Gly Ala Ala Gly 
1080

Thr cys Ala Cys Cys 
1085

cys Ala Thr Cys Ala 
1090

Gly Gly Gly Cys Cys 
1095

Thr Gly Al a Gly Cys 
1100

Thr cys Gly Cys Cys 
1105

cys Gly Thr Cys Ala 
1110

cys Ala Ala Ala Gly 
1115

Ala Gly cys Thr Thr 
1120

cys Ala Ala Cys Ala 
1125

Gly Gly Gly Gly Ala Gly Ala Gly Thr Gly Thr Thr Ala Ala Thr
1130 1135 1140

Thr

<210> 36
<211> 1141
<212> PRT
<213> Artificial sequence 

<220>
<223> sequence is synthesized

<400> 36
Gly Ala Ala Thr Thr cys Ala Ala Cys Thr Thr Cys Thr Cys cys

1 5 10 15

Ala Thr Ala Cys Thr Thr Thr Gly Gly Ala Thr Ala Ala Gly Gly
20 25 30

Ala Ala Ala Thr Ala cys Al a Gly Ala cys Ala Thr Gly Ala Ala
35 40 45

Ala Ala Ala Thr cys Thr cys Ala Thr Thr Gly Cys Thr Gly Ala
50 55 60
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Gly Thr Thr Gly Thr Thr Ala Thr Thr Thr Ala Ala Gly Cys Thr
7565 70

Thr Gly cys cys cys Ala Ala Ala Ala Ala Gly Ala Ala Gly Ala
80 85 90

Ala Gly Ala Gly Thr cys Gly Ala Ala Thr Gly Ala Ala cys Thr
95 100 105

Gly Thr Gly Thr Gly cys Gly Cys Ala Gly Gly Thr Ala Gly Ala
110 115 120

Ala Gly cys Thr Thr Thr Gly Gly Ala Gly Ala Thr Thr Ala Thr
125 130 135

Cys Gly Thr Cys Ala cys Thr Gly Cys Ala Ala Thr Gly cys Thr
140 145 150

Thr Cys Gly cys Ala Ala Thr Ala Thr Gly Gly Cys Gly cys Ala
155 160 165

Ala Ala Ala Thr Gly Ala Cys cys Ala Ala cys Ala Gly cys Gly
170 175 180

Gly Thr Thr Gly Ala Thr Thr Gly Ala Thr cys Ala Gly Gly Thr
185 190 195

Ala Gly Ala Gly Gly Gly Gly Gly cys Gly cys Thr Gly Thr Ala
200 205 210

Cys Gly Ala Gly Gly Thr Ala Ala Ala Gly cys Cys Cys Gly Ala
215 220 225

Thr Gly cys cys Ala Gly cys Ala Thr Thr cys cys Thr Gly Ala
230 235 240

Cys Gly Ala cys Gly Ala Thr Ala Cys Gly Gly Ala Gly cys Thr
245 250 255

Gly cys Thr Gly cys Gly cys Gly Ala Thr Thr Ala cys Gly Thr
260 265 270

Ala Ala Al a Gly Ala Ala Gly Thr Thr Ala Thr Thr Gly Al a Ala
275 280 285

Gly cys Al a Thr cys cys Thr cys Gly Thr cys Ala Gly Thr Ala
290 295 300

Ala Ala Ala Ala Gly Thr Thr Al a Ala Thr cys Thr Thr Thr Thr
305 310 315

cys Ala Ala Cys Ala Gly Cys Thr Gly Thr cys Ala Thr Ala Ala
320 325 330

Al a Gly Thr Thr Gly Thr cys Ala cys Gly Gly cys cys Gl y Al a
335 340 345

Gly Ala cys Thr Thr Ala Thr Ala Gly Thr cys Gly cys Thr Thr
350 355 360

Thr Gly Thr Thr Thr Thr Thr Al a Thr Thr Thr Thr Thr Thr Ala
365 370 375

Ala Thr Gly Thr Ala Thr Thr Thr Gly Thr Ala Ala cys Thr Ala
380 385 390

Gly Thr Ala cys Gly cys Al a Ala Gly Thr Thr cys Ala cys Gly
Page 19

P71447.AU


20
05

28
27

20
 

28
 O

ct
 2

00
8 P71447.AU P1935R1 PCT Sequence Listing 

395 400 405

Thr Ala Ala Ala Ala Ala Gly Gly Gly Thr Ala Thr cys Thr Ala
420410 415

Gly Ala Ala Thr Thr Ala Thr Gly Ala Ala Gly Ala Ala Gly Ala
425 430 435

Ala Thr Ala Thr cys Gly Cys Ala Thr Thr Thr cys Thr Thr Cys
440 445 450

Thr Thr Gly cys Ala Thr cys Thr Ala Thr Gly Thr Thr cys Gly
455 460 465

Thr Thr Thr Thr Thr Thr cys Thr Ala Thr Thr Gly cys Thr Ala
470 475 480

cys Ala Ala Ala Thr Gly cys Ala Thr Ala Cys Gly cys Thr Gly
485 490 495

Ala Thr Ala Thr Cys Al a Thr Gly Ala Thr Gly Ala cys Thr cys
500 505 510

Ala Gly Thr Cys Thr Cys cys Thr Thr cys Thr Thr cys cys Ala
515 520 525

Thr Gly Thr Ala Thr Gly cys Ala Thr cys Thr cys Thr Ala Gly
530 535 540

Gly Ala Gly Ala Gly Al a Gly Ala Gly Thr cys Ala cys Thr Ala
545 550 555

Thr cys Ala cys Thr Thr Gly Thr Ala Ala Gly Gly cys Gly Al a
560 565 570

Gly Thr cys Ala Gly Gly Ala cys Ala Thr Thr Ala Ala Thr Ala
575 580 585

Gly Cys Thr Ala Thr Thr Thr Ala Ala Gly cys Thr Gly Gly Thr
590 595 600

Thr cys cys Al a Gly cys Ala Gly Ala Ala Ala cys cys Ala Gly
605 610 615

Gly Gly Ala Ala Ala Thr cys Thr cys cys Thr Al a Ala Gly Al a
620 625 630

Cys cys cys Thr Gly Ala Thr cys Thr cys Thr cys Gly Thr Gly
635 640 645

cys Ala Al a Ala cys Ala Gly Ala Thr Thr Gly Gly Thr Ala Gly
650 655 660

Ala Thr Gly Gly Thr Gly Thr cys Cys cys Ala Thr cys Al a Ala
665 670 675

Gly Al a Thr Thr Cys Al a Gly Thr Gly Gly cys Al a Gly Thr Gly
680 685 690

Gl y Ala Thr cys Thr Gly Gly Gly cys Ala Ala Gly Al a Thr Thr
695 700 705

Ala Thr Thr cys Thr Cys Thr Cys Ala cys Cys Ala Thr Cys Al a
710 715 720

Gly cys Ala Gly cys cys Thr Gly Gly Ala Gly Thr Ala Thr Gly
725 730 735
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740
Ala Thr Gly Gly Gly 

745
Ala Ala Thr Thr Thr 

750

Ala Thr Thr Ala Thr 
755

Thr Gly Thr Cys Thr 
760

Ala cys Ala Gly Thr 
765

Ala Thr Gly Ala Thr 
770

Gly Ala cys Thr Thr 
775

Thr cys cys Gly Thr 
780

Thr Cys Ala Cys Gly 
785

Thr Thr cys Gly Gly 
790

Ala Gly Gly Gly Gly 
795

Gly Gly Ala Cys Cys 
800

Ala Ala Gly Cys Thr 
805

Gly Gly Ala Ala Ala 
810

Thr Ala Ala Ala Ala 
815

cys Gly Gly Ala Cys 
820

Cys Gly Thr Gly Gly 
825

cys Thr Gly Cys Ala 
830

Cys Cys Ala Thr Cys 
835

Thr Gly Thr Cys Thr 
840

Thr cys Ala Thr Cys 
845

Thr Thr cys Cys Cys 
850

Gly cys cys Ala Thr 
855

cys Thr Gly Ala Thr 
860

Gly Ala Gly Cys Ala 
865

Gly Thr Thr Gly Ala 
870

Ala Al a Thr Cys Thr 
875

Gly Gly Ala Ala Cys 
880

Thr Gly cys Cys Thr 
885

cys Thr Gly Thr Thr 
890

Gly Thr Gly Thr Gly 
895

cys cys Thr Gly Cys 
900

Thr Gly Ala Ala Thr 
905

Ala Ala Cys Thr Thr 
910

cys Thr Ala Thr Cys 
915

cys cys Ala Gly Ala 
920

Gly Ala Gly Gly Cys 
925

cys Ala Ala Ala Gly 
930

Thr Ala Cys Ala Gly 
935

Thr Gly Gly Ala Ala 
940

Gly Gly Thr Gly Gly 
945

Ala Thr Ala Ala Cys 
950

Gly Cys cys Cys Thr 
955

cys cys Ala Ala Thr 
960

cys Gly Gly Gly Thr 
965

Ala Ala cys Thr cys 
970

cys cys Ala Gly Gly 
975

Ala Gly Ala Gly Thr 
980

Gly Thr cys Ala Cys 
985

Ala Gly Ala Gly Cys 
990

Ala Gly Gly Ala Cys 
995

Ala Gly cys Ala Ala 
1000

Gly Gly Ala Cys Ala 
1005

Gly cys Ala Cys Cys 
1010

Thr Ala cys Ala Gly 
1015

Cys Cys Thr Cys Ala 
1020

Gly cys Ala Gly Cys 
1025

Ala cys cys Cys Thr 
1030

Gly Al a cys Gly Cys 
1035

Thr Gly Ala Gly Cys 
1040

Ala Ala Ala Gly Cys 
1045

Ala Gly Ala Cys Thr 
1050

Ala Cys Gly Ala Gly 
1055

Ala Ala Ala Cys Ala 
1060

Cys Ala Ala Ala Gly 
1065

Thr cys Thr Ala Cys 
1070

Gly Cys cys Thr Gly 
1075

cys Gly Ala Ala Gly 
1080
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Thr cys Ala Cys Cys Cys Ala Thr Cys Ala Gly Gly Gly
1085 1090

Thr Gly Ala Gly cys Thr cys Gly Cys cys cys Gly Thr
1100 1105

Cys Ala Ala Ala Gly Ala Gly Cys Thr Thr Cys Ala Ala
1115 1120

Gly Gly Gly Gly Ala Gly Ala Gly Thr Gly Thr Thr Ala
1130 1135

Thr

Cys Cys 
1095

cys Ala 
1110

Cys Ala 
1125

Ala Thr 
1140

<210> 37
<211> 370
<212> PRT
<213> Artificial sequence 

<22O>
<223> sequence is synthesized

<400> 37
Ala cys Gly Cys Gly

1 5

Thr Gly Ala Ala Gly
20

cys Thr Gly Gly Ala
35

Thr Gly cys Ala Ala
50

cys cys Ala Thr Gly
65

Gly Thr Gly Thr Thr
80

Thr cys Ala cys Thr
95

cys cys Thr Gly Gly
110

Thr cys Cys Gly Cys
125

Ala Gly Ala Gly Gly
140

Gly Gly Gly Thr Thr
155

Gly Ala Ala Gly cys
170

Ala Thr cys Ala Thr
185

Ala Thr Gly cys Thr
200

Ala Ala Gly Gly Gly

Thr Ala cys Gly cys
10

cys Thr Gly Gly Ala
25

Gly Gly Ala Gly Gly
40

cys Cys Thr Gly Gly
55

Ala Ala Ala Cys Thr
70

Gly cys Cys Thr cys
85

Thr Thr Thr Al a Gly
100

Ala Thr Gly Gly Ala
115

cys Al a Gly Thr cys
130

Gly Gly Gly cys Thr
145

Gly cys Thr Gly Ala
160

Ala Ala Ala cys cys
175

Gly cys Ala Ala cys
190

Gly Ala Gly Thr cys
205

Ala Gly Gl y Thr Thr
Page

Thr Gly Ala Ala Gly
15

Gly Gly Ala Gly Thr
30

cys Thr Thr Gly Gly
45

Ala Gly Gly Ala Thr
60

cys Thr Cys Thr Thr
75

Thr Gly Gly Ala Thr
90

Thr Gly Ala cys Gly
105

cys Thr Gly Gly Gly
120

Thr cys cys Ala Gly
135

Thr Gly Ala Gly Thr
150

Ala Ala Thr Thr Ala
165

Thr Ala Ala Thr Ala
180

Al a Thr Ala cys Thr
195

Thr Gl y Thr Gly Ala
210

cys
22

Ala cys Cys Ala
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Thr cys Thr cys Ala Ala Gly Ala Gly Ala Thr Gly Ala Thr Thr
230 235 240

cys cys Ala Ala Ala Ala Gly Thr Ala Gly Thr Gly Thr cys Thr
245 250 255

Ala cys Cys Thr Gly Cys Ala Ala Ala Thr Gly Ala cys cys Ala
260 265 270

Gly cys Thr Thr Ala Ala Gly Ala Cys cys Thr Gly Ala Ala Gly
275 280 285

Ala cys Ala cys Thr Gly Gly Cys Ala Thr Thr Thr Ala Thr Thr
290 295 300

Ala cys Thr Gly Thr Ala cys cys cys Ala cys Thr Thr Thr Gly
305 310 315

Ala cys Thr Ala Cys Thr Gly Gly Gly Gly cys cys Ala Ala Gly
320 325 330

Gly cys Ala cys Cys Ala cys Thr cys Thr cys Ala cys Ala Gly
335 340 345

Thr cys Thr cys cys Thr cys Ala Gly cys cys Ala Ala Ala Ala
350 355 360

cys Gly Ala cys Gly Gly Gly cys cys cys
365 370

<210> 38
<211> 382
<212> PRT
<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 38
Ala cys Gly cys Gly Thr Ala cys Gly cys Thr Gly Ala Ala Gly

1 5 10 15

Thr Gly Ala Ala Gly Cys Thr Gly Gly Thr Gly Gly Ala Gly Thr
20 25 30

cys Thr Gly Gly Gly Gly Gly Ala Gly Gly Cys Thr Thr Ala Gly
35 40 45

Thr Gly Ala Ala Gly cys cys Thr Gly Gly Ala Gly Gly Gly Thr
50 55 60

cys cys cys Thr Gly Ala Ala Ala cys Thr cys Thr cys cys Thr
65 70 75

Gly Thr Gly cys Ala Gly cys cys Thr cys Thr Gly Gly Ala Thr
80 85 90

Thr cys Ala Cys Thr Thr Thr cys Al a Gly Thr Ala Gly cys Thr
95 100 105

Ala Thr Gly Gly Cys Ala Thr Gly Thr cys Thr Thr Gly Gly Gly
110 115 120

Thr Thr cys Gly cys cys Ala Gly Ala Cys Thr cys cys Gly Gly
125 130 135
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Ala Gly Ala Ala Gly Ala Gly Gly Cys Thr Gly Gly Ala Gly Thr
140 145 150

Gly Gly Gly Thr cys Gly cys Ala Ala cys Cys Ala Thr Thr Ala
155 160 165

Gly Thr Gly Gly Thr Gly Gly Thr Ala Ala Thr Ala Ala Thr Thr
170 175 180

Ala cys Ala cys cys Thr Thr cys Thr Ala Thr Cys cys Ala Gly
185 190 195

Ala cys Ala Ala Thr Thr Thr Gly Ala Ala Gly Gly Gly Gly Cys
200 205 210

Gly cys Thr Thr Cys Ala cys cys Ala Thr cys Thr cys Cys Ala
215 220 225

Gly Al a Gly Ala cys Ala Al a Thr Gly cys cys Ala Ala Gly Ala
230 235 240

Ala cys Ala Thr cys cys Thr Gly Thr Ala cys cys Thr Gly Cys
245 250 255

Ala Ala Ala Thr Cys Ala Gly cys Ala Gly Thr cys Thr Gly Ala
260 265 270

Gly Gly Thr cys Thr Gly Thr cys Gly Ala cys Ala cys Gly Gly
275 280 285

cys cys Thr Thr Gly Thr Ala Thr Thr Ala cys Thr Gly Thr Gly
290 295 300

cys Al a Ala Gly cys cys Thr Gly Thr Gly Gly Thr Ala Cys Cys
305 310 315

Gly cys Gly cys Cys Thr cys Gly Thr Thr Thr Gly Cys Thr Thr
320 325 330

Ala cys Thr Gly Gly Gly Gly cys cys Ala Ala Gly Gly Gly Ala
335 340 345

cys Thr Cys Thr Gly Gly Thr cys Ala cys Cys Gly Thr Cys Thr
350 355 360

cys cys Thr cys Ala Gly cys Al a Ala Ala Ala Ala cys Gly Ala
365 370 375

cys Gly Gly Gly cys cys cys
380

<210> 39
<211> 7
<212> PRT
<213> Artificial sequence 

<22O>
<223> sequence is synthesized 

<400> 39
Phe Ser Arg Leu Asp Pro Thr 

5

<210> 40
<211> 7
<212> PRT
<213> Artificial sequence
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<223> sequence is synthesized 

<400> 40
Phe Ser His Leu Asp Pro Thr 

5
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