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ABSTRACT

The invention provides humanized antibodies, for example, those that that bind ICAM-I,

methods of use and methods of producing the antibodies. Antibodies include sequences having a

VH and VL domain selected from HumA, HumB, HumC, HumD, HumE., HumF, HumG,
HumH, Huml, Hum40 and Hum50.
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ic proteins.

umans can elicit an anti-globulin response

able regions, are present in immunoglobulin light

................................................................

"""""" the parental murine monoclonal
1988) Science 239:1534-1536;

9838): '

CDF graftmg has been described ?byQUeen-ian
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NO:4 and 5 (HumB); SEQ ID NO:6 and 7 (FHumC); SEQ ID NO:8 and

forms of antibodies that bind ICAM-1 are also provided, for example, antibodies having a

pathogen infec

efficacy equal fo or at least 2 times greater, 5 times greater, 10 times greater, 20 times

The humanized antibodies of the invention include intact immunoglobulin

molecules, comprising 2 full-length heavy chains and 2 full-length light chains, for
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tetramer or any other higher order oligomer. Antibody multimers that include different

oligomers that form via a multimerization domain (e.g. a human amino acid sequence) or

5 include forms having a linker located between the multimerization domain and the

In one embodiment, 2 method includes: selecting a human framework sequence as an

10 65%, 65-70%, 70-75%, 75-80%, 80-85%, 85-90%, 90-95%, or more iden

of the human acceptor and the non-human donor framework regions; and maintaining one

vernier zone residue is structurally or chemically dissimilar to the human residue,

Mo

are selected fiom a consenus sequence, for example, from Vi domain subgroup I and

Nuoleic acid sequences encoding humanized antibodies, subsequences and

........

...........

element. Vectors and cells (prokaryotic and eukaryotic) that include the nucleic acids

also are provided.
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a humanized antibody, subsequence, multimer, variant or modified form sufficient to

form effective to inhibit HRV infection of the cell (e.g., epithelial cell). In one aspect,
the cell is present in a subject. In another aspect, the cell is present in a subject having or

20

includes administering to a subject having or at risk of having HR

30  subsequence, multimer, variant or modified form effective to decrease or inhibit one or
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10 NO:80). Asterisks denote amino acid di

15

Figure 3 shows the cDNA sequences of human

Ny e e PP A S Ay sy

omain (SEQ ID

(SEQ ID NO:77), humanized 1A6 (Humd40; SEQ ID NO:20) and human consensus
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15 CDRof fhe;graﬁed antibody can produce a humanized antib odyhavmg increased antigen

.......................

Thus, in accordance with the invention, there are provided humanized antibodies,

-

In one embodiment, a humanized antibody binds to ICAM-1. In one aspect, a humanized

30  SBEQID NO:18 and 19 (Huml); and SEQ ID NO:5 and 20 (Hun
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antibody or an antibody region, may be used. As an example, human variable region
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..........

antibody. In particular aspects, humanized antibody has an antigen binding affinity 2- to

Human antibody sequence regions can be used for producing humanized

............ .

in the heavy chains, are included in the survey. For the fourth framework region, 98-107

At the end of the survey, the most frequently occurring residue at a given position
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Immunol. 28:489-498). The human consensus sequences were previously used to
: UUSA 89:4285-4289;

15  also include antibodies that bind to molecules to which the pathogens bind, for example,

30 Interest. 4% BAUS Department of Health and Human Services, Public Health Service
(1987)). Variable region domains typically comprise the amino-terminal approximately
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Ce e .

antigen relative to non-humanized antibody (e.g., less than 1.18 x 10 M in Kp against

HumF); SEQ ID

15

..... B

The humanized antibodies of the invention also include antibody multimers.

T .y

25 o
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mcl de’ for ex a mp],e, sugar resi dueg .....................................

The term “antibody” refers to a protein that binds to other molecules (antigens)

18G, IgD, IgA, 1gM and IgE. The antibodies may be intact immunoglobulin molecules,
two full length heavy chains linked by disulfide bonds to two full length light chains, as

well as subsequences (i.e. fragments) of immunoglobulin molecules, with our without

....................................

B & W lm L omal. .. lwE

epitope of an antigen. Antibodies may comprise full length heavy and light

......................

V1, individually or in any combination. For example, each of a

"""""""""" an be made using recombinant DNA technology of

10
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Specific examples of antibody subsequences include, for example, Fab, Fab®,

(Fab”),, Fv, or single chain antibody (SCA) fragment (e.g., scFv). Subsequences include

portions which retain at least part of the function or activity of full length sequence. For

example, an antibody subsequence will retain the ability to selectively bind to an antigen
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An Fv fragment is a fragment containing the variable region of & light chain V.

between two molecules. A particular example of specific binding is that which occurs

two-hybrid assays and the like. Appropriate controls can be used t

12
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multifunctional (e.g., bifunctional, trifunctional, tetrafunctional, etc.).

‘multimer, Multispecific antibodies may be comprised of individual antigen binding

ity include, for example, detectable moieties such as

13
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technology combined with in vitro, or cellular expression of the polypeptide, and

10 antibody variable chains with different epitopic specificities in a single cell.

15 sequences. Seqpence_s ' that'mediﬁa'ts:; protein-protein bmdlngVIaVander Waals® forces,

Q.hydrqggn:boj;nchng-:-ori-fCﬁargeeéhargeﬂ bonds are also eontempla-ted as mu ﬁmerizatmn

20

are the leucine zippers of jun, fos, and yeast protein GCN4.

...... . R . I EIEEEEET BRI § 8 s s s s s s =

25 ‘Humanized antibodies maj '-be*dire'ctly. linked to each other via a hemical cross

.......

1 s an amino acid sequence
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One speci

*

15 retain, at

(HumB); SEQ ID NO:6 and 7 (HumC); SEQ ID NO:8 and 9 (HumD); SEQ ID NO:10

30 IDNO:16 and 17 (HumH); and SEQ ID NO:18 and 19 (&
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acid.

10 Exemplary amino acid substitutions include conservative amino acid

antibody, antigen binding. Structurally similar means that the amino acldshaveSlde

U q.

I5  chaing with similar length, such as alanine, glycine and serine, or having similar size..

......................

Chemical similarity means that the residues have the same charge or are both hydrophilic

for zanother, or the substitution of one ;pcﬂar residue ﬁfér-sanothe;, such as the

N =
L IR}
....................................... v - .=

lysine, homoserine for serine, ornithine for lysine, etc. Also included are modifications

that confer covalent bonding, for example, a disulfide link

16
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‘sequence identity for substantial identity will depend up
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tity” means that two or more referenced entities are

.............................
...........................................

-

their sequence, they share identity in these areas. The term “substantial identity” means

function) even though the molecules differ. Due to variation in the amount of sequence

......................

‘conservation between structurally and functionally related proteins, the amount of

€ .. "W re. b B AN b Y it P bl ot e e w8t any ot

its function. For nucleic acid sequences, 50% sequénee homiclogy and ab

as follows: Mismatch -2; gap open 5; gap extension 2. For polypeptide sequence

17
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comparisons, a BLASTP algorithm is typically used in combination with a scoring

................

normally associate with in nature, for example, one or more protein, nucleic acid, lipid,

e e e e e ' ,,,,,,

determined by any appropriate method, including, for example, UV

.......................................................................

65%, 65-70%, 70-75%, 75-80%, 80-85%, 85-90%, 90-95%, or more identity) to a non-
human donor antibody framework region; grafting a CDR from the donor nou-human

the vernier zone residues with a residue that is different from both the donor non-human
vemier zone residue and acceptor human vernier zone residue if the donor non-hurman

30 vernier zone residue is structurally or chemically dissimilar to the human residue,

13



CA 02793019 2012-10-18

s = Wiissrssas sessessessess sH-We - u- g .-

vernier zone residue. In other words, if the donor non-human vernier zone residue is

15

20

L Y - . T N D e RN TR

exclusively or in a mixture to any group of nucleotide-containing molecules, as

........

-----------------------------------------------

non naturally occurring nucleic acids and synthetic nucleic acids. This includes, by way

25 - of example, nucleic acids associated with any organelle, such as the mitochondria,

Additionally, a “nucleic acid molecule” may contain in part one or more non-

19
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sugars. Thus

subsequences thereof. Nucleic acids

(H mH): 4

SEQ ID NO:5 and 21 (HumS50), and subsequences thereof. Nucleic acid subsequences

17 (HumH); and SEQ ID NO:18 and 19 (Huml); and EQ ID NO:5 and 2
""""" NO:5 and 21 (Hum50), subsequences thereof and nucleic acid
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hat

umB); SEQ ID NO:6 and
............. ity S

5 NO:12 and 13 (HumF); SEQ ID NO:14 and 15 (HumG); SBQ ID NO:16 and 17 (HumH);

As is understood by those skilled in the art, the Ty (melting temperature) refers to

10 the temperature at which binding between complementary sequences is no longer stable.

For two sequences to bi d, the teraperature of a hybridization reaction must be less than

the calculated Ty for the sequences. The Ty is influenced by the amount of sequence

15 of these factors are considered in establishing appropriate hybridization conditions (see,

.......................................................

et al., 1989, supra).

Typically, wash conditions are adjusted s0 as to attain the desired degree of

20

42°C (hybridization conditions); 0.5X SSC/0.1% SDS at about room temperature (low

25 stringency wash); 0.5X SSC/0.1% SDS at about 42°C (moderate stringency wash); and

21
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antibody sequence; 2) chemical synthesis of nucleic acid sequences which can then be

databases for related sequences

sequencing, gel electrophoresis and the like,
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..........................................................

.................. . (A

10 control element modulates transcription and as appropriate, translation of the transcript.

‘There need not be physical linkage to nucleic acid in order to control expression.

...........

15  encoding a protein that functions “in trans” to bind to the minimal element can influence

i e .

of humanized antibody, the second element is operably linked to the nuclei

20

regulatory region capable of initiating transcription of a downstream (3" direction) coding




CA 02793019 2012-10-18

THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A humanized antibody that binds ICAM-1, said antibody having a VH and VL domain
selected from the group consisting of: SEQ ID NO:1 and 3 (HumA); SEQ ID NO:6 and 7
(HumC); SEQ ID NO:8 and 9 (HumD); SEQ ID NO:10 and 11 (HumE); SEQ ID NO:12
and 13 (HumF); SEQ ID NO:14 and 15 (HumG); SEQ ID NO:16 and 17 (HumH); and
SEQ ID NO:18 and 19 (Hum]); and SEQ ID NO:5 and 20 (Hum40); and SEQ ID NO:5
and 21 (Hum50).

2. The humanized antibody of claim 1, wherein (i) said VH domain has at least 85%
sequence 1dentity to said SEQ ID NO:1, and said VL domain has at least 85% sequence
identity to said SEQ ID NO:3; (ii) said VH domain has at least 85% sequence identity to
said SEQ ID NO:6, and said VL. domain has at least 85% sequence identity to said SEQ
ID NO:7; (ii1) said VH domain has at least 85% sequence identity to said SEQ ID NO:8,
and said VL domain has at least 85% sequence identity to said SEQ ID NO:9; (iv) said
VH domain has at least 85% sequence identity to said SEQ ID NO:10, and said VL
domain has at least 85% sequence identity to said SEQ ID NO:11; (v) said VH domain
has at least 85% sequence identity to said SEQ ID NO:12, and said VL domain has at
least 85% sequence identity to said SEQ ID NO:13; (vi) said VH domain has at least 85%
sequence identity to said SEQ ID NO:14, and said VL domain has at least 83% sequence
identity to said SEQ ID NO:15; (vii) said VH domain has at least 85% sequence identity
to said SEQ ID NO:16, and said VL domain has at least 85% sequence identity to said
SEQ ID NO:17; (viii) said VH domain has at least 85% sequence identity to said SEQ ID
NO:18, and said VL domain has at least 85% sequence identity to said SEQ ID NO:19;
(ix) said VH domain has at least 85% sequence identity to said SEQ ID NO:5, and said
VL domain has at least 85% sequence identity to said SEQ ID NO:20; or (x) said VH
domain has at least 85% sequence identity to said SEQ ID NO:5, and said VL domain has

at least 85% sequence identity to said SEQ ID NO:21.

3. A subsequence of the antibody of claim 1 or 2, said antibody subsequence capable of

binding an ICAM-1 epitope.

53
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The humanized antibody of claim 1 or 2, wherein the antibody subsequence comprises a

single chain, Fab, Fab' or (Fab), fragment.

The humanized antibody of any one of claims 1 to 3, said antibody having one or more
amino acid substitutions, provided that said antibody is capable of binding an ICAM-1

epitope.

A humanized antibody that binds ICAM-1 and inhibits pathogen infection of cells
expressing ICAM-1.

The humanized antibody of claim 6, said antibody having a protective efficacy at least 2

times greater than the non-humanized antibody.

The humanized antibody of claim 6, said antibody having a protective efficacy at least 5

times greater than the non-humanized antibody.

The humanized antibody of claim 6, said antibody having a protective efficacy at least 10

times greater than the non-humanized antibody.

The humanized antibody of claim 6, said antibody having a protective efficacy at least 20

times greater than the non-humanized antibody.

The humanized antibody of claim 6, said antibody having a protective efficacy at least 30

times greater than the non-humanized antibody.
The humanized antibody of claim 6, wherein the pathogen is human rhinovirus (HRV).

The humanized antibody of claim 6, wherein the pathogen is coxsackie A virus,

respiratory syncytial virus, or malaria.

The humanized antibody of claim 6, wherein the antibody is an intact immunoglobulin

molecule comprising two full-length heavy chains and two full-length light chains.

The humanized antibody of claim 6, wherein the antibody is an antibody subsequence

that binds to ICAM-1.

59
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The humanized antibody of claim 15, wherein the antibody subsequence comprises a

single chain, Fab, Fab' or (Fab), fragment.

The humanized antibody of claim 6, wherein the antibody is multispecific or

multifunctional.

The humanized antibody of claim 6, wherein the antibody is linked to one or more

identical or different antibodies to form a multimer.

The humanized antibody of claim 18, wherein the multimer comprises a homodimer,

heterodimer, trimer, or tetramer or pentamer.

The humanized antibody of claim 18, wherein the multimer is formed via a

multimerization domain.

The humanized antibody of claim 20, wherein the multimerization domain comprises a

human amino acid sequence.

The humanized antibody of claim 20, further comprising a linker located between the

multimerization domain and the antibody.

A humanized antibody that inhibits human rhinovirus (HRV) infection of cells
comprising a VH and VL domain selected from the group consisting of: SEQ ID NO:1
and 3 (HumA); SEQ ID NO:6 and 7 (HumC); SEQ ID NO:8 and 9 (HumD); SEQ ID
NO:10 and 11 (HumE); SEQ ID NO:12 and 13 (HumF); SEQ ID NO:14 and 15 (HumG);
SEQ ID NO:16 and 17 (HumH); and SEQ ID NO:18 and 19 (HumlI); and SEQ ID NO:5
and 20 (Hum40); and SEQ ID NO:5 and 21 (Hum50); or a subsequence thereof.

The humanized antibody of claim 23, wherein (i) said VH domain has at least 85%
sequence identity to said SEQ ID NO:1, and said VL domain has at least 85% sequence
identity to said SEQ ID NO:3; (ii) said VH domain has at least 85% sequence identity to
said SEQ ID NO:6, and said VL domain has at least 85% sequence identity to said SEQ
ID NO:7: (iii) said VH domain has at least 85% sequence identity to said SEQ ID NO:s,

and said VL domain has at least 85% sequence identity to said SEQ ID NO:9; (iv) said
VH domain has at least 85% sequence identity to said SEQ ID NO:10, and said VL

60
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29.

30.

31.
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domain has at least 85% sequence identity to said SEQ ID NO:11; (v) said VH domain
has at least 85% sequence identity to said SEQ ID NO:12, and said VL. domain has at
least 85% sequence identity to said SEQ ID NO:13; (vi) said VH domain has at least 85%
sequence identity to said SEQ ID NO:14, and said VL domain has at least 85% sequence
identity to said SEQ ID NO:15; (vii) said VH domain has at least 85% sequence identity
to said SEQ ID NO:16, and said VL domain has at least 85% sequence identity to said
SEQ ID NO:17: (viii) said VH domain has at least 85% sequence identity to said SEQ ID
NO:18, and said VL domain has at least 85% sequence identity to said SEQ ID NO:19;
(ix) said VH domain has at least 85% sequence identity to said SEQ ID NO:5, and said
VL domain has at least 85% sequence identity to said SEQ ID NO:20; or (x) said VH
domain has at least 85% sequence identity to said SEQ ID NO:5, and said VL domain has
at least 85% sequence identity to said SEQ ID NO:21.

The humanized antibody of claim 23 or 24, wherein the antibody is an immunoglobulin

molecule comprising two full-length heavy chain polypeptides and two full-length light
chain polypeptides.

The humanized antibody of claim 23 or 24, wherein the subsequence comprises a single

chain, Fab, Fab' or (Fab), fragment.

The humanized antibody of claim 23 or 24, wherein the antibody is linked with other

identical or different antibodies to form a multimer.

The humanized antibody of claim 27, wherein the multimer comprises a homodimer,

heterodimer, trimer, or tetramer.

The humanized antibody of claim 27, wherein the different antibodies are human,

humanized or non-human.

A nucleic acid sequence encoding a humanized antibody of any one of claims 1, 2, 23

and 24, or a subsequence thereof.

An expression cassette comprising the nucleic acid sequence of claim 30 operably linked

to an expression control element.

61
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A vector comprising the nucleic acid sequence of claim 30.

The vector of claim 32, wherein the nucleic acid sequence is operably linked to an

expression control element.
A cell comprising the nucleic acid sequence of claim 30.
The cell of claim 34, wherein the cell is prokaryotic or eukaryotic.

A pharmaceutical composition comprising a humanized antibody of any one of claims 1,

2, 6,23 and 24, and a pharmaceutically acceptable carrier.

The pharmaceutical composition of claim 36, wherein the carrier is compatible with

inhalation or nasal delivery to a subject.

Use of the humanized antibody of any one of claims 1 to 29 to inhibit pathogen infection

of a cell.

Use of the humanized antibody of any one of claims 1 to 29 in the manufacture of a

medicament to inhibit pathogen infection of a cell.

The use of claim 38 or 39, wherein the cell is present in a subject.
The use of claim 40, wherein the cell is an epithelial cell.

The use of claim 40, wherein the cell expresses ICAM-1.

Use of the humanized antibody of any one of claims 1 to 29 to inhibit HRV infection of a

cell.

Use of the humanized antibody of any one of claims 1 to 29 in the manufacture of a

medicament to inhibit HRV infection of a cell.
The use of claim 43 or 44, wherein the cell is present in a subject.

The use of claim 45, wherein the subject has or is at risk of having asthma.

62
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The use of claim 43 or 44, wherein the antibody binds to an antigen present on the

surface of the cell.
The use of claim 43 or 44, wherein the cell expresses ICAM-1.

The use of claim 43 or 44, wherein the cell is an epithelial cell.

The use of claim 43 or 44, wherein the humanized antibody is formulated for local

administration.

The use of claim 43 or 44, wherein the humanized antibody is formulated for inhalation

or intranasal administration.

Use of the humanized antibody of any one of claims 1 to 29 to inhibit HRV infection, in a

subject.

Use of the humanized antibody of any one of claims 1 to 29 in the manufacture of a

medicament to inhibit HRV infection in a subject.

Use of the humanized antibody of any one of claims 1 to 29 to inhibit HRV progression

in a subject.

Use of the humanized antibody of any one of claims 1 to 29 in the manufacture of a

medicament to inhibit HRV progression in a subject.

Use of the humanized antibody of any one of claims 1 to 29 to treat HRV infection in a

subject.

Use of the humanized antibody of any one of claims 1 to 29 in the manufacture of a

medicament to treat HRV infection in a subject.

The use of any one of claims 52 to 57, wherein the humanized antibody is formulated for

administration locally.

The use of any one of claims 52 to 57, wherein the humanized antibody is formulated for

inhalation or intranasal administration.
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The use of any one of claims 52 to 57, wherein the subject has or is at risk of having

asthma.

The use of any one of claims 52 to 57, wherein the subject is a newborn or between the

agesof 1t05,5to 10 or 10to 18.

Use of the humanized antibody of any one of claims 1 to 29 for decreasing or inhibiting

one or more symptoms of the common cold in a subject.

Use of the humanized antibody of any one of claims 1 to 29 in the manufacture of a
medicament for decreasing or inhibiting one or more symptoms of the common cold in a

subject.

The use of claim 62 or 63, wherein the humanized antibody is formulated for local

administration.

The use of claim 62 or 63, wherein the humanized antibody is formulated for inhalation

or intranasal administration.

The use of claim 62 or 63, wherein the subject has or is at risk of having asthma.

The use of claim 62 or 63, wherein the subject is a newborn or between the ages of 1 to
5,5t0 10 or 10 to 18.

A method for producing humanized antibody comprising:

a) selecting a human framework sequence as an acceptor, wherein said sequence has

50% or more identity to a non-human donor antibody framework region;
b) erafting a CDR from the donor non-human antibody onto the human framework;

C) comparing the vernier zone residues of the human acceptor and the non-human

donor framework regions; and

d) maintaining one or more of the human acceptor residues in the vernier zone when

the donor non-human and acceptor human residues are structurally or chemically

64
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similar, or substituting one or more of the vernier zone residues with a residue
that is different from both the donor non-human vernier zone residue and acceptor
human vernier zone residue if the donor non-human vernier zone residue is
structurally or chemically dissimilar to the human residue, wherein the different
residue is structurally or chemically similar to the donor non-human vernier zone

residue.

6Y9.  The method of claim 68, wherein the human framework acceptor sequences is selected

from a VH domain subgroup I or subgroup II consensus sequence.

65
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Figurez
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Figure 4

" Protaction against 1 MOIHRVS
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