
US 20100266614A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2010/0266614 A1 

YOUNG et al. (43) Pub. Date: Oct. 21, 2010 

tmuation o app 1cat1on o. , , e on an. 54 ULTRA HIGH AFFINITY NEUTRALIZING ' ' f 1' ' N 09/771 415 ?l d J 

ANTIBODIES 26, 2001, noW Pat. No. 6,656,467. 

(75) Inventors, James EYOUNG, Potomac’ MD (60) Provisional application No. 60/178,426, ?led on Jan. 
(US); Leslie S. Johnson, 27’ 2000' 
G t MD US 'W'll' D. P13222152?’ CA5 (U)S’)_ {16:21 Publication Classi?cation 
Wu, Boyds, MD (US); Jeffry D. (51) Int. Cl. 
Watkins, Encinitas, CA (US) A61K 39/42 (2006.01) 

C07K 16/08 (2006.01) 
Correspondence Address: A611) 31/12 (200601) 
gglzlegiz‘ilzltegtlreet (52) U.S. Cl. .............. .. 424/1591; 530/3894; 530/3873; 
New York, NY 10017 (US) 530/3883 

(73) Assignee: MedImmune, LLC, Gaithersburg, (57) ABSTRACT 
MD (Us) Ultra high af?nity antibodies With binding a?inities in the 

range of 1010 M“, and even 1011 M-1 are disclosed. Such 
(21) Appl' NO‘: 12/777,814 antibodies include antibodies having novel high a?inity 

_ _ complementarity determining regions (CDRs), especially 
(22) Flled' May 11’ 2010 those With framework and constant regions derived from 

. . either humans or mice. Methods of preparing and screening 
Related U's' Apphcatlon Data such antibodies, as Well as methods of using them to prevent 

(63) Continuation of application No. 10/657,363, ?led on and/0f treat disease, especially Virus-induced diseases, are 
Sep. 8, 2003, noW Pat. No. 7,740,851, Which is a con also disclosed. 



Patent Application Publication Oct. 21, 2010 Sheet 1 0f 10 US 2010/0266614 A1 

Figure 1 

A 
DIQMTQSPST LSASVGDRVT ITC SASSSVGYMH WYQQKPG 4O 

CDR L1 

KAPKLLIY DTSKLAS GVPSR FSGSGSGTEF TLTISSLQPD 8O 
CDR L2 

DFATYYC FQGSGYPFT FGGGTKVEIK 10s 
CDR L3 

P. 
QVTLRESGPA LVKPTQTLTL TCTFSGFSLS TSGMSVG WM 40 

CDR H1 

QPPGKALEWLA DIWWDDKKDYNPSLKS RLT ISKDTSKNQV 8O 
CDR H2 

VLKVTNMDPA DTATYYCAR SMITNWYFDV W GQGTTVTVSS 120 
CDR H3 
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Figure 3 

A 
DIQMTQSPST LSASVGDRVT ITC SASSSVGYMH WYQQKPG 4O 

CDR L1 

KAPKLLIY DTSKLAS GVPSR FSGSGSGTEF TLTISSLQPD 8O 
CDR L2 

DFATYYC FQGSFYPFT FGGGTKVEIK 106 
CDR L3 

E 
QVTLRESGPA LVKF'TQTLTL TCTFSGFSLS TAGMSVG WIR 40 

CDR H1 

QPPGKALEWLA DIWWDDKKDYNPSLKS RLT ISKDTSKNQV 8O 
CDR H2 

VLKVTNMDPA DTATYYCAR SMITNFYFDV W GQGI IV I VSS 120 
CDR H3 
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Figure 4 

A 
DiQMTQSPST LSASVGDRVT ITC SASSSVGYMH WYQOKPG 4O 

CDR L1 

KAPKLLIY DTFKLAS GVPSR FSGSGSGTEF TLTISSLQPD . 8O 
CDR L2 

DFATYYC FQGSGYPFT FGGGTKVEIK 106 
CDR L3 

QVTLRESGPA LVKPTQTLTL TCTFSGFSLS TAGMSVG WIR 4O 
CDR H1 

QPPGKALEWLA DIWWDDKKDYNPSLKS RLT ISKDTSKNQV 8O 
CDR H2 

VLKVTNMDPA DTATYYCAR SMITNFYFDV W GOG I I V IVSS 120 
, CDR H3 
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Figure 5 

A 
DIQMTQSPST LSASVGDRVT ITC SASSSVGYMH WYQQKPG 40 

con L1 

KAPKLLIY DTFKLAS GVPSR FSGSGSGTEF TLTISSLQPD 80 
cm; L2 

DFATYYC FQGSFYPFT FGGGTKVEIKY 106 
coins 

E 
QVTLRESGPA LVKPTQTLTL TCTFSGFSLS TPGMSVG wm 4o 

CDR H1 

QPPGKALEWLA DIWWDDKKDYNPSLKS RLT ISKDTSKNQV 8O 
CDR H2 

VLKVTNMDPA DTATYYCAR SMITNFYFDV W GQGI IV I VSS 120 
CDR H3 
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Figure 6 

A 
DIQMTQSPST LSASVGDRVT ITC SASSSVGYMH WYQQKPG 4O 

CDR L1 

KAPKLLIY DTFKLAS GVPSR FSGSGSGTEF TLTISSLQPD 8O 
CDR L2 

DFATYYC FQGSFYPFT FGGGTKVEIK 106 
CDR L3 

P. 
QVTLRESGPA LVKPTQTLTL TCTFSGFSLS TAGMSVG WIR 4O 

CDR H1 

QPPGKALEWL A DIWWDDKKDYNPSLKS RLT ISKDTSKNQV 8O 
CDR H2 

VLKVTNMDPA DTATYYCAR SMITNFYFDV W GQGI IVTVSS 120 
CDR H3 
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Figure 7 

A 
DIQMTQSPST LSASVGDRVT ITC SASSSVGYMH WYQQKPG 4O 

CDR L1 

KAPKLLIY DTFKLAS GVPSR FSGSGSGTEF TLTISSLQPD 8O 
CDR L2 

DFATYYC FQGSYYPFT FGGGTKVEIK 106 
CDR L3 

E 
QVTLRESGPA LVKPTQTLTL TCTFSGFSLS TAGMSVG WIR 4O 

CDR H1 

QF’PGKALEWL A DlWWDDKKDYNPSLKS HLT ISKDTSKNQV 8O 
CDR H2 

VLKVTNMDPA DTATYYCAR SMITNFYFDV W GOG! I VTVSS 120 
CDR H3 
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ULTRA HIGH AFFINITY NEUTRALIZING 
ANTIBODIES 

[0001] This application claims priority of US. Provisional 
Application Ser. No. 60/178,426, ?led 27 Jan. 2000, the dis 
closure of Which is hereby incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to novel ultra high 
a?inity neutralizing antibodies. 
[0003] The current incidence of infection caused by resis 
tant or dif?cult to control microbes has created a need for 
neWer approaches to controlling such organisms, as Well as to 
treating those already infected. 
[0004] Among the more dif?cult infectious agents to con 
trol and treat are the viruses. For example, respiratory syncy 
tial virus (RSV) is the major cause of acute respiratory illness 
in young children admitted to hospitals and the major cause of 
loWer respiratory tract infection in young children. A major 
obstacle to producing an effective vaccine against such agents 
as RSV has been the issue of safety. Conversely, the use of 
immunoglobulins against such viral agents has proven of 
some value. For example, studies have shoWn that high-titred 
RSV immunoglobulin Was effective both in prophylaxis and 
therapy for RSV infections in animal models. 
[0005] An alternative approach has been the development 
of antibodies, especially neutralizing monoclonal antibodies, 
With high speci?c neutralizing activity. One draWback to this 
route has been the need to produce human antibodies rather 
than those of mouse or rat and thus minimize the development 
of human anti-mouse or anti-rat antibody responses, Which 
potentially results in further immune pathology. 
[0006] An alternative approach has been the production of 
human-murine chimeric antibodies in Which the genes encod 
ing the mouse heavy and light chain variable regions have 
been coupled to the genes for human heavy and light chain 
constant regions to produce chimeric, or hybrid, antibodies. 
[0007] In some cases, mouse CDRs have been grafted onto 
human constant and framework regions With some of the 
mouse framework amino acids being substituted for corre 
spondingly positioned human amino acids to provide a 
“humanized” antibody. [Queen, US. Pat. Nos. 5,693,761 and 
5,693,762]. HoWever, such antibodies contain intact mouse 
CDR regions and have met With mixed effectiveness, produc 
ing af?nities often no higher than 107 to 108 M“. 
[0008] A humanized anti-RSV antibody With good a?inity 
has been prepared and is currently being marketed. [Seez 
Johnson, US. Pat. No. 5,824,307] 
[0009] The production of ultra high af?nity antibodies 
Would be desirable from the point of vieW of both the neu 
tralizing ability of such an antibody as Well as from the more 
practical aspects of needing to produce less antibody in order 
to achieve a desirable degree of clinical effectiveness, thereby 
cutting costs of production and/or alloWing a greater degree 
of clinical effectiveness for administration in the same vol 
ume. 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention relates to high a?inity neu 
tralizing antibodies and active fragments thereof exhibiting 
a?inity constants of at least 1010 M_l, and even 101 l M_l, and 
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more speci?cally to such a neutralizing monoclonal immu 
noglobulin, including antibodies and/or active fragments 
thereof, Wherein the antibody and/or fragment has human 
constant regions. 
[0011] The present invention solves the above-mentioned 
problems by providing high a?inity neutralizing antibodies 
Without the presence of intact mouse CDR regions that cause 
human anti-mouse antibody reactions (HAMA) and With suf 
?ciently high a?inity neutralizing activity to reduce cost and 
e?icacy of overall production. 
[0012] One aspect of the present invention relates to high 
af?nity neutralizing antibodies With a?inity constants of at 
least 1010 M_l, and even 1011 M_l, and With speci?city 
toWards speci?c antigenic determinants, such as those exhib 
ited by virus-expressed proteins. 
[0013] One object of the present invention is to provide 
such high a?inity neutralizing antibodies With speci?city 
toWard antigens produced by viruses, such as Where such 
antigens are expressed by virus-infected cells in a mammal, 
especially a human. 
[0014] In one such embodiment, the high a?inity neutral 
izing immunoglobulin, including antibodies and/or active 
fragments thereof, of the present invention, and active frag 
ments thereof, are speci?c for respiratory syncytial virus 
(RSV), most especially for the F antigen expressed by said 
RSV and also expressed on the surfaces of cells infected With 
RSV (the presence of Which antigen on the cell surface causes 
fusion of the cells into syncytia), 
[0015] Thus, in one embodiment, a high af?nity neutraliz 
ing immunoglobulin, including antibodies and/ or active frag 
ments thereof, of the present invention binds to the same 
epitope on RSV as the antibody Whose light chain variable 
chain has the sequence of SEQ ID NO: 1 (shoWn in FIG. 1A) 
and Whose heavy chain variable chain has the sequence of 
SEQ ID NO: 2 (shoWn in FIG. 1B). 
[0016] It is an object of the present invention to provide 
ultra high af?nity neutralizing antibodies having substan 
tially the frameWork regions of the immunoglobulin dis 
closed in FIG. 1 (With the same speci?city of that immuno 
globulin, Which is an anti-RSV antibody structure) but 
Wherein the immunoglobulins, including antibodies and 
active fragments thereof, of the present invention contain one 
or more CDRs (complementarity determining regions) Whose 
amino acid sequences are independent of those in the so 
called reference antibody, although said sequences may, in 
some cases, differ by no more than one amino acid and this 
may be limited to a difference in only one of said CDR 
regions. 
[0017] In a preferred embodiment of the present invention, 
the novel immunoglobulins of the present invention Will dif 
fer from the antibody of FIG. 1 (hereafter, the “basic anti 
body” or “reference antibody” or “reference immunoglobu 
lin”) only in the sequences of one or more of the CDRs and, 
in a most preferred embodiment these differences occur only 
in CDRs L2, L3, H1, and H3. 
[0018] Especially preferred embodiments of the present 
invention have the frameWork sequences depicted in FIG. 1, 
thus having the heavy and light chain variable sequences 
depicted in FIGS. 3, 4, 5, 6, and 7. 
[0019] In one embodiment, the high af?nity neutralizing 
antibodies of the invention include a human constant region. 

[0020] In a preferred embodiment, a high a?inity RSV 
neutralizing antibody of the invention, including active frag 
ments thereof, With an af?nity constant (K) of at least as high 
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as 1010 M_l, and even 1011 M_l, is a recombinant immuno 
globulin, such as an antibody or active fragment thereof, that 
includes a human constant region and framework regions for 
the heavy and light chains wherein at least a portion of the 
framework is derived from a human antibody (or from a 
consensus sequence of a human antibody framework), an 
example of said framework regions depicted for the antibody 
sequences of FIG. 1. 
[0021] In one embodiment, all of the framework is derived 
from a human antibody (or a human consensus sequence). 
[0022] In another highly speci?c embodiment, a high a?in 
ity RSV-neutralizing antibody, with an a?inity of at least 1010 
M_l, is a recombinant antibody having a human constant 
region, one or more CDRs that are derived from a non-human 
antibody in which at least one of the amino acids in at least 
one of the CDRs is changed and in which all or a portion of the 
framework is derived from a human antibody (or a consensus 
sequence of a human antibody framework). 
[0023] In a separate embodiment, a humanized neutraliZing 
immunoglobulin that binds to the same epitope as the basic or 
reference antibody or immuno globulin whose variable chains 
are shown in FIG. 1, and that has an a?inity of at least 1011 
M_l, includes at least one of the following amino acids at the 
following positions of the CDRs: an alanine at position 2 of 
CDR Hl, a phenylalanine at position 6 of CDR H3, a pheny 
lalanine at position 3 of CDR L2, and a phenylalanine at 
position 5 of CDR L3. Other embodiments comprise other 
single amino acid substitutions at these locations. 
[0024] It is another object of the present invention to pro 
vide compositions comprising the immunoglobulins dis 
closed herein wherein said structures are suspended in a phar 
macologically acceptable diluent or excipient. 
[0025] It is a still further object of the present invention to 
provide methods of preventing and/ or treating respiratory 
syncytial virus comprising the administering to a patient at 
risk thereof, or af?icted therewith, of a therapeutically effec 
tive amount of a composition containing an immunoglobulin 
of the invention, such as where said antibodies or active 
fragments thereof exhibit the speci?city and a?inity proper 
ties disclosed herein for the immunoglobulins of the inven 
tion. 

DEFINITIONS 

[0026] The term “antigen” refers to a structure, often a 
polypeptide or protein, present on the surface of a microor 
ganism, such as a virus, for which an antibody has a?inity and 
speci?city. 
[0027] The term “antigenic determinant” refers to a speci?c 
binding site on an antigenic structure for which an immuno 
globulin, such as an antibody, has speci?city and a?inity. 
Thus, a particle, such as a virus, may represent an antigen but 
may have on its surface a number of separate, and different, 
antigenic sites such as where the virus has a number of dif 
ferent surface proteins and each represents a distinct potential 
binding site for an immunoglobulin. 
[0028] The term “immunoglobulin” refers to a protein or 
polypeptide having speci?city and a?inity for an antigen or 
antigenic determinant. This term includes antibodies, com 
monly depicted as tetrameric, as well as active fragments 
thereof, such fragments having speci?city and af?nity for 
antigens or antigenic determinants. Thus, “immunoglobulin” 
as used herein includes antibodies and all active fragments 
thereof. 
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[0029] The term “antibody” refers to a protein or polypep 
tide having a?inity for an antigenic determinant, usually one 
found on the surface of a microorganism, especially a virus. 
Such an antibody is commonly composed of 4 chains and is 
thus tetrameric. 
[0030] The term “neutralizing immunoglobulin” or “neu 
traliZing antibody” refers to the ability of the immunoglobu 
lins, including antibodies, of the present invention to reduce 
the replication of microorganisms, especially viruses, in 
organisms as well as in cell cultures. An indication of such 
ability is the data from the microneutraliZation assays dis 
closed hereinbelow. Such a structure usually has both variable 
and constant regions whereby the variable regions are mostly 
responsible for determining the speci?city of the antibody 
and will comprise complementarity determining regions 
(CDRs). 
[0031] The term “complementarity determining region” or 
“CDR” refers to variable regions of either H (heavy) or L 
(light) chains contains the amino acid sequences capable of 
speci?cally binding to antigenic targets. These CDR regions 
account for the basic speci?city of the antibody for a particu 
lar antigenic determinant structure. Such regions are also 
referred to as “hypervariable regions.” 
[0032] The term “active fragment” refers to a portion of an 
antibody that by itself has high a?inity for an antigenic deter 
minant and contains one or more CDRs accounting for such 
speci?city. Non-limiting examples include Fab, F(ab)'2, 
heavy-light chain dimers, and single chain structures, such as 
a complete light chain or complete heavy chain. 
[0033] The term “speci?city” refers to the ability of an 
antibody to bind preferentially to one antigenic site versus a 
different antigenic site and does not necessarily imply high 
af?nity. 
[0034] The term “af?nity” refers to the degree to which an 
antibody binds to an antigen so as to shift the equilibrium of 
antigen and antibody toward the presence of a complex 
formed by their binding. Thus, where an antigen and antibody 
are combined in relatively equal concentration, an antibody 
of high af?nity will bind to the available antigen so as to shift 
the equilibrium toward high concentration of the resulting 
complex. 
[0035] The term “af?nity constant” refers to an association 
constant used to measure the af?nity of an antibody for an 
antigen. The higher the af?nity constant the greater the a?in 
ity of the immunoglobulin for the antigen or antigenic deter 
minant and vice versa. An af?nity constant is a binding con 
stant in units of reciprocal molarity. Such a constant is readily 
calculated from the rate constants for the association-disso 
ciation reactions as measured by standard kinetic methodol 
ogy for antibody reactions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 shows the amino acid sequence of the light 
and heavy chain variable regions of an anti-RSV antibody 
wherein the CDR regions are underlined while non-under 
lined residues forrn the framework regions of the variable 
regions of each chain. In this antibody, the CDRs are derived 
from a mouse anti-RSV antibody while the framework 
regions consist mostly of sequences derived from a human 
antibody. For each CDR, locations at which amino acid 
replacements were used to achieve the high a?inity CDRs and 
antibodies disclosed herein are in bold face. In accordance 
with the disclosure herein, such replacements were only in 
CDRs L2, L3, H1 and H3. FIG. 1A shows the light chain 
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variable region and FIG. 1B shows the heavy chain variable 
region of the light and heavy chains, respectively. Constant 
region sequences are not shoWn. These sequences are present 
in the basic clone (see Table 2), designated IX-493 throughout 
this disclosure (i.e., SWSGimeaning a serine (S) at the key 
position (see tables 1 and 3) of high a?inity CDR H1, a 
tryptophan (W) at the key position of high af?nity CDR H3, 
a serine (S) at the key position of high af?nity CDR L2, and a 
glycine (G) at the key position of high af?nity CDR L3). For 
purposes of this disclosure, this is the “reference antibody.” 
[0037] FIG. 2 shoWs af?nity comparisons for a particular 
set of bene?cial or high af?nity clones. The clonal designa 
tions are on the left of the legend at the right of the draWing 
along With the indicated substitutions at CDRs H1, H3, L2, 
and L3 shoWn on the right of the legend. Measurements are by 
ELISA (OD at 560 nm shoWn on the left axis). Clone L1FR 
represents the results for the reference antibody structure of 
FIG. 1. 
[0038] FIG. 3 shoWs the heavy and light chain variable 
regions for the preferred embodiment of clone 1 (Table 2) of 
the invention disclosed herein. CDR regions are underlined 
While the amino acid differences versus the antibody of FIG. 
1 are indicated in bold face. Thus, this preferred (i.e., high 
af?nity) antibody has several of the high a?inity CDRs (Table 
3) present Which give rise to higher af?nity (over 1010 M_l) 
than the basic or reference antibody. 
[0039] FIG. 4 shoWs the heavy and light chain variable 
regions for the preferred embodiment of clone 2 (Table 2) of 
the invention disclosed herein. CDR regions are underlined 
While the amino acid differences versus the antibody of FIG. 
1 are indicated in bold face. Thus, this preferred (i.e., high 
af?nity) antibody has several of the high a?inity CDRs (Table 
3) present Which give rise to higher af?nity (over 1010 M“) 
than the basic or reference antibody. 
[0040] FIG. 5 shoWs the heavy and light chain variable 
regions for the preferred embodiment of clone 3 (Table 2) of 
the invention disclosed herein. CDR regions are underlined 
While the amino acid differences versus the antibody of FIG. 
1 are indicated in bold face. Thus, this preferred (i.e., high 
af?nity) antibody has several of the high a?inity CDRs (Table 
3) present Which give rise to higher af?nity (over 1010 M_l) 
than the basic or reference antibody. 
[0041] FIG. 6 shoWs the heavy and light chain variable 
regions for the most preferred embodiment of clone 22 (Table 
4) of the invention disclosed herein. CDR regions are under 
lined While the amino acid changes versus the antibody of 
FIG. 1 are indicated in bold face. Thus, this most preferred 
(i.e., highest af?nity) antibody has several of the high af?nity 
CDRs (Table 3) present Which give rise to higher af?nity 
(over 101 1 M“) than the basic or reference antibody). 
[0042] FIG. 7 shoWs the heavy and light chain variable 
regions for the preferred embodiment of clone 23 (Table 4) of 
the invention disclosed herein. CDR regions are underlined 
While the amino acid changes versus the antibody of FIG. 1 
are indicated in bold face. Thus, this preferred (i.e., highest 
af?nity antibody, has several of the high af?nity CDRs (Table 
3) present Which give rise to higher af?nity (over 1011 M_l) 
than the basic or reference antibody). 
[0043] FIG. 8 shoWs the results of microneutraliZation 
experiments on several of the ultra-high af?nity antibody 
clones disclosed herein. The amino acids present at the key 
positions of the high af?nity complementarity determining 
regions (see Table 3) are shoWn at the right in the order H1, 
H3, L2, and L3 (as also shoWn in Table 2 Where the clones are 
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simply numbered but the table compares to this ?gure by 
relying on the actual amino acids used at the critical positions 
as disclosed in the Table and in the legend at the right of this 
?gure). Thus, for clone 4D2-7, there is an alanine (A) at the 
key position of high af?nity CDR H1, a phenylalanine (F) at 
the key position of high af?nity CDR H3, a phenylalanine (F) 
at the key position of high af?nity CDR L2, and a phenylala 
nine (F) at the key position of high af?nity CDR L3. Brie?y, 
about 25,000 HEp-2 cells Were added to each of the Wells of 
a 96 Well plate along With RSV and a given concentration of 
the antibody (antibody concentration per Well is shoWn on the 
abscissaiSee Example 2 for exact details). After 5 days 
groWth, the cells Were ?xed, treated With biotinylated anti-F 
MAb, then bound to avidin-peroxidase complex and the abil 
ity of the bound peroxidase to react thionitrobenZoic acid Was 
determined by measuring O.D. at 450 nm. The amount of F 
protein present Was an indicator of the extent of viral repli 
cation thereby resulting in more reaction of substrate by per 
oxidase and increased absorption. Thus, the loWer the OD 450 
value, the greater the neutraliZing ability of the indicated 
concentration of the given antibody. Here, IX-493 (SWSGi 
meaning a serine (S) at the key position of high af?nity CDR 
H1 , a tryptophan (W) at the key position of high af?nity CDR 
H3, a serine (S) at the key position of high a?inity CDR L2, 
and a glycine (G) at the key position of high af?nity CDR L3) 
is the “reference antibody” (also denoted L1FR and 
IX493L1FR). 
[0044] FIG. 9 shoWs results for microneutraliZation assays 
of several of the antibodies disclosed herein but Where only 
Fab fragments Were employed for neutralization of antibody 
replication. Here, IX-493 (SWSG) is the reference Fab frag 
ment and is derived from antibody Medi-493 (see: Johnson et 
al (1997)-ref. 23). 
[0045] FIG. 10 shoWs the results of microneutraliZation for 
an antibody speci?c for RSV as compared to similar experi 
ments for Fab fragments of the same antibody. Here, Medi 
493 represents the antibody While IX-493 LIFR represents 
the Fab fragment of this antibody. The other lines are for Fab 
fragments of several of the antibodies produced according to 
the present invention (given various letter-digit code desig 
nations for internal identi?cation but having nothing to do 
With their relative ef?cacy as neutraliZing antibodies). 

DETAILED DESCRIPTION OF THE INVENTION 

[0046] The present invention is directed to ultra high a?in 
ity neutraliZing antibodies and active fragments thereof hav 
ing af?nity constants of at least 1010 M'1 . Active fragments of 
these antibodies are fragments containing at least one high 
af?nity complementarity determining region (CDR). 
[0047] With the advent of methods of molecular biology 
and recombinant technology, it is noW possible to produce 
antibody molecules by recombinant means and thereby gen 
erate gene sequences that code for speci?c amino acid 
sequences found in the polypeptide structure of the antibod 
ies. Such antibodies can be produced by either cloning the 
gene sequences encoding the polypeptide chains of said anti 
bodies or by direct synthesis of said polypeptide chains, With 
in vitro assembly of the synthesiZed chains to form active 
tetrameric (H2L2) structures With af?nity for speci?c epitopes 
and antigenic determinants. This has permitted the ready 
production of antibodies having sequences characteristic of 
neutraliZing antibodies from different species and sources. 
[0048] Regardless of the source of the immunoglobulins, or 
hoW they are recombinantly constructed, or hoW they are 
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synthesized, in vitro or in vivo, using transgenic animals, such 
as cows, goats and sheep, using large cell cultures of labora 
tory or commercial size, in bioreactors or by direct chemical 
synthesis employing no living organisms at any stage of the 
process, all immunoglobulins have a similar overall 3 dimen 
sional structure. In the case of an antibody, this structure is 
often given as H2L2 and refers to the fact that antibodies 
commonly comprise 2 light (L) amino acid chains and 2 
heavy (H) amino acid chains. Both chains have regions 
capable of interacting with a structurally complementary 
antigenic target. The regions interacting with the target are 
referred to as “variable” or “V” regions and are characterized 
by differences in amino acid sequence from antibodies of 
different antigenic speci?city. 
[0049] The variable region of either H or L chains contains 
the amino acid sequences capable of speci?cally binding to 
antigenic targets. Within these sequences are smaller 
sequences dubbed “hypervariable” because of their extreme 
variability between antibodies or active fragments of differ 
ing speci?city. Such hypervariable regions are also referred to 
as “complementarity determining regions” or “CDR” 
regions. These CDR regions account for the basic speci?city 
of the antibody for a particular antigenic determinant struc 
ture. 

[0050] The CDRs represent non-contiguous stretches of 
amino acids within the variable regions but, regardless of 
species, the positional locations of these critical amino acid 
sequences within the variable heavy and light chain regions 
have been found to have similar locations within the amino 
acid sequences of the variable chains. The variable heavy and 
light chains of all canonical antibodies each have 3 CDR 
regions, each non-contiguous with the others (termed L1, L2, 
L3, H1, H2, H3) for the respective light (L) and heavy (H) 
chains. The accepted CDR regions have been described by 
Kabat et al, .1. Biol. Chem. 252:6609-6616 (1977). The num 
bering scheme is shown in the ?gures, where the CDRs are 
underlined and the numbers follow the Kabat scheme. 

[0051] In all mammalian species, antibody polypeptides 
contain constant (i.e., highly conserved) and variable regions, 
and, within the latter, there are the CDRs and the so-called 
“framework regions” made up of amino acid sequences 
within the variable region of the heavy or light chain but 
outside the CDRs. 

[0052] The immunoglobulins disclosed according to the 
present invention afford extremely high a?inity (on the order 
of 1010 M_l, and even 1011 M_l, for the a?inity constant, or 
Ka, de?ned as an association constant describing the binding 
of antibody and antigen as the ligands) for epitopes, or anti 
genic determinants, found in macromolecules, especially 
proteins, and most especially proteins expressed by viruses 
and other microorganisms, such as proteins expressed on the 
surfaces of viruses as well as the surfaces of cells infected 
with a virus. The high a?inity antibodies of the present inven 
tion are neutralizing antibodies and thus reduce the replica 
tion of viruses in organisms as well as in cell cultures while 
maintaining su?icient homology to the antibody amino acid 
sequences of the recipient so as to prevent adverse immuno 
logical pathology. The latter feature is achieved through the 
use of constant regions similar to those of the recipient organ 
ism, such as a mammal and most especially a human. This 
feature is also achieved through the use of framework amino 
acid sequences similar, if not identical, to those found in 
antibodies from the recipient organism. 
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[0053] In the latter case, some amino acid replacements 
may be made in the framework sequences so as to facilitate 
and maintain the high a?inity interaction between the novel 
CDRs of the present invention and the antigen for which said 
antibodies show speci?city. 
[0054] As used herein, terms such as “antibody” and 
“active fragment” or “fragment” are not to be considered 
limiting in determining the full extent of the present inven 
tion. Thus, the fact that the term “antibody” is used rather than 
“active fragment” or “immunoglobulin” is not to be taken as 
a limitation on the invention or its uses so long as the requisite 

properties of speci?city and af?nity are exhibited by said 
structure. 

[0055] In accordance with the invention disclosed herein, 
the a?inity constants characterizing the af?nities of the high 
a?inity neutralizing antibodies, and active fragments thereof, 
of the present invention are association constants and were 
measured by the kinetics of antigen-antibody complex for 
mation, with the rate constant for association to form the 
complex being denoted as kassoc or km and the dissociation 
constant being denoted as kdl-SS or ko?. Measurement of such 
constants is well within the ordinary skill in the art and the 
details will not be described further herein except for general 
methodology and speci?c conditions, where appropriate, as 
recited in the examples given herein to further describe the 
invention. 

[0056] The high a?inity antibodies of the present invention 
can be achieved, as already described, through genetically 
engineering appropriate antibody gene sequences, i.e., amino 
acid sequences, by arranging the appropriate nucleotide 
sequences and expressing these in a suitable cell line. Any 
desired nucleotide sequences can be produced using the 
method of codon based mutagenesis, as described, for 
example, in US. Pat. Nos. 5,264,563 and 5,523,388. Such 
procedures permit the production of any and all frequencies 
of amino acid residues at any desired codon positions within 
an oligonucleotide. This can include completely random sub 
stitutions of any of the 20 amino acids at an desired position 
or in any speci?c subset of these. Alternatively, this process 
can be carried out so as to achieve a particular amino acid a 
desired location within an amino acid chain, such as the novel 
CDR sequences according to the invention. In sum, the appro 
priate nucleotide sequence to express any amino acid 
sequence desired can be readily achieved and using such 
procedures the novel CDR sequences of the present invention 
can be reproduced. This results in the ability to synthesize 
polypeptides, such as antibodies, with any desired amino acid 
sequences. For example, it is now possible to determine the 
amino acid sequences of any desired domains of an antibody 
of choice and, optionally, to prepare homologous chains with 
one or more amino acids replaced by other desired amino 
acids, so as to give a range of substituted analogs. 

[0057] In applying such methods, it is to be appreciated that 
due to the degeneracy of the genetic code, such methods as 
random oligonucleotide synthesis and partial degenerate oli 
gonucleotide synthesis will incorporate redundancies for 
codons specifying a particular amino acid residue at a par 
ticular position, although such methods can be used to pro 
vide a master set of all possible amino acid sequences and 
screen these for optimal function as antibody structures or for 
other purposes. Such methods are described in Cwirla et al, 
Proc. Natl. Acad. Sci. 87:6378-6382 (1990) and Devlin et al., 
Science 249:404-406 (1990). 
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[0058] In accordance With the invention disclosed herein, 
enhanced antibody variants canbe generated by combining in 
a single polypeptide structure one, tWo or more novel CDR 

sequences according to the invention, each shoWn to indepen 
dently result in enhanced binding activity. In this manner, 
several novel amino acids sequences can be combined into 
one antibody, in the same or different CDRs, to produce high 
a?inity antibodies Within the present invention. For example, 
3 such novel CDR sequences may be employed and the result 
ing antibodies screened for a?inity for a particular antigenic 
structure, such as the F antigen or RSV. The overall result 
Would thus be an iterative process of combining various 
single amino acid substitutions and screening the resulting 
antibodies for antigenic a?inity in a step by step manner. Such 
methods Were used to prepare some of the antibodies embod 
ied Within the present invention. Such methods also represent 
a convenient, if tedious, means of optimizing the antibody 
sequences of the present invention, especially the sequences 
of the CDR regions of said antibodies. 

[0059] Using the novel sequences and methods of the 
present invention, such an approach avoids the time and 
expense of generating and screening all possible permuta 
tions and combinations of antibody structure in an effort to 
?nd the antibody With the maximum e?iciency. Conversely, 
complete randomization of a single 10 amino acid residue 
CDR Would generate over 10 trillion variants, a number vir 
tually impossible to screen. 

[0060] This iterative method can be used to generate double 
and triple amino acid replacements in a stepWise process so as 
to narroW the search for antibodies having higher a?inity. 
[0061] Conversely, it should be recognized that not all loca 
tions Within the sequences of the different antibody domains 
may be equal. Substitutions of any kind in a particular loca 
tion may be helpful or detrimental. In addition, substitutions 
of certain kinds of amino acids at certain locations may like 
Wise be a plus or a minus as it affects a?inity for the particular 
antigen. For example, it may not be necessary to try all pos 
sible hydrophobic amino acids at a given position. It may be 
that any hydrophobic amino acid Will do as Well. Alterna 
tively, an acidic or basic amino acid at a given location may 
provide large sWings in measured af?nity. It is therefore nec 
essary also to learn the “rules” of making such substitutions 
but the determination of such “rules” may not require the 
study of all possible combinations and substitutionsitrends 
may become apparent after examining feWer than the maxi 
mum number of substitutions. 

[0062] In accordance With the foregoing, the antibodies of 
the present invention are ultra high a?inity neutralizing anti 
bodies, such as anti-RSV antibodies, and in the latter case 
most preferably antibodies With speci?city toWard the same 
epitope of RSV as the antibody of US. Pat. No. 5,824,307. 
[0063] In addition, the a?inities of the ultra high a?inity 
antibodies of the invention typically are at least 1010 M_l. 
Because such high a?inities are not easily measured, except 
by the procedures described herein, such value may com 
monly be considered as part of a range and may, for example, 
be Within 2 fold of 1010 M-1 or be greater than 1010 M-1 or 
may even be numerically equal to 1010 M_l. In such cases, the 
a?inity is denoted by an af?nity constant, Which is in the 
nature of a binding constant so as to give units of reciprocal 
molarity. As such, the a?inity of the antibody for antigen is 
proportional to the value of this constant (i.e., the higher the 
constant, the greater the af?nity). Such a constant is readily 
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calculated from the rate constants for the association-disso 
ciation reactions as measured by standard kinetic methodol 
ogy for antibody reactions. 

[0064] In a speci?c embodiment, the high a?inity neutral 
izing antibodies of the present invention, and active frag 
ments thereof, have a?inity constants for their respective 
antigens of at least at least 1011 M_l, in some cases being in 
excess of this value, a range at the very upper region of 
measurability. 
[0065] The high af?nity neutralizing antibodies of the 
present invention, and active fragments thereof, may be 
advantageously directed to any antigenic determinants 
desired, such as epitopes present on any type of macromol 
ecule, especially peptide epitopes present as part of the three 
dimensional structure of protein and polypeptide molecules. 
Such peptide epitopes may commonly be present on the sur 
faces, or otherWise be part of the structure of, microorganisms 
and cells, such as cancer cells. Microorganisms expressing 
such peptide epitopes includes bacteria and viruses. In the 
latter case, the proteins and polypeptides exhibiting peptide 
epitopes may be molecules expressed on the surfaces of the 
virus or may be expressed by cells infected With a virus. For 
purposes of evaluating the ef?cacy of the rules and methods 
disclosed according to the present invention, a virus Was 
chosen as one available antigenic source for developing anti 
bodies Within the present invention. The virus chosen for 
further analysis Was the respiratory syncytial virus (RSV). 
This latter virus Was chosen because it is Well characterized 
With respect to its replicative cycle as Well as With respect to 
the antigenic determinants found on its surface. In addition, 
antigens knoWn to be expressed by cells infected With this 
virus are Well characterized. Thus, the virus exhibits both a 
surface G antigen and a surface F antigen, both proteins. The 
G antigen facilitates binding of the virus to cell surfaces and 
the F proteins facilitates the fusion of the virus With cells. The 
cells so infected also express the F antigen on their surfaces 
and the latter result induces fusion of the cells to form a 
syncytium, hence the name of the virus. In addition, this virus 
is a convenient subject for analysis in that cell lines readily 
infected by this virus are Well knoWn and Well characterized, 
thereby making it an easy virus to groW and culture in vitro. 
Further, antibodies available for treatment of this virus are 
knoWn and are commercially available (for example, the anti 
bodies disclosed in US. Pat. No. 5,824,307). For these rea 
sons, the antibody disclosed in said patent, the disclosure of 
Which patent is hereby incorporated by reference in its 
entirety, contains the amino acid sequences of the “reference 
antibody” disclosed in FIG. 1 and Whose CDR sequences are 
summarized in Table 1. Thus, the availability of a commer 
cially successful antibody product as Well as the Well charac 
terized properties of RSV made this an ideal combination to 
use in testing and optimizing the antibodies of the present 
invention and the rules disclosed herein for producing high 
af?nity CDRs for use in constructing such antibodies. Other 
Wise, the antibodies disclosed herein, as Well as the methods 
disclosed herein for preparing such antibodies, are in no Way 
limited to RSV as the antigen but are readily and advanta 
geously applied generally to the ?eld of antibody technology. 
In addition, even the speci?c embodiments provided by the 
present disclosure and Which are directed speci?cally to anti 
genic determinants expressed by RSV, and cells infected With 
RSV, also may have high a?inity for other epitopes, espe 
cially those present on related viruses. Therefore, as disclosed 
in accordance With the present invention, RSV, and the anti 
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body with variable sequences as shown in FIG. 1, are merely 
a convenient model system used as a reference point for 
developing and applying the methods of antibody technology 
taught by the present invention. 
[0066] A high a?inity neutralizing antibody according to 
the present invention, including active fragments thereof, 
comprises at least one high a?inity complementarity deter 
mining region (CDR) wherein said CDR has an amino acid 
sequence selected to result in an antibody having an af?nity 
constant (Ka) of at least 10lOM_l. In preferred embodiments, 
such antibody, or active fragment, comprises at least 2 high 
af?nity CDRs, or at least 3 high af?nity CDRs or even at least 
4 high af?nity CDRs. In highly preferred embodiments, such 
antibodies or active fragments comprise 3 or 4 high af?nity 
CDRs. In one preferred embodiment, such active fragment is 
an Fab fragment. 

[0067] The high af?nity antibodies of the present invention 
commonly comprise a mammalian, preferably a human, con 
stant region and a variable region, said variable region com 
prising heavy and light chain framework regions and heavy 
and light chain CDRs, wherein the heavy and light chain 
framework regions are derived from a mammalian antibody, 
preferably a human antibody, and wherein the CDRs are 
derived from an antibody of some species other than a human, 
preferably a mouse. Where the framework amino acids are 
also derived from a non-human, the latter is preferably a 
mouse. 

[0068] In addition, high af?nity antibodies of the invention 
bind the same epitope as the antibody from which the CDRs 
are derived, and wherein at least one of the CDRs of said ultra 
high af?nity antibody contains amino acid substitutions, and 
wherein said substitutions comprise the replacement of one or 
more amino acids in the CDR regions by non-identical amino 
acids, preferably the amino acids of the correspondingly 
aligned positions of the CDR regions of the human antibody 
contributing the framework and constant domains. 

[0069] The high af?nity CDRs may be produced by amino 
acid substitutions in non-high af?nity CDRs to produce such 
high af?nity CDRs or such high af?nity CDRs may be syn 
thesized directly to form such high af?nity CDRs. Thus, the 
ultra high af?nity neutralizing antibodies of the present inven 
tion may have amino acid substitutions in only one of the 
CDR regions, preferably more than one CDR region, and 
most preferably 3 or even 4 such regions, with possibly as 
many as 5 or even all 6 of the CDRs containing at least one 
substituted amino acid. 

[0070] In applying the methods disclosed herein to produce 
antibodies of the present invention, the method of preparing 
the antibodies is not a limiting factor. Thus, the high af?nity 
neutralizing antibodies of the present invention may be pre 
pared by generating polynucleotide sequences coding for the 
polypeptides of the antibodies and using vectors to insert said 
polynucleotide sequences into permissive cells capable of not 
only expressing such polypeptides but also of assembling 
them into characteristic tetrameric antibody structures that 
are then retrieved from the cells or cell cultures, possibly 
being secreted into the medium by such cells. Technologies 
for such manufacturing procedures are already known and 
patented and are not essential to practicing the present inven 
tion. [see: Morrison et al, U.S. Pat. No. 5,807,715]. In addi 
tion, the polypeptide chains of the antibodies of the present 
invention may be synthesized chemically, with or without the 
addition of enzymes, and then chemically joined to form 
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tetrameric structures of the usual HZL2 con?guration. Thus, 
any method of preparing the antibodies disclosed herein can 
be utilized. 

[0071] The present invention is also directed to the forma 
tion of high af?nity neutralizing antibodies, with the proper 
ties already enumerated, having high af?nity as a result pre 
dominantly of having high a?inity CDR sequences. In 
accordance with the present invention, the CDR sequences of 
the antibodies disclosed herein have been optimized so as to 
confer upon the antibody molecule the ultra high a?inities 
characteristic of the antibodies of the present invention. Such 
CDR sequences, together with the framework sequences dis 
closed herein, especially those taught by the sequences of 
FIGS. 1, 3, 4, 5, 6, and 7, and most especially when used with 
constant region sequences characteristic of the antibodies of 
the organism acting as recipient of the antibodies of the 
present invention when used therapeutically, produce the 
antibodies of the present invention in their more speci?c 
embodiments. However, the methods of the present invention 
are more speci?cally directed to the CDR amino acid 
sequences. 
[0072] To produce immunoglobulins, such as antibodies 
and/ or active fragments thereof, within the present invention, 
e.g., high af?nity neutralizing antibodies, the rules taught by 
the present invention are used advantageously to produce 
antibody molecules whose structures incorporate the 
sequences of the high af?nity CDR sequences disclosed 
according to the present invention. Thus, the high af?nity 
neutralizing antibodies of the present invention are, in 
essence, not truly “monoclonal” antibodies as that term is 
commonly used, since they do not have to be produced by 
cloning anything. As already mentioned, the sequences of the 
antibodies of the invention may be directly synthesized and 
thus may not be identical to any antibody sequences, espe 
cially not to any CDR sequences, presently known. The 
sequences themselves can be wholly novel ab initio and not 
be exactly represented in any antibody produced by any living 
organism. Thus, the high af?nity CDR sequences disclosed 
herein are found, or achieved, by optimization, as disclosed 
herein, and then, once said high af?nity CDR sequences are 
known, can be used to synthesize fully functional antibody 
molecules, whether dimeric or tetrameric, bifunctional or 
monofunctional, by any and all means known to science. 
[0073] In keeping with the foregoing, and in order to better 
describe the sequences disclosed according to the invention, 
including their optimization, the sequence of the light and 
heavy chain variable regions of a reference antibody (here, 
the anti-RSV antibody of Us. Pat. No. 5,824,307) are shown 
in FIG. 1A (light chain variable regioniSEQ ID NO: 1) and 
FIG. 1B (heavy chain variable regioniSEQ ID NO: 2). Also 
in accordance with the invention, novel sequences were pro 
duced with amino acid differences only in CDR regions rela 
tive to the reference antibody. One means utilized to accom 
plish this result was to introduce mutations in CDR regions of 
the so-called starting or reference chains and then assay the 
resulting recombinatorial clones for antigen (RSV F protein) 
af?nity. 
[0074] In accordance with the forgoing, changes were 
made in ?rst one CDR sequence to optimize that sequence 
and determine the “critical” residue, or residues, than said 
position(s) was optimized through a series of amino acid 
substitutions limited to that position alone. Each of the 6 
CDRs of the antibody clone was studied in turn until the 
“critical” CDRs were determined (wherein “critical CDRs” 
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means CDRs having a substantial effect on antibody binding, 
such as the bene?cial or high a?inity CDRs of Table 3). No all 
CDRs Were found to be critical. For the antibody used in this 
particular study, only CDRs H1, H3, L2, and L3 Were found 
to be critical but the results may be different for a different 
antibody. Once a “high af?nity” CDR Was determined (i.e., a 
“bene?cial CDR”) then combinations of the CDRs Were stud 
ied to optimize the combination of CDR sequences resulting 
in a high a?inity neutralizing antibody of the invention. 
[0075] As a very speci?c embodiment, the invention dis 
closed herein relates to a high a?inity neutralizing antibody 
against respiratory syncytial virus (RSV) having an a?inity 
constant of at least 1010 M_l, Wherein said a?inity constant 
could be Within at least 2 fold of this value because of the 
variability of such determinations and the variability of a?in 
ity of the different cloned antibodies for the antigen (here, F 
antigen of RSV). Some of the resulting optimized structures 
Within this embodiment had Ka greater than 1011 M“1 (for 
example, clones numbered 22 and 23 in Table 4). 
[0076] This high a?inity neutralizing antibody is also an 
antibody that binds to the same epitope on RSV as the anti 
body Whose light chain variable region has the sequence of 
SEQ ID NO: 1 (FIG. 1A) and Whose heavy chain variable 
region has the sequence of SEQ ID NO: 2 (FIG. 1B). 
[0077] In general, the approach used to identify antibodies 
of the invention, based on the speci?c example of anti-RSV 
just described, Was to generate nucleotide sequences for the 
genes expressing the desired antibody chains and insert these 
into vectors then used to transform Escherichia c0li cells by 
standard protocols. The cells Were groWn in Wells and the 
supernatant sampled and measured for antigen binding using 
capture lift and ELISA techniques. [Seez Watkins et al, (1997) 
Anal. Biochem. 253, 37-45; Watkins et al, (1998) Anal. Bio 
chem. 256, 169-177 (the speci?cations of Which are incorpo 
rated herein by reference)] These polynucleotides Were 
designed so as to provide single amino acid replacements in 
the CDRs that could then be screened for increased a?inity, 
With bene?cial replacements (those yielding increased a?in 
ity) being selectively combined for increased af?nity. These 
Were then screened for binding a?inity for F antigen of RSV 
versus the basic or reference antibody. 

[0078] Using this protocol, ELISA data indicated that no 
single amino acid replacements in CDRs L1 or H2 produced 
any increase in the af?nity of the antibody clone for the 
epitope used as antigen (here, the F antigen of RSV). There 
fore, the antibodies of the present invention all contain CDR 
sequences that differ from the reference antibody only in 
CDRs L2, L3, H1 and H3 (here, the reference antibody With 
sequences in FIG. 1 Was merely a useful reference against 
Which to test procedures for optimization of antibody a?inity 
by increasing Ka and any other system could be used equally 
Well). 
[0079] The antibodies thus disclosed herein With respect to 
RSV also commonly have framework regions derived from a 
human antibody but, Where not so derived, preferably from a 
mouse. 

[0080] For the CDRs of the reference antibody, the amino 
acid sequence of each CDR (as given in the sequences of FIG. 
1) is shoWn in Table 1. Amino acid residue locations Within 
the CDRs of the basic or reference antibody, Which, if 
replaced by amino acids as taught by the present invention, 
folloWing optimization, produced high a?inity CDR 
sequences (resulting in very high a?inity neutralizing anti 
bodies) and thereby a bene?cial result (increase in af?nity) 
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are indicated in bold face and underlining in Table 1 (such 
sequences giving increased a?inity over the reference anti 
body being denoted as “bene?cial CDRs” or “high a?inity 
CDRs”). The CDRs of the basic or reference antibody (FIG. 
1) are referred to herein as “basic or reference CDRs”). Thus, 
Table 1 represents the CDR sequences depicted in FIG. 1 (i.e., 
for the anti-RSV reference antibody used herein to monitor 
optimization). 

TABLE 1 

Sequences of Basic or Reference CDRs 

SEQ ID 
CDR Length Sequence NO. 

L1 10 SASSSVGYMH 3 

L2 7 DT§KLAS 4 

L3 9 FQGsgYPFT 5 

H1 7 T§GMSVG 6 

H2 16 DIWWDDKKDYNPS 7 

LKS 

H3 10 SMITNEYFDV s 

[0081] With respect to the sequences disclosed herein, the 
CDR regions as de?ned for purposes of the present invention 
are those segments corresponding to residues 24-33 (CDR 
L1), 49-55 (CDR L2) and 88-95 (CDR L3) ofthe light chain 
variable regions and residues 31-37 (CDR H1), 52-67 (CDR 
H2) and 100-109 (CDR H3) of the heavy chain variable 
regions of the antibodies disclosed herein. 

[0082] In producing the antibodies of the present invention, 
Whether by generating clones or cloning the polypeptide 
chains composing said antibodies, or by direct synthesis of 
the polypeptide sequences, With or Without the use of poly 
nucleotide sequences coding therefor, or by Whatever method 
the user may choose, since no method of producing said 
antibodies results in a limitation of the teaching of the present 
invention, the basic or reference antibody (heavy and light 
chain variable regions (CDRs plus Framework) shoWn in 
FIG. 1) can be used as a “template” for generating the novel 
CDR sequences of the antibodies of the present invention and 
for purposes of comparing binding constants, etc. Standard 
approaches to characterizing and synthesizing the six CDR 
libraries of single mutations Were used (see Wu et al, Proc. 
Natl. Acad. Sci. 95:6037-6042 (1998)). The target CDR Was 
?rst deleted for each of the libraries prior to annealing the 
nucleotides. For synthesis of the libraries, the CDRs Were 
de?ned as in Table 1. Codon based mutagenesis for oligo 
nucleotide synthesis to yield the CDR sequences of the inven 
tion Was employed (as described above). 
[0083] Libraries Were initially screened by capture lift to 
identify the highest a?inity variants. Subsequently, these 
clones Were further characterized using capture ELISA and 
by titration on immobilized antigen. 
[0084] DNA from the highest a?inity variants Was 
sequenced to determine the nature of the bene?cial or high 
a?inity replacements. After screening, it Was determined that 
eight bene?cial or high af?nity replacements, occurring in 
only four of the CDRs, had been observed. These are sum 
marized as the CDR sequences in Table 3 With differences 
versus the reference or basic CDRs of Table 1 being bold and 
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underlined. Thus, the CDR sequences of Table 3 can be con 
sidered a CDR library of cassettes available for use in pro 
ducing a high af?nity neutralizing antibody of the present 
invention Where speci?city is directed toward the F antigen of 
RSV. 

[0085] Analysis of the data indicated that replacement of 
amino acids at selected locations had greatly increased 
epitope binding, especially Where the nature of the replace 
ment Was the insertion of an amino acid selected from the 
group phenylalanine, alanine, proline, tryptophan and 
tyrosine, most especially phenylalanine, all such bene?cial or 
high af?nity replacements again being at selected positions. 
[0086] For the optimization experiment described herein 
and employing the RSV/anti-RSV system, the most bene? 
cial of high af?nity CDRs Were found to result from amino 
acid replacements in 3 or 4 of the 6 CDRs, and in just 4 amino 
acid locations overall. Thus, the high a?inity neutralizing 
antibodies of the present invention contain amino acid 
sequences differing from that of the base or reference anti 
body only in complementarity determining regions, or in such 
regions as Well as in surrounding framework regions, unlike 
previously knoWn man-made antibodies. Thus, the antibodies 
of the present invention are high af?nity neutralizing antibod 
ies containing one or more CDR sequences selected so as to 

produce high af?nity in the antibody molecule. In the speci?c 
embodiment using RSV as the target such differences are 
found only in L2 (or CDRL2), L3 (or CDRL3), H1 (or 
CDRHl) and H3 (or CDRH3).As noted, the greatest af?nities 
for this antibody occurred only at selected amino acid posi 
tions of these CDRs, and in some of the embodiments of the 
present invention just one amino acid location in each CDR 
Was preferred for giving high af?nity. 
[0087] Thus, for CDR H1, substitution at amino acid 2 of 
the CDR (counting from the amino terminal end of the par 
ticular underlined CDR sequence of FIG. 1B), especially by 
replacing the serine located at position 2 of CDR H1 of the 
basic or reference antibody With either an alanine or a proline, 
Was found to be most bene?cial and therefore to result in 
higher af?nity for the RSV antigen epitope. For CDR H3, 
replacement of the glycine at position 6 of the CDR sequence, 
especially by either a phenylalanine or tryptophan, mo st espe 
cially by phenylalanine, Was found to result in increased 
af?nity for the RSV epitope. For CDR L2, replacement of the 
serine at position 3 of the CDR, especially by either a pheny 
lalanine or a tyrosine, resulted in increased a?inity for F 
antigen. For CDR L3, replacement of the glycine at position 
5 of the CDR, especially by phenylalanine, tryptophan or 
tyrosine, resulted in increased a?inity for the RSV epitope. 
[0088] In accordance With the invention, by combining 
such amino acid substitutions so that more than one occurred 
in the same antibody molecule, it Was possible to greatly 
increase the af?nity of the antibodies disclosed herein for the 
epitope of the F antigen of RSV. 
[0089] Table 2 shoWs the results of using the novel CDR 
sequences (for H1, H3, L2, and L3, respectively) of a number 
of clones according to the present invention. As shoWn in 
Table 2, a particular antibody may have incorporated therein 
as many as 1, 2, or 3 novel CDRs of the invention versus the 
basic or reference antibody chains shoWn in FIGS. 1A and 1B 
(for light (L2 and L3) and heavy (H1 and H3) chains, respec 
tively). The effects of the novel CDRs are described in terms 
ofAntigen (Ag) titration score (see beloW), Where the basic or 
reference antibody is shoWn at the top and has a score of 0.1. 
Other scores are indicated relative to this 0.1 score of the 
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“basic or reference antibody” sequences. The identities of the 
amino acids giving highest a?inities at the respective loca 
tions (i.e., position 2 for H1, position 6 for H3, position 3 for 
L2, and position 5 for L3) are indicatedbeloW the amino acids 
for the basic or reference antibody merely to indicate the 
range of mutations used for each CDR. 
[0090] The total number of clones examined in this experi 
ment Was 37, With some duplicates (indicated by the “n” value 
in parenthesis, for example, “n:4” for clone No. 7 indicates 
that 4 duplicate clones Were examined). 
[0091] In general, the data shoWed that there is a correlation 
betWeen a?inity and the number of bene?cial or high af?nity 
CDRs, With all of the higher af?nity variants having more 
than one bene?cial or high af?nity CDR. Further, all of the 
best clones had an F (Phe) at position 6 Within CDR H3. Also, 
the bene?cial or high af?nity CDRs Were those Wherein a 
hydrophobic, especially an aromatic, amino acid Was inserted 
in place of the residue found in the basic or reference anti 
body. 
[0092] The antibody titration assay employed varying con 
centrations of antibody using 500 ng of RSV F antigen for 
each measurement. A graph of comparison data for a number 
of the combinatorial clones of Table 2 is shoWn in FIG. 2. 
[0093] In sum, Table 2 shoWs a number of clones evaluated 
by the procedures described herein along With the amino 
acids occurring at the key locations (underlined and bold 
faced in Tables 1 and 3) of CDRs H1, H3, L2, and L3. The 
Table also summarizes the number of differences betWeen the 
CDRs of these clones versus the corresponding CDRs of the 
reference antibody (See Table 1 and FIG. 1). The right side of 
the Table shoWs an “Ag Score” or antigen binding value, 
Which represents an arbitrary and qualitative value, ranging 
from 0-4, and represents a qualitative estimate of the relative 
binding ability of the different antibody clones based on their 
respective titration curves. This value is provided here only 
for rough qualitative comparisons of the different antibodies 
and is not intended as a quantitative measure of binding 
ability. 

TABLE 2 

Summary of Clone Data 

CDRs 

Clone H1 H3 L2 L3 # Novel CDRs Ag Score 

Basic S W S G 0 0.1 
Single A F F F 

P Y W 
Y 

1 A E S E 3 4 
2 A E E G 3 4 
3 (n = 3) E E E E 4 4 
4 (n = 3) E E E E 4 3.5 
5 (n = 3) E E E E 4 3.5 
6 E E E E 4 3.5 
7 (n = 4) E E E G 3 3 
8 E E E 7 3+ 3.5 
9 (n = 2) E E S E 3 3 

10 E E S E 3 3 
11 E E E E 3 3 
12 (n = 2) E W E E 3 2.5 
13 (n = 3) S E E E 3 2.5 
14 S E E E 3 2.5 
15 (n = 2) A E S G 2 2.5 
16 (n = 2) E E S G 2 2 
17 E W S E 2 2 
18 (n = 2) S E E G 2 2 
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TABLE 2-continued 

Summary ofClone Data 

CDRs 

Clone H1 H3 L2 L3 # Novel CDRs Ag Score 

19 s E s w 2 2 
20 s E s E 2 2 
21 s W E E 2 2 

[0094] Table 2 also shows the number of novel CDRs for 
each antibody clone (meaning the number of CDRs in the 
antibody with at least one amino acid difference with respect 
to the corresponding CDR of the reference antibodyisee 
Table 1). The number of novel CDRs is also the number of 
“bene?cial” or “high af?nity” CDRs present in that antibody 
molecule. The amino acid differences in the novel CDR 
would occur at the position bold and underlined in Table 1 for 
the reference antibody so that the amino acid bold and under 
lined in Table 1 has been replaced by the amino acid indicated 
for the respective CDR in Table 2 (using standard single letter 
amino acid designations). 
[0095] The novel CDRs represented in each of the clones is 
readily determined by locating the clone in the table, and 
matching the indicated amino acid for each CDR with the 
corresponding amino acid for the same CDR next to the basic 
or reference clone. For convenience, where an amino acid is 
different in a particular CDR of one of the clones, the new 
amino acid is indicated in bold face. In addition, for all clones 
shown in the table, replacements occur only at the selected 
locations recited above as yielding a novel CDR. Thus, all 
substitutions in CDR H1 relative to the basic or reference 
antibody are at position 2 of the CDR (meaning, again, the 
second amino acid from the N-terminal end of CDR H1 as 
underlined and bold-faced in FIG. 1 and Tables 1 and 3), all 
substitutions in CDR H3 are at position 6, all substitutions in 
CDR L2 are at position 3, and all substitutions in CDR L3 are 
at positions 5, again all with reference to the basic or reference 
antibody. It should be kept in mind that the basic or reference 
antibody was chosen because it was known already to have a 
very high af?nity for RSV-epitopes. [Seez Johnson et al, 
(1997) J. Infect. Dis., 176, 1215-1224] So, for example, the 
table shows that for clone No. 1, for the bene?cial or high 
a?inity CDR H1, an alanine is used in place of the serine at 
position 2 of CDR H1 of the basic or reference antibody, 
thereby achieving an increased af?nity for RSV, and a phe 
nylalanine occurs in place of the tryptophan at position 6 of 
CDR H3, the serine at position 3 of CDR L2 of the basic or 
reference antibody was used and a phenylalanine occurred at 
position 5 of bene?cial or high af?nity CDR L3. 
[0096] Thus, the novel and bene?cial CDRs according to 
the present invention (i.e., high a?inity CDRs or CDR 
sequences whose presence in the basic or reference antibody 
in place of the corresponding basic or reference CDR served 
to greatly increase the a?inity of said antibody for the same 
RSV epitope) which are present in the antibody structures 
produced in the supematants tested for the clones of Table 2 
are summarized in Table 3. In each case, the bold face indi 
cates how the novel and bene?cial, or high af?nity, CDRs of 
the invention differ from the corresponding CDRs of the basic 
or reference anti-RSV antibody. 
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TABLE 3 

Sequences for Hiqh Affinit CDRs 

CDR Sequence SEQ ID NO: 

Hl TEGMsvG 9 
H1 TEGMsvG 10 

H3 SMITNEYFDV 11 

1.2 DTEKLAs 12 
1.2 DTEKLAs 13 

1.3 FQGSEYPFT 14 
1.3 FQGSEYPFT 15 
1.3 FQGSEYPFT 16 

[0097] While the CDR sequences of Table 3 represent the 
sequences for the high af?nity CDRs disclosed according to 
the invention, it is understood that one or more of these CDRs 
may be present in the same antibody and the sequences of the 
table indicate the set from which appropriate sequences for 
each of the high a?inity CDRs may be selected. Thus, as 
shown in Table 3, when a high af?nity H1 CDR is present in 
a high af?nity neutralizing antibody of the invention dis 
closed herein, it has a sequence corresponding to the 
sequence of SEQ ID NO: 9 or 10. When a neutralizing anti 
body of the claimed invention contains a high a?inity H3 
CDR, said CDR has the sequence of SEQ ID NO: 12. When 
a high af?nity neutralizing antibody of the invention contains 
a high a?inity L2 CDR, said high a?inity L2 CDR has an 
amino acid sequence selected from the group consisting of 
the sequences of SEQ ID NO: 12 and 13. Finally, when a high 
a?inity neutralizing antibody of the present invention con 
tains a high a?inity L3 CDR, said CDR has an amino acid 
sequence selected from the group consisting of the sequences 
ofSEQ ID NO: 14,15 and 16. 
[0098] As already stated, in one embodiment, the high 
a?inity neutralizing antibodies are antibodies that include a 
human constant region. 
[0099] Thus, in a preferred embodiment, the high a?inity 
neutralizing antibody of the invention, with an af?nity of at 
least 1010 M_l, or even at least 1011 M_l, is a grafted antibody 
that includes a human constant region and a framework for the 
heavy and light chains wherein at least a portion of the frame 
work is derived from a human antibody (or from a consensus 
sequence of a human antibody framework). 
[0100] In another embodiment, all of the framework is 
derived from a human antibody (or a human consensus 
sequence). 
[01 01] Thus, an RSV-neutralizing antibody, with an a?inity 
of at least 1010 M“, is a grafted antibody having a human 
constant region, one or more CDRs that are derived from a 
non-human antibody in which at least one of the amino acids 
in at least one of said CDRs is changed and in which all or a 
portion of the framework is derived from a human antibody 
(or a consensus sequence of a human antibody framework). 
[0102] Because the combination of CDR sequences of one 
antibody with non-CDR regions of another antibody results 
from a form of “grafting” of CDRs onto the remainder of the 
molecule, these have been referred to as “CDR grafted” anti 
bodies. Today, using the techniques of genetic engineering 
the same product can be formed without isolating any 
sequences from actual antibodies. So long as the desired CDR 
sequences, and the constant and framework sequence are 




























