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(57) ABSTRACT 

The compositions and methods of the present invention are 
based, in part, on our discovery that an effector function 
mediated by an Fc-containing polypeptide can be altered by 
modifying one or more amino acid residues Within the 
polypeptide (by, for example, electrostatic optimization). 
The polypeptides that can be generated according to the 
methods of the invention are highly variable, and they can 
include antibodies and fusion proteins that contain an Fc 
region or a biologically active portion thereof. 
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Figure 2 

CH2 domain (EU Position 231-340) 
23 1 APELLGG 
238 PSVFLFPPKP 
248 KDTLMISRTP 
258 EVTCVVVDVS 
268 HEDPEVKFNW 
278 YVDGVEVHNA 

288 KTKPREEQYN 
298 STYRVVSVLT 
308 VLHQDWLNGK 
3 18 EYKCKVSNKA 
328 LPAPIEKTIS 
338 KAK ' 

CH3 domain (EU position 341-446) 
341 GQPREPQ 
348 VYTLPPSRDE 

358 LTKNQVSLTC 
368 LVKGFYPSDI 

378 AVEWESNGQP 
388 ENNYKTTPPV 
398 LDSDGSF FLY 
408 SKLTVDKSRW 
41 8 QQGNVFSCSV 
428 MHEALHNHY T 
438 QKSLSLSPG* 



Patent Application Publication Jun. 28, 2007 Sheet 3 

Figure 3A 

DNA sequence of mature huCBEll light chain 
(SEQ ID NO. 3) 
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GATATCCAGA 
CAGGGTCACT 
GCTGGTACCA 
GCAACAAGGT 
TGGTACAGAT 

CAACTTATTA 
GGCACCAAGC 
CTTCCCGCCA 
GCCTGCTGAA 
GATAACGCCC 

CAGCAAGGAC 

CAGACTACGA 

CTGAGCTCGC 

Figure 3B 

Predicted amino acid 

(SEQ ID NO. 4) 
1 

51 
101 
151 

DIQMTQSPSS 
ATRLADGVPS 

GTKLEIKRTV 

DNALQSGNSQ 
LSSPVTKSFN 

TGACCCAGTC 
ATCACTTGCA 
GCAGAAACCA 
TGGCAGATGG 
TATACTCTAA 
CTGTCTACAG 
TGGAGATCAA 
TCTGATGAGC 

TAACTTCTAT 

TCCAATCGGG 

AGCACCTACA 

GAAACACAAA 
CCGTCACAAA 

TCCATCATCC 

AGGCGGGTCA 
GGGAAAGCGC 

GGTCCCATCA 

CCATCAGCAG 
CATGGTGAGA 

ACGAACTGTG 
AGTTGAAATC 

CCCAGAGAGG 

TAACTCCCAG 

GCCTCAGCAG 
GTCTACGCCT 

GAGCTTCAAC 

0f 10 

encoded by 

TTGTCTGCAT 
GGACATTAAA 
CTAAGCTTCT 
AGATTCAGTG 
CCTGCAGCCT 

GCCCGTGGAC 

GCTGCACCAT 
TGGAACTGCC 

CCAAAGTACA 

GAGAGTGTCA 

CACCCTGACG 

GCGAAGTCAC 
AGGGGAGAGT 

sequence of mature huCBEll light 

LSASVGDRVT ITCKAGQDIK SYLSWYQQKP 
RFSGSGSGTD YTLTISSLQP EDFATYYCLQ 
AAPSVFIFPP SDEQLKSGTA SVVCLLNNE‘Y 
ESVTEQDSKD STYSLSSTL'I‘ LSKADYEKHK 
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PEI-161754 

CGGTGGGAGA 
AGCTATTTAA 

GATCTATTAT 
GCAGTGGATC 

GAGGATTTCG 
GTTCGGTGGA 

CTGTCTTCAT 
TCTGTTGTGT 

GTGGAAGGTG 

CAGAGCAGGA 
CTGAGCAAAG 
CCATCAGGGC 
GTTAG 

chain 

GKAPKLLIYY 
HGESPWTF'GG 

PREAKVQWKV 
VYACEVTHQG 
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Figure 4A 

DNA sequence of human beta-Z-microglobulin 
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ID NO. 5) 

ATGTCTCGCT CCGTGGCCT'I' AGCTGTGCTC GCGCTACTCT CTCTTTCTGG 
CCTGGAGGCT 
CAGCAGAGAA 

CATCCATCCG 
AAAAGTGGAG 
TCTTGTACTA 
CGTGTGAACC 
AGACATGTAA 

Figure 4B 

Predicted amino acid sequence of human beta—2—micr0globulin 
(SEQ ID NO. 

1 

6) 

ATCCAGCGTA 
TGGAAAGTCA 
ACATTGAAGT 

CATTCAGACT 
CACTGAATTC 
ATGTGACTTT 

CTCCAAAGAT 
AATTTCCTGA 
TGACTTACTG 
TGTCTTTCAG 

ACCCCCACTG 
GTCACAGCCC 

TCAGGTTTAC 
ATTGCTATGT 
AAGAATGGAG 
CAAGGACTGG 
AAAAAGATGA 

AAGATAGTTA 

TCACGTCATC 
GTCTGGGTTT 
AGAGAATTGA 
TCTTTCTATC 
GTATGCCTGC 

AGTGGGATCG 

MSRSVALAVL ALLSLSGLEA IQRTPKIQVY SRI-IPAENGKS NFLNCYVSGF 
51 HPSDIEVDLL KNGERIEKVE HSDLSFSKDW SFYLLYYTEF TPTEKDEYAC 
101 RVNHVTLSQP KIVKWDRDM* 
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Figure6 
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Figure 47 
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'\ Carbohydrates 

Figura 8 
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Figure 10 

Direct Binding of biotinyl ated hIgG to Coated hFcRnFc 
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NEONATAL FC RECEPTOR (FCRN)-BINDING 
POLYPEPTIDE VARIANTS, DIMERIC FC BINDING 
PROTEINS AND METHODS RELATED THERETO 

RELATED APPLICATIONS 

[0001] This application is a continuation application of 
International Patent Application No. PCT/US2004/037929, 
?led Nov. 12, 2004, titled “NEONATAL Fc RECEPTOR 
(FcRn)-BINDING POLYPEPTIDE VARIANTS, DIMERIC 
Fc BINDING PROTEINS AND METHODS RELATED 
THERETO” Which claims the bene?t of US. Provisional 
Application Ser. No. 60/519,744, ?led on Nov. 12, 2003, 
titled “ANTIBODIES AND VARIANTS THEREOF THAT 
CONTAIN ALTERED CONSTANT DOMAINS.” This 
application also claims the bene?t of US. Application Ser. 
No. 60/519,743, ?led on Nov. 12, 2003, titled “FC RECEP 
TOR-BINDING POLYPEPTIDES, PH-SPECIFIC VARI 
ANTS DERIVED BY ELECTROSTATIC OPTIMIZA 
TION, AND USES THEREFOR.” This application also 
claims the bene?t of US. Application Ser. No. 60/519,733, 
?led on Nov. 12, 2003, titled “MUTANTS DEFINED BY 
ELECTROSTATIC MODELING WITHIN THE HUMAN 
FC DOMAIN THAT CAN MODULATE HUMAN ANTI 
BODY HALF-LIFE.” 

[0002] This application is also related to PCT application 
PCT/US2004/037948, titled “Fcy RECEPTOR-BINDING 
POLYPEPTIDE VARIANTS AND METHODS RELATED 
THERETO” ?led on Nov. 12, 2004. The entire contents of 
each of these applications are incorporated herein by this 
reference. 

BACKGROUND OF THE INVENTION 

[0003] Many biological processes are mediated by the 
speci?c interaction of one protein With another. For 
example, enZymes are proteins that speci?cally bind their 
substrates, and substantial information is transmitted from 
cell to cell When ligands (such as neurotransmitters and 
hormones) bind their cognate receptors. Among the most 
fascinating interactions are those that occur in the context of 
an immune response in Which antibodies (also knoWn as 
immunoglobulins) are produced to defend the body against 
foreign substances that can cause infection or disease. Anti 
bodies contain distinct domains that speci?cally interact 
With antigens and With receptors on “effector” cells, such as 
phagocytes. While binding the antigen is useful (in that it 
can prevent the antigen from interacting With its endogenous 
target), the most effective immune responses destroy anti 
gens. Ihus, the most effective antibodies are those With a 
domain that mediates high a?inity antigen-binding and a 
domain that mediates e?icient effector functions. 

[0004] Naturally occurring antibodies are usually het 
erotetrameric; they contain tWo identical light (L) chains and 
tWo identical heavy (H) chains, linked together by disul?de 
bonds. Each heavy chain has a variable domain (VH) fol 
loWed by a number of constant domains (CH1, CH2, and 
CH3), While each light chain has a variable domain (V L) 
folloWed by a single constant domain. The constant domain 
of the light chain is aligned With the ?rst constant domain of 
the heavy chain, and VL is aligned With VH. The variable 
domains are so named because certain amino acids Within 
them dilfer extensively among antibodies. These variable 
regions, also called complementarity determining regions 
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(CDRs) are responsible for the binding speci?city of each 
particular antibody for its particular antigen. Each variable 
domain contains three CDRs separated by highly conserved 
regions called framework regions (FRs). The CDRs in each 
chain are held together in close proximity by the FR regions 
and, With the CDRs from the other chain, contribute to the 
formation of the antigen binding site of antibodies. 

[0005] The constant domains are not involved directly in 
binding an antibody to an antigen, but mediate various 
effector functions based on their binding to cellular receptor 
or complement molecules. Depending on the amino acid 
sequence of the constant region of their heavy chains, 
antibodies or immunoglobulins can be assigned to different 
classes (A, D, E, G, and M). The most commonly used 
therapeutic antibodies are of the “G” class (i.e., they are 
IgGs). These classes can be further divided. For example, 
IgG antibodies are further divided into the isotypes IgG1, 
IgG2, IgG3, and IgG4. The crystal structure of the human 
IgG Fc region has been determined (Deisenhofer, Biochem 
islry 20:2361-2370, 1981; for an illustration of the Fc region 
see FIG. 1 of US. Pat. No. 6,242,195). 

[0006] The Fc region mediates effector functions that have 
been divided into tWo categories. In the ?rst are the func 
tions that occur independently of antigen binding; these 
functions confer persistence in the circulation and the ability 
to be transferred across cellular barriers by transcytosis (see 
Ward and Ghetie, Therapeutic Immunology 2:77-94, 1995). 
In the second are the functions that operate after an antibody 
binds an antigen; these functions involve the participation of 
the complement cascade or Fc receptor (FcR)-bearing cells. 
FcRs are specialiZed cell surface receptors on hematopoietic 
cells that mediate both the removal of antibody-coated 
pathogens by phagocytosis of immune complexes, and the 
lysis of erythrocytes and various other cellular targets (e.g. 
tumor cells) coated With the corresponding antibody. Lysis 
occurs via antibody dependent cell mediated cytotoxicity 
(ADCC; see Van de Winkel and Anderson, J. Leuk. Biol. 
49:511-24, 1991). FcRs are de?ned by their speci?city for 
immunoglobulin isotypes. For example, Fc receptors for IgG 
antibodies are referred to as FcyR. 

[0007] Another Fc receptor, FcRn, regulates the serum 
half-lives of IgGs. Enhancement or diminishment of the 
half-life of the Fc (or Fc-containing polypeptide) is re?ected, 
respectively, in the increase or decrease of the Fc region 
a?inity for FcRn (neonatal Fc receptor) (Ghetic et al., Nature 
Biolechnol. 151637-640, 1997; Kim et. al., Eur. J. Immunol. 
24:542-548, 1994; Della’Acqua et al. (J. Immunol. 
169:5171-5180, 2002). The correlation of FcRn binding 
a?inity and serum half-life is consistent With its proposed 
biological role in salvaging an antibody from lysosomal 
degradation. In addition, FcRn transfers IgGs from mother 
to fetus. 

[0008] These apparently diverse roles are mediated by the 
ability of FcRn to transport bound IgG Within and across 
cells. It is thought that antibodies are normally intemaliZed 
from circulation by endothelial cells and are targeted to the 
acidic endosomes and lysosomes of the cells for degrada 
tion. FcRn is capable of binding the Fc region of an antibody 
at the acidic pH of an endosome (<6.5), fusing With the 
endothelial cell membrane, and releasing the antibody at the 
neutral pH of the bloodstream (>7.4), thereby salvaging the 
antibody from destruction. When serum antibody levels 
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decrease, more FcRn molecules are available for IgG bind 
ing so that an increased amount of IgG is salvaged. Con 
versely, if serum IgG levels rise, FcRn becomes saturated, 
thereby increasing the proportion of antibody that is inter 
naliZed and degraded (Ghetie and Ward, Annu. Rev. Immu 
nol., (2000), 18: 739-66). Consistent With the above model, 
an altered polypeptide is predicted to have a longer half-life 
if its binding af?nity for a neonatal Fc receptor is increased. 
Conversely, the altered polypeptide is predicted to have a 
shorter half-life it its binding af?nity for a neonatal Fc 
receptor is decreased. 

[0009] Monoclonal antibodies (mAbs) have noW been 
used to treat disease in human patients (King and Adair, 
Curr. Opin. Drug Discovery Dev. 2: 110-117, 1999; VasWani 
and Hamilton, Ann. Allergy Asthma Immunol. 81:105-119, 
1998; and Hollinger and Hoogenboom, Nature Biolechnol. 
16:1015-1016, 1998). This is not to say that present anti 
body-based therapies have been entirely successful; in some 
instances, the limited circulation time and/or loW bioavail 
ability of a therapeutic results in a relatively loW percentage 
of patients that exhibit a complete response to an antibody 
based therapeutics, or in other cases toxicity due to pro 
longed circulatory half-life or exposure of non-target tissue 
may preclude use of the antibody as a therapy. 

[0010] Accordingly, there is a need for antibodies (and 
other Fc-containing polypeptides such as fusion proteins) 
Where the antigen-independent effector functions are tai 
lored for the intended use of the antibody. Similarly, there is 
a need for methods that Would alloW for prediction of 
changes in antibody sequence Which Will alter the antigen 
independent effector functions (thus obviating the need to 
rely on laborious trial-and-error processes). In some cases, it 
may be desirable to increase the half-life of the antibody. For 
example, protein therapeutics With an increased half-life in 
the blood have the advantage of concurrently decreasing the 
periodic dosing of the drug or alternatively to decrease the 
dose of the drug. Such antibodies also have the advantage of 
increased exposure to a disease site, eg a tumor. Con 
versely, protein therapeutics With a decreased half-life 
Would be expected to have loWer toxicity, While maintaining 
the ef?cacy that is observed With a higher and less tolerable 
dose of the unaltered drug. Such therapeutics and methods 
or making them Would be of great bene?t. 

SUMMARY OF THE INVENTION 

[0011] The present invention features altered polypeptides 
having speci?c amino acid substitutions Within, for example, 
an Fc region or an FcRn binding fragment thereof (eg 
polypeptides having amino acid substitutions Within an lgG 
constant domain), that confer alterations in antigen-indepen 
dent elfector function (eg circulating half-life). Methods 
for producing the altered polypeptides and utiliZing them as 
protein-based therapeutics are also provided. The invention 
further provides novel forms of FcRn and methods of their 
use. 

[0012] The present invention is based, at least in part, on 
the identi?cation of particular amino acid residues Within the 
constant domain (Fc) of human Fc region (speci?cally, Fc 
region derived from the IgG antibodies) that, When altered 
by one or more amino acid mutations, alter the antigen 
independent effector functions of the antibody, in particular 
the circulating half-life of the antibody. Accordingly, the 
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invention features polypeptides, e.g., antibodies and fusion 
proteins that contain all or part of an Fc region, that have 
been mutated at one or more amino acid residues to increase 
or decrease the antigen-independent effector functions of the 
polypeptide. 

[0013] The instant invention further provides techniques 
for identifying desirable amino acid mutations and methods 
for producing the polypeptides comprising such mutations. 
The methods include molecular modeling, Which can be 
used to predict amino acid alterations in an amino acid 
sequence to alter (e.g., enhance or reduce) binding to an Fc 
receptor, eg a human neonatal Fc receptor. Generally, the 
methods begin With a “starting” or “target” polypeptide, or 
a complex (e.g. crystal structure or homology model) con 
taining the ?rst polypeptide bound to FcRn, and modi?ca 
tion of the ?rst polypeptide results in a “second” or “altered” 
polypeptide, Which differs from the ?rst polypeptide in a 
Way that alloWs the altered polypeptide to perform better in 
a particular therapeutic or diagnostic application. For 
example, the second polypeptide may more ef?ciently carry 
out one or more antigen-independent effector functions (eg 
altered half-life). The modeling can be carried out in silico. 

[0014] In one aspect, the invention pertains to an altered 
polypeptide comprising at least an FcRn binding portion of 
an Fc region Wherein said polypeptide comprises at least one 
mutation compared to a starting polypeptide and Wherein the 
at least one mutation is selected from the group consisting 
of: 

[0015] a substitution at EU amino acid position 248 With 
a charged amino acid; 

[0016] a substitution at EU amino acid position 249 With 
a positively charged amino acid; 

[0017] a substitution at EU amino acid position 251 With 
a polar amino acid or lysine; 

[0018] a substitution at EU amino acid position 252 With 
a polar amino acid; 

[0019] a substitution at EU amino acid position 255 With 
a polar amino acid; 

[0020] 
lysine; 

[0021] a substitution at EU amino acid position 257 With 
a charged amino acid; 

[0022] a substitution at EU amino acid position 258 With 
a polar amino acid or a charged amino acid; 

[0023] 
[0024] a substitution at EU amino acid position 279 With 
a charged amino acid; 

[0025] a substitution at EU amino acid position 280 With 
a charged amino acid; 

[0026] a substitution at EU amino acid position 281 With 
a charged amino acid or glutamine; 

[0027] a substitution at EU amino acid position 282 With 
a charged amino acid; 

[0028] a substitution at EU amino acid position 284 With 
a polar amino acid or a charged amino acid; 

a substitution at EU amino acid position 256 With 

a substitution at EU amino acid position 277; 
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[0029] a substitution at EU amino acid position 285 With 
a positively charged amino acid, a polar amino acid, or 
aspartate; 

[0030] a substitution at EU amino acid position 286 With 
glutamate, threonine, or methionine; 

[0031] a substitution at EU amino acid position 287 With 
a polar amino acid or a charged amino acid; 

[0032] a substitution at EU amino acid position 288 With 
a charged amino acid; 

[0033] 
[0034] a substitution at EU amino acid position 304 With 
a polar amino acid or a charged amino acid; 

[0035] a substitution at EU amino acid position 305 With 
a polar amino acid or a charged amino acid; 

[0036] 
[0037] a substitution at EU amino acid position 307 With 
a polar or charged amino acid; 

[0038] a substitution at EU amino acid position 308 With 
a charged amino acid; 

[0039] a substitution at EU amino acid position 309 With 
a charged amino acid; 

[0040] a substitution at EU amino acid position 310 With 
a charged amino acid or a polar amino acid; 

[0041] a substitution at EU amino acid position 311 With 
a positively charged amino acid; 

[0042] a substitution at EU amino acid position 312 With 
a positively charged amino acid or a polar amino acid; 

[0043] a substitution at EU amino acid position 313 With 
a charged amino acid; 

[0044] a substitution at EU amino acid position 315 With 
a charged amino acid; 

[0045] a substitution at EU amino acid position 316 With 
a positively charged amino acid; 

[0046] a substitution at EU amino acid position 317 With 
a charged amino acid or a polar amino acid; 

[0047] a substitution at EU amino acid position 340 With 
a charged amino acid; 

[0048] a substitution at EU amino acid position 343 With 
a polar amino acid or a charged amino acid; 

a substitution at EU amino acid position 289; 

a substitution at EU amino acid position 306; 

[0049] a substitution at EU amino acid position 344 With 
leucine; 
[0050] a substitution at EU amino acid position 345 With 
a polar amino acid or a charged amino acid; 

[0051] a substitution at EU amino acid position 376 With 
a polar amino acid or a charged amino acid; 

[0052] a substitution at EU amino acid position 378 With 
serine; 
[0053] a substitution at EU amino acid position 383 With 
a charged amino acid; 

[0054] a substitution at EU amino acid position 385 With 
a charged amino acid; 
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[0055] a substitution at EU amino acid position 389 With 
a negatively charged amino acid; 

[0056] a substitution at EU amino acid position 424 With 
a charged amino acid; 

[0057] a substitution at EU amino acid position 426 With 
a charged amino acid; 

[0058] a substitution at EU amino acid position 430 With 
a polar amino acid or a charged amino acid; 

[0059] a substitution at EU amino acid position 431 With 
a charged amino acid; 

[0060] a substitution at EU amino acid position 432 With 
a polar amino acid; 

[0061] a substitution at EU amino acid position 434 With 
lysine, arginine, or leucine; 

[0062] a substitution at EU amino acid position 436 With 
a negatively charged amino acid; and 

[0063] a substitution at EU amino acid position 438 With 
a charged amino acid. 

[0064] In another aspect, the invention pertains to altered 
polypeptide comprising at least an FcRn binding portion of 
an Fc region Wherein said polypeptide comprises at least one 
mutation compared to a starting polypeptide and Wherein the 
at least one mutation is selected from the group consisting 
of: 

[0065] a substitution of lysine at EU amino acid position 
248 With a charged amino acid; 

[0066] a substitution of aspartate at EU amino acid posi 
tion 249 With a positively charged amino acid; 

[0067] a substitution at leucine at EU amino acid position 
251 With a polar amino acid or lysine; 

[0068] a substitution of methionine at EU amino acid 
position 252 

[0069] a substitution of arginine at EU amino acid position 
255 With a polar amino acid; 

[0070] a substitution of threonine at EU amino acid posi 
tion 256 With lysine; 

[0071] a substitution of proline at EU amino acid position 
257 With a charged amino acid; 

[0072] a substitution of glutamate at EU amino acid posi 
tion 258 With a polar amino acid or a charged amino acid; 

[0073] a substitution of tryptophan at EU amino acid 
position 277; 

[0074] a substitution of valine at EU amino acid position 
279 With a charged amino acid; 

[0075] a substitution of aspartate at EU amino acid posi 
tion 280 With a charged amino acid; 

[0076] a substitution of glycine at EU amino acid position 
281 With a charged amino acid or glutamine; 

[0077] a substitution of valine at EU amino acid position 
282 With a charged amino acid; 

[0078] a substitution of valine at EU amino acid position 
284 With a polar amino acid or a charged amino acid; 
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[0079] a substitution histidine or alanine at EU amino acid 
position 285 With a charged amino acid or a polar amino 
acid; 
[0080] a substitution histidine or alanine at EU amino acid 
position 285 With a positively charged amino acid, a polar 
amino acid, or aspartate; 

[0081] a substitution of asparagine or lysine at EU amino 
acid position 286 With glutamate, threonine, or methionine; 

[0082] a substitution of alanine at EU amino acid position 
287 With a polar amino acid or a charged amino acid; 

[0083] a substitution of lysine at EU amino acid position 
288 With a charged amino acid; 

[0084] a substitution of threonine at EU amino acid posi 
tion 289; 

[0085] a substitution of serine at EU amino acid position 
304 With a polar amino acid or a charged amino acid; 

[0086] a substitution of valine at EU amino acid position 
305 With a polar amino acid or a charged amino acid; 

[0087] a substitution of leucine or valine at EU amino acid 
position 306; 

[0088] a substitution of threonine or valine at EU amino 
acid position 307 With a polar or charged amino acid; 

[0089] a substitution of valine at EU amino acid position 
308 With a charged amino acid; 

[0090] a substitution of leucine at EU amino acid position 
309 With a charged amino acid; 

[0091] a substitution of histidine at EU amino acid posi 
tion 310 With a charged amino acid or a polar amino acid; 

[0092] a substitution of glutamine at EU amino acid 
position 311 With a positively charged amino acid; 

[0093] a substitution of aspartate or leucine at EU amino 
acid position 312 With a positively charged amino acid or a 
polar amino acid; 

[0094] a substitution of asparagine at EU amino acid 
position 313 With a charged amino acid; 

[0095] a substitution of asparagine at EU amino acid 
position 315 With a charged amino acid; 

[0096] a substitution of asparagine at EU amino acid 
position 316 With a positively charged amino acid; 

[0097] a substitution of lysine at EU amino acid position 
317 With a charged amino acid or a polar amino acid; 

[0098] a substitution of lysine at EU amino acid position 
340 With a charged amino acid; 

[0099] a substitution of proline at EU amino acid position 
343 With a polar amino acid or a charged amino acid; 

[0100] a substitution of arginine at EU amino acid position 
344 With leucine; 

[0101] a substitution of glutamate at EU amino acid posi 
tion 345 With a polar amino acid or a charged amino acid; 

[0102] a substitution of aspartate at EU amino acid posi 
tion 376 With a polar amino acid or a charged amino acid; 
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[0103] a substitution of alanine at EU amino acid position 
378 With serine; 

[0104] a substitution of serine at EU amino acid position 
383 With a charged amino acid; 

[0105] a substitution of glycine at EU amino acid position 
385 With a charged amino acid; 

[0106] a substitution of asparagine at EU amino acid 
position 389 With a negatively charged amino acid; 

[0107] a substitution of serine at EU amino acid position 
424 With a charged amino acid; 

[0108] a substitution of serine at EU amino acid position 
426 With a charged amino acid; 

[0109] a substitution of glutamate at EU amino acid posi 
tion 430 With a polar amino acid or a charged amino acid; 

[0110] a substitution of leucine at EU amino acid position 
431 With a charged amino acid; 

[0111] a substitution of histidine at EU amino acid position 
432 With a polar amino acid; 

[0112] a substitution of asparagine at EU amino acid 
position 434 With lysine, arginine, or leucine; 

[0113] a substitution of tyrosine at EU amino acid position 
436 With a negatively charged amino acid; and 

[0114] a substitution of glutamine at EU amino acid posi 
tion 438 With a charged amino acid. In another aspect, the 
invention pertains to altered polypeptide of claim 1 or 2, 
Wherein the amino acid at least one of EU amino acid 
positions 277, 289, 306, 344, or 378 is replaced With a 
charged amino acid, a polar amino acid, or a nonpolar amino 
acid. 

[0115] In one embodiment, the charged amino acid is a 
negatively charged amino acid. 

[0116] In one embodiment, the negatively charged amino 
acid is selected from the group consisting of aspartate and 
glutamate. 
[0117] In one embodiment, the charged amino acid is a 
positively charged amino acid. 

[0118] In one embodiment, the positively charged amino 
acid is selected from the group consisting of arginine, 
histidine, and lysine. 

[0119] In one embodiment, the positively charged amino 
acid is lysine. 

[0120] In one embodiment, the polar amino acid is 
selected from the group consisting of methionine, phenyla 
lanine, tryptophan, serine, threonine, tyrosine, asparagine, 
glutamine, and cysteine. 

[0121] In one embodiment, the nonpolar amino acid is 
selected from the group consisting of alanine, leucine, 
isoleucine, valine, glycine, and proline. 

[0122] In one embodiment, the altered polypeptide is an 
antibody or fragment thereof. 

[0123] In one embodiment, the altered polypeptide is a 
fusion protein. 

[0124] In one embodiment, the Fc region or the FcRn 
binding portion thereof is derived from a human antibody. 
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[0125] In one embodiment, the polypeptide comprises a 
complete Fc region. 

[0126] In one embodiment, the starting polypeptide com 
prises the amino acid sequence of SEQ ID N012. 

[0127] In one embodiment, the Fc region or Fc binding 
portion thereof is of the IgG isotype. 

[0128] In one embodiment, the IgG isotype is of the IgGl 
subclass. 

[0129] In one embodiment, the polypeptide comprises one 
or more non-human amino acids residues in a complemen 
tarity determining region (CDR) of VL or VH. 

[0130] In one embodiment, the polypeptide binds (a) an 
antigen and (b) an FcR. 

[0131] In one embodiment, the antigen is a tumor-associ 
ated antigen. 

[0132] In one embodiment, the polypeptide binds (a) a 
ligand and (b) an FcR. 

[0133] 
[0134] In one embodiment, the polypeptide binds the FcR 
With di?cerent binding af?nity compared to the starting 
polypeptide that does not contain the mutation. 

[0135] In one embodiment, the binding a?inity of the 
altered polypeptide is about 1.5-fold to about IOO-fold 
greater than the starting polypeptide. 

[0136] In one embodiment, the binding a?inity of the 
altered polypeptide is about 1.5-fold to about IOO-fold loWer 
than the starting polypeptide. 

[0137] In one embodiment, the altered polypeptide exhib 
its one binding a?inity for the FcR at a ?rst pH, and exhibits 
a di?cerent binding a?inity for the FcR at a second pH. 

[0138] In one embodiment, the binding a?inity of the 
altered polypeptide is about 1.5-fold to about IOO-fold 
greater at the ?rst pH than the second pH. 

[0139] In one embodiment, the binding a?inity of the 
altered antibody is about 1.5-fold to about IOO-fold loWer at 
the ?rst pH than the second pH. 

[0140] In one embodiment, the altered polypeptide, When 
administered to a patient, exhibits a circulatory half-life that 
is di?cerent from the starting polypeptide that does not 
contain the mutation. 

[0141] In one embodiment, the half-life of the altered 
polypeptide is about 1 hour to about 1 Week longer than the 
starting polypeptide that does not contain the mutation. 

[0142] In one embodiment, the half-life of the altered 
polypeptide is about 1 hour to about 1 Week shorter than the 
starting polypeptide that does not contain the mutation. 

[0143] In one embodiment, the altered polypeptide binds 
to Protein A or G. 

In one embodiment, the FcR is FcRn. 

[0144] In one embodiment, the altered polypeptide of 
claim 1 or 2. 

[0145] In one embodiment, the invention pertains to a 
nucleotide sequence encoding the polypeptide of claim 1 or 
2. 
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[0146] In one embodiment, the nucleic acid is in an 
expression vector. 

[0147] 
host cell. 

[0148] In one embodiment, the invention pertains to a 
method for treating a patient su?cering from a disorder, the 
method comprising administering to the patient an altered 
polypeptide comprising at least an FcRn binding portion of 
an Fc region comprising at least one mutation selected from 
the group consisting of: 

In one embodiment, the expression vector is in a 

[0149] a substitution at EU amino acid position 284 With 
glutamate; 

[0150] a substitution at EU amino acid position 285 With 
glutamate; 

[0151] a substitution at EU amino acid position 286 With 
aspartate; 

[0152] a substitution at EU amino acid position 288 With 
glutamate or aspartate; 

[0153] a substitution at EU amino acid position 290 With 
glutamate; and 

[0154] a substitution at EU amino acid position 304 With 
aspartate, 

Wherein the altered polypeptide exhibits a circulatory half 
life than is longer than the starting polypeptide that does not 
contain the mutation. 

[0155] In one embodiment, the invention pertains to a 
method for treating a patient su?cering from a disorder, the 
method comprising administering to the patient an altered 
polypeptide comprising at least an FcRn binding portion of 
an Fc region comprising at least one mutation selected from 
the group consisting of: 

[0156] a substitution of valine at EU amino acid position 
284 With glutamate; 

[0157] a substitution of histidine at EU amino acid posi 
tion 285 With glutamate; 

[0158] a substitution of asparagine at EU amino acid 
position 286 With aspartate; 

[0159] a substitution of lysine at EU amino acid position 
288 With glutamate or aspartate; 

[0160] a substitution of lysine at EU amino acid position 
290 With glutamate; and 

[0161] a substitution of serine at EU amino acid position 
304 With aspartate, 

Wherein the altered polypeptide exhibits a circulatory half 
life than is longer than the starting polypeptide that does not 
contain the mutation. 

[0162] In one embodiment, the invention pertains to a 
method for treating a patient su?cering from a disorder, the 
method comprising administering to the patient an altered 
polypeptide comprising at least an FcRn binding portion of 
an Fc region comprising at least one mutation selected from 
the group consisting of: 

[0163] a substitution at EU amino acid position 248 With 
aspartate; 
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[0164] a substitution at EU amino acid position 249 With 
arginine or lysine; 

[0165] a substitution at EU amino acid position 250 With 
arginine or lysine; 

[0166] a substitution at EU amino acid position 251 With 
arginine, lysine, or asparagine; 

[0167] a substitution at EU amino acid position 252 With 
serine or threonine; 

[0168] a substitution at EU amino acid position 254 With 
serine or threonine; 

[0169] a substitution at EU amino acid position 256 With 
arginine, glutamate, or lysine; 

[0170] a substitution at EU amino acid position 255 With 
leucine, aspartate or methionine; 

[0171] a substitution at EU amino acid position 260 With 
lysine; 

[0172] a substitution at EU amino acid position 257 With 
arginine, aspartate, glutamate, or lysine; 

[0173] a substitution at EU amino acid position 277 With 
arginine, aspartate, glutamine, or lysine; 

[0174] a substitution at EU amino acid position 279 With 
glutamate; 

[0175] a substitution at EU amino acid position 281 With 
glutamine; 

[0176] a substitution at EU amino acid position 282 With 
arginine, aspartate, glutamate, or lysine; 

[0177] a substitution at EU amino acid position 287 With 
aspartate, glutamate, lysine, proline, or threonine; 

[0178] a substitution at EU amino acid position 284 With 
aspartate; 

[0179] a substitution at EU amino acid position 285 With 
aspartate or phenylalanine; 

[0180] a substitution at EU amino acid position 286 With 
glutamate or methionine; 

[0181] a substitution at EU amino acid position 288 With 
aspartate; 

[0182] a substitution at EU amino acid position 290 With 
aspartate; 

[0183] a substitution at EU amino acid position 304 With 
aspartate or glutamate; 

[0184] a substitution at EU amino acid position 305 With 
arginine; 

[0185] a substitution at EU amino acid position 306 With 
arginine, aspartate, glutamate, or lysine; 

[0186] a substitution at EU amino acid position 307 With 
arginine, aspartate, or glutamate; 

[0187] a substitution at EU amino acid position 309 With 
arginine, aspartate, lysine or glutamate; 

[0188] a substitution at EU amino acid position 310 With 
arginine, leucine, lysine or asparagine; 
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[0189] a substitution at EU amino acid position 312 With 
arginine, asparagine, or lysine; a substitution at EU amino 
acid position 313 With aspartate, arginine, or lysine; 

[0190] a substitution at EU amino acid position 315 With 
aspartate or glutamate; 

[0191] a substitution at EU amino acid position 343 With 
glutamine or lysine; 

[0192] a substitution at EU amino acid position 345 With 
arginine or glutamine; 

[0193] a substitution at EU amino acid position 374 With 
arginine, lysine, or leucine; 

[0194] a substitution at EU amino acid position 376 With 
asparagine; 

[0195] a substitution at EU amino acid position 426 With 
arginine, aspartate, or glutamate; 

[0196] a substitution at EU amino acid position 428 With 
arginine, glutamine, or lysine; 

[0197] a substitution at EU amino acid position 430 With 
lysine; 

[0198] a substitution at EU amino acid position 431 With 
proline; 

[0199] a substitution at EU amino acid position 432 With 
arginine; 

[0200] a substitution at EU amino acid position 434 With 
lecuine or lysine; and 

[0201] a substitution at EU amino acid position 438 With 
glutamate 

Wherein the altered polypeptide exhibits a circulatory half 
life than is shorter than the starting polypeptide that does not 
contain the mutation. 

[0202] In another aspect, the invention pertains to a 
method for treating a patient suffering from a disorder, the 
method comprising administering to the patient an altered 
polypeptide comprising at least an FcRn binding portion of 
an Fc region comprising at least one mutation selected from 
the group consisting of: 

[0203] a substitution of lysine at EU amino acid position 
248 With aspartate; 

[0204] a substitution of aspartate at EU amino acid posi 
tion 249 With arginine or lysine; 

[0205] a substitution of threonine at EU amino acid posi 
tion 250 With arginine or lysine; 

[0206] a substitution of leucine at EU amino acid position 
251 With arginine, lysine, or asparagine; 

[0207] a substitution of methionine at EU amino acid 
position 252 With serine or threonine; 

[0208] a substitution of methionine at EU amino acid 
position 254 With serine or threonine; 

[0209] a substitution of threonine at EU amino acid posi 
tion 256 With arginine, glutamate, or lysine; 

[0210] a substitution of arginine at EU amino acid position 
255 With leucine, aspartate or methionine; 
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[0211] a substitution of threonine at EU amino acid posi 
tion 260 With lysine; 

[0212] a substitution of proline at EU amino acid position 
257 With arginine, aspartate, glutamate, or lysine; 

[0213] a substitution of tryptophan at EU amino acid 
position 277 With arginine, aspartate, glutamine, or lysine; 

[0214] a substitution of valine at EU amino acid position 
279 With glutamate; 

[0215] a substitution of glycine at EU amino acid position 
281 With glutamine; 

[0216] a substitution of valine at EU amino acid position 
282 With arginine, aspartate, glutamate, or lysine; 

[0217] a substitution of alanine at EU amino acid position 
287 With aspartate, glutamate, lysine, proline, or threonine; 

[0218] a substitution of valine at EU amino acid position 
284 With aspartate; 

[0219] a substitution of histidine at EU amino acid posi 
tion 285 With aspartate or phenylalanine; 

[0220] a substitution of asparagine at EU amino acid 
position 286 With glutamate or methionine; 

[0221] a substitution of lysine at EU amino acid position 
288 With aspartate; 

[0222] a substitution of lysine at EU amino acid position 
290 With aspartate; 

[0223] a substitution of serine at EU amino acid position 
304 With aspartate or glutamate; 

[0224] a substitution of valine at EU amino acid position 
305 With arginine; 

[0225] a substitution of leucine at EU amino acid position 
306 With arginine, aspartate, glutamate, or lysine; 

[0226] a substitution of threonine at EU amino acid posi 
tion 307 With arginine, aspartate, or glutamate; 

[0227] a substitution of leucine at EU amino acid position 
309 With arginine, aspartate, lysine or glutamate; 

[0228] a substitution of histidine at EU amino acid posi 
tion 310 With arginine, leucine, lysine or asparagine; 

[0229] a substitution of aspartate at EU amino acid posi 
tion 312 With arginine, asparagine, or lysine; 

[0230] a substitution of tryptophan at EU amino acid 
position 313 With aspartate, arginine, or lysine; 

[0231] a substitution of asparagine at EU amino acid 
position 315 With aspartate or glutamate; 

[0232] a substitution of proline at EU amino acid position 
343 With glutamine or lysine; 

[0233] a substitution of glutamate at EU amino acid posi 
tion 345 With arginine or glutamine; 

[0234] a substitution of proline at EU amino acid position 
374 With arginine, lysine, or leucine; 

[0235] a substitution of aspartate at EU amino acid posi 
tion 376 With asparagine; 

[0236] a substitution of serine at EU amino acid position 
426 With arginine, aspartate, or glutamate; 
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[0237] a substitution of methionine at EU amino acid 
position 428 With arginine, glutamine, or lysine; 

[0238] a substitution of glutamate at EU amino acid posi 
tion 430 With lysine; 

[0239] a substitution of alanine at EU amino acid position 
431 With proline; 

[0240] a substitution of leucine at EU amino acid position 
432 With arginine; 

[0241] a substitution of asparagine at EU amino acid 
position 434 With leucine or lysine; and 

[0242] a substitution of glutamine at EU amino acid 
position 438 With glutamate Wherein the altered polypeptide 
exhibits a circulatory half-life than is shorter than the 
starting polypeptide that does not contain the mutation. 

[0243] In one embodiment, the invention pertains to a 
method of producing the altered polypeptide of claim 1 or 2, 
the method comprising: 

[0244] (a) transfecting a cell With the nucleic acid mol 
ecule comprising a nucleotide sequence that encodes the 
altered polypeptide; and 

[0245] (b) purifying the altered polypeptide from the cell 
or cell supernatant. 

[0246] In one embodiment, the invention pertains to a 
method of producing the antibody of claim 11 or 13, the 
method comprising: 

[0247] (a) providing a ?rst nucleic acid molecule com 
prising a nucleotide sequence that encodes the variable (V L) 
and constant regions (CL) of the antibody’s light chain; 

[0248] (b) providing a second nucleic acid molecule com 
prising a nucleotide sequence that encodes the variable (VH) 
and constant regions (CH 1, CH2, and CH3) of the antibody’s 
heavy chain; 

[0249] (c) transfecting a cell With the ?rst and second 
nucleic acid molecules under conditions that permit expres 
sion of the altered antibody comprising the encoded light 
and heavy chains; and 

[0250] (d) purifying the antibody from the cell or cell 
supernatant. 

[0251] 
[0252] In one embodiment, the invention pertains to a 
dimeric Fc binding protein comprising a ?rst and second 
polypeptide chains, Wherein the ?rst and the second 
polypeptide chains each comprise at least one Fc region 
domain operably linked to an Fc binding domain. 

[0253] In one embodiment, said Fc domain is mutated to 
reduce or eliminate binding to FcRn. 

[0254] In one embodiment, said ?rst and second polypep 
tide chains are covalently linked. 

[0255] In one embodiment, the Fc binding domain com 
prises the extracellular domain of FcRn. 

[0256] In one embodiment, the Fc binding domain is 
bound to beta-2-microglobulin. 

[0257] In one embodiment, the Fc binding domain is 
derived from human FcRn. 

In one embodiment, the cell is a 293 cell. 
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[0258] In one embodiment, the binding protein comprises 
the amino acid sequence shoWn in SEQ ID NOzlO. 

[0259] In one embodiment, the invention pertains to a 
method for measuring binding af?nity of polypeptide com 
prising at least an FcRn binding portion of an Fc region for 
an FcR, the method comprising contacting a polypeptide 
comprising at least an FcRn binding portion of an Fc region 
With the dimeric Fc binding protein of claim 44 and deter 
mining the a?inity of the interaction. 

[0260] In one embodiment, the invention pertains to a 
method for screening a library of polypeptides Which com 
prise at least an FcRn binding portion of an Fc region for 
those polypeptides having an altered binding af?nity for 
FcRn, the method comprising 

[0261] (a) contacting members of the library With the 
dimeric Fc binding protein of claim 44; and 

[0262] (b) measuring the binding af?nity of the polypep 
tides for the dimeric Fc binding protein; and 

[0263] (c) selecting those polypeptides Which have altered 
binding af?nity for FcRn. 

[0264] In one embodiment, the invention pertains to a 
method for purifying a polypeptide at least an FcRn binding 
portion of an Fc region from a mixture of polypeptides, the 
method comprising applying the mixture to an a?inity 
column containing the dimeric Fc binding protein of claim 
44, eluting the polypeptide comprising at least an FcRn 
binding portion of an Fc region such that the polypeptide is 
puri?ed. 

[0265] In one embodiment, the mixture is applied to the 
af?nity column at a ?rst pH and the polypeptide is eluted 
from the af?nity column at a second pH. 

[0266] In one embodiment the polypeptide is not dena 
tured during the puri?cation process. 

[0267] In one embodiment, the invention pertains to a 
method for identifying a polypeptide With an altered binding 
af?nity for FcRn compared to a starting polypeptide, the 
method comprising: 

[0268] (a) determining a spatial representation of an opti 
mal charge distribution of the amino acids of the starting 
polypeptide and an associated change in binding free energy 
of the starting polypeptide When bound to FcRn in a solvent; 

[0269] (b) identifying at least one candidate amino acid 
residue position of the starting polypeptide to be modi?ed to 
alter the binding free energy of the starting polypeptide 
When bound to FcRn; and 

[0270] (c) identifying an elected amino acid at the amino 
acid position, such that incorporation of the mutation in the 
starting polypeptide results in an altered polypeptide With an 
altered binding af?nity for FcRn. 

[0271] In one embodiment the method further comprises 
incorporating the elected amino acid in the starting polypep 
tide. 

[0272] In one embodiment the method further comprises 
further comprising calculating the change in the free energy 
of binding of the altered Fc-containing polypeptide When 
bound to the FcRn, as compared to the starting polypeptide 
When bound to the FcRn. 
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[0273] In one embodiment, the calculating step ?rst com 
prises modeling the mutation in the starting polypeptide in 
silico, and then calculating the change in free energy of 
binding. 

[0274] In one embodiment, the calculating step uses at 
least one determination selected from the group consisting 
of a determination of the electrostatic binding energy using 
a method based on the Poisson-Boltzmann equation, a 
determination of the van der Waals binding energy, and a 
determination of the binding energy using a method based 
on solvent accessible surface area. 

[0275] In one embodiment, the mutation is an amino acid 
substitution. 

[0276] In one embodiment, the amino acid substitution 
results in incorporation of an elected amino acid With a 
different charge than the candidate amino acid. 

[0277] In one embodiment, the mutation increases the free 
energy of binding betWeen altered Fc-containing polypep 
tide and FcRn When bound in a solvent, thereby decreasing 
binding af?nity of the altered Fc-containing polypeptide for 
FcRn. 

[0278] In one embodiment, the mutation decreases the free 
energy of binding betWeen altered Fc-containing polypep 
tide and FcRn When bound in a solvent, thereby increasing 
binding af?nity of the altered Fc-containing polypeptide for 
FcRn. 

[0279] In one aspect, the invention pertains to a method 
for identifying an altered Fc-containing polypeptide With an 
altered binding af?nity for FcRn at two different pH levels, 
the method comprising: 

[0280] (a) determining a spatial representation of an opti 
mal charge distribution of the amino acids of the starting 
polypeptide and an associated change in binding free energy 
of the starting polypeptide When bound to FcRn in a solvent 
at a ?rst pH level; 

[0281] (b) determining a spatial representation of an opti 
mal charge distribution of the amino acids of the starting 
polypeptide and an associated change in binding free energy 
of the starting polypeptide When bound to FcRn in a solvent 
at a second pH level; 

[0282] (c) identifying, based on a comparison of the 
charge distributions, residues that exhibit different charge 
distributions at the ?rst and second pH levels, at least one 
candidate amino acid residue position of the starting 
polypeptide to be modi?ed to alter the binding free energy 
of the starting polypeptide When bound to FcRn; and 

[0283] (d) selecting an elected amino acid at said amino 
acid position, such that incorporation of the elected amino 
acid in the starting polypeptide results in an altered Fc 
containing polypeptide With an altered binding af?nity for 
FcRn. 

[0284] 
[0285] In one embodiment, the a?inity of a polypeptide is 
about 1.5-fold to about l00-fold greater at the ?rst pH than 
at the second pH. 

In one embodiment, the ?rst pH is about 7.4. 

[0286] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
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tages of the invention Will be apparent from the description 
and drawings, and from the claims. The contents of any 
patents, patent applications, and other references cited in our 
speci?cation are hereby incorporated by reference in their 
entirety. 

BRIEF DESCRIPTION OF THE FIGURES 

[0287] FIG. 1A shoWs the DNA sequence of mature 
huCBE11 heavy chain utilized as a starting polypeptide in 
the methods of the invention. The DNA sequence Was 
encoded in a pEAG1787 expression vector. FIG. 1B shoWs 
the predicted amino acid sequence of mature huCBE11 
heavy chain. 

[0288] FIG. 2 shoWs the amino acid sequence of the Fc 
region of the huCBE11 heavy chain used as a starting 
polypeptide in the methods of the invention. Amino acid 
positions are indicated by EU numbering as in Kabat. 

[0289] FIG. 3A shoWs the DNA sequence of the huCBE11 
light chain. The DNA sequence Was encoded in a 
pEAG1754 expression vector. FIG. 3B shoWs the predicted 
amino acid sequence of huCBE11 light chain. 

[0290] FIG. 4A shoWs the DNA sequence of human Beta 
microglobulin. The DNA sequence Was encoded in a 
pEAG1761 expression vector. FIG. 4B shoWs the predicted 
amino acid sequence of human Beta microglobulin. 

[0291] FIG. 5A shoWs the nucleotide sequence of cDNA 
encoding a human FcRn/Fc/fusion protein. The DNA 
sequence Was encoded in a pEAG1761 expression vector. 
FIG. 5B shoWs the predicted amino acid sequence of the 
FcRn/Fc/fusion protein. 

[0292] FIG. 6 shoWs the results obtained using a FRET 
based assay for evaluation of the FcRn binding affinity of the 
altered polypeptides of the invention. Mutations With a 
measurable increase in binding af?nity (H285E, N286D, 
K290E, and S304D) are indicated With doWnWard pointing 
arroWs. A mutation (N434L) With a pronounced decrease in 
binding af?nity is indicated by a leftward pointing arroW. 

[0293] FIG. 7 shoWs the results obtained using an AlphaS 
creen assay for evaluation of the FcRn binding af?nity of the 
altered polypeptides of the invention. Mutations With a 
measurable increase in binding af?nity (V284E, H285E, 
N286D, and K290E) are indicated With doWnWard pointing 
arroWs. A mutation (Q438E) With a pronounced decrease in 
binding af?nity is indicated by a leftWard pointing arroW. 

[0294] FIG. 8 shoWs the structural model of the Fc region 
of huCBE11 heavy chain used in the methods of the inven 
tion. The location of particular “up mutants” (V284E, 
H285E, N286E, K290E) With enhanced affinity for FcRn 
and particular “doWn mutants” (V282E, M252T, N434L, 
Q438L) With reduced a?inity for FcRn are indicated in 
relation to other domains of the FcRn. 

[0295] FIG. 9 Panel A shoWs the location of the FcRn 
binding loop that extend from aspartate 280 to threonine 299 
is shoWn in FIG. 9 With relations to FcRn domains. Panel B 
shoWs the location of residues in 15 angstrom FcRn contact 
Zone (eg 243 F; 244 P; 245 P; 246K; 247 P; 248K; 249 D; 
250 T; 251 L; 252 M; 253 I; 254 S; 255 R; 256 T; 257 P; 258 
E; 259 V; 260 T; 261 C; 275 F; 276 N; 277 W; 278 Y; 279 
V; 280 D; 282 V; 283 E; 284 V; 285H; 286 N; 287 A; 288 
K; 289 T; 290 K; 291 P; 292 R; 293 E; 302 V; 303 V; 304 
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S; 305 V; 306 L; 307 T; 308 V; 309 L; 310H; 311 Q; 312 D; 
313 W; 314 L; 315 N; 316 G; 317 K; 318 E; 319 Y; 336 I; 
337 S; 338 K; 339 A; 340 K; 341 G; 342 Q; 343 P; 344 R; 
345 E; 346 P; 347 Q; 348 V; 367 C; 369 V; 372 F; 373 Y; 
374 P; 375 S; 376 D; 377 I; 378 A; 379 V; 380 E; 381 W; 
382 E; 383 S; 384 N; 385 G; 386 Q; 387 P; 388 E; 389 N; 
391 Y; 393 T; 408 S; 424 S; 425 C; 426 S; 427 V; 428 M; 
429H; 430 E; 431 A; 432 L; 433H; 434 N; 435H; 436 Y; 437 
T; 438 Q; 439 K; and 440 S) With relations to FcRn domains. 

[0296] FIG. 10 shoWs the binding of biotinylated hIgG to 
hFcRnFc coated on to ELISA plates at varied concentrations 
of 3, 6 and 9 ug/ml. The biotinylated hIgG concentration Was 
varied as indicated and a HPR-streptavidin Was used at a 
concentration of 1:20,000 and developed With standard 
protocols. After stopping the reaction the Absorbance Was 
read at 450 nm. The hFcRnFc at 9 ug/ml (El) and 6 ug/ml (0) 
show no change in the binding curve, Where as 3 ug/ml (A) 
hFcRnFc shoWs decreased binding to coated hIgG. The 
negative control (0) shoWs the background binding of the 
streptavidinHRP in the absence of hFcRnFc. 

DETAILED DESCRIPTION 

[0297] The instant invention is based, at least in part, on 
the identi?cation of polypeptides (such as antibodies and 
fusion proteins) that include at least a portion of a Fc region 
(e.g., a constant domain of an immunoglobulin such as 
IgG1) Which exhibit altered binding to the neonatal Fc 
receptor (FcRn). Such altered polypeptides exhibit either 
increased or decreased binding to FcRn When compared to 
Wild-type polypeptides and, therefore, have an increased or 
decreased half-life in serum, respectively. Fc region variants 
With improved af?nity for FcRn are anticipated to have 
longer serum half-lives, and such molecules have useful 
applications in methods of treating mammals Where long 
half-life of the administered polypeptide is desired, e.g., to 
treat a chronic disease or disorder. In contrast, Fc region 
variants With decreased FcRn binding affinity are expected 
to have shorter half-lives, and such molecules are also 
useful, for example, for administration to a mammal Where 
a shortened circulation time may be advantageous, eg for 
in vivo diagnostic imaging or in situations Where the starting 
polypeptide has toxic side effects When present in the 
circulation for prolonged periods. Fc region variants With 
decreased FcRn binding af?nity are also less likely to cross 
the placenta and, thus, are also useful in the treatment of 
diseases or disorders in pregnant Women. In addition, other 
applications in Which reduced FcRn binding affinity may be 
desired include those applications in Which localiZation the 
brain, kidney, and/or liver is desired. In one exemplary 
embodiment, the altered polypeptides of the invention 
exhibit reduced transport across the epithelium of kidney 
glomeruli from the vasculature. In another embodiment, the 
altered polypeptides of the invention exhibit reduced trans 
port across the blood brain barrier (BBB) from the brain, 
into the vascular space. 

[0298] The invention also pertains to methods of making 
such altered polypeptides and to methods of using such 
polypeptides. The invention also pertains to novel forms of 
FcRn and methods of their use. 

[0299] Various aspects of the invention are described in 
further detail in the folloWing subsections: 

[0300] 
[0301] The terms “protein,”“polypeptide,” and “peptide” 
are used interchangeably herein. A protein may comprise 

I. De?nitions 




















































































































































































