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ANTIBODIES AGAINST HUMAN RESPIRATORY SYNCYTIAL
VIRUS (RS§V) AND METHODS OF USE

RELATED APPLICATIONS

Benefit of priority is claimed to U.S. Provisional Application Serial No.
61/274,395 entitled “ANTIBODIES AGAINST HUMAN RESPIRATORY
SYNCYTIAL VIRUS (RSV) AND METHODS OF USE,” filed on Aungust 13, 2009,

'This application is related to corresponding U.S. Application No. 12/806,498
entitled “ANTIBODIES AGAINST HUMAN RESPIRATORY SYNCYTIAL VIRUS
RSV AND METHODS OF USE,” which also claims priority to U.S. Provisional
Application Serial No. 61/274,395.

The subject matter of each of the above-referenced applications is
incorporated by reference in its entirety.
Incorporation by reference of Sequence Listing provided electronically

An electronic version of the Sequence Listing is filed herewith, the contents of
which are incorporated by reference in their entirety. The electronic file is 602
kilobytes in size, and titled 1152seq.PC1.txt.
FIELD OF THE INVENTION

" Provided are antibodies and antigen-binding fragments thereof that

immunospecifically bind to the F protein of Respiratory Syncytial Viras (RSV) and/or
to RSV and/or neutralize RSV. Also provided are diagnostic and therapeutic methods
that employ anti-RSV antibodies and antigen-binding fragments thereof. The
therapeutic mfj:thods include administering the provided anti-RSV antibedies or
antigen-binding fragments thereof for the prevention or treatment of a RSV infection
and/or amelioration of one or more symptoms of a RSV infection, such as infections
in infants and infections associated with organ transplantation. Combinations of a
plurality of different anti-RSV antibodies and antigen-binding fragments thereof
provided herein and/or with other anti-RSV antibodies and antigen-binding fragments
thereof can be used for combination therapy. Compositions containing tﬁe mixtures
of anti-RSYV antibodies and antigen-binding fragments thereof also are provided.
BACKGROUND

R.espiratory syncytial virus (RSV) is the leading cause of severe respiratory

illness in infants and young children and is the major cause of infantile bronchiolitis

RECTIFIED SHEET (RULE 91) ISA/EP



WQ 2011/020079 PCTAUS2014/045549

106

15

20

25

30

2

(Welliver (2003) J Pediatr 143:S112). An estimated 64 million cases of respiratory
illness and 160,000 deaths worldWide are attf_ibutable to RSV induced disease. Inthe
United States alone, tens of thousands of infant hospitalizations are due to infections
by paramyxoviruses, such as RSV and parainfluenza virus (PIV) (Shay ef al. (1999)
JAMA 282:1440-1446). Severe RSV infection occurs most often in children and -
infants, especially in premature infants. Underlying hQﬂlﬂl problems such as chronic
lung disease or congenital heart diséase can -sigtliﬁ;antly increase the risk of serious
illness. RSV infections also can cause serious illness in the elderly, individnals with
chronic pulmonary disease and immunocompromised adults, such as bone marrow
transplant recipients.

Several approaches to the prevention and treatment of RSV infection have
been investigated, including vaccine development, antiviral compounds (ribavirin),
antisense drugs, RNA interference technology, and antibody products, such as
immunoglobulin or infravenous monoclonal antibodies. Intravenous immunoglobulin
(RSV-IGIV; RespiGam®) isolated from donors and a monoclonal antibody,
palivizumab (SYNAGIS™), have been approved for RSV prophylaxis in high risk
children. A vacéin.e or commercially available treatment for RSV, however, is not yet
avaiiable. Only ribavirin is approved for treatment of RSV infection. In order to be
effective for treatment of RSV infection, high doses, frequent administrations and/or
volumes of antibody products, such as RSV-1G and palivizumab, are required duc to
low specificity. Further, the use _o'f products, such as intravenous immunoglobulin, is
dependent on donor availability. Accordingly, there exists a need for additional
agents for the prevention or treatment of RSV infections.

SUMMARY

Provided herein are isolated polypeptides, antibodies or antigen-binding
fragments thereof for the prophylaxis and treatment of Respiratory syneytial virus
(RSV) infection and RSV-mediated diseases or conditions. Also provided hercin are
isolated polypeptides, antibodiés or antigen-binding fragments thereof for the
diagnosis and/or monitoring of RSV infection. Provided heréin are isolaied
polypeptides, antibodies or antigen-binding fragments thereof that

immunospecifically bind to and neutralize RSV. In some examples, the polypeptides
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provided herein immunospecifically bind to and neutralize RSV when the rpolypeptide
provided herein is contained in an antibody or anti génfbiﬁding fragment. Also
provided herein are antibodies and antigen-binding fragments that contain a
polypeptide provided herein where the antibody or antigen-binding fragment
immunospecifically binds to and neutralizes RSV. The polypeptides, aniibodies and
antigen-binding fragments provided herein can specificaily bind to the F protein as |
well as neutralize RSV. Provided herein are isolatéd polypeptides, antibodies or
anfigen-binding fragments thereof that can neutralize RSV subtjpes A and B.
Provided herein are isolated polypeptides, antibodies or anti gen-binding fragments
thereof that immunospecifically bind the F protein of RSV, In some examples the
isolated polypeptides, antibodies or antigen-binding fragments thereof provided
herein contain a sequence of amino acids set forth in any of SEQ ID NOS: 1-16 and
1627-1628, where the isolated polypeptide irmnunospeciﬁcaﬂy binds to RSV fusion
(F) protein. In some examples the isolated polypeptides contains a polypeptide
having 60 %, 65 %, 70 %, 80 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %,
98 %, 99 % or more sequence identity to the sequence of amine acids set forth in any
of SEQ 1D NOS: 1-16, where the isolated polypeptide immunospecifically binds to
RSV fusion (I) proteit.

Provided herein are isolated antibodies or antigen-binding fragments thereof
that immunospecifically bind to Respiratory Syncytial Virus (RSV) fusion (F) protein
and/or neutralize RSV and contain a Vi CDR1, which has the amino acid sequence
set forth in SEQ ID NO:2 or 1627; a Vy CDR2, which has the amino acid sequence
set forth in SEQ ID NO:3; a Vy CDRB, which has t_he amino acid sequence set forth
in SEQ ID NO:4; a Vi CDR1, which has the amino acid sequence set forth in SEQ ID
NO:6; a Vi, CDR2, which has the amino acid sequence set forth in SEQ 1D NO:7; and
a Vi CDR3, which has the amino acid sequence set forth in SEQ 1D NO:8. In other
examples, the isolated antibodies or antigen-binding fragments thereof contain a Vi
CDR1, V3 CDR2, V4 CDR3, VL, CDRI1, V. CDR2 and a Vy CDR3 having 60 %, 65
%, 70 %, 80 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97 %, 98 %, 99 % or
more sequence identity to the sequence of amino acids set forth in any of SEQ ID

NOS:2-4, 6-8 and 1627, Provided herein are isolated anti-RSV antibodies or antigen-
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binding fragments thereof that immunospecifically bind to the same epitope on a RSV
F protein or on a RSV virus as an antibody or antigen-binding fragment thereof that
contains a Vi CDRI, which has the amino acid sequence set forth in SEQ ID NO:2 or
1627; a Vi3 CDR2, which has the amino acid sequence set forth in SEQ ID NO:3; a
Vu CDR3, which has the amino acid sequence set forth in SEQ 1D NO:4; a VL CDRI,
which has the amino acid sequence set forth in SEQ ID NO:6; a V CDR2, which has
the amino acid sequence set forth in SEQ ID NO:7; and a V, CDR3, which has the
amino acid sequence set forth in SEQ ID NO:8 or an isolated antibody or antigen-
binding fragment thereof comprising a Vi CDRI, Vi CDR2, Vy CDR3, Vi CDRI,
Vi CDR2, and a V|, CDR3 having 60 %, 65 %, 70 %, 80 %, 90 %, 91 %, 92 %, 93 %,
94 %, 95 %, 96 %, 97 %, 98 %, 99 % or more sequence identity to the sequence of
amino acids set forth in SEQ ID NQOS:2-4, 6-8 and 1627.

In some examples, an isolated antibody or antigen-binding fragment thereof
provided herein contains a heavy chain, which has the amino acid sequence set forth
in SEQ ID NO:1. In some examples, an isolated antibody or antigen-binding
fragment provided herein contains a Vi domain, which has the amino acid sequence
set forth as amino acids 1-125 of SEQ ID NO:1. In some examples, an isolated -
antibody or antigen-binding fragment thereof provided herein contains a ligﬁt chain,
which has the amino acid sequence set forth in SEQ 1D NO:5. In some examples, an
isolated aniibody or antigen-binding fragment provided herein contains a Vi domain,
which has the amino acid sequence set forth as amino acids 1-107 of SEQ ID NO:s.
In & particular example, the isolated antibody or antigen-binding fragment thereof'is
58c5.

Provided herein are isolated anti-RSV antibodies or antigen-binding fragments
thereof that contain a variable heavy (V) chain and a variable light (V) chaiﬁ, where
the antibody or antigen-binding fragment immunospecifically binds to the same
epitope on a Respiratory Syncytial Virus (RSV) fusion (F) protein as an antibody or
antigen-binding fragment that contains a heavy chain set forth in SEQ ID NO:1 and a
light chain set forth in SEQ 1D NO:5.

In some examples, an isolated antibody or antigen-binding fragment thereof

provided herein contains a Vy; complementary determining region 1 (CDR1), which
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has the amino acid sequénce set forth in SEQ ID NO:2 or 1627, In some exa’mples,.
an isolated antibody or antigen-binding fragment provided herein contains a Vy |
CDR2, which has the amino acid sequence set forth in SEQ ID NO:3. In some
examples, an isolated antibody or antigen-binding fragment provided herein contains
a Vi CDR3, which has the amino acid sequence set forth in SEQ 1D NO:4. In some
exampies, an isolated antibody or antigen-binding fragment thereof provided herein
contains a Vi CDR1, which has the amino acid sequence set forth in SEQ ID NO:2 or
1627, 2 Vi CDR2, which has the amino acid sequence set forth in SEQ ID NO:3; and
‘& Vi CDR3, which has the amino acid sequence set forth in SEQ ID NO:4. 7
In some exampies, an isolated antibody or anti gen—binding fragment thereof ‘

provided herein containg a Vi, CDR1, which has the amino acid sequence set forth in
SEQ ID NO:6. In some examples, an isolated anfibody or antigen-binding fragment
provided herein containg a Vi, CDR2, which has the amino acid sequence of the Vi,
CDR2 is set forth in SEQ ID NO:7. In some examples, an isolated antibody or
antigen-binding fragment provided herein contains a Vi CDR3, which has the amino
acid sequence set forth in SEQ ID NO:8. In some examples, an isolated antibody or
antigen-binding fragment provided herein containg a Vp CDRE, which has the amino
acid sequence set forth in SEQ 1D NO:6; a Vi, CDR2, which has the amino acid
sequence set forth in SEQ ID NO:7; and a Vi, CDR3, which has the amino acid

sequence set forth in SEQ ID NO:8.

In a first aspect, there is provided an antibody or antigen-binding fragment thereof

comprising:

a Vi CDR1, comprising the sequence of amino acid residues set forth in SEQ
ID NO:2;

a Vi; CDR2, comprising the sequence of amino acid residues set forth in SEQ
ID NG:3;

a Vg CDR3, comprising the sequence of amino acid residues set forth in SEQ
IDNO4;

a Vi CDR1, comprising the sequence of amino acid residues set forth in SEQ
ID NO:6;

a Vi CDR2, comprising the sequence of amino acid residues set forth in SEQ
ID NO:7; and
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a Vi CDR3, comprising the sequence of amino acid residues set forth in SEQ
1D NO:8,
wherein the antibody or antigen-binding fragment immunospecifically binds to
Respiratory Syncytial Virus (RSV) fusion (F) protein and neutralizes RSV,
In some examples, an isolated antibody or antigen-binding fragment provided

herein contains a heavy chain, whiéb has the amino acid sequence set forth in SEQ ID

NO:9. In some examples, ap isolated antibody or antigen-binding fragment provided

herein contains a Vi domain, which has the am‘ﬁm acid sequence set forth 1n amino

acids 1-125 of SEQ ID NO:9. In some examples, an isolated antibody or antigen- |

binding fragment provided herein contatns a light chain, which has the amino acid

sequence set forth in SEQ 1D NO:13. In some examples, an isolated antibody or

antigen-binding fragment provided herein contains a Vi domain, which has the amino

acid sequence set forth in‘l~10’7 of SEQ ID NO:13. In a particular example, the

isolated antibody or antigen-binding fragment is sc5.
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Provided herein are isolated anti~-RSV antibodies or antigen-binding fragments
thereof that contain a variable heavy (Vy) chain and a variabie. light (V) chain, where
the antibody or antigen-binding fragmerit immunospecifically binds to the samé
epitope on a Respiratory Syncytial Virus (RSV) fssion (F) protein as an antibody or
antigen-binding fragment that contains a heavy chain set forth in SEQ ID NO:9 and a
light chain set forth in SEQ 1D NO:13.

In some examples, an isolated antibody or antigen-binding fragment provided
herein contains a Vi In some examples, the isolated antibody or antigen-binding
fragment containg a Vi CDRI, which has the amino acid sequence set forth in SEQ
D NO:10 or 1628. In some examples, an isolated antibody or antigen-binding
fragment provided herein containg a Vi CDR2, which has the amino acid seqﬁcnce
set forth in SEQ ID NO:11. In some examples, an isolated antibody or antigen-
binding fragment provided heréin contains a Vi CDR3, which has the amino acid
sequence set forth in SEQ ID NO:12. In some examples, an isolated antibody or
antigen-binding fragment thereof provided herein contains a Viy CDR1, which has the
amino acid sequence set forth in SEQ 1D NO:10 or 1628; a Vi CDR2, which has the
amino acid sequence set forth in SEQ 1D NO:11; and a Vi; CDR3, which has the
amino acid sequence set forth in SEQ 1D NO:12,

In some examples, an isolated antibody or antigen-binding fragment provided
herein containg a V;, CDR1, which has the amino acid sequence set forth in SEQ ID
NO:14. In some examples, an isclated antibody or antigen-binding fragment provided
herein contains a V;, CDR2, which has the amino acid sequence of the V;, CDR2 is set
forth in SEQ ID NO:15. In some examples, an isolated antibody or mlti_gml—bjndling
fragment provided herein contains a Vi CDR3, which has the aminoe acid sequence set
forth in SEQ 1D NO:16. In some examples, an isolated antibody or antigen-binding
fragment provided herein contains a Vi, CDR1, which has the amino acid sequence set
forth in SEQ ID NO:14; a Vi, CDR2, which has the amino acid sequence set forth in
SEQ ID NO:15; and a 'V;, CDR3, which has the amino acid sequence set forth in SEQ -
ID NO:16. '

Provided herein are isolated polypeptides, antibodies or antigen-binding

fragments thereof that immunospecifically bind to a portion of & RSV F protein,
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which has the amino sequence set forth in SEQ ID NO:25. Also provided herein are
isolated polypeptides, antibodies or antigen-binding fragments thereof that

immunospecifically bind to an RSV F protein, which has the amino sequence set forth

in SEQ 1D NO:1629.

Provided herein are isqlatéd polypeptides, antibodies or antigen-binding
fragments thereof that contain an antigen-binding domain that is a human or a
humanized antibody or antigen-binding fragment thereof. In some examples, the
isolated polypeptide, antibody or antigen-binding fragment provided herein is a
chimeric antibody. In some exampies, the isolated polypeptide, antibody or antigen-
binding fragment is a single-chain Fv (scFv), Fab, Fab', F(ab*),, Fv, dsFv, diabody,
Fd, or Fd’ fragment. In some examples, the isolated polypeptide, antibody or antigen-
binding fragment provided herein contains a peptide liker. In some examples, the
peptide linker contains abiout 1 to about 50 amino acids.

In some examples, the isolated polypeptide, antibody or antigen-binding
fragment thereof provided herein is conjugated to polyethylene glycol (PEG). In
some examples, the isolated polypeptide, antibody or antigen-binding fragment
provided herein contains a therapeutic or diagnostic agent. Exemplary diagnostic
égei'lts include, but are not limited to, an eilzyme, a fluorescent compound, an electron
transfer agent; and a radiolabel. ‘

Provided herein are isolated polypeptides, antibodies or antigen-binding
fragments thereof that contain a protein transduction domain. In some examples, the
protein transduction domain is selected from among a peptide having an amino acid
sequence set forth in SEQ ID NOS:1529-1600. In some examples, the protein
transduction domain is & HIV-TAT protein transduction domain.

Provided herein are multivalent antibodies, containing a first antigen-binding
portion containing a polypeptide, antibodﬁr or antigen-binding fragmént thereof
provided herein conjugated to & multhmerization domain; and a second antigen-
binding portion containing an antigen-binding fragment of an antiviral antibody
conjugated to a second multimerization domain. In such examples, the first
multimerization domain and the second multimerization domain are complementary

or the same, whereby the first antigen-binding portion and second antigen-binding



portioln form a multival ént antibody.

In a second aspect, there is .provided a multivalent antibody, comprising:

a first antigen-binding portion comprising an antibody or antigen-
binding fragment thereof as defined above wherein the first antigen-binding portion
comprising an antibody or antigen-binding fragment thereof is conjugated to a
multimerization domain; and

a second antigen-binding portion comprising an antigen-binding
fragment of an antiviral antibody conjugated to a second multimerization domain, wherein:

the first multimerization domain and the second multimerization domain are
complementary or the same, whereby the first antigen-binding portion and second antigen-
binding portion form a multivalent antibody; and

the first and second antigen binding portions are the same or different.

In some examples, the multivalent antibodies
provided herein cdntai_n 1, 2, 3, 4, or 5 additional antigen-binding portions. Exemplary
multivalent antibodies include a bivalent, trivalerit, tetravalent, pentavalent,
hexavalent, or heptavalent antibodies.” The multivalent antibodies provided herein
include heterobivalent or homobivalent antibodies. The multivalent antibodies
provided herein include multispecific antibodies. In some examples, the multispecific
antibody is a bispecific, triépeciﬁc or tetraspecific antibody. In some examples, tha.
multivalent antibodies provided herein contain an antigen-binding fragment that is a
singlé-chain Fv (scFv), Fab, Fab’, F(ab’),, Fv, dsFv, diabody, Fd, or Fd’ fragment.
The first anti gen~binding porfion and/or second anti gen-binding portion of the
multivaient anti‘éodies provided herein can be conjugated to a multimerization domain
by covalent or non-covalent linkage. In some examples, the antigen-binding portion
1s conjugated to the multimerization domain via a linker, such as a chemical linker or
a polypeptide linker. In some examples, the multimerization domain of the
multivalent antibody provided herein is selected from among an immunoglobulin
constant region (Fc), a leucine zipper, complementary hydrophobic regions,
complementary hydrophilic regions, or éompatibie protein-protein interaction

domains. In some examples, the Fc domain is an [gG, [gM or an IgE Fc domain.
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In some examples, the multivalent antibodies provided herein contain two or
more anti-RSV antibodies or antigen-binding fragments'thereof. In a particular
.example, the multivalent antibodies provided herein contain two or more anti-RSV
antibodies or antigen-binding fragments thereof.

Provided herein are multivalent antibodies, containing a first antigen-binding
portion containing an anti-RSV antibody or antigen-binding fragment .thereo‘f
provided herein conjugated to & multimerization domain; and a second antigen-
binding portion containing an anti-RSV antiﬁbody‘or antigen-binding fragment thereof,
selected from among palivizumab, motavizumab, AFFF, P1212, P12#4, P11d4, Ale9, -
Al2a0, Al3cd, A17d4, AdB4, A8cT, 1X—493-Li, FR H3-3F4, M3H9, Y10H6, DG,
AFFF(1), 6H8, L1-7E5, L2-15B10, Al3all, AlhS, A4B4(1), A4B4L1FR-S28R,
AdB4-F52S, rsv6, rsv1l, rsv13, rsvl9, rsv2], rsv22, rsv23, RF-1, RF-2 or an antigen-

binding fragment thereof, conjugated to a second multimerizatioﬁ domain.
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Provided herein are multivalent antibodies, containing a first antigen-binding
portion containing an anti-RSV anitibody or antigen-binding fragment thereof
provided herein conjugated to a multimerization domain; and a sécond antigen-
binding porticn containing an antiviral antibody that immunospecifically binds an
antigen of parainfluenza virus (PTV) or human metapnenmovirus (hMPV), conjugated
to a second multimerization domain.

Provided herein are combinations, which contain an isolated polypeptide,
antibody or antigen-binding fragment thereof provided herein or a multivalent

antibody provided herein, and an antiviral agent.

In a third aspect, there is provided a combination, comprising:
an isolated antibody or antigen-binding fragment as defined above or a
multivalent antibody as defined above; and
one or both of an antiviral agent and one more additional antiviral antibodies

that differ from the first antibody.

In some examples, the antiviral
agent is ribavirin. Provided herein are combinations, which contain an isolated
polypeptide, antibody or antigen-binding fragment thereof provided herein and an
antiviral agent formulated as a single composition or as separate compositions.

Provided herein are combinations, which contain an isolated poiypeptide,
antibody or aniigen-binding fragment thereof provided herein or a multivalent
antibody provided herein, and one or more additional antiviral antibodies. In some
examples, the combination contains two or more different anti-RSV antibodies or
antigen-binding fragments thereof. In some examples, the combination contains two
or more different anti-RSV antibodies or antigeﬂ—biﬁﬁing fragments selected from
among an antibody or antigen-binding fragment provided herein. In some examples,
the combination contains an antibody or antigen-binding fragment thereof provided
herein and an antibody selected from among palivizumab, motavizumab, AFFF,
P12f2, P12f4, P11d4, Ale9, Al2a6, Al3cd, Al7d4, A4B4, A8c7, 1X-493L1, FR H3-
3F4, M3HS, Y10H6, DG, AFFE(L), 6H8, L1-785, L2-15B10, A13all, AihS,
A4B4(1), AABALIFR-S28R, A4B4-F528, rsv0, rsvil, rsv13, rsvl9, rsv21, rsvil,

rsv23, RF-1, RF-2 or antigen-binding fragments thereol. In some examples, the
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combination contains an antibody or antigen-binding fragment thereof provided
herein and an antibody selected from among an antibody or antigen-binding fragment
thereof that immunospecifically binds an antigen of parainfluenza virus (P1V) or
human metapneumoviras (WMPV). In some examples, the PIV antigen is an antigen
of human PIV type 1, human PIV type 2, human PIV type 3‘, and/or human PIV type

4, In some cxamples, the PIV antigen is sclected from among a PIV nucleocapsid
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phosphoprotein, a PIV fusion (F) protein, a PIV phosphoprotein, a PIV large (L)
protein, a PIV matrix (M) protein, a PIV hemagglutirﬁnmeuraminidase (HN)
glycoprotein, a PIV RNA-dependent RNA polymerase, a PIV Y1 protein, a PIVD
protein, a PIV C protein, and allelic variants thereof. In some examples, the hMPV
antigen is an antigen of hMPV type A or hMPV type B. In some examples, the
hMPV antigen is an antigen of hMPV subtype Al, hMPV subtype A2, hMPV subtype
B1, or h(MPV subtype B2. In some examples, the hMPV antigen is selected from
among a htMPV nucleoprotein, a hMPV phosphoprotein, a h(MPV matrix protein, a -
hMPV small hydrophobic protein, a hMPV RNA-dependent RNA polymerase, a
LMPV F protein, a hMPV G protein, and allelic variants thereof,

Provided herein are combinations, which contain an isolated polypeptide,
antibody or antigen-binding fragment thereof provided herein or a multivalent
antibody provided herein, and one or more additional antiviral antibodies, where the
oné or more additional antiviral antibodies is a single~chain Fv (scFv), Fab, Fab’,
F(ab™),, Fv, dsFv, diabody, Fd, or Fd® fragment. _

Provided herein are pharmaceutical compositions containing any isolated
polypeptide, antibody or antigen-binding fragment thereof provided herein, any
multivalent antibody provided herein, or any combination provided herein and a
pharmaceutically acceptable carrier or excipient. ‘In some cxamples, the
pharmaceutical compositions provided herein are formulated as a gel, _ointment,
liquid, suspension, acrosol, tablet, pill, powder, or nasal spray. In some examples, the
pharmaceutical compositions provided herein are formulated for pulmonary,
intranasal, or parenteral adiministration. Tn some examples, the pharmaceutical
compositions provided herein are formulated for single dosage administration. In
some exampies, the pharmaceutical compositions provided herein are formulated for
sustained release.

Provided herein are phamiaceutical compdsitions, which contain an isolated
polypeptide, antibody or antigen-binding fragient thereof provided herein or a
multivalent antibody provided berein, and one or more addifional antiviral anfibodies.
In some examples, the pharmaceutical compositions contain two or more diffefcmt

anti-RSV antibodies or antigen-binding fragments thercof. In some examples, the
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phanhaceutical compositions contain two or more different anti-RSV antibo_diés or
an.tigen-binding' fragments selected from among an antibody or antigen-binding
fragment provided herein. In some examples, the pharmaceutical compositions
contain an antibody or antigen-binding fragment provided herein and an antibody
selected from among palivizumab, motavizumab, AFFF, P122, P12f4, P11d4, Ale9,
Al2a6, Al3c4, A17d4, A4B4, A8c7, 1X-493L1, FR H3-3F4, M3H9, Y10HS6, DG,
AFFF(1), 6H8, L1-7ES, L.2-15B10, Al3all, AlhS, A4B4(1), A4B4LIFR-528R,
A4B4-F528, rsv6, rsvi], 1sv13, 1svi9, rsv21, rsv22, rsv23, RF-1, RF-2 or aﬁtigen—
binding frapments thereof. In some examples, the pharmaceutical compositions
contéin an antibody or antigen-binding fragment thereof provided herein and an
antibody selected from among an antibody or antigen-binding fragment thereof that
immunospecifically binds an antigen of parainfluenza virus (PIV) or human
ﬂ;etapﬂeumovirus (hMPV). In some examples, the PIV antigen is an antigen of
human PIV type 1, human PIV type 2, human PIV type 3, and/or human PIV type 4.
In some examples, the PIV antigen is selected from among a PIV nucleocapsid
phosphoprofein, a PIV fusion (F) protein, a PIV phosphoprotein, a PTV large (L)
protein, a PIV matrix (M) protein, a PTV hemagglutinin-neuraminidase (HN)
glycoprotein, a PIV RNA-dependent RNA polymerase, a PIV Y] pfote'm, aPIVD
protein, a PIV C protein, and allelic variants therecof. In some examplés, the hMPV

antigen is an antigen of h(MPV type A or hMPV type B. In some examples, the

BMPV antigen is an antigen of IMPV subtype Al, bMPV subtype A2, hMPV subtype

B1, or hMPV subtjfpe B2. In some examples, the hMPV antigen is selected from
among a hMPV nucleoprotein, a hMPV phosphoprotein, a hMPV matrix protein, a
hMPV small hydrophobic protein, a hMPV RNA-dependent RNA polymerase, a
hMPV F protein, a BMPV G protein, and allelic variants thereof, ‘

Provided herein are phérmaéeutical compositions, which contain an isolated
polypeptide, antibody or antigen-binding fragment thereof provided herein or a
multivalent antibody provided herein, and one or more additional antiviral antibodies,
where the one or more additional antiviral antibodies is a single-chain Fv (scFv), Fab,

Fab’, F(ab’y,, Fv, dsFv, diabody, Fd, or Fd’ fragment.
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Provided herein are pharmaceutical compositions, which contain an isolated
polypeptide, antibody or antigen-binding fragment thereof provided herein or a
multivalent antibody provided herein, and an antiviral agent. In some exampies, the
antiviral agent is ribavirin.

Provided herein are methods of treating a viral infection in a subject, which
involve administering to the subject a therapeutically effective amount of a
pharmaceutical composition provided herein. Provided herein are methods of treating
or inhibiting one or more symptoms of a viral infection in a subject, which involve
administering to the subject a therapeutically effective amount of a pharmaceutical
composition provided herein. Also provided herein are methods of preventing a viral
infection in a subject, which involve administering to the subject a therapeutically
effective amount of a pharmaceutical compesition provided herein. In a particular
example, the viral infection 1s a RSV infection. In a particular example, the RSV
infection is an upper respiratory tract infection. |

| Administration can be effected by any suitable route, including but not Hmited
to, topically, parenterally, locally, or systemically, such as for example intranasally,
intramuscularly, intradermally, intraperitoneally, intravenously, subcutaneously,
orally, or by pulmonary administration. In some examples, a pharmaceutical
composition provided herein is administered by a ncbulizer or an inhaler. The
pharmaceutical compositions provided herein can be administered 1o any suitable
subject, such as a mammal, for examplé, a human,

In some examples, a pharmaceutical composition provided herein is
administered a human infant, a human infant bom prematurely or at risk of
hospitalization for a RSV infection, an elderly human, a human subject which has
cystic fibrosis, bronchopulmonary dysplasia, congenital heart disease, congentital
immunodeficiency, acquired immunodeficiency, leukemia, or non-Hodgkin
lymphoma or a human subject who has had a transplant, such as, for exampie, a bone
matrow transplant or a liver transplant.

in some examples, a pharmaceutical composition provided herein is

administered one lime, two times, three times, four times or five times during RSV

season {e.g., October through May). In some examples, a pharmaceutical
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composition provided herein is administered one time, two times, three times, four
times or five fimes within one month, two months or three months, prior to a RSV
season. | -

In some examples, a pharmaceutical composition provided herein can be
administered with one or more antiviral agents. In some examples, the antiviral agent
is ribavirin. In some examples, the pharmaceutical composition and the antiviral
agent are formulated as a single composition or as separate compositions. In the
methods provided herein, the pharmaceutical compositioh and the antiviral agent can
be administered sequentially, simultaneously or intermittently. |

In some examples, a pharmaceutical composition provided herein can be
administered with a hormonal therapy, immunotherapy or an anti-inflammatory agent.
In some examples, a pharmaceutical composition provided herein can be administered
with one or more additional antiviral antibodies or antigen-binding fragments thereof.
The pharmaceutical composition and the one or more additional antiviral antibodies
are formulated as a single composition or as separate compositions. The
pharmaceutical composition and the one or more additional anti-RSV antibodies can
be administered sequentially, simultaneously or intermuftently. In some examples, the
antigen-binding fragment is a single-chain Fv (scFv), Fab, Fab’, F(ab’)2, Fv, dsFyv,
diabody, Fd, or Fd’ fragment.

In some examples, a pharmaceutical composition provided herein can be
administered with one or more additional antiviral antibodies selccted from among
anti-RSV antibodies or antigen-binding ﬁ"éginénts thereof, such as, for example,
palivizumab, motavizumab, AFFF, P1212, P12f4, P11d4, Ale9, Al2a0, Al3c4,
A17d4, AdB4, A8cT, 1X-493L1, FR H3-3F4, M3H9, Y10H6, DG, AFFF(1), 6HS,
LI-TES5, 1.2-15B10, A13all, AThS, A4B4(1), A4B4L1FR-S28R, A4B4-F3528, rsv6,
rsvil, rsvl3, rsvi9, rsv2]l, rav22, rsv23, RF-1, RF-2 or antigen-binding fragments
thereofl ' ‘

Iﬂ some examples, a pharmaceutical composition.provided herein can be -
administered with one or more additional antiviral antibodies selected from among an
antibody or antigen-binding fragment thereof that immunospecifically binds an \

antigen of parainfluenza virus (PIV) or human metapneumovirus (hMPV). In some
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examples, the PIV antigen is an antigen of human PIV type 1, human PIV type 2,
human PIV type 3, and/or human PIV type 4. In some examples, the PTV antigen is
selected from among a PIV nucleocapsid phosphoprotein, a PIV fusion (F) protein, a
PIV phosphoprotein, a PIV large (L) protein, a PIV matrix (M) protein, a PIV
hemagglutinin-neuraminidase (HN) glycoprotein, a PIV RNA-dependent RNA
polymerase, & PIV Y1 protein, a PIV D protein, a PIV C protein, and ailelic variants
thereof. In some examples, the hMPV anti‘gen is an antigen of hMPV fype A or
hMPV type B. In some examples, the h(MPV antigen is an antigen of hMPV subtype
Al, hMPV subtype A2, EMPYV subtype B, or hMPV subtype B2. In some examples,
the hMPV antigen is selected from among a hMPV nucleoprotein, a hMPV
phosphoprotein, 2 hMPV matrix protein, a hMPV small hydrophobic protein, a hMPV
RNA-dependent RNA polymerase, 2a hMIPV F protein, a kMPV G protein, and allelic

variants thereof.

In a fourth aspect, there is provided a method of detecting RSV infection, which

mvolve (&)

assaying the level of RSV antigen in a fluid, cell, or tissue sample using an antibody
or antigen-binding fragments thereof provided herein; (b) comparing the assayed level
of RSV antigen with a control level whereby an intrease in the assayed level of RSV
antigen compared o the control level of the RSV antigen is indicative of a RSV
infection. In some examples, the cell or tissue sample is obtained from a human
subject, In some examples, the cell or tissue sample is a blood, urine, saliva, lung
spufum, lavage, or lymph sample.

Provided herein are isolated nucleic acids that encode the polypeptide,

antibody or antigen-binding fragments thereof provided herein.

In a fifth aspect, there is provided a nucleic acid molecule(s) that encodes the

antibody or antigen-binding fragment as defined above.
| Provided herein are

veoctors that contain a nucleic acid encoding the polypeptide, antibody or antigen-
binding fragments thereof provided herein,

Provided herein are isoiated cells the contain an antibody or antigen-binding
fragment thereof provided herein, a nucleic acid provided herein, or a vector provided

hersin.
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In a sixth aspect, there is provided an isolated cell, comprising the antibody or

antigen-binding fragment as defined above, or the nucleic acid molecule as defined above.

The cells provided herein can be, for example, prokaryotic or eukaryotic cells,
Also provided herein are transgenic animals that contain a nucleic acid provided
herein or 2 vector provided herein. Also provided herein are methods of expressing an

isolated antibody or antigen-binding fragment thereof, which invelve culturing the
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isolated cells provided herein under conditions which express the encoded antibody or
by isolation of the antibody or antigen-binding fragment from the transgenic animal
provided herein. In some sxamples, the antibody or antigen-binding fragment is

isolated from the serum or milk of the transgenic animal,

In a seventh aspect, there is provided a2 method of producing an antibody or antigen-
binding fragment thereof, comprising culturing the cell as defined above under conditions in

which the encoded antibody or antigen binding fragment is expressed.

Provided herein are kits containing a polypeptide, antibody or antigen-binding
fragment of provided herein, a multivalent antibody provided herein, or a combination

provided herein, in one or more containers, and instructions for use.

In an eighth aspect, there i1s provided an antibody or antigen-binding fragment as
defined above or a multivalent antibody as defined above for use in the treatment or

prevention of a viral infection.

Also provided herein are uses of an antibody or antigen-binding fragment
thereof provided herein for the prevention and/or treatment of viral infection in a
subject. Also provided herein are uses of an antibody or antigen-binding fragment
thereof provided herein for treating or inhibiting one or more symptoms of a viral
infection in a subject.

Also provided herein are uses of an antibody or antigen-binding fragment
provided herein for the formulation of a medicament for the prevention and/or
treatrnent of viral infection in a subject. Also provided herein are uses of an antibody
or antigen-binding fragment provided herein for the formulation of a medicament for
treating or nhibiting one or more symptoms of a viral infection in a subject.
DETAILED DESCRIPTION
QOutline

A. DEFINITIONS
B. OVERVIEW
i. Respiratory Syncytial Virus
C. ANTI-RSV ANTIBODIES
{. General Antibody Structure and Functional Domains
a. Structural and Functional Domains of Antibodies
b. Antibody Fragments
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2. Exemplary Anti-RSV Antibodies
a. Derivative Antibodies
i.  Single Chain Antibodies
ii. Anti-idiotypic Antibodies
iii. Multi-specific Antibedies and Antibody
Multimerization
D. ADDITIONAL MODIFICATIONS OF ANTI-RSV ANTIBODIES
1. Modifications to reduce immunogenicity
2. Fc Modifications
3. Pegylation
4, Conjugation of a Detectable Moiety
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5. Conjugation of a Therapeutic Moiety
6. Modifications to improve binding specificity
METHODS OF ISOLATING ANTE-RSYV ANTIBODIES
METHODS OF PRODUCING ANTI-RSV ANTIBODIES, AND
MODIFIED OR VARIANT FORMS THEREOF AND NUCLEIC ACIDS
ENCODING ANTIBODIES
[. Nucleic Acids
2. Vectors
3. Cell Expression Systems
a. Prokaryotic Expression
b. Yeast Cells
c. Insect Celis
d. Mammalian Cells
e. Plants
4. Purification of Antibodies -
ASSESSING ANTERSV ANTIBODY PROPERTIES AND ACTIVITIES
1. Binding Assays
3. In vitro assays for analyzing virus neutralization effects of antibodies
4. In vivo animal models for assessing efficacy of the anti-RSV
antibodies
5. dnvitro and in vivo Assays for Measuring Antibody Efficacy
DIAGNOSTIC USES
[. In vitro detection of pathogenic infection
2. In vivo detection of pathogenic infection
3, Monitoring Infection

PROPHYLACTIC AND THERAPEUTIC USES

1. Subjects for therapy
2. Dosages
3. Routes of Admnistration
4. Combination therapies
a. Antiviral Antibodies for Combination Therapy
1. Anti-RSV antibodies
i, Antibodies against other '1'espirat0ry viruses
5. Gene Therapy
Pharmaceutical Compositions, Combinations and Aitzolos of
manufacture/Kits
1. Pharmaceutical Compositions
2. Articles of Manufacture/Kits
3. Combinations

K. Examples

A.

DEFINITIONS

Uniess defined otherwise, all technical and scientific terms used herein have

the same meaning as is commonly understood by one of skill in the art to which the

invention(s) belong. All patents, patent applications, published applications and
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publications, GenBank sequences, databases, websites and other published materials
referred to throughout the entire disclosure herein, unless noted otherwise, are

incorporated by reference in their entirety. In the event that there are a plurality of

. definitions for terms herein, those in this section prevail. - Where reference is made to

a URL or other such identifier or address, it understood that such identifiers can
change and particular information on the internet can come and go, but equivalent
information can be found by searching the internet. Reference thereto evidences the
availability and public dissemination of such information.

As used herein, “antibody” refers to immunoglobulins and immunoglobulin
fragments, whether natural or partially or wholly synthetically, such as recombinantly,
produced, including any fragment thereof containing at least a portion of the variable
region of the immunoglobulin molecule that retains the binding specificity ability of
the full-length immunogiobulin. Hence, an antibody includes any protein having a
binding domain that is homologous or substantially homologous to an
immunoglobulin antigen-binding domain (antibody combining site). Antibodies
inchude antibody fragments, such as anli-RSV antibody fragments. As used herein,
the term antibody, thus, includes synthetic antibodies, recombinantly produced '
éntibodi es, multispecific antibodies (e.g., bispecific antibodies), human antibodies,
non-human antibodies, humanized antibodies, chimeric antibodies, intrabodies, and
antibody fragments, such as, but not limited to, Fab fragments, Fab' fragments, F(ab™),

fragments, Fv fragments, disulfide-linked Fvs (dsFv), Fd fragments, BFd” fragments,

‘single-chain Fvs (scFv), singlée-chain Fabs (scFab), diabodies, anti-idiotypic (anti-1d)

antibodies, or antigen-binding fragments of any of the above. Antibodies provided
herein include members of any immunoglobulin type (e.g., 1gG, [gM, IgD, IgE, [gA
and 1gY), any class (e.g. 1gG1, 1gG2, 18G3, 1gG4, IgA1 and IgA2) or subclass {e.g,,
1G2a and 1gG2b).

As used herein, an “antibody fragment” or “antigen-binding fragment” of an
antibody refers to any portion of a full-length antibody that is less than full length but
contains at least a portion of the variable region of the antibody that binds antigen
(e.g- one or more CDRs and/or one or more antibody combining sites) and thus retains

the binding spectficity, and af least a portion of the specific binding ability of the full-
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length antibody; antibody fragments include antibody derivatives produced by
enzymatic treatment of full-iength antibodies, as well as sy11fheticaily, e.g
recombinantly produced derivatives. An aﬁtibody fragment is included among
antibodies.. Examples of antibody fragments include, but are not limited ¢o, Fab, Fab',
F(ab’)2, single-chain Fvs (scFv), Fv, dslv, diabody, Fd and Fd’ fragments and other
fragments, including modified fragments (see, for example, Methods in Molecular
Biology, Yol 207: Recombinant Antibodies for Cancer Therapy Methods and
Protocois (2003); Chaptéf I; p 3-25, Kipriyanov). The fragment can inchade multiple
chains linked together, such as by disulfide bridges and/or by peptide linkers. An

“antibody fragment generally contains at least or about 50 amino acids and typically at

least or about 200 amino acids.

As used herein, an antigen-binding fragment refers to an antibody fragment
that contains an antigen-binding portion that binds to the same antigen as the antibody
from which the antibody fragment is derived. An antigen-binding fragment, as used
herein, includes any antibody fragment that when inserted into an antibody framework
(S"uch_ as by replacing a corresponding region) results in an antibody that
immunospecifically binds (i.e. exhibits Ka of at least or at least about 107- 10* M) 1o
the antigen. Antigen-binding fragments include, antibody [ragments, such as Fab
fragments, Faby' fragments, F(ab’), fragments, Fv fragments, disulfide-linked Fvs
(dsFv), Fd fragments, Fd’ 'fragments,.Sil}gie;clmin Fvs (sckv), single-chain Fabs
(sclFab), and also includes other fragments, such as CDR-containing fragments, and
polypeptides that immunospecifically bind to an antigen or that when inserted into an
antibody framework results in an antibody that immunospecifically binds to the
antigen.

As used herein, a “therapeutic antibody” refers to any antibody or antigen-
binding fragment thereof that is administered for treatment of an animal, including a
human. Such antibodies can be prepared by any known methods for the production of
polypeptides, and hence, include, but are not limited to, recombinantly produced
antibodies, synthetically produced antibodies, and therapeutic antibodies extracted
from cells or tissucs and other sources. As isolated from any sources or as produced, |

therapeutic antibodies can be heterogeneous in length or differ in post-translational
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modification, such as glycosylation (i.e. carbohydrate content). Heterogeneity of
th.erapeaﬁc antibodies also can differ depending on the source of the therapeutic
antibodies. Hence, reference to therapeutic antibodies refers to the heterogencous
population as produced or isolated. When a homogeneous preparation is intended, it
5 will be so-stated. References to therapeutic antibodies herein are to their monomeric,
dimeric or other multiméric forms, as appropriate. '
As used herein, a “neutralizing antibody” is any antibody or antigen-binding
fragment thercof that binds to a pathogen and interferes with the ability of the
pathogen to infect a cell and/or cause disease in a subject. Exemplary of neutralizing

10 antibodies are neutralizing antibodies that bind to viruses, bacteria, and fungal
pathogens. Typically, the neutralizing antibodies provide herein bind to the surface of
the pathogen. In examples where the pathogen is a virus, a neutralizing antibody that
binds to the virus typically binds to a protein on the surface of the virus. Depending
on the class of the virus, the surface protein can be a capsid protein (e.g. a capsid

15 protein of a non-enveloped virus) or a viral envelope protein (e.g., a viral envelope
protein of an enveloped virus). In some examples, the protein is a glycoprotein. The
ability of the virus to inhibit virus infectivity can be measure for example, by an in
vitro neutralization assay, such as, for example, a plaque reduction assay using Vero
host cells.

20 As used herein, an “enveloped virus” is an animal virus which possesses an
outer membrane or envelope, wh-ich is a lipid bilayer containing viral proteins,
surrounding the virus capsid. The envelope proteins of the virus participate in the
assembly of the infectious particle and also are involved 1n virus entry by binding to
receptors present on the host cell and inducing fusion between the viral envelope and

25  amembrane of the host cell. Enveloped viruses can be ¢ither spherical or filamentous
(rod-shaped). Exemplary enveloped viruses include, but are not limited to, members
of the Herpesviridae, Poxviridae, Hepadnaviridae, Togaviridae, Arenaviridae,

Flavi viridée, Orthomyxoviridae, Paramyxoviridae, Bunyaviridae, Rhabdoviridae,
Filoviridae, Coronaviridae, and Bomaviridae virus families. Respiratory syncytial
30 virus (RSV) is a negative sense single stranded RNA enveloped virus of the

Paramyxoviridac {amily, Pneumoyvirinac subfamily.
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As used herein, a “non-enveloped virus” or “naked virus” is a virus that lacks
a viral eﬁvelopc. For infection of a host cell, a non-enveloped virus uses proteins of
the viral capsid for attachment to the target cell. Exemplary non-enveloped viruses
include, but are not limited to, Adenoviridae, Papillomavirinae, Parvoviridae,
Polyomavirinae, Circoviridae, Reoviridae, Picornaviridae, Caliciviridae, and
Astroviridae virus families.

As used herein, a “surface protein” of a pathogen is any protein that is located

on external surface of the pathogen, The surface protein can be partially or entirely

exposed to the external environment (i.e. outer surface). Exemplary of surface

proteins are membrane proteins, such as, for example, a protein located on the surface
of a viral envelope or bacterial outer membrane (e.g.,a 11'1embr_ane glycoprotein).
Membrane proteins can be transmembrane proteins (i.e. proteins that traverse the lipid
bilayer) of proteins that are non-transmembrane cell surface associated proteins (e.g.,
anchored or covalently attached to the surface of the membrane, such as attachment to
another protein on the surface of the pathogen). Other exemplary surface proteins
include viral capsid proteins of non-enveloped enveloped viruses that are at least
partially exposed to the external environment.

As used herein, “monoclonal antibody” refers to a population of identical
antibodies, meaning that each individual antibody molecule in a population of
monoclonal antibodies is identical to the others. This property is in contrast to that of
a polyclonal population of antibodies, which contains antibodies having a plurality of
different sequences. Monoclonal antibodies can be produced by a number of well-
known methods (Smith et al. (2004) J. Clin. Pathol, 57, 912-917; and Nelson et al., /
Clin Pathol (2000), 53, 111-117). For example, monoclonal antibodiés can be
produced by immortalization of a B cell, for example through fusion with a mycltoma
cell to generate a hybridoma cell line or by infection of B cells with virus such as
EBV. Recombinant technology also can be used to produce antibodies in vitro from -
clonal popu?_ations of host cells by transforming t.he host cells with plasmids carrying
artificial sequences of nucleotides encoding the antibodics.

As used herein, a “_coﬁventionai antibody” refers to an antibody that contains

two heavy chains {which can be denoted H and ') and two light chaing (which can
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be denoted L. and L") and two antibody combining sites, where each heavy chain can
be a full-length immunoglobulin heavy chain or any functional region thereof that
retains antigen-binding capability (e.g. heavy chains include, but are not limited to,
Vi, chains Vi-Cyl chains and Viy-Cy1-Ci2-Cyy3 chains), and each light chain can be
a full-fength light chain or any functional region of (e.g. light chains include, but are
not limited to, Vi chains and V-Cy chains). Each heavy chain (H and H*) pairs with
one light chain (L and L, respectively)

As used herein, a full-length antibody is an antibody having two full-length
heavy chains (e.g. Vi-Cul-Cy2-Ci3 or Vi-Cyl-Cy2-Cy3-Cy4) and two full-length
light chains (V1 -Cp) and hinge regions, such as human antibodies produced naturally
by antibody secreting B cells and antibodies with the same domains that are
synthetically produced.

As used herein, an Fv antibody fragment is composed of one variable heavy
domain (Vy) and one variable light (V1) domain linked by noncovalent iﬁtci'actions.

As used herein, a dsFv refers to an Fv with an engineered intermolecular
disulfide bond, which stabilizes the V-V pair.

As used herein, an Fd fragment is a fragment of an antibody containing a
variable domain (V) and one constant region demain (Cy1) of an antibody heavy
chain.

As used herein, a Fab fragment is an antibody fragment that results from
digestion of a full-length immunoglobulin with papain, or a fragment having the same
structure that 1s produced synthetically, e.g. by recombinant methods. A Fab
fragment contains a light chain (containing a Vi and Cy) and snother chain containing
a variable domain of a heavy chain (Vi) and one constant region domain of the heavy
chain {Cyl).

As used herein, a F(ab’), fragment 1s an antibody fragment that resuits from
digestion of an immunoglobulin with pepsin at pH 4.0-4.5, or a fragment having the
same structure that is produced synthetically, e.g. by recombinant methods. The
F(ab”)2 [ragment esseatially contains two Fab fragments where each heavy chain
portion contains an additional few amino acids, including cysteine residues that form

disulfide linkages joining the two fragments.
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As used herein, a Fab’ fragment ﬁs a ﬁ'agmént containing one half (one heavy
chain and one light chain) of the F(ab’); fragment,

As used herein, an Fd’ fragment is a fragment of an antibody containing one
heavy chain portion of a F(ab’); fragment.

As used herein, an Fv’ fragment is a fragment containing only the Vy and Vi,
domains of an antibody molecule. |

As used herein, hsFv refers to antibody fragments in which the constant
domains normally present in a Fab fragment have been substituted with a
heterodimeric coiled-coil domain (see, e.g., Amdt et al. (2001) J Mol Biol 7:312:221-
228}.

- As used herein, an scHv {ragment refers to an antibody fragment that contains
a variable light chain (Vy} and variable heavy chain (Vg), covalently connected by a
polypeptide linker in any order. The linker is of a length such that the two variable
domains are bridged without substantial interference. Exemplary linkers are (Gly-
Ser), residues with some Glu or Lys residues dispefsed throughout to increase
solubility.

As used herein, the term “derivative” refers to a polypeptide that contains an
amino acid sequence of an anti-RSV antibody or a fragment thereof which has been
modified, for example, by the introduction of amino acid residue substitutions,
deletions or additions, by the covalent attachment of any type of molecule to the
polypeptide (e.g., by glycosylation, acetylation, pegylation, phosplmrylation,
amidation, detivatization by known protecting/blocking groups, proteolytic cleavage,
linkage to a cellular ligand or other protein). A derivative of an anti-RSV antibody or
arztigeﬂ—f)iﬁdiﬂg fragment thereof can be modified by chemical modifications us.ing
techniques known to those of skill in the ast, including, but not lmited to, specific

chemical cleavage, acetylation, formylation, metabolic synthesis of tunicamycin.

Further, a derivative of an anti-RSV antibody or antigen-binding {ragment thereof can

contain one or more non-classical amino acids. Typically, a polypeptide derivative
possesses a similar or identical function as an anti-RSV antibody or antigen-binding
fragment thereof provided herein (e.g. neutralization ol RSV).

As used herein, the phrase “derived from” when referring to antibody
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fragments derived from another antibody, such as a monoclonal antibody, refers to the
engineering of antibody {ragments (e.g., Fab, F(ab'), F(ab’),, single-chain Fvs {(scFv),
Fv, dsFv, diabody, Fd and Fd" fragmients) that retain the binding specificity of the
original antibody. Such fragments can be derived by a variety of methods known in
the art, including, but not limited to, enzymatic cleavage, chemical crosslinking,
recombinant means or combinations thercol. Generally, the derived antibody
fragment shares the identical or substantially identical heavy chain variable region
(Vy) and light chain variable région {Vy) of the parent antibody, such that the
antibody fragment and the parent antibody bind the same epitope.

As used herein, a “parent antibody” or “source antibody” refers the to an
antibody from which an antibody fragment (e.g., ab, F(ab", F(ab™),, single~-chain Pvs
(scFv), Fv, dsFv, diabody, Fd and Fd’ fragments) is derived,

As used herein, the térm "epitope” refers to any antigenic determinant on an
antigen to which the paratope of an antibody binds. Epitopic determinants typically
contain chemically active surface groupings of molecules such as amino acids or
sugar side chains and typically have specific three dimensional structural
characteristics, as well as specific charge characteristics.

As used herein, a chimeric polypeptide refers to a polypeptide that contains
portions from at least two different polypentides or from twe non-confignous portions
of a single polypeptide. Thus, a chimeric polypeptide generally includes a sequence
of amino acid residues from all or part of one polypeptide and a sequence of amino
acids from ail or part of another different polypeptide. The two portions can be linked
directly or indirectly and can be linked via peptide bonds, other covalent bonds or
other non-covalent interactions of sufficient strength to maintain the integrity of a
substantial portion of the chimeric polypeptide under equilibz‘ium conditions and
physiologic conditions, such ag in isotonic pH 7 buffered saline. For purposes herein,
chimeric polypeptides include those confaining all or part of an anti-RSV éntibod.y
linked to another polypeptide, such as, for example, a multimerization domain, a
heterologous mamunoglobulin constant domain or framework region, or a diagnostic
or therapeutic polypeptide. |

As used herein, a fusion protein is a polypeptide engineered to contain
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sequences of amino acids corresponding to two distinet polypeptides, which are
joined together, such.as by expressing the fusion protein from a vector containing two
nucleic acids, encoding the two polypeptides, in closé proximity, e.g. adjacent, to one
another along tlie length of the vector. Generally, a fusion protein provided herein |
refers to a polypeptide that contains a polypeptide havin g the amino acid sequence of
an antibody or antigen-binding fragment thereof and a polypeptide or peptide having
the amino acid sequence of a heterologous polypeptide or peptide, such as, for
exampﬁe, a diagnostic or therapeutic polypeptide. Accordingly, a fusion ?1‘otcin refers
to a chimeric protein containing two or portions from two or more proteins or peptides
that are linked di.réctiy or indirectly via peptide bonds. The two molecules can be
adjacent in the construct or separated by a linker, or spacer polypeptide. The spacer
can encode a polypeptide that alters the properties of the polypeptide, such as
solubility or intracellular trafficking. '

As used herem, “linker” or “spacer” peptide refers to short sequences of amino
acids that join two polypeptide sequences (or nucleic acid encoding such an amino

acid sequence). “Peptide linker” refers to the short sequence of amino acids joining

the two polypepiide sequences. Exemplary of polypeptide linkers are linkers joining

a peptide transduoction domain (o an antibody or linkers joining two antibody chains in
a synthetic antibody fragment such as an scFv fragment. Linkers are well-known and
any known linkers can be used in the provided methods. Exemplary of polypeptide
linkers are (Gly-Ser), amino acid sequences, with some Glu or Lys residues dispersed
throughout to increase solubility, Other exemplary linkers are described herein;'any
of these and other known linkers can be used with the provided compositions and
methods. |

As used herein, “antibody hinge region” or “hinge region” refers to a
polypeptide region that exists naturally in the heavy chain of the gamma, delta and
alpha antibody isotypes, between the Cyl and Cy2 domains that has no homology
with the other antibody domains. This region is rich in proline residues and gives the
IgG, IgD and IgA antibodies flexibility, allowing the two “arms” (cach containing one
antib(:mdy combining site} of the Fab portion to be mobile, assuming various angles

with respect to one another as they hind antigen. This flexibility allows the Fab arms
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to move in order to align the antibody combining sites to interact with epitopes on cell
sutfaces or other antigens. Two interchain disulfide bonds within the hinge region
stabilize the intemétion between the two heavy chains. In some embodiments
provided herein, the syntheticaily produced antibody fragments contain one or more
hinge region, for exampie, to promote stability via interactions between two antibody
chains. Hinge regions are exemplary of cliinerization domains.

As used herein, diabodies are dimeric scFv; diabodies typically have shorter
peptide linkers than sclFvs, and preferentially dimerize.

As used herein, humanized antibodies refer to antibodies that are modified to
include "human” sequences of amino acids so that administration to a human does not
provoke an immune response. A humanized antibody typically contains
complementarily determining regions (CDRs) derived from a non-human species
immunoglobulin and the remainder of the antibody molecule derived mainly from a
human immunoglobulin. Methods for preparation of such antibodies are known. For
example, DNA encoding a monoclonal antibody can be altered by recombinant DNA
techniques to encode an antibody in which the amino acid composition of the non-
variable regions is based on human antibodies. Methods for identifying such regions
are known, including computer programs, which are designed for identifying the
variable and non-variable regions of immunoglobulins.

As used herein, idiotype refers to a set of one or more antigenic determinants
specific to the variable region of an immunoglobulin molecule.

As used hcrein,. anti-idiotype antibody refers to an antibody directed against
the antigen-specific part of the sequence of an antibody or T cell receptor. In
principle an anti-idiotype antibody inhibits a specific irhinune response.

As used heréin, an g domain is a domain, recognized as such by those in the
art, that is distinguished by a structure, called the Immunogléb‘uhﬁ (1g) Told, which
contains two beta-pleated sheets, each containing anti-parallel beta strands of amino
acids connected by loops. The two beta sheets in the ig fold are sandwiched together
by hydrophobic interactions and a conserved intra-chain disulfide bond. Individual
immunoglobulin domains within an antibedy chain further can be distinguished bascd

on function. For example, a light chain contains one variabie region domain {Vy) and
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one constant region domain (Cr), while a héavy chain contains one vari.ablé Tegion’
domain (Vy) and three or four constant region domains (Cy). Each Vi, Cp, Vy and
Cy domain is'an example of an immunogiobulin domain,

As used herein, a variable domain or variable region is a specific Ig domain of
an antibody heavy or light chain that contains a sequence of amino acids that varies
among different antibodies. Each light chain and each heavy chain has one variable
region domain, Vi, and Vi, respectively. The variable domains provide antigen
spectficity, and thus are responsible for antigen recognition. Bach variable region
contains CDRs that are part of the antigen-binding site domain and framework regions
(FRs).

T¥ 46 3 4L

As used herein, “antigen-binding domain,” “antigen-binding site,” “antigen
combining site” and “antibody combining site” are vsed synonymously to refer to a
domain within an antibody that recognizes and physically interacts with cognate
antigen. A native conventional full-length antibody molecule has two conventional
antigen-binding sites, each containing portions of a heavy chain variable mgioﬁ. aned
portions of a light chain variable region. A conventional antigen-binding site contains
the loops that connect the anti-parallel beta strands within the variable region
domains. The antigen combining sites can contain other portions of the variable
region domains, FEach conventional antigen-binding site contains three hypervariable
regions from the heavy chain and three hypervériable regions from the hight chain.
The hypervariable regions also are called complementarity-determining regions
(CDRs).

Asused herein, “hypervariable region,” “HV,” “complementarity-determining
region” and “CDR” and “antibody CDR” are used interchangeably to refer to one of a
plurality of portions within each variable region that together form an antigen-binding
site of an antibody. Each variable region domain contains three CDRs, named CDR1,
CDR2 and CPR3. The three CDRs are non-contiguous along the linear amino acid

sequence, but are proximate in the folded polypeptide. The CDRs are located within

the loops that join the paralle] strands of the beta sheets of the variable domain. As

described herein, one of skill in the art knows and can identify the CDRs based on

Kabat or Chothia numbering (see e.g., Kabat, E.A. ef al. (1991) Sequences of Proteins
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of Immunological Interest, Fifth Edition, U.S. Department of Health and Human
Services, NIH Publication No. 91-3242, and Chothia, C. ef al. (1987) J. Mol. Biol.
196:901-917). ' '

As used herein, framework regions {(FRs) are the domains within the antibody
variable region domains that are located within the beta sheets; the FR regions are
comparatively more conserved, in terms of their amino acid sequences, than the
hypervariable regions.

As used herein, a “constant region” domain is a domain in an antibody heavy
or light chain that contains a sequence of amino acids that is comparatively more
conserved than that of the variable region domain. In conventional full-length
antibody molecules, each light chain has a single light chain constant region (Cy)
domain and each heavy chain contains one or more heavy chain constant region (Cp)
domains, which include, Cyl, Cy2, Cy3 and Cyd. Full-length IgA, gD and IgG
isotypes contain Cyl, Cu2 Cy3 and a hinge region, while IgE and IgM contain Cyl,
Cu2 Cy3 and Cyd. Cxl and Cp domains extend the Fab arm of the antibody
molecule, thus contributing to the interaction with antigen and rotation of the antibody
arms. Antibody constant regions can serve etfector functions, such as, but not limited
to, clearance of antigens, pathogens and toxins to which the antibody specifically
binds, ¢.g., through interactions with various cells, biomolecules and tissues.

As used herein, a functional region of an antibody is a portion of the antibody
that contains at least a Vi, Vi, Cifeg. Cul, Cy2 or Cy3), Cpor hinge region domain
of the antibody, or at least a functional region thereof.

As used herein, a functional region of a Vg domain is at least a portion of the
full Vi domain that retaing at least a portion of the binding specificity of the full Vy
domain {e.g. by rctaining one or more COR of the full Vi domain), such that the
functional region of the Vi domain, either alone or in combination with another
antibody domain (e.g. Vi, domain) or region thereof, binds to antigen. Exemplary
functional regions of Vi domains are regions containing the CDR1, CDR2 and/or
CDR3 of the Vg domain.,

As used herein, a functional region of a Vi, domain is af ieast a portion of the

full Vi domain that retains at feast a portion of the binding specificity of the full Vy
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domain (e.g. by retaining one or more CDRs of the full Vi, domain), s.uch that the

function region of the Vi, domain, either alone or in combination with another

antibody domain (e.g. Vi domain) or region thereof, binds to antigen. Exemplary

functional regions of Vi, domains are regions containing the CDR1, CDRZ and/or
5  CDR3 of the Vi domain.

As used herein, “specifically bind” or “immunospecifically bind” with respect
to an antibody or antigen-binding fragment thereof are used interchangeably herein
and refer to the ability of the antibody or antigen-binding fragment to form one or
more noncovalent bonds with a cognate antigen, by noncovalent interactions between

10 the antibody combining site(s) of the antibody and the antiigen. The antigen can be an
isolated antigen or presented in a virus, Typically, an antibody that
tmmunospecifically binds {or that specifically binds) to a virus antigen or virus is one
that binds to the virus antigen (or to the antigen in the virus or to the virus) with an
affinity constant Ka of about or 1 x.10" M or I x 10° M or greater (or a

15 dissociation constant (Kg) of 1 x 107 M or 1 x 10 M or less). Affinity constants can
be deterinined by standard kinetic methodology for antibody reactions, for example,
immunoassays, surface plasmon resonance (SPR) (Rich and Myszka (2000) Curr.
Opin. Biotéchnol 11:54; Englebienne (1998} Analyst. 123:1599), isothermal titration
calorimetry (ITC) or other kinetic interaction assays known in the art (see, e.g., Paul,

20 ed., Fundamental mmunology, 2nd ed., Raven Press, New York, pages 332-330
(1989); see also U.S. Pat. No. 7,229,619 for a description of exemplary SPR and ITC
methods for calculating the binding affinity of anti-RSV antibodies). Instrumentation
and methods for real time detection and monitoring of binding rates are known and
are commercially available (e.g., BiaCore 2000, Biacore AB, Upsala, Sweden and GE

25  Healthcare Life Sciences; Malmqvist (2000) Biochem. Soc. Trans. 27:335). An
antibody that immunospecifically binds to a virus antigen (or virus) can bind to other
peptides, pé]ypeptides, of proteins or viruses withéqual or lower binding affinity.
Typically, an antibody or antigen-binding fragment thereof provided herein that binds
immunospecifically to a RSV I protein {or RSV virus) does not cross-react with other

30 antigens or cross reacts with substantially (at least 10-100 fold) lower affinity 'fox' such

antigens. Antibodies or antigen-binding fragments that immunospecitically bind to a
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particular virus antigen (e.g. a RSV F protein) can be identified, for example, by
immunoassays, such as radioimmunoassays (RIA), enzyme-linked immunosorbent
assays (ELISAs), surface plasmon resonance, or other techniques known to those of
skill in the art, An antibody or antigen-binding fragment thereof that
immunospecifically binds to an epitope ona RSV F protein typically is one that binds
to the epitope (presented in the protein ot virus) with a higher binding affinity than to
any cross-reactive epitope as determined using experimental techniques, such as, but
not limited to, immunoassays, surface plasmon resonance, or other techniques known
to those of skill in the art. Immunospecific binding to an isolated RSV protein (i.e., a
recombinantly produced protein), such as RSV F protein, does not necessarily mean
that the antibody will exhibit the same immunospecific binding and/or neutralization
of the virus. Such measurements and properties are distinct. The affinity for the
antibody or antigen-binding fragments for virus or the antigen as presented in the
virus can be determined. For purposes herein, when describing an affinity or related
term, the target, such as the isolated protein or the virus, will be identified.

As used herein, the term "surface plasmon resonance” refers to an optical
phenomenon that allows for the analysis of real-time interactions by detection of
alterations in protein concentrations within a biosensor matrix, for example, using the
BiaCore system {GE Healthcare Life Sciences).

As used herein, a “multivalent” antibody is an antibody containing two or
more antigen-binding sites. Multivalent antibodies encompass bivalent, trivalent,
tetravalent, pentavalent, hexavalent, heptavalent or higher valency auntibodies.

As used herein, a “monospecific” is an antibody that contains two or mare
antigen-binding sites, where cach antigen-binding site immunospecifically binds to
the same epitope. - |

As used herein, a “multispecific” antibody is an antibody that contains two or
more antigen-binding sites, where at least two of the antigen-binding sites
immunospecifically bind to different epitopes.

As used herein, a “bispecific” antibody is a multispecific antibody that
contains lwo or more antigen-binding sites and can immunospecifically bind to two

different epitopes. A “trispecific” antibody is a multispecific antibody that contains
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three or more antigen-binding sites and can immunospecifically bind to three different
epitopes, a “tetraspecific” antibody is a multispecific antibody that contains four or
more antigen-binding sites and can immunospecifically bind to four different
epitopes, a.nd.so on.

As used herein, a “heterobivalent” antibody is a bispecific antibody that
contains two antigen-binding sites, where each antigen-binding site
immunospecifically binds to a different epit(}pé. |

As used herein, a “homobivalent” antibody is a monospecific antibody that
contains two antigen-binding sites, where each antigen-binding site
immunospecificaily binds to the same epitope. Homobivalent antibodies include, but
are not limited to, conventional full length antibodies, engineered or synthetic full-
length antibodies, any multimer of two identical antigen-binding fragments, or any
multimer two antigen-binding fragments containing the sanxe antigen-binding domain.

As used herein, a muoltimerization domain refers to a sequence of amino acids
that promotes stable interaction of a polypeptide molecule with one or more additional
polypeptide molecules, each containing a complementary multimerization domain,
which can be the same or a different multimerization domain to form a stable
multimer with the first domain. Generally, a polypeptide is joined cﬁrect§y or
indirectly fo the muitimerization domain. Exemplary multimerization domains
include the immunoglobulin sequences or portions thereof, leucine zippers,
hydrophobic regions, hydrophilic regions, and compatible protein-protein interaction
domains. The multimerization domain, for example, can be an immunoglobulin
constant region or domain, such as, for example, the Fc domain or portions thereof

from IgG, including 1gG1, IgG2, 1gG3 or 1gG4 subtypes, IgA, IgE, gD and IgM and

~modified {orms thereof.

As used herein, dimerization doﬁeains are multimerization domains that
facilitate interaction between two polypeptide sequences (such as, but not limited to,
antibody chains). Dimerization domains mnclude, but are not limited to, an amino acid
sequence containing a cysteine residue that facilitates formation of a disulfide bond
between two polypeptide sequences, such as all or part of a tull-length antibody hinge

region, or one or more dimerization sequences, which are sequences of amino acids
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known to promote interaction between polypeptides (e.g., leucine zippers, GCN4
zippers).

Asused hercim “Fe” or “Fe region” or “Fe domain” refers to a polypeptide
containing the constant region of an antibody heavy chain, excluding the first constant
region immunoglobulin domain. Thus, Fe refers to the last two constant region
immunoglobulin domains of IgA, IgD, and IgE, or the last three constant region
immunoglobulin domains of IgE and TgM. Optionally, an Fc domain can include all
or part of the flexible hinge N-terminal to these domains. For IgA and IgM, Fe can
include the J chain. For an exemplary Fe domain of IgG, Fc contains |
immunoglobulin domains Cy2 and Cy3, and optionally, all or part of the hinge
between Cyl and Cy2. The boundaries of the Fe region can vary, but typically,
include at least part of the hinge region. In addition, Fe also includes any allelic ot.
species variant or any variant or modified form, such as any variant or modified form
that alters the binding to an FcR or alters an Fe-mediated effector function,

As used herein, “Fc chimera” refers to a chimeric polypeptide in which one or
more polypeptides is linked, directly or indirectly, to an Fe region or a derivative
thereof. Typically, an Fe chimera combines the Fe region of an immunoglobulin with
another polypeptide, such as for example an anti-RSV antibody fragment,

Derivatives of or modified Fe polypeptides are known to those of skill in the art.

As used herein, a “protein transduction domain” or “PTD” is a peptide domain
that can be conjugated to a protein, sach as an antibody provided herein, to prmnéte
the attachment to and/or uptake of the protein into a target cell. |

As used herein, a “tag” or an “epitope tag” refers to a sequence of amino
acids, typically added to the N- or C- terminus of a polypeptide, such as an antibody
provided herein. The inclusion of tags fused to a polypeptide can facilitate
polypeptide purification and/or detection. Typically, a tag or-tag pelypeptide refers to
polypeptide that has enough residues to provide an epitope recognized by an antibody

or can serve for detection or purification, yet is short enough such that it does not

interfere with activity of chimeric polypeptide to which it is linked. The tag

polypeptide typically is sufficiently unique so an antibody thai-speciﬁcaﬂy binds

thereto does not substantially cross-react with epitopes in the polypeptide to which it
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is linked. Suitable tag polypeptidés generally have at least 5 or 6 amino acid residues
and usually between about 8-50 amino acid residues, typically between 9-30 residues.
The tags can be linked to one or more chimeric polypeptides in a multimer and permit
detection of the multimer or its recovery ﬁ‘om a sample or mixture. Such fags are
well known and can be readily synthesized and designed. Exemplary tag
polypeptides include those used for affinity purification and include, His tags, the
influenza hemagglutinin {(HA) tag polypeptide and its antibody 12CAS, (Field ef al.
(1988) Mol Cell. Biol. 8:2159-2165); the c-myc tag and the 8F9, 3C7, 6E10, G4, B7
and 9E10 antibodies thereto (see, e.g., Bvan et al. (1985) Molecular and Cellular
Biology 5 :3610-3616); and the Herpes Simplex virus glycoprotein D (gD} tag and its
antibody (Pabofsky et al. (1990} Protein Engineering 3:547-553 (1990). An antibody
used to detect an epitope-tagged antibody is typically referred to herein as a secondary
antibody. _

As used herein, “polypeptide” refers to two or more amino acids covalently
joined. The terms “polypeptide” and “protein” are used interchangeably herein.

As used herein, a “peptide” refers to a polypeptide that is from 2 to about or
40 amino acids in length. '

As used herein, an “amino acid” is an organic compound confaining an amino
group and a carboxylic acid group. A polypeptide contains two or more amino acids.
For purposes herein, amino acids contained in the antibodies provided include the
twenty naturally-occurring amino acids (Table 1), non-natural amino acids, and amino
acid analogs (e.g., amino acids wherein the a-carbon has a side chain). As used
herein, the amino acids, which oceur in the various amino acid sequences of
polypeptides appearing herein, are identified according to their well-known, three-
lefter or one-letter abbreviations (seé Table ). The nucleotides, which occur in the
various nucleic acid molecules and fragments, are designated with the standard single-
letter desi gnations used routinely in the art,

As used herein, “amino acid residue” refers to an amino acid formed upon
chemical digestion (hydrolysis) of a polypeptide at its peptide linkages. The amino
acid residues described herein are generally in the “L” isomeric form. Residues in ihe

“D” tsomeric form can be substituted for any L-amino acid residue, as long as the
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desired functional property is retained by the polypeptide. NH; refers to the free
amino group present at the amino ferminus of a polypeptide, COOH refers to the free
carboxy group present at the carboxyl terminus of a polypeptide. In keeping with
standard polypeptide nomenclature described in J. Biol. Chem., 243:3557-59 (19068)
and adopted at 37 C.E.R, §8§ 1.821 - 1.822, abbreviations for amino acid residues are

shown in Table 1:

TABLE 1 ~ Table of Correspondence

SYMBOL
1-Letter 3-Letter AMING ACID
Y Tyr Tyrosine
G Gly Glycine
T TPhe Phenylalanine
M Met Methionine
A Ala Alanine
S Ser Serine
1 e Isoleucine
L Leu Leucine
T Thr Threonine
v Val Valine
P Pro Proline
K Lys Lysine
H His Histidine
Q - Gln Glutamine
i Giu Glutsmnic acid
7z Glx Glutamic Acid and/or Glutamine
W Trp Tryptophan
R Arp Arginine
D Asp Aspartic acid
N Asn Asparagine
8 Asx Aspartic Acid and/or Asparagine
C Cys Cysteine
p 4 Xud Unkaown or other

All sequences of amino acid residues represented herein by a formula have a
left to right orientation in the conventional direction of amino-terminus to carboxyl-
terminus. In addition, the phrase “amino acid residue” is defined to include the amino
acids listed in the Table of Correspondence (Table 1), modified, non-natural and
unusual amine acids. Furthermore, a dash at the beginning or end of an amino acid
residue sequence indicates a peptide bond to a further sequence of one or more amino
acid residues or to an amino-{erminal group such as NH; or to a carboxyl-terminal
group suclhas COOH.

In a peptide or protein, suitable conscrvative substitutions of amino acids are

known to those of skill in this art and generally can be made without aitering a
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biological activity of a resulting molecule. Those of skill in this art recognize that, in
general, single amino acid substitutions in non-essential regions of a polypeptide do
not substantially alter biological activity (see, e.g., Watson et al., Molecular Biology
of the Gene, 4th Edition, 1987, The Benjamin/Cummings Pub. co., p.224).

5 Such substitutions can be made in accordance with those set forth in Table 2

as Tollows:

TABLE 2
Original residue Conservative substitution
Ala (A) Gly: Ser
Arg (1) Lys
Asn (M) ' Gln; His
Cys (C) : Ser
Gha {O) Asn
Glu (B} Asp
Gly (G) Ala; Pro
His (H) Asn; Gin
1le () Leu; Val
Teu{l) Tle; Val
Lys (K Arg; Gln; Glu
Met (M) Lew; Ty, He
Phe (F) Met; Leu; Tyr
Ser {8) Thr
Thr (T) Jer
Trp (W) Tyr
Tyr (Y} Trp; Phe
Val (V) le; Leu

Other substitutions also are permissible and can be determined empirically or
in accord with other known conservative or non-conservative substitutions,

10 As used herein, “naturally occurring amino acids” refer to the 20 L-amino
acids that occur in polypeptides.

As used herein, the term "non-natural amino acid” refers to an organic
compound that has a structure similar to a natural amino acid but has been ngdd_iﬁed
structurally to mimic the structure and reactivity of a natural ammino acid. Non-

15 paturally occurring amino acids thus include, for example, amino acids or analogs of
amino acids other than the 20 naturally occurring amino acids and include, but are not '
limited to, the D-isostereomers of amino acids. Exemplary non-natural amino acids
are known to those of sldll in the art, and include, but are not limited to, 2-
Aminoadipic acid (Aad), 3-Aminoadipic acid (Baad), f-alanine/p ~-Amino-propionic

20 acid (Bala), 2-Aminobutyric acid (Abu), 4-Aminobutyric acid/piperidinic acid
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(4Abu), 6-Aminocaproic acid (Acp), 2-Aminoheptanoic acid (Ahe), 2~

~ Aminoisobutyric acid (Aib), 3-Aminoisobutyric acid (Baib), 2-Aminopimelic acid

{(Apm), 2,4-Diaminobutyric acid (Dbu), Desmosine (Des), 2,2-Diaminopimelic acid
(Dpm), 2,3-Diaminopropionic acid (Dpr), N-Ethylglycine (EtGly), N-Ethylasparagine
{EtAsn), Hydroxylysine (Hyl), ailo—Hydroxyiys.iﬁe (Ahyl), 3-Hydroxyproline (3Hyp),
4-Hydroxyproline (4Hyp), Isodesmosine (1de), allo-Isoleucine (Aile), N~
Methylglycine, sarcosine (MeGly), N-Methylisoleucine (Melle), 6-N-Methyllysine
(MeLys), N-Methylvaline (MeVal), Norvaline (Nva), Nortleucine (Nle) and Ornithine
{Orn).

As used herein, a “native polypeptide” or a “native nucleic acid” molecule is a
polypeptide or nucleic acid molecule, respectively, that can be found in nature. A
native polypeptide or nucleic acid molecule can be the wild-type form of a
polypeptide or nucleic acid molecule. A native polypeptide or nucleic acid molecule
can be the predominant form of the polypeptide, or any allelic or other natural variant
thereof. The variant polypeptides and nucleic acid molecules provided hercin can
have modifications compared to native polypeptides and nucleic acid molecules.

As used herein, the wild-type form of a polypeptide or nucleic acid molecule
is a form encoded by a gene or by a coding sequence encoded by the gene. Typically,
a wild-type form of a gene, or molecule encoded thereby, does not contain mutations
or other modifications that alter function or structure. The term wild-type also
encompasses forms with allelic variation as occurs among and between species. As
used herein, a predominant form of a polypeptide or nucleic acid molecule refers to a
form of the molecule that is the major form produced from a gene. A “predominant
form™ varies from source to source. For example, different cells or tissue types can
ﬁroduce different forms of polypeptides, for example, by alternative splicing and/or
by alternative protein processing. In each cell or tissue type, a different polypeptide
can be a “predominant form.”

As used herein, an “allelic variant” or “allelic variation” references any of two
or more alternative forms of a gene occupying the same chromosomal locus. Allelic
variation arises naturally through mutation, and can result in phenotypic

polymorphism within populations. Gene mutations can be silent (no change in the
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encoded polypeptidé) or can encode polypeptides having altered amino acid sequence.
The term “alieiic variant” also 1s used herein to denote a protein encoded by an allelic
variant of a gene, Typically the reference form of the gene encodes a wild type form
and/or predominant form of a polypeptide from a population or single reference
member of a species. Typically, allelic variants, which inchude variants between and
among species typically have at least or about 80 %, 85 %, 90 %, 95 % or greater
amino acid identity with a wild type and/or predominant form from the same gpecies;
the degree of identity depends upon the gene and whether comparison is interspecies
or intragpecies. Generally, intraspecies alielic variants have at least or about 80 %, 85
%, 90 % of 95 % identity or greater with a wild type and/or predominant form,
including 96 %, 97 %, 98 %, 99 % or greater identity with a wild type and/or
predominant form of a polypeptide. Reference to an allelic variant herein gencrally
refers to variations n proteins among members of fhé same species.

As used herein, “allele,” which is vsed interchangeably herein with “allelic
variant” refers to alternative forms of a gene or portions thereof. Alleles occupy the
same locus or position on homologous chromosomes. When a subject has two
identical alleles of a gene, the subject is said to be homozygous for that gene or allele.
When a subject has two different alleles of a gene, the subject is said to be
heterozygous for the gene. Alleles of a specific gene can differ from cach other ina
single nucleotide or several nucleotides, and can include substitutions, deletions and
insertions of nucleotides. An allele of a gene also can be a form of a gene containing
a matation.

As used herein, “species variants” refer to variants in polypeptides among
different species, including different mammalian species, such as mouse and human,
and species of microorganisms, such as viruses and bacteria.

As used herein, a polypeptide “domain” is a part of a polypeptide (a sequenbe
of three or more, generally 5, 10 or more amino acids) that is a structurally and/or
functionally distinguishable or definable. Exemplary of a polypeptide domain is a
part of the polypeptide that can form an independently folded structure within a
polypeptide made up of one or more structural motifs (e.g. combinations of alpha

helices and/or beta strands connected by loop regions) and/or that is recognized by a
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particular functional activity, such as enzymatic activity, dimerization or antigen-
binding. A polypeptide can have one or more, typically more than one, distinet
domains. For example, the polypeptide can have one or more structural dorains and
one or more functional domains. A siﬁgle polypeptide domain can brc distinguished
based on structure and function. A domain can encompass a contiguous linear
sequence of amino acids. Alternatively, a domain can encompass a plurality of non-
contiguous amino acid portions, which are non-contiguous along the linear sequence
of amino acids of the polypeptide. Typically, a polypeptide contains a plurality of
domains. For example, each hcavj chain and each light chain of an antibody
molecule contains a pluralityi of immunoglobulin {Ig) domains, each about 110 amino
acids in length.

Those of skill in the art are familiar with polypeptide domains and cén idenfify
them by virtue of structural and/or functional homology with other such domains. For
exemplification herein, definitions are provided, but it is understood that if is well
within the skill in the art to recognize particular domains by name. If needed,
appropriate software can be employed fo identify domains.

As used herein, a functional region of a polypentide is a région of the
polypeptide that contains at least one functional domain {which imparts a particular
function, such as an ability to interact with a biomolecule, for example, through
antigen-binding, DINA binding, ligand binding, or dimerization, or by enzymatic
activity, for example, kinase activity or proteolytic activity);, exemplary of functional
regions of polypeptides are antibody domains, such as Vi, Vi, Cy, Cr, and portions
thereof, such as CDRs, including CDR1, CDR2 and CDR3, or antigen-binding
port‘ioﬁs, such as antibody combining sifes.

As used herein, a structural region of a polypeptide is a region of the
polypeptide that contains at least one structaral domain.

As used herein, a region of a polynucleotide is a portion of the polyaucleotide
containin g two or more, typically at least six or more, typically ten or more,
contiguous nucleotides, for example, 2, 3,4, 5,6, 8, 10, 15, 16, 17, 18, 19, 20,21, 22,
23,24,25,26,27,28,29, 30,31, 32,33, 34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45,

46, 4"7, 48, 49, 50 or more nucleotides of the polynucleotide, but not necessarily all
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the nucleotides that make up the polynucleotide.

As used herein, a “property” of a polypéptide, such as an antibody, refers to
any property exhibited by a polypeptide, including, but not limited to, binding
specificity, structural configuration or conformation, protein stability, resistance to
proteolysis, conformational stability, thermal tolerance, and folerance to pH
conditions. Changes in properties can alter an “activity” of the polypeptide. For
example, a change in the binding specificity of the antibody polypeptide can alter the -
ability to bind an antigen, and/or various binding activities, such as affinity or avidity,
or in vivo activities of the polypeptide.

As used herein, an “activity” or a “functional activity” of a polypeptide, such
as an antibody, refers to any activity exhibited by the polypeptide. Such activities can
be empirically determined. Exemplary activities include, but are not limited to,
ability to interact with a biomolecule, for example, through antigen-binding, DNA
binding, ligand binding, or dimerization, enzymatic activity, for example, kinase
activity or proteolytic activity. For an antibody (including antibody fragments),
activities include, but are not limited to, thie ability to specifically bind a particular
anfigen, affinity of antigen-binding {(e.g. high or low affinity), avidity of antigen-
binding (e.g. high or low avidity), on-rate, off-rate, effector functions, such as the
ability to promote antigen neutralization or clearance, virus neutralization, and in vivo
activities, such as the ability to prevent infection or invasion of a pathogen, or to
promote clearance, or to penetrate a particular tissue or fluid or cell in the body.
Activity can be assessed in vitro or in vivo using recognized assays, such as ELISA,
flow cytomelry, surface plasmon resonance or eqttivaient assays to measure on- or
off-rate; immunohistochemistry and immunofluorescence histology and microscopy,
cell-based assays, flow cytometry and binding assays (e.g., panning assays). For
example, for an antibody polypeptide, activities can be assessed by measuring binding

affinities, avidities, and/or binding coefficients (e.g.,. for on-/off-rates), and other

“activities in vitro or by measuring various effects in vivo, such as immune effects, e.g.

antigen clearance, penetration or localization of the antibody into tissues, protection
from disease, e.g. infection, serum or other fluid antibody titers, or other assays that

are well known in the arf. The resuits of such assays that indicate that a polypeptide
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exhibits an activity can be correlated to activity of the polypeptide in vivo, in which in
vivo activily can be referred to as therapeutic activity, _of biological activity. Activity
of a modified polypeptide can be any level of percentage of activity of the unmodilied
polypeptide, including but not limited to, 1 % of the activity, 2 %, 3 %, 4 %, 5 %, 10
%, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95
%, 96 Y, 97 Y, 98 %, 99 %, 100 %, 200 %, 300 %, 400 %, 500 %, or more of activity
compared to the ummodified polypeptide. Assays to determine functionality or
activi{y of modified (e.g. variant) antibodies are well known in the art.

As used herein. “therapeutic activity” refers to the in vivo activity of a
therapeutic polypeptide. Generally, the therapeutic activity is the activity that is used
to treat a disease or condition. Therapeutic activity of a modified polypeptide can be
any level of percentage of therapeutic activity of the unmodified polypeptide,
including but not limited to, I % of the activity, 2 %, 3 %, 4 %, 5 %, 10 %, 20 %, 30
Y, 40 %, 50 %, 60 %, 70 Yo, 80 %, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 96 %, 97
%, 98 %, 99 %, 100 %, 200 %, 300 %, 400 %, 500 %, or more of therapeutic activity
compared to the vomodified polypeptide.

As used herein, “exhibifs at least one activity” or “retains at least one activity”
refers fo the activity exhibited by a modified polypeptide, such as a variant
polypeptide produced according to the provided methods, such as a modified, e.g.
variant antibody or other therapeutic polypeptide (¢.g. a modified anti-RSV antibody
or antigen-hinding fragment thereof), compared to the target or unmodified
polypeptide, that does not contain the modification. A moedified, or variant,
polypeptide that retaing an activity of a target polypeptide can exhibit improved
activity or maintain the activity of the unmodified polypeptide. In some instances, a
modified, or variant, polypeptide can retain an activity that is increased compared to
an target or unmodified polypeptide. In some cases, a modified, or variant,
polypeptide can retain an activity that is decreased compared to an unmodified or
target polypeptide. Activity of a modified, or variant, polypeplide can be any level of
percentage of activity of the unmodified or target polypeptide, including but not
limited to, 1 % of the activity, 2 %, 3 %, 4 %, 5 %, 10 %, 20 %, 30 %, 40 %, 50 %, 60
%, 70 %%, 80 %%, 90 %, 91 %, 92 %, 93 %, 94 %, 95 %, 90 %, 97 %, 98 %, 99 %, 100
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%, 200 Y%, 300 %, 400 %, 500 %, or more activity compared to the unmodified or
target polypeptide. In other e.mbodiments, the change in activity is at least about 2
times, 3 thmes, 4 times, 5 times, 6 times, 7 times, 8 times, 9 times, 10 times, 20 times,
30 times, 40 times, 50 times, 60 times, 70 times, 80 times, 90 times, 100 times, 200
times, 300 times, 400 times, 500 times, 600 times, 700 times, 800 times, 900 times,
1000 times, or more times greater than unmodified or target polypeptide. Assays for
retention of an activity depend on the activity to be retained. Such assays can be
performed in vitro or in vivo. Activity can be measured, for example, using assays |
known in the art and described in the Ex;ampics below for activities such as but not
limited to ELISA and panning assays. Activities of a modified, or variant,
polypeptide compared to an unmodified or target polypeptide also can be assessed in
terms of an in vive therapeutic or biological activity or result following administration
of the polypeptide.

As used herein, the term “assessing” is intended to include quantitative and
qualitative determination in the sense of obtaining an absolute value for the activity of
a protease, or a domain thereof, present in the sample, and also of obtaining an index,
ratio, percentage, visual, or other value indicative of the level of the activity.
Assessment can be direet or indirect and the chemical species actually detected need
not of course be the proteolysis product itself but can for example be a derivative
thereof or some further substance. For exam_plc, detection of a cleavage product of a
complement protein, such as by SDS-PAGE and protein staining with Coomassie
blue.

As used herein, the term “nucleic acid” refers to at least two Hnked nucleotides
or nucleotide derivatives, including a deoxyribonucleic acid (DNA) and a ribonucleic
acid (RNA), joined together, typically by phosphodiester linkages. Also included in
the term “nucleic acid” are analogs of nucleic acids such as peptide nucleic acid
(PNA), phosphorothioate DNA, and other such analogs and derivatives or
combinations thereof. Nueclcic acids also include DNA and RNA derivatives
containing, for example, a nucleotide analog or a "backbone” bond other than a
phosphodicster bond, for example, a phosphotriester bond, a phosphoramidate bond, a-

phosphorothioate bond, a thioester bond, or a peptide bond (peptide nucleic acid).
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The term also includes, as equivalents, derivatives, variants and emélo gs of either
RINA or DNA made from nucleotide analogs, single (sense or antisense) and double-
stranded nucleic acids. Deoxyribonucleotides include deoxyadenosine,
deoxycytidine, deoxyguanosine and deoxythymidine. For RNA, the uracil base is
aridine,

Nucleic acids can contain nucleotide analogs, including, for example, mass
modified nucleotides, which allow for mass differentiation of nucleic acid molecules;
nucleotides containing a detectable label such as a fluorescent, radioactive,
lominescent or chemiluminescent label, which allow for detection of a nucleic acid
molecule; or nucleoﬁd.es containing a reactive group such as biotin or a thiol group,
which facilitates immobilization of a nucleic acid molecule to a solid support. A
nucletc acid also can contain one or more backbone bonds that are selectively
cleavable, for example, chemically, enzymatically or photolytically cleavable. For
example, a nucleic acid can includerone or more deoxyribonucleotides, followed by
one or more ribonucleotides, which can be followed by one or more
deoxyribonucleotides, such a sequence being cleavable at the ribonucleotide sequence
by base hydrolysis. A nucleic acid also can contain one or more bonds that are
relatively resistant to ciea'vage, for example, a chimeric oligonucleotide primer, which
can include nucleotides linked by peptide nucleic acid bonds and at least one
nucleotide at the 3' end, which is linked by a phosphodiester bond or other suitable
bond, and is capable of being extended by a polymerase. Peptide nucleic acid
sequences can be prepared using well-known methods (see, for example, Weiler et af.
(1997) Nucleic Acids Res. 25:2792-2799),

As used herein, the terms "polynucleotide” and “nucleic acid molecule” refer
to an oligomer or polymer containing at least two linked nucleotides or nucleotide
derivatives, including a deoxyribonucleic acid (DINA) and a ribonucleic acid (RNA),
joined together, typically by phosphodiester linkages. Polynucleotides also include
DNA and RNA derivatives containing, for éxamplc, a nucleotide analog or a
"backbone” bond other than a phosphodiester bond, for example, a phosphotriester
bond, a phosphoramidate bond, a phosphorothioate bond, a thioester bond, or a

peptide bond (peptide nucleic acid). Polynucleotides (nucleic acid molecules),
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include single-stranded and/or double-stranded polynucleotides, such as |
deoxyribonucleic acid (DNA), and ribonucleic acid (RNAY as well as analogs or
derivatives of either RNA or DNA. The term also includes, as equivalents,
derivatives, variants and analogs of either RNA or DNA made from nucleotide
5  analogs, single (sense or antisense} and double-stranded polynucieotides.

Deoxyribonucleotides include deoxyadenosine, deoxycytidine, deoxyguanosine and
deoxythymidine. For RNA, the uracil base is uridine. Polynucleotides can contain
nucleotide analogs, including, for example, mass modified micleotides, which allow
for mass differentiation of polynucleotides; nucleotides containing a detectable label

10 such as a fluorescent, radioactive, luminescent or chemiluminescent label, which
allow for detection of a polynucleotide; or nucleotides containing a reactive group
such as biotin or a thio group, which facilitates immobilization of a polynucleotide to
a solid support. A polynucleotide also can contain one or more backbone bonds that
are selectively cleavable, for example, chemically, enzymaticaily or photolytically

15 cleavable. For example, a polynucleotide can include one or more
deoxyribonucleotides, followed by one or more ribonucleotides, which can be
followed by one or more deoxyribonmucleotides, such a sequence being cicavable at
the ribonucleotide sequence by base hydrolysis. A polynucleotide also can contain
one or more bonds that are relatively resistant to cleavage, for example, a chimeric

20 oligonucleotide primer, which can include nucleotides linked by peptide nucleic acid
bonds and at least one nucleotide at the 3’ end, which is linked by a phosphodiester
bond or other suitable bond, and is capable of being extended by a polymerase.
Peptide nucleic acid sequences can be prepared using well-known methods (see, for
example, Weiler et al. (1997) Nucleic Acids Res. 25:2792-2799). Exemplary of the

25  nucleic acid molecules (polymucleotides) provided herein are oligonucleotides,
including synthetic oligonucleotides, oligonucleotide duplexes, primers, including fill-
in primers, and oligorcleotide duplex cassettes. _

As used herein, a “DNA construct” is a single or double stranded, linear or

circular DNA molecule that contains segments of DNA combined and juxtaposed in a

30 manner not found in nature. DNA Lonslmats exist as a result of human nmmpuiaﬁon

and include clones and other bOplCS of manipulated molecules.
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Asused herein, a “DNA sepment” 15 a portion of a larger DNA molecule
having specified _attributes; For example, a DNA segment ehcoding a specified
polypeptide is a portion of a longer DNA molecule, such as. a plasmid or plasmid
fragment, which, when read from the 5° to 3° direction, encodes the sequeh.ce of
amino acids of the specified polypeptide. |

As used herein, a positive strand polynucleotide refers to the “sense strand” or
a polynucleotide duplex, which is complementary to the negative strand or the
“autisense” strand. In the case of polyn‘uc'leotides which encode genes, the sense
strand is the strand that is identical to the mRNA strand that is translated into a
polypeptide, while the antisense strand is complementary to that strand. Positive and
negative strands of a duplex are coinplmnentary to one another.

As used herein, a genetic element refers to a gene, or any region thereof, that
encodes a polypeptide or protein or region thereof. In some examples, a genetic
element encodes a fusion proiein.

As used herein, regulatory region of a nucleic acid molecule means a cis-
acting nucleotide sequence that influences expression, positively or negatively, of an
operatively tinked gene, Regulatory regions include sequences of nucleotides that
confer inducible (i.e., require a substance or stimulus for increased transcription)
expression of a gene, When an inducer is present or at increased concentration, gene
expression can be increased. Regulatory regions also include sequences that confer
repression of gene expression (1.e., a substance or stimulus decreases transcription).
When a repressor is present or at increased concentration gene expression can be
decreased. Regulatory regions are known to influence, modulate or control many in
vivo biological activities including cell proliferation, cell growth and death, cell
differentiation and immune modulation. Regulatory regions typiéaily bind to one or
more trans-acting proteins, which results in either increased or decreased transcription
of the gene. -

Particular examples of gene regulatory regions are promoters and enhancers. -
Promoters are sequences located around the transcription or transiation start site,
typically positioned 57 of the translation start site. Promoters usually are located

within 1 Kb of the translation statt site, but can be located further away, for example,
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2 Kb, 3 Kb, 4 Kb, 5 Kb or more, up to and including 10 Kb, Enhancers are known to
influence gene expression when positioned 5” or 3° of the gene, or when positioned in
or a part of an exon or an intron. Enhancers also can function at a significant distance
from the gene, for example, at a distance from about 3 Kb, 5 Kb, 7 Kb, 10 Kb, 15 Kb
Or 1more.

Regulatory regions also include, in addition to promoter regions, sequences
that facilitate translation, splicing signals for introns, maintenance of the correct
reading frame of the gene to permit iﬁ'—frame translation of mRNA and, stop codons,
elements for the creation of multigene, or polycistronic, messages, polyadenylation
sigials to provide proper polyadenylation of the transcript of a gene of interest and
stop codons, and can be optionally included in an expression vector,

As used herein, “operably finked” with reference to nucleic acid sequences,
regions, elements or domains means that the nucleic acid regions are functionally
related to each other. For example, nucleic acid encoding a leader peptide can be
operably linked to nucleic acid encoding a polypeptide, whereby the nucleic acids can
be transcribed and translated to express a functional fusion protein, wherein the leader
peptide effects secretion of the fusion polypeptide. In some instances, the aucleic
acid encoding a first polypeptide (e.g., a leader peptide) is operably linked to nucleic
acid encoding a second polypeptide and the nucleic acids are transcribed as a single
mRNA transcript, but translation of the mRNA transcri pt can result in one of two
polypeptides being expressed. For example, an amber stop codon can be located
between thé nueleic actd encoding the first polypeptide and the nucleic acid encoding
the second polypentide, such that, when introduced info a part.ial amber suppressor
cell, the resulting single mRNA transcript can be translated to produce either a fusion
protein containing the first and second polypeptides, or can be translated to produce
only the first polypeptide. In another exampie, a promoter can be operably linked to
nucleic acid encoding a polypeptide, whereby the promoter regulates or mediates the
transcription of the nucleic acid.

As used herein, “synthetic,” with reference to, for example, a synthetic nucleic

acid molecule or a synthetic gene or a synthetic peptide refers to a nucleic acid
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molecule or polypeptide molecule that is produced by recombinant methods and/or by
chemical synthesis methods,

As used herein, production by recombinant means by using recombinant DNA
methods means the use of the well known methods of molecular biology for
expressing proteins encoded by cloned DNA.

As used herein, “expression” refers to the process by which polypeptides are
produced by transcription and translation of polynucleotides. The level of expression
of a polypeptide can be assessed using any method known in art, including, for
cxample, methods of determining the amount of the polypeptide produced from the
host ceil. Such methods can include, but are not limited to, quantitation of the
polypeptide in the cell lysate by ELISA, Coomassie blue staining following gel
electrophoresis, Lowry protein assay and Bradford protein assay.

As used herein, a “host cell” is a cell that is used in to receive, maintain,
reproduce and amplify a vector. A bost cell also can be used to express the
polypeptide encoded by the vector. The nucleic acid contained in the vector is
replicated when the host cell divides, thereby amplifying the nucleic acids. Inone
example, the host cell is a genetic package, which can be induced fo express the
variant polypeptide on ils surface. In another example, the host cell is infected with
the genetic package. For example, the host cells can be phage-display compatible
host cells, which can be transformed with phiage or phagemid vectors and
accommodate the packaging of phage expressing fugion proteins containing the
variant polypeptides. |

As used herein, a “vector” is a replicable nucleic acid from which one or more
heterologous proteins can be expressed when the vector ig transformed into an
appropriate host cell. Reference to a vector inclades those vectors into which a
nucleic acid encoding a polypeptide or fragment thereof can be introduced, typically
by restriction digest and ligation. Reference to a vector also includes those vectors
that contain nucleic acid encoding a polypeptide. The vector is used to introduce the
nucleic acid encoding the polypeptide into the host cell for amplification of the
nucleic acid or for expression/display of the polypeptide encoded by the nucleic acid.

The vectors typically remain cpisomal, but can be designed to effect integration of a
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gene or portion thereof into a chromosome of the genome. Also contemplated are

vectors that are artificial chromosomes, such as yeast artificial chromosomes and

mammalian artificial chromosomes. Selection and use of such vehicles are well
known to those of skill in the art.

As used herein, a vector also includes “virus vectors™ or “viral vectors.” Viral
vectors are engineered viruses that are operatively linked to exogenous genes to
transfer (as vehicles or shuttles) the exogenous genes into cells.

As used herein, an “expression vector” includes vectors capable of expressing

' DNA that is operatively linked with regulatory sequences, such as promoter regions,

that are capable of effecting expression of such DNA fragments. Such additional
segments can include promoter and terminator sequences, and optionally can include
one or more origins of replication, one or more selectable markers, an enhancer, a
polyadenylation signal, and the like. Expression vectors are generally derived from
plasinid or viral DNA, or can contain elements of both. Thus, an expression vector
refers to a recombinant DNA or RNA construct, such as a plasmid, a phage,
recombinant virus or other vector that, upon introduction into an appropriate host cell,
results in expression of the cloned DNA. Appropriate expression vectors are well
known to those of skill in the art and include those that are replicable in eukaryotic
cells and/or prokaryotic cells and those that remain episomal or those which integrate
mnto the host cell genome, | '

| As used herein, the terﬁ‘;s "oligonucleotide” and “oligo™ are used
gynonymously. Oligonucieotides are polynucleotides that contaih a limited number of
nucleotides in length. Those in the art recognize that oligonucleotides generally are
tess than at or about two hundred fifty, typically less than at 0.1' about two hundred,
typically less than at or about one hundred, nucleotides in length. Typically, the
oligonucieotides provided herein are synthetic oligonucleotides. The synthetic
oligonucieotides contain fewer than at or about 250 or 200 nucleotides in length, for
example, fewer than about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190 or 200 nucieotides in. length. Typically, the oligonucleotides are
single-stranded oligonucleotides. The ending “mer” can be used to denote the length

of an oligonucleotide. For example, “100-mer” can be used to refer to an
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oligonucleotide containing 100 nucleotides in length. Exemplary of the synthetic
oiig011ucleotides provided herein are positive and negative strand oligonucleotides,
randomized oligonucleotides, reference sequence ohligonucleotide_s, témp}ate
oligonucleotides and fill-in primers afe. |

As used herein, synthetic olig011ucleotidcs are oligonucieotides produced by
chemnical synthesis. Chemical oligonucleotide synthesis methods are well known.
Any of the known synthesis methods can be used to produce the oligonucieotides
designed and used in the provided methods. For example, synthetic oligonucleotides
typically are made by chemically joining singlé nucleotide monomers or nucleotide
trimers containing protective groups. Typically, phosphoramidites,. single nucleotides
containing protective groups are added one at a time. Synthesis typically begins with
the 3° end of the oligonucleotide. The 3’ most phosphoramidite is attached to a solid
support and synthesis proceeds by adding each phosphoramidite to the 5 end of the
last. After each addition, the protective group is removed from the 5° phosphate group
on the most recently added base, allowing addition of another phosphdramid.ite.
Automated synthesizers generally can synthesize oligonucleotides up to about 150 to
about 200 nmucleotides in length. Typicaily, the oligenucleotides designed and used in
the provided methods are synthesized usiug standard cyanoethyl chemistry from
phosphoramidite monomers. Synthetic oligonucleotides produced by this standard
methed can be purchased from Integrated DNA Teclinologies (IDT) (Coralville, 1A)
or Trilink Biotechnologies (San Dicgo, CA).

As used herein, “primer" refers to a nucleic acid molecule (more typically, to a
pool of such molecules sharing sequence identity) that can act as a point of initiation
of template-directed nueleic acid synthesis under apprbpri.at:c conditions (for example,
in the presence of four different nucleoside triphosphates and a polymerization agent,
such as DNA polﬁmera%, RNA polymerase or reverse transctiptase) in an appropriate
butfer and at a suitable temperature. It will be appreciated that certain nucleic acid
molecules can serve as a “probe” and as a “primer.” A primer, however, has a 3’
hydroxyt group for extension. A primer can be used in a variety of methods,
inc.hidi]lg, for example, polymerase chain reaction (PCR), reverse-transcriptase (RT)-

PCR, RNA PCR, LCR, multiplex PCR, panhandle PCR, capture PCR, expression
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PCR, 3" and 5' RACE, in situ PCR, ligation-mediated PCR and other amplification
protocols. |

As used herein, “primer pair” refers to a set of primers (e.g. two pools of
primers) that includes a 5' (upstream) primer that specifically hybridizes with the 5'
end of a sequence to be amplified (e.g. by PCR) and a 3" (downstream) primer that
specifically hybridizes with the complement of the 3" end of the sequence to be
amplified. Because “primer” can refer to a pool of identical nucleic acid molecules, a
primer pair typically is a pair of two pools of primers,

As used herein, “single primer” and “single primer pool” refer synonymously
to a pool of primers, where each primer in the pool contains sequence identity with
the other primer members, for example, a pool of primers where the members share at
least at or about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 96, 97, 98, 99 or 100 % identity.
The primers in the single pr-ini er pool (all sharing sequence identity) act as 5'
(upstream) primers (that specifically ‘hybridize with the 5' end of a sequence to be
amplified (e.g. by PCR)) and as 3' (downstream) primers (that specifically hybridize
with the complement of the 3' end of the sequence to be amplified). Thus, the single
p}:imcr can be used, without other primers, to prime synthesis of complementary
strands and amplify a nucleic acid in a polymerase amplification reaction.

As used herein, complementarity, with respect to two nucleotides, refers to the
ability of the two nucleotides to base pair with one another upon hybridization of two
nueleic acid molecules. Two nucleic acid molecules sharing complementarity arc
referred to as complementary nucleic acid molecules; exemplary of complementary
nucleic acid molecules are the positive and negative strands in a polvnucleotide
duplex. As used herein, when a nucleic acid molecule or region thereof is
complementary to another nucleic acid molecule or region thereof, the two molecules
or regions specifically hybridize to each other. Two complenentary nucleic acid
molecules can be described in terms of percent complementarity. For example, two
nucleic acid molecules, each 100 nucleotides in length, that specifically hybridize
with one another but contain 5 mismatches with respect (o one another, are said to be
95 % complementary. For two nucleic acid molecules to hybridize with 100 %

complementarity, it is not necessary that complementarity exist along the entire length
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of both of the molecules. For example, a nucleic acid molecule containing 20
contiguous nucieotides in length can specifically hybridize to a contiguous 20
nucleotide portion of a nucleic acid molecule contaiting 500 contiguous nucleotide in
fength. If no mismatches occur along this 20 nucleotide portion, thé'ZO nucleotide
molecule hybridizes with 100 % complementarity. Typically, complementary nucleic
acid molecules align with less than 25 %, 20 %, 15 %, 10 %, 5 Y 4 %, 3%,2%or]
% mismatches between the complementary nucleotides (in other words, at least at or
about 75 %, 80 %, 85 %, 90 Y%, 95 , 96 %, 97 %, 98 % or 99 % complementarity). In
another example, the complementary nucleic acid molecules contain at or about or at
least at or about 50 %, 55 %,I 060 %, 65 %, T0 %, 75 %, 80 %, 85 %, 90 %, 95, 96 %,
97 %, 98 % or 99 % complementarity. In one example, complementary nucleic acid
molecules contain fewer than 5, 4,3,20r1 mismatched nucleotides. In one example,
the complementary nucleotides are 100 % complementary. If necessary, the
percentage of complementarity will be specified. Typically the two molecules are
selected such that they will specificafly hybridize under conditions of high stringency.

As used herein, a complementary strand of a nucieic acid molecule refers to a
sequence of nucleotides, e.g. a nucleic acid molecule, that specifically hybridizes to
the molecule, such as the opposite strand to the nucleic acid molecule in a |
polynucleotide duplex. For example, in a polynucleotide duplex, the complementary
strand of a positive strand oligonucleotide is a negative strand oligonucleotide that
specifically hybridizes to the positive strand oligonucleotide in a duplex. inone
example of the provided methods, polymerase reactions are used to synthesize
complementary strands of polynucleotides to form duplexes, typically beginning by
hybridizing an oligonucleotide primer to the polynucieotide.

As used herein, “specifically hybridizes” refers to annealing, by
complementary base-pairing, ol a nucleic acid molecule (e.g. an oligonucleotide or
polynucleotide) to another nucleie acid molecule. Those of skill in'the art are familiar
with in vitro and in vivo paramcters that affect specific hybridization, such as length
and composition of the particu]af'molecule. Paramcters particularty relevant to in
vitro hybridization further include annealing and washing temperature, buffer

composition and salt concentration. it is not necessary that two nucleic acid
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molecules exhibit 100 % complementarity in order to specifically hybridize to one
another. For example, two coinplementary_nuclcic acid molecules sharing sequence
complementarity, such as at or about or at least or about 99 %, 98 %, 97 %, 96 %, 95
%, 90 %, 85 %, 80 %, 75 %; 70 %, 65 %, 60 %, 55 % or 50 % complementarity, can
specifically hybridize to one another, Parameters; for example, buffet components,
time and temperature, used in in vitro hybridization methods provided herein, can be
adjusted in stringency to vary the percent cdmplementarity required for specific
hybridization of two nucleic acid molecules. The skilled person can readily adjust
these parameters to achieve specific hybridization of a nucleic acid molecule to a
target nucleic acid molecule appropriate for a particular application.

As used heretn, “primary sequence” refers to the sequence of amino acid
residues in a polypeptide or the sequence of nucleotides in a nucleic acid molecule.

As used herein, "similarity” between two proteins or nucleic acids refers to the
relatedness between the sequence of amino acids of the proteins or the nucleotide
sequences of the nucleic acids. Similarity can be based on the degree of identity of
sequences of residues and the residues contained therein. Methods for assessing the
degree of similarity between proteins or nmucleic acids are known to those of skill in
the art. For example, in one method of assessing sequence similarity, two amino acid
or nucleotide sequences are aligned in a manner that yields a maximal level of identity
between the sequences, “Ideniitf’ refers to the extent to which the amino acid or
nucleotide sequences are invariant. Alignment of amino acid sequences, and to some
extent mucleotide sequences, also can take into account conservative differences
and/or frequent substitutions in amino acids {or nucleotides). Conservative
differences arc those that preserve the physico-chemical properties of the residues
involved. Alignments can be global (élignment of the compared sequences over the
entire length of the sequences and including all residues) or local (the alignment of a
portion of the sequences that includes only the most similar region or regions).

As used herein, when a polypeptide or nucleic acid molecule or region thereof
contains or has “identity” or “homology” to anotha;r polypeptide or nucleic acid
molecule or region, the two molecules and/or regions share greater tha_ﬁ or equal fo at

or about 40 % sequence identity, and typically greater than or equal to at or about 50
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% sequence identity, such as at least or about 60 %, 65 %, 70 %, 75 %, 80 %, 85 %,
90 %, 95 %, 96 %, 97 %, 98 %, 99 % or 100 % sequence identity; the precise
percentage of identity can be specified if necessary. A nucleic acid molecule, or
region thereof, that is identical or homologous to a second nucleic acid molecule or
5 region can specifically hybridize to a nucleic acid molecule or region that is 100 %
complementary to the sccond nucleic acid molecule or region. Identity alternatively
can be compared between two theoretical nucleotide or amino acid sequences or
between a nucleic acid or polypeptide molecule and a theoretical sequence.
Sequence "identity," per se, has an art-recognized meaning and the percentage
10 of sequence identity between two nucleic acid or polypeptide molecules or regions
can be calculated using published techniques. Sequence identity can be measured
along the full length of a polynucleotide or polypeptide or along a region of the
molecule. (See, e.g.: Computational Molecular Biology, Lesk, A.M., ed., Oxford
University Press, New York, 1988; Biccomputing: Informatics and Genome Projects,
15 Smith, D.W,, ed., Academic Press, New York, 1993; Computer Analysis of Sequence
Data, Part 1, Griffin, A M., and Griffin, H.G., eds., Humana Press, New Jersey, 1994;
Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and
Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press,
New York, 1991). While there exist a nomber of methods to measure identity |
20 between two polynucleotide or polypeptides, the term "identity” is well known to
skilled artisans (Carrillo, H. & Lipman, D., SIAM J Applied Math 48:1073 (1988)).
Sequence identity compared aleng the full length of two polynucleotides or
polypeptides refers to the percentage of identical nucleotide or amino acid residues
along the full-length of the molecule. For example, if' a polypeptide A has 100 amino
25  acids and polypeptide B has 95 amino acids, which are identical to amino acids 1-95
of polypeptide A, then polypeptide B has 95 % identity when sequence identity is
compared along the full length of a polypeptide A compared to full length of
polypeptide B.  Alternatively, sequence identity between polypeptide A and
polypeptide I3 can be compared along a region, such as a 20 amino acid analogous
30 region, of each polypeptide. In this case, if polypeptide A and B have 20 identical

amino acids along that region, the sequence identity for the regions is 100 %,
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Altematiﬁe’ly, sequence identity can be compared along the length of a mo]ecule,.
compared to a region of another molecile. Alternatively, sequenc'e_ identily between
potypeptide A and polypeptide B can be compared along the same length polypé'pt‘idc
but with amino acid replacements, such as conservative amino acid replacements or

5  non-conservative amino acid replacements. As discussed below, and known to those
of skill in the art, various programs and methods for assessing identity are known to
those of skill in the art. High Jevels of identity, such as 90 % 01'.95 % tdentity, readily
can be determined without software.

Whether any two nucleic acid molecules have nucleotide sequences that are at

10 least or about 60 %, 70 %, 80 %, 85 %, 90 %, 95 %, 96 %, 97 %, 98 % or 99 %
“i.denticai " can be determined using known computer algorithms such as the
"FASTA" program, vsing for example, the default parameters as in Pearson et al.
(1988) Proc. Nail. Acad. Sci. USA §5:2444 (other programs include the GCG program
package (Devereux, J. ef al. (1984) Nucleic Acids Research 12(1):387), BLASTP,

15  BLASTN, FASTA (Altschul, S.F, ot al. (1990) J. Molec. Biol. 215:403; Guide to
Huge Computers, Martin J. Bishop, ed., Academic Press, San Diego, 1994, and
Carrillo ef af. (1988) SIAM J Applied Math 48:1073). For example, the BLAST
function of the National Center for Biotechnology Information database can be used
to determine identity. Other commercially or publicly available programs include,

20 DNAStar "MegAlign" program (Madison, WI) and the University of Wisconsin
Genetics Computer Group (UWG) "Gap” program (Madison WI)). Percent
homology or identity of proteins and/er nucleie acid molecules can be determined, for
example, by comparing sequence information using a GAP computer program (e.g.,
Needleman et al. (1970) J. Mol. Biol. 48:443, as revised by Smith and Waterman

25 ((1981) ddv. Appl. Math. 2:482). Briefly, the GAP program defines similarity as the
number of aligned symbols (i.e., nucleotides or amino acids), which are similar;
divided by the total number of symbols in the shorter of the two sequences. Default
parameters for the GAP program can include: (1) a unary comparisen mairix
(contaiming a value of | for identities and 0 for non-identities) and the weighted com-

30 parison matrix of Gribskov ef al. (1986) Nucl. Acids Res. 14:67453, as described by

 Schwartz and Dayhof¥, eds., 4ATLAS OF PROTEIN SEQUENCE AND STRUCTURE,
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National Biomedical Research Foundation, pp. 353-358 (1979); (2) a penalty of 3.0
for each gap and an additional 0.10 penalty for each symbol in each gap; fmd.(B) ﬁo _
penalty for end gaps.

In general, for determination of the percentage sequence identity, sequernces
are aligned so that the highest order match is obtained (sce, e.g.: Computational
Molecular Biology, Lesk, AM., ed., Oxford University Press, New York, 1988;
Biocomputing: Informatics and Genome Projects, Smith, D.W _, ed., Academic Press,
New York, 1993; Computer Analysis of Sequence Data, Part I, Griffin, AM., and
Griffin, H.G., eds., Humana Press, New Jersey, 1994, Sequence Analysis in Molecular
Biology, von Heinje, G., Academic Press, 1987; and Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds,, M Stockton Press, New York, 1991; Carrillo et
al. (1988) SIAM J Applied Math 48:1073). For sequence identity, the number of
conserved amino acids is determined by standard alignment algorithms programs, and
can be used with default gap penalties established by each supplier. Substantially
homologous nucleic acid molecules specifically hybridize typically at moderate
stringency or at high stringency all along the length of the nucleic acid of interest.
Also contemplated are nucleic acid molecules that contain degenerate codons in place
of codons in the hybridizing nucleic acid molecule.

Therefore, the term "identity," when associated with a particular number,
represents a comparison between the sequences of a first and a second polypeptide or
polvnucieotide or regions thereof and/or between theoretical nucleotide or amino acid
sequenées. As used herein, the term al least "90 % identical to" refers to percent
identities from 90 to 99.99 relative to the first nucleic acid or amino acid sequence of
the polypeptide. Identity at a level of 90 % or more is indicative of the fact that,

assuming for exemplification purposes, a first and second polypeptide length of 100

- amino acids are compared, no more than 10 % (i.e., 10 out of 100) of the amino acids

in the first polypeptide differs from that of the second ;ﬁolypep%ide. Similar
comparisons can be made between first and Seconcf polynucleotides. Such differences
among the first and second sequences can be represented as point mutations randomly
distributed over the entire length of a polypeptide or they can be clustered in one or

more tocations of varying length up to the maximum alfowable, e.g. 10/100 amino
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acid diffcrence {(approximately 90 % identity). Differences are defined as nucleotide
Or amino aéid residue substitutions, insertions, additions or deletions. At the level of
homologies or identities above about 85-90 %, the result is independent of the
programi-and gap parameters set; such high levels of idenfity can be assessed readily,
often by manual alignment without relying on sofiware,

As used berein, alignment of a sequence refers to the use of homology to align
two or more sequences of nucleotides or amino acids. Typically, two or more
sequences that are related by 50 % or more identity are aligned. An aligned set of
seque.noes refers to 2 or more sequences that arve aligned at cbrresponding positions
and can include aligning scquences derived from RNAs, such as ESTs and other
cDNAs, aligned with genomic DNA sequence.

Related or variant polypeptides or nucleic acid molecules can be aligned by
any method known to those of skill in the art. Such methods typically maximize
matches, and include methods, such as using manual alignments and by using the
numerous alignment programs available (e.g., BLASTP) and others known to those of
skill in the art. By aligning the sequences of polypeptides or nucleic acids, one skilled
in the art can identify analogous portions or positions, using conserved and identical
amino acid residues as guides. Further, one skilled in the art also can employ
conserved amino acid or nucleotide residues as guides to find corresponding amino
acid or nucleotide residues between and among human and non-human sequences.
Corresponding positions also can be based on structural alignments, for example by
using computer simulated alignments of protein structure. In other instances,
corresponding regions can be identified. One skilled in the art also can employ
conserved amino acid residues as guides to find corresponding amino acid residues
between and among human and non-human sequences,

As used herein, “analogous” and “corresponding” portions, positions or
regions afe portions, positions or regions that are aligned with one another gpon
aligning two or more related polypeptide or micleic acid sequences {including
sequences of molecules, regions of molecules and/or theoretical sequences) so that the
highest order match is obtained, using an alignment method known to those of skill in

the art to maximize maiches. In other words, two analogous positions (or portions or
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regions} align upon best-fit alignment of two or more polypeptide or nucleic acid
sequences. The analogous portions/positions/regions are identified based on position
along the linear nucleic acid or amino acid sequence when the two or more sequences
are aligned. The analogous portions need not share any sequence similarity with one
another. For ex&mple, alignment (such that maximizing matches) of the sequences of
two homologous nucleic acid molecules, each 100 nucleotides in length, can reveal
that 70 of the 100 nucleotides are identical. Portions of these nucleic acid mo}ecu.lé;s
containing some or alt of the other non-identical 30 amino acids are analogous
portions that do not share sequence identity. Alternatively, the analogous portions can
contain some percentage of sequence identity to one another, such as at or about
50 %, 55 %, 60.%, 65 %, 70 %, 75 %, 80 %, 85 %, 90 %, 95 %, 96 %, 97 %, 98 %, 99
%o, or fractions thereof, In one example, the analogous portions are 100 % identical.
 As used herein, a “modification” is in reference to modification of a sequence
of amine acids of a polypeptide or a sequence of nucleotides in a nucleic acid
molecule and includes deletions, insertions, and repiacements of amino acids and
nucleotides, regpectively. Methods of modifying a polypeptide are routine to those of
skill in the art, such as by using recombinant DNA methodologies.

As used herein, “deletion,” when referring to a nucleic acid or polypeptide
sequence, refers to the deletion of one or mote nucleotides or amino acids compared
to a sequence, such as a target polynucleotide or polypeptide or a native or wild-type
sequence.

Asused herein, “insertion” when referring to a nucleic acid or amino acid
sequence, describes the inclusion of one or more additional nucleotides or amino
acids, within a target, native, wild-type or other related sequence. Thus, a nucleic
acid molecule that contains one or more insertions compared to a wild-type sequence,
contains one or more additional nucleotides within the linear length of the sequence.
As used herein, “additions,” to nucleic acid and amino acid sequences describe
addition of nucleotides or amino acids onto either termini compared to another
sequence. '

As used herein, “substitution” refers to the replacing of one or more

nucleotides or amino acids in a native, target, wild-type or other nucleic acid or
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polypeptide scquence with an alternative nucleotide or amino acid, without changing
the length (as described in numbers of residues) of the molecule. Thus, one or more
substitutions in a molecule does not change the number of amino acid residues or
nucleotides of the molecule. Substitution mutations compared to a particular
5 polypeptide can be expressed in terms of the number of the amino acid residue along
the length of the polypeptide sequence. For examiple, a modified polypeptide having
a modification in the amino acid at the 19" position of the amino acid sequence that is
a substitution of Isoleucine (Ile; I) for cysteine (Cys; C) can be expressed as [19C, -
Ile19C, or simply C19, to indicate that the amino acid at the modified 19 ﬁosition is
10 acysteine. In this example, the molecule having the substitution has a modification at
lle 19 of the unmodified polypeptide. | |
As used herein, a binding property is a characteristic of a molecule, e.g. a
polypeptide, relating to whether or not, and how, it binds one or more binding
partners. Binding properties include ability to bind the binding partner(s), the affinity
15  with which it binds to the binding partner (e.g. high affinity), the avidity with which it
binds to the binding partner, the strength of the bond with the binding partner and
specificity for binding with the binding partner.
As used herein, affinity describes the strength of the interaction between two
or more molecules, such as binding partners, typically the strength of the noncovalent
20 interactions between two binding partners. The affinity of an antibody or antigen-
binding fragment thereof for an antigen epitope is the measure of the strength of the
total noncovalent interactions b.étwecn a single antibody combining site and the
epitope. Low-affinity antibody-antigen interaction is weak, and the molecules tend to
clissociafc rapidly, while high affinity antibody-antigen-binding is sirong and the
25 molecules remnain bound for a longer amount of time. Methods for calculating affinity
are well known, such as methods for determining asseciation/dissociation constants,
Affinity can be estimated empirically or affinities can be determined comparatively,
e.g. by comparing the affinity of one antibody and another antibody for a particular .
antigen. _
30 As used herein, antibody-avidity refers to the strength of multiple interactions

between a multivalent antibody and its cognate antigen, such as with antibodies
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containing multiple binding sites associated with an antigen with repeating epitopes or
an epitope array. A high avidity antibody has a higher strength of such interactions
compared with a low avidity antibody.

As used herein, “bind” refers to the participation of a molecule in any
5 attractive interaction with another molecule, resulting in a stable association in which
the two molecules are in close proximity to one another, Binding includes, but is not
limited to, non-covalent bonds, covalent bonds (such as reversible and frreversible
covalent bonds), and includes interactions between molecules such as, but not limited
to, proteins, nucleic acids, carbohydrates, lipids, and small molecules, such as
10 chemical compounds including drugs. Exemplary of bonds are antibody-antigen
interactions and receptor-ligand interactions. When an antibody “binds™ a particular
antigen, bind refers to the specific recognition of the antigen by the antibody, through
cognate antibody-antigen interaction, at antibody combining sites. Binding also can
include association of multiple chains of a polypeptide, such as antibody chains which
15 interact through disulfide bonds. '

7 As used herein, “affinity constant” refers to an association constant (Ka) used
to measure the aflinity of an antibody for an antigen. The higher the affinity constant
the greater the affinity of the antibody for the antigen. Affinity constants are
gxpressed in units of reciprocal molarity (i.e. My and can be caleulated from the rate

20 constant for the association-dissociation reaction as measured by standard kinetic
methodology for antibody reactions (e.g., immunoassays, surface plasmon resonance,
or other kinetic interaction assays known in the art}.

As used herein, the term “the same,” when used in reference to antibody
binding affinity, mcans that the association constant (Ka) is within about 1 to 100 fold

25  or 1 to 10 fold of the reference antibody (1-100 fold greater affinity or 1-100 fold less
affinity, 01; any nunerical value or range or vaiue within such ranges, than the
reference antibody).

As used herein, “substantially the same” when used in reference to association
constant {IKa), means that the association constant is within about 5 to 5000 fold

30 greater or [ess than the association constant, Ka, of the reference antibody (5-5000

fold greater or 5-5000 fold less than the reference antibody). The binding affinity of
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an antibody also can be expressed as a dissociation constant, or Kd. The dissaciation
constant is the reciprocal of the association constant, Kd = 1/Ka.

As used herein, the phase “having the same binding specificity” when used to
describe an aﬁtibody in reference to another antibody, means that the antibody
specifically binds (immunospecifically binds or specifically binds to the virus) to all
or a part of the same antigenic epitope as the reference antibody. Thus, an anti-RSV
antibody or antigen-binding fragment ﬂl.ereof having the sume binding specificity as
the antibody denoted as 58¢5 specifically binds to all or a part of the same epitope as
the anti-RSV antibody or antigen-binding fragment thercof denoted as 58¢5. The
epitope can be in the isolated protein, or in the protein in the virus. The ability of two
antibodies to bind 1o the same gpitope can be determined by known assays in the art
such as, for example, surface plasmon resonance assays and antibody competition
assays. Typically, antibodies that immunospecifically bind to the same epitope can
compete for binding to the epitope, which can be measured, for example, by an in
vitro binding competition assay (e.g. competition ELISA), using techniques known
the art. Typically, a first antibody that immunospecifically binds to the same epitope
as a second antibody can compete for binding to the epitope by about or 30 %, 35 %,
40 %, 45 %, 50 %, 55 %, 60 %, 65 %, 70 %, 75 %, 80 %, 85 %, 90 %, 95 %, 100 Y%,
where the percentage competition is measured ability of the seeond antibody to
displace binding of the first antibody to the epitope. In e}(emplary competition assays,
the antigen is incubated in the presence a predetermined limiting dilution of a labeled
antibody (e.g., 50-70% saturation concenfration), and serial dilutions of an unlabeled
competing antibody. Competition is determined by measuring the binding of the -
labeled antibody to the antigen for any decreases in binding in the présence of the
competing antibody. Variations of such assays, including various labeling techniques
and detection methods including, for examp]é, radiometric, fluorescent, enzymatic -
and colorimetric detection, are known in the art. The ability of a first antibody to bind
to the same epitope as a second antibody also can be determined, for cxample, by
virus neutralization assa}?S using Monoclonal Antibody-Resistant Mutants (MARMz).
For example, where a first anti-RSV antibody neutralizes wild-type RSV but not a

particular mutant RSV, a second antibody that neutralizes the wild-type RSV but not
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the particular mutant RSV generally binds the same epitope on RSV as the first
antibody. Where a first anti-RSV antibody neutralizes wild-type RSV but not a
particular mutant RSV, a second antibody that neutralizes the wild-type RSV and the
particular mutant RSV generally does not bind the same epitope on RSV as the first
antibody. l

~ As used hefein, a “monoclonal antibody resistant mutant” ( MARM) also
referred to as 2 “monoclonal antibody escape mutant” is a mutant res_piramfy.

syneytial virus (RSV) that exhibits increased resistance to neutralization by a

monoclonal antibody that neutralizes the wildtype RSV virus. MARMSs are generated

by culturing wildtype RSV in the presence of a monoclonal antibody over successive
rounds of viral replication in the presence of the antibody such that after each
suceessive round of virus replication, increasing concentrations of antibody are
required to produce virus neutralization effects. Cytopathic effects (CPE) are only
observed in the presence of increasing concentrations of antibodies until a mutant
virus results that is no longer efficiently neutralized by the antibody. If more rounds
of replication are require for the emergence of a MARM in the presence of a first
antibody compared fo a second antibedy, one can conclude the first antibody binds to
an epitope that is different from the epifope to which the second antibody binds. Ifa
first antibody can neutralize a MARM generated against a second antibody, one can
conclude that the antibodies specifically bind to or interact with different epiopes.
MARMSs can more {inely map the antigen binding epitope of an antibody as compared
to a competition binding assay, such that one antibody can compete against another
for binding to an antigen, but can still neutralize the MARM of its competitor.

As used herein, ECsq refers to the effective concentration at which an antibody
can inhibit virus infection 50% in an in vitro neutralization assay, such as, for
example, a virus plaque reduction assay as described herein (e.g., a plaque reduction
assay using Vero host ceils or other host cell for infection) or other virus
neutralization assays known in the art, T'ypically, a neutralizing virus is one that has
an HCspof 2 oM or less for inhibition of the virus in an in vitro neutralization assay,
such as a virus plaque reduction assay.

As used herein, “binding partner” refers to a molecule (such as a polypeptide,
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lipid, glycolipid, nucleic acid molecule, carbohydrate or other molecule), with which
another molecule specifically interacts, for example, through covalent or noncovalent
interactions, such as the inferaction of an antibody with cognate antigen. The binding
partier can be naturally or synthetically produced. In one example, desired variant
polypeptides are selected using one or more binding pattners, for example, using in
vitro or in vivo methods. Exemplary of the in vifro methods include selection using a
binding partner coupled to a solid suppo\rt, such as a bead, plate, column, matrix or
other solid suppmtj or a binding partner coupled to another selectable molecule, such
as a biotin molecule, followed by subsequent selection by coupling the other
selectable molecule to a solid support. Typically, the in vitro methods include wash
steps to remove vnbound polypeptides, followed by elution of the selected vartant
polypeptide(s). The process can be repeated one or more times in an iterative process
to select variant polypeptides from among the selected polypeptides.

- As used herein, a disultfide bond (also called an S-S bond or a disul{ide bridge)
is a-single covalent bond derived from the coupling of thiol groups. Disulfide bonds in
proteins are formed between the thiol groups of cysteine residues, and stabilize
interactions between polypeptide domains, such as antibody domains.

As used herein, “coupled” or “conjugated” means attached via a covalent or
noncovalent interaction. |

As used herein, the phrase “conjugated to an antibody” or “linked to an
antibody” or grammatical variations the'reoi",dwhen referring to the attachment of a
moiety to an antibody or antigen-binding fragment thereof, such as a diagnostic or
therapeutic moiety, means that the moicty is attached to the antibody or antigen-
binding fragment thereof by any known means for linking peptides, such as, for
example, by production of fusion protein by recombinant means or post-
translationally by chemical means. Conjugation can employ any of a variety of
linking agenis to effect conjugation, including, but not limited to, peptide or
compound linkers or chemical cross-Hinking agents,

As used herein, “phage display” refers fo the exprcésioﬂ of polypeptides on the
surface of filamentous bacteriophage.

As used herein, a “phage-display compatible cell” or “phage-display
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compatible host cell” is a host cell, typically a bacterial host cell, that can be infected

by phage and thus can support the production of phage displaying fusion proteins

containing polypeptides, e.g., variant polypeptides and can thus be used for phage

display. Exemplary of phage display compatible cells include, but are not limited to,
5  XLi-blue cells.

As used herein, “panning” refers to an affinity-based selection procedure for
the isolation of phage displaying a molecule with a specificity for a binding partner,
for example, a capture molecule (e.g. an antigen) or sequence of amino acids or
nucleotides or epitope, region, portion or locus therein,

10 As used herein, “display protein” or “genetic package display protein” means
any genetic package polypeptide for display of a polypeptide on the genetic package,
such that when the display protein is fused to (e. g included as part of a fusion protein
with) a polypeptide of interest (e.g., a polypeptide for which reduced expression is
desired), the polypeptide is displayed on the outer surface of the genetic package. The

15 display protein typically is present on or within the outer surface or outer |
compartment ot a genetic package (e.g., membrane, cell wall, coat or other outer
surface or compartment) of a genetic package, e.g. a viral genetic package, such as a
phage, such that upon fusion to a polypeptide of interest, the polypeptide is displayed
on the genetic package.

20 ' As used herein, a coat protein is a display protein, at least a portion of which is
present on the outer surface of the genetic package, such that when it is fused to the
poiypeptide of interest, the polypéptide is displayed on the outer surface of the genetic
paickage. Typically, the coat proteins are viral coat proteins, such as phage coat
proteins. A viral coat protein, such as a phage coat protein associates with the virus

25 particle during assembly in a host cell. In one example, coat proteins are usced herein
for display of polypeptides on genetic packages; the coat proteins are exﬁrcsscd as
portions of fusion proteins, which contain the coat protein sequence of amino acids
and a sequence of amino acids of the displayed polypeptide. The coat protein can be
a full-length coat protein or any portion thercof capable of effecting display of the

30 polypeptide on the surface of the genetic package.

Exemplary of coat proteins are phage coat proteins, such as, but not limited to,
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(i) minor coat proteins of filamentous phage, such as gene Il protein (glllp, cp3), and

(ii) major coat proteins (which are present in the viral coat at 10 copies or more, for

example, tens, hundreds or thousands of copies) of filamentous phage such as gene
VIH protein (gVIIp, cp8); fusions to other phage coat proteins such as gene VI
profein, gene VIl protein, or gene IX profein (see, e.g., WO 00/71694); and portions
(e.g., domains or fragments) of these proteins, such as, but not limited to domains that
are stably incorporated into the phage particle, e.g. such as the anchor domain of
gllp, or gVIlp. Additionally, mutants of gV1llp can be used which are optimized for
expression of larger peptides, such as mutants having improved surface display
properties, such as mutant gVilp (see, for example, Sidhu et al. (2000} J. Mol. Biol.
296:487-495).

As used herein, "discase or disorder” refers to a pathological condition in an
organism resulting from cause or condition including, but not limited to, infections,
acquired conditions, genetic conditions, and characterized by identifiable symptoms.
Diseases and disorders of interest hercin are those involving RSV infection or those
that increase the risk of a RSV infection.

As used herein, "infection” and "RSV infection” rcfér to all stages of a RSV
tife cycle in a host (including, but nof limited to the invasion by and replication of
RSV in a cell or body tissue), as well as the pathological state resulting from the
invaston by and replication of a RSV, The invasion by and nniltiplication of a RSV
includes, but is not limited to, the following steps: the docking of the RSV particle to
a cell, fusion of a virus with a cell membrane, the infroduction of viral genetic
information into a cell, the expression of RSV proteins, the production of new RSV
particles and the release of RSV particles from a cell. A RSV infection can be an
upper respiratory tract RSV infection (URI}, a lower respiratory tract RSV infection
(LRI}, or a combination thereof. In some examples, the pathological state resulting
from the invasion by and replication of a RSV is an acute RSV discase.

As used herein, "acute RSV disease” refers to clinically significant disease in
the iungs or lower respiratory tract as a result of a RSV infection, which can manifest
as pneumonia and/or bronchiolitis, where such symptoms can include, for example,

hypoxia, apnea, respiratory distress, rapid breathing, wheezing, and cyanosis, Acute
> - r ] 3 3 ¥l
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RSV disease requires an affected individual to obtain medical intervention, such as
hospitalization, administration of oxygen, intubation and/or ventilation.

As used herein, "treating" a subject with a disease or condition means that the
subject’s symptoms are partially or totally aileviated, or remain static following
treatment. Hence treatment encompasses prophylaxis, therapy and/or cure.
Prophylaxis refers to prevention of a potential disease and/or a prevention of
worsening of symptoms or progression of a disease. Treatment also encompasses any
pharmaceutical use of any antibody or antigen-binding fragment thereof provided or
compositions provided herein.

As used herein, “prevention” or prophylaxis, and grammatically equivalent
forms thereof, refers to methods in which the risk of developing disease or condition
is reduced.

As used herein, a “pharmaceutically effective agent” includes any therapeutic
agent or bioactive agents, including, but not limited to, for example, anesthetics,
vasoconstrictors, dispersing agents, conventional therapeutic drugs, including smai}
molecule drugs and therapeutic proteins.

As uzed herein, a “therapeutic effect” means an effect resulting from trcatmé.nt
of a subject that alters, typically immproves or ameliorates the symptoms of a disease or
condition or that cures a disease or condition.

As used herein, a “therapeutically effective amount” or a “therapeutically
effective dose” refers to the quantity of an agent, compound, material, or composition
containing a compound that is at least sufficient to produce a therapeutic effect
following administration to a subject. Hence, it is the quantity necessary for
preventing, curing, ameliorating, arresting or partially arresting a symptom of a
disease or disorder.

As used herein, “therapeutic efficacy” refers to the ability of an agent,
compound, material, or composition containing a compound to produce a therapeutic
effect in a subject to whom the an agent, compound, material, or composition
containing a compound has been administered.

As used herein, a “prophylactically effective amount™ or a “prophylactically

elfective dose” refers to the quantity of an agent, compound, materjal, or composition
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-containing a compound that when admimstered to a subject, will have the intended

prophylactic effect, e.g., preventing or delaying the onset, or reoceurrence, of disease
or symptoms, reducing the likelibood of the onset, or reoccurrence, of disease or
symptoms, or reducing the incidence of viral infection. The full prophylactic effect
does not necessarily occur by administration of one dose, and can occur only after
administration of a series of doses. Thus, a prophylactically effective amount can be
administered in one or more administrations.

As used herein, the terms "immmunotherapeutically” or "immunotherapy” in
conjunction with antibodies providcd. denotes prophylactic as well as therapeutic
administration. Thus, the therapeutic antibodies provided can be administered to a
subject at risk of contracting a virus infection (e.g. a RSV infection) in order to lessen
the likelihood and/or severity of the disease, or administered to subjects already
evidencing active virus infection (e.g. a RSV infection).

As used herein, amelioration of the symptoms of a particular disease or
disorder by a treatment, such as by administration of a pharmaceutical composition or
other therapeutic, refers to any lessening, whether permanent or temporary, lasting or
transient, of the symptoms that can be attributed to or associated with administration
of the composition or therapeutic.

As used herein, the term "diagnostically effective” amount refers to the
quantity of an agent, compound, material, or composition containing a detectable
compound that 1s at least suflicient for detection of the compound following
administration to a subject. Generally, a diagnostically effective amount of an anti-
RSV antibody or antigen-binding fragment thercof, such as a detectably-labeled
antibody or antigen-binding fragment thereof or an antibody or antigen-binding
fragment thereof that can be detected by a secondary agent, administered to a subject
for detection is quantity of the antibody or antigen-binding fragment thereof which is
sufficient to enable detection of the site having the RSV antigen for which the
antibody or antigen-binding {ragment thereol ts specific, In using the antibodies
provided herein for the in vivo detection of antigen, a detectably labeled antibody or
antigen-binding fragment thereof is given in a dose which is diagnostically effective.

As used herein, a label or detectable moiety is a detectable marker (e.g., a
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fluorescent molecule, chemilwminescent molecule, a bioluminescent molecule, a
contrast agent (e.g., a metal), a radionuclide, a chromophore, a detectable peptide, or
an enzyme that catalyzes the formation of a detectable product) that can be attached or
linked directly or indirectly to a molecule (e.g., an anti-RSV antibody or antigen-
binding fragment thereof provided herein) or associated therewith and can be detected
in vivo and/or in vitro. The detection method can be any method known in the art,
including known in vivo and/or in vitro methods of detection (e.g., imaging by visual
inspection, magnetic resonance (MR) spectroscopy, ultrasound signal, X-ray, gamma
ray spectroscopy (e.g., positron emission tomography (PET) scanning, single-photon
¢rnission computed tomography (SPECT)), fluorescence spectroscopy or absorption).
Indirect detection refers to measurement of a physical phenomenon, such as energy or
particle emission or absorption, of an atom, molecule or composition that binds
directly or indirectly to the detectable moiety (e.g., detection of a labeled secondary
antibody or antigen-binding fragment thereof that binds to a primary antibody (e.g.,
an anti-R5V antibody or antigen-binding fragment thereof provided herein).

As used herein, the term "subject" refers to an animal, including a mammal,
such as a human being,

As used berein, a patient refers to a human subject,

As used herein, animal inchudes any animal, such as, but are not limited to
primates including humans, gorillas and monkeys; rodents, such as mice and rats;
fowl, such as chickens; ruminants, such as goats, cows, deer, sheep; ovine, such as
pigs and other animals. Non-luman animals exclude humans as the contemplated
antmal. The polypeptides provided herein are from any source, animal, plant,
prokaryotic and fungal. Most polypeptides are of animal origin, including
mammalian origin.

As used herein, a "elderly,” refers to refers to a subject, who due fo age has a
decreased immune response and has a decreased response to vaccination. Typically,
an elderly subject is one that is human that is sixty-five and greater years of age, more
typically, 70 and greater years of age.

Asused herein, a "human infant" refers to a human less than or about 24

months {e.g., less than or about 16 rmonths, less than or about 12 months, less than or
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about 6 months, less than or about 3 months, less than or about 2 months, or less than
or about 1 month of age). Typically, the human infant is born at more than 38 weeks
of gestational age.

As used herein, a "human infant born prematurely” refers to a human born at
less than or about 40 weeks gestational age, typically, less than or about 38 weeks
gestational age.

As u'sed herein, a “unit dose form” refers to physically discrete units suitable
for human and animal subjects and packaged individually as is known in the art.

As used herein, a “single dosage formulation” refers to a formulation for direct
administration,

As used herein, an “article of manufacture” is a product that is made and sold,
As used throughout this application, the term is intended to encompass any of the
compositions provided herein contained in articles of packaging.

As used herein, a “fluid” refers to any composition that can flow, Fluids thus
encompass compositions that are in the form of semi-solids, pastes, solutions, aqueous
mixtures, gels, lotions, creams and other such compositions.

As used herein, an 1solated or purified polypeptide or protein {e.g. an isolated
antibody or antigen-binding fragment thereof) or biologically-active portion thereof
(e.g. an isolated antigen-binding fragment) is substantially free of cellular material or
other contaminating proteins from the cell or tissue from which the protein is derived,
or substantially free from chemical precursors or other chemicals when chemically
synthesized. Preparations can be determined to be substantially free if they appear
free of readily detectable impurities as determined by standard methods of analysis,
such as thin layer chromatography (TLC), gel electrophoresis and high performance
liquid chromatography (HPLC), used by those of skill in the art to assess such purity,
or sufficiently pure such that further purification does not detectably alter the physical
and chemical properties, such as enzymatic and biological activities, of the substance.
Methods for purification of the compounds to produce substantially chemically pure
compounds are known fo those of skall in the art. A substantially chemically pure
compound, however, can be a mixture of stereoisomers. In such instances, further

purification might increase the specific activity of the compound. As used herein, a
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“cellular extract” or “lysate” refers to a preparat.ion_ or fraction which is made from a
lysed or disrupted cell.

As used'herein,- isolated nucleic acid molecule is one which is separated from
other nucleic acid molecules which are present in the natural source of the nucleic
acid molecule. An "isolated" nucleic acid molecule, such as a cDNA molecule, can
be substantially free of other cellular material, or culture medium when produced by
recombinant techniques, or substantially free of chemical precursors or other
chemicals when chemically synthesized. Exemplary isolated nucleic acid molecules
provided herein include isolated nucleic acid molecules encoding an antibody or
antigen-binding fragments provided. _

As used herein, a “control” refers to a sample that is substantially identical to
the test sample, except that it is not treated with a test parameter, or, if it is a plasma
sample, it can be from a normal volunteer not affected with the condition of interest.
A control also can be an internal control.

As used herein, a “composition” refers to any mixture. It can be a solution,
suspension, liquid, powder, paste, aqueous, non-aqueous ot any combination thereof.

As used herein, a “combination” refers to any association between or among
two or more items. The combination can be two or more separate items, such as two
compositions or two collections, can be a mixture thereof, such as a single mixture of
the two or more items, or any variation thereof. The elements of a combination are
generally functionally associated or related.

As used herein, combination therapy refers to administration of two or more
different therapeutics, such as two or more different anti-RSV antibodies and/or anti-
RSV antibodies and antigen-binding fragments thereof. The different therapeutic
agents can be provided and administered separately, sequentially, intermittently, or
can be provided in a single composition.

As used herein, a kit is a packaged combination that optionally includes other
clements, such as additional reagents and instructions for use of the combination or
elements thereof, for 2 purposc including, but not limited to, activation,
administration, diagnosis, and assessment of a biological activity or property.

As used herein, the singular forms “a,” “an” and “the” include plural referents
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unless the context clearly dictates otherwise. Thus, for example, reference to a
polypeptide, comprising “an immunoglobulin domain” includes polypeptides with
one or a plurality of immunoglobulin domains.

As vsed herein, the term "or" is used to mean "and/or" unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive,

As used herein, ranges and amounts can be expressed as “about” a particular
value or range. About also includes the exact amount. Hence “about 5 amino acids”
means “about 5 amino acids” and also “5 amino acids.”

As used herein, “optional” or “optionally” means that the subsequently
described event or circumstance does or does not oceur and that the description
inchudes instances where said event or circumstance occurs and instances where it
does not. For example, an optionally variant portion means that the portion is variant
or non-vartant.

As used herein, the abbreviations for any protective groups, amino acids and
other compounds, are, uniess indicated otherwise, in accord with their common usage,
recognized abbreviations, or the IWPAC-IUB Commission on Biochemical
Nomenclature (see, Biochem. (1972) 11{93:1726-1732).

B. OVERVIEW

Provided are anti-RSV antibodies or antigen-binding tragments thereof that
bind to and neutralize respiratory syncytial virus. The anti-RSV antibodies provided
herein are neutralizing antibodies that recognize one or more epitopes on the surface
of RSV. In particular, the antibodies provided herein bind to a RSV fusion (V)
protein. The antibodies provided herein can be used in prophylaxis therapies. The
antibodies provided hercin also can be used as therapeutics.

For example, the antibodies provided can be employed for the prevention
and/or spread of pathogenic disease, inchuding, but nol iimited to the inhtbition of
viral transmission between subjects, inhibition of establishment of viral infection in a
host, and reduction of viral load in a subject. The antibodies also can be employed for
prevenling, treating, and/or alleviating one or more symptoms of o RSV infection or
for reducing the duration of a RSV infection. "Accordingly, treatment of patients with

antibodies provided herein can decrease the mortality and/or morbidity rate associated
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with RSV infection.

RSV persistence is associated with the generation of escape mutants that
cannot be neutralized by an antibody. Thus, the main challenges to development of
therapeutic anti-viral antibodies are the generation or identification of antibodies that
have a neuwiralization epitope thatis 1) conserved across various strains or' serotypes
and 2) is difficult for the evolving virus to generate escape mutants against,
Antibodies provided herein bind to various RSV subgroups and strains. Antibodies
provided herein also exhibit improved virus neutralization activity compared to
existing antibodies in the prior art. The provided antibodies effectively neutralize
viras over successive rounds of feptication, where RSV typically would generate
escape mutants to resist neutralization. The ability to limit the generation of MARMSs
means that the antibodies provided herein bind to an epitope that is less susceptible to
variation in the form of generated escape mutants. This epitope, therefore, is different
from epitopes of other known anti-RSV antibodies. Thus, the provided anti-RSV
antihodieé, in addition to prophylaxis therapy, also are useful for the treatment of
RSV infection. Currently, there are no known and approved antibody therapeutics
against RSV infection. As such, the antibodies provided herein are especially
important for treatment of RSV infection among elcfcrly patients, for example those in
group or retivement homes, where proximity increases the risk for viral spread among
patients. Treatment with the antibodies provided herein is also important in situations
where non-compliance with dosage regimes increases risk for viral escape, as non-
compliance in the prophylaxis treatment of RSV with palivizumab is increasingly
leading causing viral resistance (see, e.g., Adams et al,, (2010) Clin Infect Dis.
51(2):185-188).

Generally, the anti-RSV antibodies provided herein bind to RSV F protein
with high affinity. Compared to existing approved anti-RSV antibodies (e.g,
palivizumab; Synagis), the high affinity anti-RSV antibodies provided herein allow
for less frequent administration for preventing and/or treating a RSV infection, for
preventing, treating, and/or alieviating one or more symptoms of a RSV infection, or
for reducing the duration of a RSV infection. Thus, the anti-RSV antibodies provided

herein are useful as therapeutic antibodies, i.e., for treatment of RSV infection. Less
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frequent administration allows casier com pliance with dos'ing regimes and therefore
lessens the possibility of missed dosages which lead (o increased viral resistance to
the anti-RSV antibody. Lower doses of antibodies that immunospecifically bind to
RSV also can reduce the likelihood of adverse effects of immunoglobulin therapy.

Generally, the anti-RSV antibodies provided herein have the ability to inhibit
or reduce one or more activities of the virus, such as, _for example, association of the
virus with a target cell membrane, fusion of the virus with the target cell membrane
and/or cell entry, production of new viral particles, including inhibition of viral
replication, or cell to cell fusion of an infected cell with another cell (i.e. syncytia
formation). The provided anti-RSV antibodies also can be employed to increase the
immune the response against a RSV infection,

1. Respiratory Syncytial Virus

Human RSV is a member of the Preumovirus subfamily of the family

Paramyxoviridae. There are two distinct subgroups of human RSV, group A and

group B. Additionally, each subtype is further divided into two strains, Al and A2,
and B1 and B2, RSV is an enveloped, non-segmented, negative-sense RNA. virus
with a genome of composed of approximately 15,000 nucleotides that encode eleven
viral protems.

RSV encodes two major surface glycoproteins, glycoprotein G and
glycoprotein F. Glycoprotein G, or the attachment protein, mediates virus binding to
the ceil receptor while glycoprotein F, or the fusion protein, promotes fusion of the
viral and cell membranes, allowing penetration of the viral ribonucleoprotein into the
cell eytoplasm (Lopez ef al. (1998) J. Virology 72:6922-6928). Glycoprotein F also
promotes fusion of the membranes of infected cells with those of adjacent cells
leading to the formation of syncytia. The F protein containg two disnlfide-linked
subunits, Fy and Fy, which are produced by proteolytic cleavage of an inactive, N-
glycosylated precursor. The G protein is a 80-90 kDa type Il transmembrane
glycoprotein, containing N- and O-linked ()ligOSaccilal'i.cies attached to a 32 kDa
precursor protein.

Antibodies prepared against RSV F or G glycoproteins have been shown to

neutralize RSV with high efficiency in vitro and have prophylactic effects in vivo (sec
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e.g., Walsh et al. (1986) J. Gen. Microbiol. 67:505; Beeler et al. (1989) J. Virol.
63:2941-2950, Garcia-Borreno ef al. (1989} J. Virol. 63:925-932, Taylor et al. (1984)
Immunology 52:137-142, and U.S. Pat. Nos. 5,824,307 and 6,818,216). Antibodies
directed against RSV F protein also are effective in inhibiting fusion of RS V-infected
cells with neighboring vninfected cells,

Analysis of various manoclonal antibodies that immunospecifically bind to the
RSV F protein have led to the identification of three non-overlapping antigenic sites,
A, B, and C and one bridge site, AB (Beeler et al. (1989) J. Virol. 63:2941-2950).

Each of the antigenic sites contain distinct epitopes. Inone study of a panel of 18

-monoclonal antibodies, five epitopes of antigenic site A, four epitopes of antigenic

site B, and four epitopes of antigenic site C were identified based on monoclonal
antibody escape mutants (MARMS) (see, e.g., Beeler et al. (1989) /. Virol. 63:2941-
2950). The RSV A2 strain F protein mutations effecting escape of these anti-RSV
antibodies, include single amino acid mutations at amino acid residues N262, K272, -
8275, N276, P339 or R429, or double amine acid muations at F32 and K272 or A241
and K421 (see, e.g., Crowe et al. (1998} Firology 25’2:3 73-375; Zhao et al., (2004} J.
Infectious Disease 190:1941-1946 and Liu et al., (2007) Virology Jm‘ernal 4:71).
Monoclonal antibody 1129, which binds to antigenic site A epitope 4 (Beeler ef al.
(1589) J. Virology 63(7):2841-2950), is the parental antibody from which the
humanized palivizumab (SYNAGIS®) was generated (see Johnson ef al. (1997) J.
Infect. Diseases 176:1215-1224 and U.8. Pat. No. 5,824.,307). Single amino acid
mutations at residues N262, N268 or K272 of the RSV F protein have been previously
shown to effect escape from palivizumab (SYNAGIS®) (sce, Zhao et al., (2004) J.
Infectious Disease 190:1941-1946). Additional RSV F protein epitopes also have
been identified. For example, the human anti-RSV Fab fragment Fab 19 (see Barbas
et al. (1992) Proc. Natl. Acad. Sci. USA 89:10164-10168 and Crowe ef al., (1994)
Proc. Natl. Acad Sci (fSA 91:1386-1390) binds to an epitope in antigenic site A that
differs from the epitopes identified by Beeler ef al. {(see Crowe ef al. (1998) Virology
252:373-375) and Barbas ef al. (1992) Proc. Nail. Acad. Sci. USA 89:10164-10168).
The RSV F protein exhibits over 91 % similarity across the RSV A and B

subgroups, while the RSV G protein exhibit only 53 % amino acid similarity between
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fhe RSV A and RSV B subgroups (Sullender (2000) Clin. Microbiol. Rev, 13:1-15).
Because A and B virus subtypes co-circulate in most RSV epidemics, an antibody that
neutralizes A and B subtypes of RSV, such as the anti-RSV antibodies or antigen-
binding fragments provided herein, is desirable.

3 Respiratory syneytial virus (RSV) infection is a major cause of lower
respiratory tract disease in infants and small children. RSV infection also is the most
common cause of bronchiolitis, or inflammation of the small airways in the lung, and
pneumonia in children under 1 year of age in the United States. In addition, RSV
infection also is recognized as an important cause of respiratory illness in older adults.

16 Symptoms and conditions associated with RSV infection include, for example,
asthma, wheezing, reactive airway disease (RAD), and chronic obstructive pulmonary
disease (COPD). Accordingly, as described herein, the anti-RSV antibodies provided
herein can be employed for the prophylaxis of RSV, for treatment of RSV infection
and/or [or alleviation of one or more symptoms of such RSV-mediated diseases.

15 C. ANTI-RSV ANTIBODIES

Provided herein are anti-RSV antibodies or antigen-binding fragments thereof
that can be employed for therapeutic, prophylactic and diagnostic use. The anti-RSV
antibodies or antigen-binding fragments thercof provided herein can be used, for
example, for passive immunization of a subject against RSV or for treatment of a

20 subject with a viral infection. In one example, the anti-RSV antibodies or antigen-
binding fragments thereof provided herein are used for prophylaxis, Le., the
prevention of RSV infection. In another example, the anti-RSV antibodies or antigen-
binding fragments thereof provided herein are used as therapeutic antibodies, i.e., for
treatment of a RSV viral infection. In yet another example, the anti-RSV antibodies

25 or antigen-binding fragments thercot provided herein are used for passive
immunization of a subject against RSV, The provided anti-RSV antibodies or
antigen-binding fragments thereof also can be used for detection of a RSV infection
or for monitering RSV infection in vitro and in vivo.

1. General Antibody Structure and Functional Domains
30 Antibodies are produced naturally by B cells in membrane-bound and secreted

forms. Antibodies specifically recognize and bind antigen epitopes through cognate
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interactions. Antibody binding to cognate antigens can initiate multiple effector
functions, which cause neutralization and clearance of toxins, pathogens and other
infectious agents.
Diversity in antibody specificity arises natarally due to recombination events
5 during B cell development. Through these events, various combinations of multiple
antibody V, D and J gene segments, which encode variable regions of antibody
molecules, are joined with constant region genes to generate a natural antibody
repertoire with large numbers of diverse antibodies. A human antibody repertoire
contains more than 10" different antigen specificities and thus theoretically can
10 specifically recognize any foreign antigen. Antibodies include such naturally
produced antibodies, as well as synthetically, i.¢. recombinantly, produced antibodies,
such as antibody fragments, including the anti-RSV antibodies or antigen-binding
fragments thereof provided herein.
In folded antibody polypeptides, binding specificity is conferred by antigen-
15 binding site domains, which contain portions of heavy and/or light chain variable
region domains. Other domains on the antibody molecule serve effector functions by
participating in events such as signal transduction and interaction with other cells,
polypeptides and biomolecuies. These effector functions cause neutralization and/or
clearance of the infecting agent recognized by the antibody, Domains of antibody
20 polypeptides can be varied according to the methods herein to alter specific
properties.
a. Structural and Functional Domains of Antibodies
Full-length antibodies contain multiple chains, domains and regions. A full
length conventional antibody contains two heavy chains and two light chains, each of
25  which contains a piurality of immunoglobulin (Jg) domains. An lg domain is
characterized by a structure catled the [g fold, which contains two beta-pleated sheets,
each containing anti-paraliel beta strands connected by loops. The two beta sheets in
the Ig fold are sandwiched together by hydrophobic interactions and a conserved
intra-chain disulfide bond. The lg domains in the antibody chains are vz.sriéb'le (V)
30 and constant (C) region domains. Each heavy chain is linked to a light chain by a

disulfide bond, and the two heavy chains are linked to each other by disulfide bonds.
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Linkage of the heavy chains is mediated By a flexible region of the heavy chain,
known as the hinge region. '

Rach full-length conventional antibody light chain contains one variable
region domain (V) and one constant region domain (Cy). Each full-length
conventional heavy chain contains one variable region domain (Vi) dnd three or four
constant region domains (Cy) and, in some cases, hinge region. Owing to
recombination events discussed above, nucleic acid sequences encoding the variable
region domains differ among antibodies and confer anti gen-specificity to a particular
antibody. The constant regions, on the other hand, are-encoded by sequences that are
more conserved among antibodies. These domains confer functional properties to
antibodies, for example, the ability to interact with cells of the immune system and
serummn proteins in oxder to cause clearance of infectious agents. Different classes of
antibodies, for example IgM, [gD, IgG, IgE and IgA, have different constant regions,
allowing them to serve distinet effector functions.

Each variable region domain contains three portions called complementarity
determiniﬁg regions (CDRs) or hypervariable (HV) regions, which are encoded by
highly variable nucleic acid sequénces. The CDRs are located within the loops
connecting the beta sheets of the variable region Ig domain. Together, the three heavy
chain CDRs (CDR1, CDR2 and CDR3) and three light chain CDRs (CDR1, CDR2
and CDR3) make up a conventional antigen-binding site (antibody combining site) of
the antibody, which physically interacts with cognate antigen and provides the
specificity of the antibody. A whole antibody contains two identical antibody
combining sites, each made up of CDRs from one heavy and one light chain. Because
they are contained within the loops connecting the beta strands, the thre¢ CDRs are
non-contiguons along the linear amino acid sequence of the variable region. Upon
.folding of the antibody polypeptide, the CDR loops are in close proximity, making up
the antigen combining site, The beta sheets of the variable region domains form.the
framework regions (FRs), which contain more conserved sequences that are important
for other properties of the antibody, for example, stability.

b. Antibody Fragments

Antibodies provided herein include antibody fragments, which are derivatives
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of full-length antibody that contain less than the full sequence of the full-length
antibodies but retain at least a portion specific bindin_g abilities of the full-length
antibody. The antibddy'fragments also can include antipen-binding portions of an
antibody that can be inserted into an antibody framework (e.g., chimeric antibodies)
in order to retain the binding affinity of the parent antibody. Examples of antibody
fragments include, but are not limited to, Fab, Fab', F(ab’),, single-chain Fv (scFv),
Fv, dsFv, diabody, Fd and Fd’ fragments, and other fragments, including modified
fragments (see, for example, Methods in Molecular Biology, Vol 207: Recombinant
Antibodies for Cancer Therapy Methods and Protocols (2003); Chapter 1; p 3-25,
Kipriyanov). Antibody fragments can include multipfc chains linked together, such as
by disulfide bridges and can be produced recombinantly. Antibody fragments also
can contain synthetic linkers, such as peptide linkers, to link two or more domains.
Methods for generating antigen-binding fragments are well-known known in the art
and can be used to modify any antibody provided herein. Fragments of antibody
molecules can be generated, such as for example, by enzymatic cleavage. For
example, upon protease cleavage by papain, a dimer of the heavy chain constant
regions, the Fo domain, is cleaved from the two Fab regions (i.e. the portions
containing the variable regions).

Single chain antibodies can be recombinantly engineered by joining a heavy
chain variable region (Vy) and light chain variable region (V) of a specific antibody.
The particular nucleic acid sequences for the variable regions can be cloned by |
standard molecular biology methods, such as, for example, by polymerase chain
reaction (PCR) and other recombination nucleic acid technologies. Methods for
producing sFvs are described, for example, by Whitlow and Filpula (1991) Methods,
2: 97-105; Bird et al. (1988) Science 242:423-4206; Pack ei afl. (1993) Bio/Technology
11:1271-77; and U.S, Patent Nos. 4,946,778, 5,840,300, 5,667,988, 5,658,727,

 5,258,498). Single chain antibodies also can be identified by screening single chain

antibody libraries for binding to a target antigen. Methods for the construction and
screening of such libraries are well-known in the art.
2. Exemplary Anti-RSV Antibodies

Provided herein are antibodies or antigen-binding fragments thereof that bind



WO 2011/020079 PCT/AIS2010/045549

76

to and neutralize RSV. In particular the antibodies or antigen-binding fragments
immunospecifically bind to a RSV F protein. ' |
The anti-RSV antibodies or antigen-binding fragments thereof provided herein
include monoclonal antibodies, multispecific antibodies, bispecific antibodies, human
5  antibodies, humanized antibodies, camelised antibodies, chimeric antibodies, single-
chain Fvs (scl'v), single chain antibodies, single domain antibodies, Fab fragments,
F(ab") fragments, disulfide-linked Fvs (deV), and anti-idiotypic (anti-Id} antibodies,
intrabodies, or antigen-binding fragments of any of the above. In particular,
antibodies include immunoglobulin molecules and immunologically active fragments
10 of immunoglobulin molecules, i.e., moledules that contain an antigen-binding site.
Immunoglobulin molecules can be of any type (e.g., IgG, IgE, [gM, IgD, IgA and
IgY), class (e.g., IgG1, IgG2, 1gG3, 1gG4, IgAl and IgAZ2) or subclass.
The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be used in the methods of freatment and diagnosis in forms that include
15 monoclonal antibodies, multispecific antibodies, human antibodies, humanized
antibodies, camelised antibodies, chimeric antibodies, single-chain Fvs (scFv), single
chain antibodies, single domain antibodies, Fab fragments, F(ab") fragmeni:s;
disuifide-linked Fvs (sdFv), and anti-idiotypic (anti-Id) antibodies, intrabodies, or
antigen-binding fragments of any of the above. In particular, the antibodies include
20 immunogiobulin molecules and immunologically active fragments of
immunoglobulin molecules, i.¢., molecules that contain an antigen-binding site.
Immunoglobulin molecules can be of any type (e.g., IgG, Igk, 1gM, IgD, IgA and
1gY), class (e.g., 1gG1, 1gG2, 1gG3, IpG4, 1gA] and IgA2) or subcelass.
Exemplary anti-RSV antibodies or antigen-binding fragments thereof provided
25  herein that immunospecifically bind to a RSV I protein include 58c5 and sc5, which
are Fab fragments described in detail elsewhere herein. Exemplary anti-RSV
antibodies or anti gcn—bihding fragments thereof provided herein also mclude anti-
RSV antibodies or antigen-binding fragments thereof that contain a heavy chain,
which contains a vasiable heavy (Vn) domain and a constant heavy d(m‘iéiﬂ 1 (Cyly
30 and/or a light chain, which containg a variable light (Vi) domain and a constant light

domain (Cy) of 58¢5 or 8¢5, For example, exemplary anti-RSV antibodies or antigen-
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binding fragments thereof provided herein include anti-RSV antibodies or antigen-
binding fragments thereof that contain a heavy chain having the amino acid sequence
set forth in SEQ ID NO:1 or 9 and/or a light chain having the amino acid sequence set
forth in SEQ ID NO:5 or 13. In a particular example, the anti-RSV antibody is a Fab
fragment that containg a heavy chain having the amino acid sequence set forth in SEQ
ID NO:1 and a light chain having the amino acid sequence set forth in SEQ IID NO:5.
In a particular example, the anti-RSV antibedy is a Fab fragment that contains a
ﬁeavy chain having the amino acid sequence set forth in SEQ ID NO: 9 and a light
chain having the amino acid sequence set forth in SEQ 1D NO:13.

The antibodies provided herein include full-length antibody forms of 58¢5 or
se5. The antibodies provided herein also include full-length antibody forms
containing the antigen-binding site (e.g. CDRs}) of 58¢3 or sc5. The anti-RSV
antibodies or antigen-binding fragments thereof provided herein can contain any
constant region known in the art, such as any human constant region known in the art,
including, but not limited to, human light chain kappa («), buman light chain lambda
(N, the constant region of IgG1, the constant region of 1g(G2, the constant region of
IgG3 or the constant region of IgG4. The antibodies or antigen-binding fragments
provided herein can contain any constant region that is known in the art. In some )
examples, one or more constant regions of the antibody are human,

The antibodies provided herein include other antibody fragment forms of 58c5
and sc5 that immunospecifically bind an RSV F protein. Such fragments include any
antigen-binding fragment thercof or an engineered antibody containing an antigen-
binding fragment(s) of 58¢5 or sc5 that retains the ability to bind an RSV F protein.
Such antibodies include, for example, chimeric antibodies, single-chain Fvs (sclv},
single chain antibodies, single domain antibodies, F(ab") fragments, disulfide-linked
Fvs (sdFv), anti-idiotypic (anti-Id) antibodies, intrabodies, or antigen-binding
fragments of any of the above. In particular examples, the antibody is the Fab
fragment 58c5 or sc3.

Exemplary anti-RSV antibodies or antigen-binding fragments thereof provided
herein include anti-RSV antibodies or antigen-binding fragments thereof that contain

a Vy domain and/or a variable light Vi, domain having an amine acid sequence of the
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Vi domain and/or Vi domain, respectively, of 58¢5 or sc5. For example, an antibody
or antigen-binding fragment thereof can contain a Vy domain having the amino acid
sequence set forth in amino acids 1-125 of SEQ ID NO: 1 or 9 and/or a Vi, domain
having the amino acid sequence set forth in amino acids 1-107 of SEQ ID NO: 5 or
5 13. In one example, an antibody or antigen-binding fragment thereof contains a Vi
domain having the amino acid sequence set forth in amino acids 1-125 of SEQ 1D
NO: 1 and a Vi, domain having the amino acid sequence set forth in amino acids 1-
107 of SEQ ID NO: 5. In another example, an antibody or antigen-binding fragment
thereof contains a Vi domain having the amino acid sequence set forth in amino acids
10 1-125 of SEQ ID NO: 9 and a V[, domain having the amino acid sequence set forth in
amino acids 1-107 of SEQ ID NO: 13. 7
Exemplary anti-RSV antibodies or antigen-binding fragments thercof provided
herein include anti-RSV antibodies or antigen-binding fragments thereof that contain
a Vg domain and/or a Vi, domain having an amino acid sequence that is at least or
15  about 80 % identical to the Vi domain and/or Vi domain, respectively, of 58¢5 or
sc5. For example, the antibody or antigen-binding fragment thereof provided herein
can contain a Vy domain having the amino acid sequence that is 80 % identical to the
amino acid sequence set forth in amino acids 1-125 of SEQ ID NO: 1 or 9 and/ora Vy,
domain having the amino acid sequence that is 80% identical to the amino acid
20 sequence sct forth in amino acids 1-107 of SEQ 1D NO: 5 or 13.
In some examples, the anti-RSV antibody or antigen-binding fragment thereof
provided herein can contain a Vy; domain having the amino acid sequence that is at
least or about 81 %, at least or about 82 %, at least or about 83 %, at Jeast or about 84
%5, at least or about 85 %, at least or about 86 %, at least or about 87 %, at least or
25 about 88 %, at least or about 89 %, at least or about 90 %, at least or about 91 %, at
least or about 92 %, at least or about 93 %, at least or about 94 %, at lcast or about 95
%, at least or about 96 %, at least or about 97 %, at {east or about 98 %, or at least or
about 99 % identical to the amino acid sequence set forth in amino acids 1-125 of
SEQ ID NO: 1 or 9 and/or a Vi, domain having the amino acid sequence that is at lcast
30  or about B1 %, at least or about 82 %, at least or about 83 %, at least or about 84 %, at

least or about 85 %, at least or about 86 %, at least or about 87 %, at least or about 88
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%, at least or about 89 %, at least or about 90 %, at least or about 91 %, at least or
about 92 %, at least or about 93 %, at least or about 94 %, at least or about 95 %, at
least or about 96 %, at least or about 97 %, at least or about 98 %, or at least or about
99 % identical to the amino acid sequence set forth in amino acids 1~107 of SEQ ID
NO: Sor13.

Thus, provided herein is an antibody or antigen-binding fragment thereof that
contains a Vi domain hzi?ing an amino acid sequence that is at feast or that is abo_ut
80% to 99% identical, for example, 90% to 99% or at lcast 95% identical, such as
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% identical to the amino acid sequence set forth in amino

acids 1-125 of SEQ ID NO: 1 and that contains a 'V, domain having the amino acid

-sequence that is at least or that is about 80% to 99% identical, for example, $0% to

09% or at least 95% identical, such as 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 56%, 97%, 98% or 99% identical to the
amino acid sequence set forth in amino acids 1-107 of SEQ ID NO: 5.

In another example, provided herein is an antibody or antigen-binding
fragiment thereof that contains a Vy; domain having an amino acid sequence that is at
least or that is about 80% to 99% identical, for example, 90% to 99% or at Jeast 95%
identical, such as 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, §89%, 90%, 91%,
02%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to the amino acid sequence

set forth in amino acids 1-125 of SEQ IID NO: 9 and that contains a Vi domain having

the amino acid sequence that is at Jeast or that is about 80% to 99% identical, for
example, 90% to 99% or at least 95% identical, such as 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to the amino acid sequence set forth in amino acids 1-107 of SEQ 1D NO:
13, |

Also provided are anti-RSV antibodies or antigen-binding fragments thereof
that contain one or more Vy complementarity determining regions (CDRs) selected
from among the CDRs of 58¢5 or s¢3. For example, the anti-RSV antibody or
antigen-binding fragment thereof can contain a Vi CDRY having the amino acid

sequence set forth in SEQ D NO:2, 1627, 10 or 1628, For example, the anti-RSV
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antibody or antigen-binding fragment thereof can contain a Vy CDR1 having the
amino acid sequence GASINSDNYYWT (SEQ 1D NO:2), SDNYYWT (SEQ ID
NO:1627), GDSISGSNWWN (SEQ ID NO:10) or GENWWN (SEQ 1D NO:1628).
In another e).;ample, the anti-RSV antibody or antigen-binding fragment
5  thereof can contain a Vi CDR2 having the amino acid sequence set forth in SEQ ID
NO:3 or 11, For example, the anti-RSV antibody or antigen-binding fragment thereof
can contain a Vi CDR2 having the amino acid sequence HISYTGNTYYTPSLKS
(SEQ ID NO:3) or EIYYRGT TNYK.SSLKG (SEQ ID NO:11).
In another example, the anti-RSV antibody or antigen-binding fragment
10 thereof can contain a Vi CDR3 having the amino acid sequence set forth in SEQ ID
NO:4 or 12. For example, the anti-RSV antibody or antigen-binding fragment thereof
can contain a Vi CDR3 having the amino acid sequence CGAY VLISNCGWEDS
(SEQ ID NO:4) or GGRSTFGPDYYYYMDYV (SEQ ID NO:12).
In one particular example, the anti-RSV antibody or antigen-binding fragment
15 thereof contains a Vi CDR1 having the amino acid sequence set forth in SEQ ID
- NO:2, a Vi CDR2 having the amino acid sequence set forth in SEQ 1D NO:3, and a
Vi CDR3 having the amino acid sequence set forth in SEQ 1D NO:A4,
In another particular example, the anti-R3V antibedy or antigen-binding
fragment thereof containg a Vi COR1 having the amino acid sequence set forth in
20 SEQID NO:10, a Vy CDR2 having the amino acid sequence set forth in SEQ 1D
NQO:11, and a Vi CDR3 having the amino acid sequence set forth in SEQ ID NO:12.
Also provided are anti-RSV antibodies or antigen-binding fragments thereof
that contain one or more Vi, complementarity determiring regions (CDRs) selected
from among the CDRs of 58¢5 or s¢5. For example, the anti-RSV antibody or
25 antigen-binding fragment thereof can contain 2 Vi, CDR1 having the amino acid
sequence sct forth in SEQ 1D NO:6 or 14. For example, the anti-RSV antibody or
antigen-binding fragment thereol can. contain a Vi, CDR1 having the amino acid
sequence QASQDISTYLN (SEQ ID NO:6) or RASQNIKNYLN (SEQ ID NG:14).
In another example, the anti-RSV antibody or antigei%binding fragment
30  thereof can contain a Vy, CDRZ2 having the amino acid sequence set forth in SEQ 1D

NO:7 or 15. For example, the anti-RSV antibody or antigen-binding fragment thereof
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cant contain a Vi, CDR2 having the amino acid sequence GASNLET (SEQ ID NO:7)
or AASTLQS (SEQ ID NO:15).

In another example, the anti-R8V antibody or antigen-binding fragment
thereof can contain a Vi, CDR3 having the amino acid sequence set forth in SEQ ID
NO:8 or 16. For example, the anti-RSV auntibody or antigen-binding fragment thereof
can coniain a Vi, CDR3 having the amino acid sequence QQYQYLPYT (SEQ ID
NO:8) or QQSYNNQLT (SEQ ID NO:16),

In one particular example, the anti-RSV antibody or aﬂtigen«binding fragment
thereof containsg a VL CDR1 having the amino acid sequence set forth in SEQ 1D
NO:6, a Vi, CDR2 having the amino acid séquence get forth in SEQ ID NO:7, and a
Vi CDR3 having the amino acid sequence set forth in SEQ 1D NO:§,

In another particular example, the anti-RSV antibody or antigen-binding
fragment thereof contains a Vi, CDR1 having the amino acid sequence set forth in
SEQ ID NO:14, a Vy, CDR2 having the amino acid sequence set forth in SEQ ID
NO:15, and a Vi, CDR3 having the amino acid sequence set forth in SEQ 1D NO:16.

Any combination of CDRSI provided herein can be selected for the generation
of an antibody or antigen-binding fragment thereof, provided that the antibody or
antigen-binding fragment retains the ability to immunospecifically bind to a RSV F
protein. The anti-R8V antibodies or antigen-binding fragments thereof can contain an
antibody framework region known in the art. Exemplary framework regions include
isolated naturally occurring or consensus framework regions, including human
framework regions (see, e.g., Chothia e al. (1998) J. Mol. Biol. 278: 457-479). In
some examples, the antibody framework region is a human antibody framework
region. In some examples, the antigen-binding fragment contains a framework region
of 58¢5 or sed.

Exernplary isolated anti-RSV antibodies or antigen-binding fragiments thereof |
provided herein include any anti-RSV antibody or antigen-binding fragments thereof
that immunospecifically binds to the same epitope on a Respiratory Syncytial Virnus
(RSV) fusion () protein as any of the antibodies provided herein. In one example,
provided herein is an antibody that binds to the same epitope ag 58¢5, which is the

antibody that contains a heavy chain set forth in 8EQ ID NG:1 and a light chain set
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forth in SEQ ID NO:5. In another example, provided herein is an antibody that binds |
to the same epitope as sc5, which is the antibody that contains a heavy chain set forth
in SEQ ID NO:9 and a light chain set férth in SEQ 1D NO:13. Typically, such-
antibodies contain a variable heavy (Vy) chain and a variable li ghf (Vy) chain or
antigen-binding fragments thereof.

The antibodies or antigen binding fragments provided herein exhibit a binding

affinity constant (i) for the RSV F protein epitope of at least or about 1x 10¢ M“l, at

Jeast or about 2.5x 10" M'l-, at lcast or about 5x10° M"l, at least or about 1x10° M, at

Jeast or about 5%10° M, at least or about 1 10% M."], at least or about 5x10'9 M™, at
least or about 1x10' M at Teast or about 5x10 M;I, at least or about 1x10'2 M", af
feast or about 5% 10" M}, at least or about 1x10" M, at Jeast or about 5x101> M, at
feast or about 1x10" M"l, at least or about 5x10' M.", at least or about 1x10"° M"i, or
at least or aﬁbut 5x10"° ML, The antibodies provided herein can exhibit a binding
affinity for a recombinantly purified F protein, such as the extracellular domain of
RSV A2 strain F protein set forth in SEQ 1D NO:25. The antibodies provided herein
also can exhibit a binding affinity for native RSV F protein, such as is generated by
infection and expression of RSV in cells. The antibodies provided herein can have
binding affinities that are the same or different for recombinantly purified I protein
versus native RSV F protein. For example, Example 4 shows that 58c¢5 has a higher
binding affinity for native RSV F prolein thao for recombinantly purified F protein.
In contrast, sc5 exhibits si1‘11ﬂa1‘ binding affinity whether the RSV F protein is native
or is recombinantly expressed. '

In some examples, the antibodies or antigen binding fragments provided
herein have a dissociation constant (Kg) for the RSV I protein epitope of less thaﬁ or
about 1107 M, less than or about 4107 M, fess than or about 2x107 M, less than or
about 1x107° M, less than or about 2x1071" M, less than or about 1% 1071 M, less than
or about 2x 107 M, less than or about 1x107"! M, less than or about 2><1 012 M, less
than or about 1x107'? M, less than or about 25107 M, less than or about 1x1 g M,
1638_ than or about 2x107* M, less than or about 1% 107 M, Tess than or about 2x 10718
M, less than or about 1x1 07" M, or less than or about 2x107'° M.

- In gome examples, the antibodies or antigen-binding [ragments provided
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herein have ECs of less than or about 0.005 nM, less than or about 0.01 nM, less than
olr about 0,025 nM, less than or about 0.05 nM, less than or about 0.075 nM, less than
or about 0.1 nM, less than or about 0.5 nM, less than or about 0.75 nM, less than or
about T nM, less than or about less than or about 1.25 nM, less than or about 1.5 nM,
less than or about 1.75 nM, less than or about 2 nM in an in vitro microneutralization
assay for neutralization of RSV. In particular examples, the isolated anti-RSV
antibodies or antigen-binding fragments provided herein have an ECsp for-
neufralization of RSV in an in vitro plague reduction assay of less than or about G.005
nM to less than or about 2 nM; Tess than or about 0.005 nM to less than or about 1
nM; less than or about 0.005 nM to less than or about 0.5 nM; less than or about 0.01
1M to less than or about 1 nM; less than or about 0.05 nM to less than or about 1 nM;
less than or about 0,05 nM to less than or about (0.5 oM, or less than or about 0.1 nM
to less than or about 0.5 nML.

In some examples, an anti-RSV antibody or antigen-binding fragment thereof
provided herein neutralizes monoclonal antivody escape mutants (MARMSs) against
various anti-RSV antibodies in an iz vifro microneutralization assay for neutralization
of RSV. In a particular example, an antt-RSV antibody or antigen-binding fragment
thereol provided herein neutralizes a MARM with an ECs; for neutralization of that is
or is aboui the same as the ECsy for neutralization of a parcntal RSV sirain from
which the MARM was generated. If a first antibody can neutralize a MARM
generated against a second antibody, one can conclude that the antibodies specifically
bind to or interact with different epitopes.

In some examples, an anti-RSV antibody or antigen-binding fragment thereof
provided herein inhibits the binding of RSV to its host cell receptor by at least or
about 99 %, at least or about 95 %, at least or about 90 %, at least or about 85 %, at
least or about 80 %, at least or about 75 %, at least or about 70 %, at least or about 65
%, al least or about 60 %, at least or about 55 %, at feast or about 50 %, at least or
about 45 %, at least or about 40 %, at least or about 35 %, ai least or about 30 %, at
least or about 25 %, at least or about 20 %, at least or about 15 %, or at leas;t or about
10 % relative to the binding of RSV to its host cell receptor in the absence of the anti-

RSV antibody or antigen-binding fragment thereof. In some exampies, an anti-RSV
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antibody or antigen-binding fragment provided herein inhibits RSV replication by at
least or about 99 %, at least or about 95 %, at least or about 90 %, at least or about 85
%, at least or about 80 %%, at least or about 75 %, at least or about 70 %, at least or
about 635 %, at least or about 66 %, at least or about 55 %, at least or about 50 %, at
least or about 45 %, at least or about 40 %, at least or about 35 %, at least or about 30
%, at least or about 25 %, at least or about 20 %, at least or about 15 %, or at least or
about 10 % relative to RSV replication in the absence of the anti-RSV antibody or
antigen-binding fragment thereof.

In some examples the antibodies or antigen-binding fragments thereof
provided herein have a half-life of 15 days or longer, 20 days or longer, 25 days or
longer, 30 days or longer, 40 days or longer, 45 days or longer, 50 days or longer, 55
days or longer, 60 days or longer, 3 months or longer, 4 months or longer or 5 months
or longer. Methods to increase the half-life of an antibody or antigen-binding
fragment thereof provided herein are known in the art. Such methods include for
example, PEGylation, glycosylation, and amino acid substitution as described
clsewhere herein.

a. Derivative Antibodies

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be used to generate derivative antibodies such as a chimeric antibodies or other
antigen-binding fragments, such as for example, Fab, Fab', F(ab’),, single-chain Fv
(scFv), Fv, dsFv, diabody, Fd and Fd’ fragments. Generally, the derivative antibody
or antigen-binding fragment derived from a parent antibody retains the binding
specificity of the parent antibody. Antibody fragments can be generated by any
techniques known to those of skill in the art.  For example, Fab and F(ab"), fragments
can be produced by proteolytic cleavage of immunoglobulin molecules; using
enzymes such as papain (to produce Fab fragiments) or pepsin {to produce F(ab'),
fragments). F(ab"), fragiments contain the variable region, the light chain constant
region and the Cyl domain of the heavy chain. Further, anti-RSV antibodies or
antigen-binding fragments thereof provided herein also can be generated using
various phage display methods known in the art. In some exampies, the antigen-

binding variable regions of the anti-RSV antibodies or antigen-binding fragments
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thereof provided herein can be recombinantly fused to one or more constant regions
known in the art to generate chimeric full length antibodies, Fab, Fab’, F(ab’), or
other antigen-binding fragments. Exemplary methods for generating full length
antibodies from antibody fragments are known in the art and provided herein.
5  Methods for producing chimeric antibodies are known in the art (see e.g., Morrison
(1985) Science 229:1202; Oi ef al. (1980) BioTechniques 4:214, Gillies et al. (1989)
J. Immunol. Methods 125:191-202; and U.S. Pat. Nos. 5,807,715, 4,816,567, and
4,816,397). '
Chimeric antibodies comprising one or more CDRs from an anti-RSV
10 antibody provided herein and framework regions from a heterologous
immunoglobulin melecule can be produced using a variety of techniques known in the
art including, for example, CDR-grafting (EP 239,400; PCT publication No. WO
| 9]/09967; and LIS, Pat. Nos. 5,225,539, 5,530,101, and 5,585,089}, venecenng or
resurfacing (EP 592,106; EP 519,596; Padlan (1991) Mofecular Immunology
15 28(4/5):489-498; Studnicka et al, (1994) Protein Engineering 7(6):805-814; and
Roguska ef al. (1994) PNAS 91:969-973), and chain shuffling (U.S. Pat. No.
5,565,332).
In some examples, antibodies contain one or more CDRs of 58¢5 (e.g., one or
more CDRs set forth in SEQ 1D NOS: 2-4, 1627 and 6-8) and a heterologous
20 framework region. In some examples, anitbodies contain one or more CDRs of sc5
(e.g., one or more CDRs set forth in SEQ ID NOS: 10-12, 1628 and 14-16) and a
heterologous framework region. Framework residues in the framework regions can
be substituted with the corresponding residue from the CDR donor antibody to alter,
such ﬁs improve, antigen-binding. These framework substitutions ave 1dentified by
25  methods weil known in the art, e.g., by modeling of the interactions of the CDR and
framework residues to identity framework ig residues important for antigen-binding
and sequence comparison to identify unusual framework residues at particular
positions (see, e.g., U.S. Pat. No. 5,585,089; and Riechinann et af. (1988) Naiure
332:323).
30 In some examples, the derivative anli-RSV antibodies or antigen-binding

fragments thereof have a binding affinity constant (IC,} for the RSV F protein epitope
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of at least or about 1x10* M at least or about 2.5x10° ML, at least or about 5x10° M
! atleast or about 1x 10’ M“l, at least or about 5<10° M, at least or about 1x10'° M1,
at least or about 5x10° M'l, at least or about 1x10% M';, at least or about 5x10" M"l,
at Teast or ahout 1x10" M, at least or about 5x10' M, at least or about 1x10'* M,
at least or about 5%10°7 M™, at least or about 1x10™ ML, at least or dbout 5x10" M,
at least or about 1x10"° M, or at least or about 5%10"° M,

In some examples, the derivative anti-RSV antibodies or antigen-binding
fragments thereof have a dissociation constant (Kg) for the RSV F protein epitope of
less than or about 1x10°* M, less than or about 4x10™ M, fess than or about 2x10™ M,
less than or about 1x107 M, less than or about 2x1 otd M, less than or about 1= 1071
M,VIeSS than or about 2x10°! M; less than 61‘ about <1071 M, less than or about
2% 10 M, less than -m' about 1x1072 M, Tess than. or about 2x10°° M, less than or
about 1x107 M, less than or about 2x o™ M, less than or about 1x107% M, less than
ot about 2x1¢°Y M, less than or about [x1 ol M, or Jess than or about 2x107° M:

In some examples, the derivative anti-RSY antibodies or antigen-binding
fragments thereof have BCsp of tess than or about 0.005 nM, less than or about 0.01
1M, less than or about 0.025 oM, less than or about 0,05 nM, less than or about 0.075
nM, léss than or about 0.1 nM, less than or about 0.5 nM, less than or about 0,75 nM,
[ess than or about 1 nM, less than or about 1.25 nM, less than or about 1.5 nM, less
than or about 1.75 nM, or less than or about 2 aM in an in vitro microncuiralization
assay for neutralization of RSV, In particular examples, the derivative anti-RSV
antibodies or antigen-binding fragments thereof have an ECsg for neutralization of _
RSV in an in viiro ptaque reduction assay of less than or about 0.005 nM to less than
or about 2 nM; less than or about 0.005 nM to less than or about 1 nM; less than or
about £.005 nM to less than or about 0.5 nM; less than or about 0.01 nM to less than
or about I nM; Iesé than or about 0.05 nM to legs than or about 1T nM; less than or
about 0.05 nM to less than or about (.5 nM; or less than or about 0.1 nM to less than
or about 0.5 nM.

Any derivative of an anti-RSV antibody or antigen-binding fragment thereof
provided herein can be used in therapeutic regimens, prophylaxis therapies and/or

diagnostic techniques, such as in the methods provided. For example, the derivative
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antibodies or antigen-binding fragments thereof can be used to bind to RSV for the
treatment, prevention and/or detection of RSV infection or alleviation of one or more
symptoms of a RSV infection,

i. Singlé Chain Antibodies

In particular examples, the anti-RSV antibody is a single chain antibody. A
single-chain antibody can be generated from the antigen-binding domains of any of
the anti-RSV antibodies or antigen-binding fragments thereof provided herein.
Methods for generating single chain antibodies using recombinant techniques are
known in the art, such as those deseribed in, for example, Marasco et al.. (1993} Proc.
Natl. Acad. Sci. 90:7889-7893, Whitlow and Filpula (1991) Methods, 2; 97-105; Bird
et al. {1988} Science 242:423-426; Pack et al. (1993) Bio/Technology 11:1271-77;
and U.S. Patent Nos. 4,946,778, 5,840,300, 5,667,988, 5,658,727,

A single chain antibody can contain a light chain variable (V1) domain or
functional region thercof and a iieavy chain variable (V) domain or functional region
thereof of any anti-RSV antibody or antigen-binding fragment thereof provided
herein. In some examples, the Vi, domain or functional region thereof of the single
chain antibody contains a complementarity determining region 1 (CDR1), a
complementarity determining region 2 {CDR2) and/or a complementarity determining
region 3 (CDR3) of an anti-RSV antibody or antigen-binding fragment thereof
provided herein. In some examples, the Vi domain or functional region thercof of the
single chain imtibody contains a complementarity determining region 1 (CDR1), a
complementarity determining region 2 (CDR2) and a complementarity determining
region 3 (CDR3) of any anti-RSV antibody or antigen-binding fragment thereof
provided herein, In some exarnples, the single chain antibody further contains a
-peptide linker. In such examples, a peptide linker can be located between the light
chain variable domain (V) and the heavy chain variable domain (Vy).

The single chain antibody can contain a peptide spacer, or linker, between the
one or more domains of the antibody. For cxample, the light chain variable domain
(V) of an antibody can be coupled to a heavy chain variable domain (V) via a
flexible linker peptide. Various peptide linkers are well-known in the art and can be

empioyed in the provided methods. A peptide linker can include a serics of glycine
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residues {(Gly) or Serine (Ser) residues. Exemplary of polypeptide linkers are peptides
having the amino acid sequences (Gly-Ser),, (Gly,Ser), or (Set,Gly),, in which m is
I to 6, generally 1 to 4, and typically 2 to 4, and n is 1 to 30, or 1 to 10, and typically
1 to 4, with some ghutamic acid (Glu) or lysine (Lys) residues dispersed throughout to
increase solubility (see, ¢.g., International PCT application No, WO 96/06641, which
provides exemplary linkers for use in conjugates). Exemplary peptide linkers include,
but are not limited to peptides having the sequence GGSSRSSSSGGGGSAGGG
(SEQ ID NO: 1512), GSGRSGGGGSGGGGES (SEQ 1D NO: 1513),
BGKSSGSGSESKST (SEQ ID NO: 1514), EGKSSGSGSESKST Q(SEQ 1D NO:
1515), EGKSSGSGSESKVD (SEQ ID NO: 1516), GSTSGSGKSSEGKG (SEQ ID
NO: 1517), KESGSVSSEQLAQFRSLD (SEQ I NO: 1518), and
ESGSVSSEELAFRSLD (SEQ ID NO: 1519). Generally, the linker peptides are
approximately 1-50 amino acids in Jength. The linkers used herein also can increase
mtracellular availability, serum stability, specificity and solubility or provide
increased flexibility or relieve steric hindrance. Linking moieties are described, for -
example, in Huston ef al. (1988) Proc Natl Acad Sci USA 85:5879-5883, Whitlow et
al. (1993} Protein Engineering 6:989-995, and Newton ef al., (1996) Biochemistry
35:545-553. Other suitable peptide linkers include any of those described in U.S.
Patent No. 4,751,180 or 4,935,233, which are hereby incorporated by reference.
il. Anti-idiotypic Antibodies

The anti-RSV antibodies or antigen-binding fragments thereof pi’OVided herein
can be utilized to generate anti-idiotype antibodies that “mimic” the RSV F protein
antigen, to which the antibody immunospecifically binds, using technigues well
known to those skilled in the art (see, e.g., Greenspan & Bona (1989) FASERB J.
7(5):437-444; and Nissinoff (1991} J. Immunel. 147(8):2429-2438), Tor exampie,
the anti-RSV antibodies or antigen-binding fragments thereof provided herein which
bind to and competitively inhibit the binding of RSV to its host cell receptor, as
determined by assays well known in the art, can be used to generaté.an(i»-«idiotypes
that “mimic” a RSV antigen and bind to the RSV receptors, i.e., compete with the
virus for binding to the host cell, therefore decreasing the infection rate of host cells

with virus, In some examples, anti-anti-idiotypes can be generated by techniques
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well-known to the skilled artisan. The anti-anti-idiotypes mimic the binding domain
of the anti-RSV antibody or antigen-binding fragment thereol and, as a consequence,
bind to and neutralize RSV,

ili. Multi-specific Antibodies and Antibody Multimerization

T'wo or more anfibodies or antigen-binding fragments thereof provided herein
can be engincered to form multivalent derivative antibodies, or multimers, such as
bivalent, trivalent, tetravalent, pentavalent, hexavalent, heptavalent, or greater valency
(i.e., containing 2, 3, 4, 5, 6, 7 or more antigen-binding sites) derivative antibodies,
Such multivalent derivative antibodies can be monospecific, bispecific, trispecific or
of greater multispecificity. In some examples, the multivalent derivative antibodies
are monospecific, containing two or more antigen-binding domains that
immunospecifically bind to the same epitope. In some examples, the muitivalent
derivative antibodies are multispecific, containing two or more antige.mbindilig
domains that immunospecifically bind to two or more different epitopes. In some
particular examples, the multivaient derivative antibodies are bivalent, containing two
antigen-binding domains. Such bivalent antibodies can be homobivalent or
heterobivalent antibodies, which immunospecifically bind to the same or different
cpitopes, respectively. _ \

In some examples, the multispecific antibodies can immunospecifically bind
to two or more different epitopes of RSV, Techniques for engineering multispecific
antibodies are known in the art, and include, for example, linkage of two or more
antigen-binding fragments via covalent, non-covalent, or chemical linkage. In some
instances, multivalent derivative antibodies can be formed by dimerization of two or
more anti-RSV antibodies or antigen-binding fragments thereof. Multimerization
between two anti-RSV antibodies or antigen-binding fragments ’zheréof can be
spontaneous, ot ¢an oceur due to forced linkage of two or more polypeptides. In one
example, multimers of anti-RSV antibodies can be linked by disulfide bonds formed
between cysteine residues on different anti-RSV antibodies. In another example,
multivatent derivative antibodies can include anti-RSV antibodies or antigen-binding
fragments thereof }'éiﬂed via covalent or non-covalent interactions to peptide moieties

fused fo the antibody or antigen-binding f"agment thereof. Such peptides can be
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peptidc_ linkers (spacers), or pepiides that have the property of promoting
multimerization. In some examples, multivalent derivative antibodies can be formed
between two antibodies through chemical linkage, such as for example, by using
heterobifunctional linkers.

5 Any multispecific and/or multivalent derivative antibody can be generated
from the anti-RSV antibodies or antigen-binding fragments thereof provided herein
provided that the antibody is biocompatible (e.g., for administration to animals,
including humans) and maintains its activity, such as the binding to one or more
epitopes of and/or neutralization of RSV. For the multispecific and multivalent

10 derivative antibodies provided hetein, the derivative antibody is at least
immunospecific for an epitope recognized by 58¢5 or scs,

In some examples, the multispecific and/or muitivalent antibody contains a Vy

CDR1 having the amino acid sequence set forth in SEQ ID NOS:2 or 10, a Vg CDR2
having the amino acid sequence set forth in SEQ ID NOS:3 or 11, a Vi CDR3 having

15  the amino acid sequence set forth in SEQ ID NOS:4 or 12, a Vi, CDRI having the
amino acid sequence set forth in SEQ 1D NOS:6 or 14, a Vi CDR2 having the amino
acid sequence set forth in SEQ 1D NOS:7 or [5, a Vi, CDR3 having the amino acid
sequence set forth in SEQ ID NOS:8 or 16, or any combination thereof.

In some examples, mullispecific antibodies can be generated that

20 immunospecifically bind to two or more epitopes of a RSV F protein (e.g.,a RSV F
protein having an amino acid sequence set forth in SEQ 1D NO: 1527, 1629 or 1630).
For example, the multispecific antibodies can immunospecifically bind to two or more
different epitopes in the A, B or C antigenic regions of a RSV F protein. In some
examples, multispecific antibodies can be generated that immunospecifically bind to

25 an epitope of a RSV F protein and another RSV epitope. For example, the
multispecific antibodies can immunospecifically bind to an epitope of a RSV F
protein and an epitope of another RSV surface glycoprotein. In some examples, the
multispecific antibodies can immunospecifically bind to an epitope of a RSV F
protein and an epitope of a RSV protein selected from among a RSV attachment

30 protein (e.g. having an amino acid sequence set forth in SEQ ID NO: 1520), aRSV

RNA polymerase beta subunit large structural protein (L protein) {e.g. having an
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amino acid sequence set forth in SEQ ID NO: 1521), a RSV nucleocapsid protein
(e.g. having an amino acid sequence set forth in SEQ 1D NO: 1522), aRSV
nucleoprotein (N} {(e.g. having an amino acid sequence set forth in SEQ 1D NO:;
1523), a RSV phosplioprotein P (e.g. having an amino acid sequence set forth in SEQ
ID NO: 1524), a RSV matrix protein (e.g. having an amino acid sequence set forth in
SEQ ID NO: 1525), a RSV small hydrophobié {SH) protein (e.g. having an amino
acid sequence set forth in SEQ ID NO: 1526), a RSV RNA-dependent polymerase, a
RSV G protein (e.g. having an amino acid sequence set forth in SEQ ID NO: 1528),

- oran allelic variant of any of the above. In some examples, the multispecific

antibodies can immunospecifically bind to an epitope of a RSV F protein and an
epitope of a RSV (G protein.

In some examples, the multispecific antibody contains an anti-RSV
antigen-binding fragment derived from 58¢5 or sc5 and an anti-RSV antigen-binding
fragment derived from another anti-RSV antibody. In some examples, the
multispecific antibody contains an anti-RSV antigen-binding fragment derived from
58¢5 or scb and an anti-RSV antigen-binding fragment derived from an anti-RSV
anttbody selected among palivizumab (SYNAGIS®), and derivatives thereof, such as,
but not limited to, motavizumab (NUMAX®), AFFF, P1242, P124, P11d4, Ale9,
Al2a6, Al3cd, Al7d4, A4B4, A8cT, 1X-493L1, FR H3-3F4, M3H9, Y 10H6, DG,
AFFF(1), 6HS, L1-7E5, L2-15B10, A13al1l, AlhS, A4B4(]), A4BALIFR-S28R,
A4B4-F525 (see, e.g., U.S. Pat. Nos. 5,824,307 and 6,818,216).  In some examples,
the multispecific antibody contains an anti-RSV antigen-binding fragment derived
from 58¢5 or sc5 and an anti-RSV antigen-binding fragment derived from a human
anti-RSV antibody, such as, but not limited to, 1sv6, rsvll, rsvi3, rsvl9 (e Fab 19),
rsv21, rsv22, rev23, RFE-1, and RF-2 (see, e.g. LS. Pat. Nos. 6,685,942 and
5,811,524). In some examples, the multispecific antibody contains an anti-RSV
antigen-binding fragment derived from 58¢5 or se5 and an anti-RSV antigen-binding
fragment derived from an anti-RSV mouse monoclonal antibody such as, but not
limited to, MAbs 1153, 1142, 1200, 1214, 1237, 1129, 1121, 1107, 1112, 1269, 1269
1243 (Beeler et al. (1989) J. Virology 63(7):2841-2050), MAb151 (Mufson ef al.
(1987 J. Clin, Microbiol, 25:1635-1 539), MAbs 43-1 and 13-1 (Fernie et al. (1982)

2
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Proc. Soc. Exp. Biol. Med. 171:266-271), MAbs 1436C, 13024, 1308F, and 1331H
(Anderson ef al. (1984) J. Clin. Microbiol, 19:934-936), and humanized derivatives
thereaf. Additional exemplary antibodies or anti gen—biﬁding fragments thereof that
can be used to generate a multispecific énti’bedy that contains an anti-RSV
antigen-binding fragment derived from 58¢5 or sc5 include, but are not limited to,
anti-RSV antibodies or antigen-binding fragments thereof described in, for example,
U.S. Patent Nos. 6,413,771, 5,840,298, 5,811,524, 6,656,467, 6,537,809, 7,364,742,
7,070,786, 5,955,304, 7,488,477, 6,818,216, 5,824,307, 7,364,737, 0,685,942, and
5,762,905 and U.S. Patent Pub. Nos. 2007-0082002, 2005-0175986, 2004-0234528,
2006-0198840, 2009-0110684, 2006-0159695, 2006—0013824, 2005-0288491, 2605-
0019758, 2008-0226630, 2@094)137003, and 2009-0092609.

In some examples, multispecifie antibodies or antigen-binding fragments can
imiﬁua{mpeciﬁcaﬁy bind to an epitope of a RSV F protein and an epitope of another
heterologous polypeptide or other antigenic material, such as, for example, a solid
support material (see, e.g., International PCT Pub. Nos. WO 93/17715, WO 92/08802,
WO 91/00360, and WO 92/05793; U.S. Pat. Nos. 4,474,893, 4,714,681, 4,925,648,
5,573,920, and 5,601,819, Tutt, ef al., (1991).J. Immuncl, 147.60-69; and Kostelny ef
al., (1992) J. Tmmunol. 148:1547-1553.

(1) Multimerization via Peptide Linkers

Peptide linkers can be wsed to produce multivalent antibodies, such as, for
example, a multimer where one multimerization pariner is an anti-RSV antibody or
antigen-binding fragment thereof provided herein. In one example, peptide linkers
can be fused to the C-terminal end of a first polypeptide and the N-terminal end of a
second polypeptide. This structure can be repeated muitiples times such that at least
one, such as 2, 3, 4, or more soluble polypeptides are linked to one another via peptide
linkers at their respective termini. For example, a multimer polypeptide can have a
sequence Zg-X-ZQ, where 7, and Z, are cach a sequence of an anti-RSV antigen-
binding fragment (e.g. an anli-RSV single chain antibody; see, e.g., U.S. Pal. No,
6,759,518, describing multimerization of single chain antibodies) and where X is a
sequence of a peptide linker. In some instances, Z, and/or Z; 1s an an_ii-RSV antigen- |

binding fragment provided herein. In another example, 2, and /7, are different anti-
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RSV antigen-binding fragments, where at least Z; or 7 is derived from anti-RSV
antibody or antigen-binding fragment provided herein. In some examples, the
multimer polypeptide has a sequence of 7,-X-Zo-(X-Z),, where “n” is any integer, i.e.
generally 1 or 2. Typically, the peptide linker is of sufficient length to allow each
anti-RSV antigen-binding fragment to bind its respective epitope without interfering
with binding specificity of the antibody.

(2) Wultimerization via Heterobifunctional Linking
CAgents ,
Linkage of an anti-RSV antibody or antigen-binding fragment thereof

provided herein to another anti-RSV antibody or antigen-binding fragment to create a
multivalent antibody can be direct or indirect. For example, linkage of two or more
anti-RSV antibodies or antigen-binding fragments can be achieved by chemical
linkage or facilitated by heterobifunctional linkers, such as any known in the art or
provided herein.

Numerous heterobifunctional cross-linking reagents that are used to form
covalent bonds between amino groups and thiol groups and to introduce thiol groups
into proteins are known o those of skill in this art (see, e.g., the PIERCE CATALOG,
ImmumoTechnology Catalog & Handbook, 1992-1993, which describes the
prepamtién of and use of such reagents and providesa commercial source for such
reagents; see, also, e.g., Cumber et al., (1992) RBioconjugate Chem. 3:397-401; Thorpe
¢t al., (1987} Cancer Res. l47:5924—5931; Gordon ef al., (1987) Proc. Natl. Acad Sci.
84:308-312; Walden er al., (1986) J. Mol. Cell Immunol. 2:191-197; Carlsson ef al.,
(1978) Biochem. J. 173: 723-737; Mahan et al., (1987) Anal. Biochem. 162:163-170;
Wawryznaczak ef al., (1992) Br. J. Cancer 66:361-366; Fattom ef al., {1992)
Infection & Immusn. 60:584-589). These reagents can be used to form covalent bonds
between two antibodies or between each of the anfibodies and a linker. Exemplary
reagents include, but are not limited to: Nesuccinimidyl-3-(2-pyridyldithio)propionate
(SPDP; disulfide linker); sulfosuceintmidyl 6-13-(2-pyridyldithio)-
pmpionamido]hexanoaté (sulfo-LC-SPDP); succimmidyloxyearbonyl-a-methyl
benzyl thiosulfate (SMBT, hindered disulfate linker); succinimidyl 6-[3-(2-
pyridyldithio) propionamido]-hexanoate (LC-SPDP); sulfosuccinimidyl 4-{N-

maieimidomethyi}cyclbhexanc—1 -carboxylate (sullo-SMCC); suecinimidyl 3-(2-
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pyridyldithio)butyrate (SPDB; hindered disuifide bond linker); sulfosuccinimidyl 2-
(7-azido-4-methylcoumarin-3-acetamide) ethyl-1,3"-dithiopropionate (SAED); sulfo-
succinimidyl 7~az1'do~4~methy‘1coumarin—3—acetate (SAMCA); sulfosuccinimidyl-6-
[alpha—methy]—alpha—(Z—pyfidy}.dithio)toiuamido]—hexanoate. (sulfo-LC-SMPT); 1,4~
di-{3'-(2"-pyridyldithio)propion-amidobutane (DPDPB); 4-succinimidyloxycarbonyl-

‘a~-methyl-a-(2-pyridylthiojtoluene (SMPT, hindered disulfate linker);

suifosuccinimidylm(i-[a-mcthyi~a-(2—pyrimiyldi—thio)toluamido]héxanoate (sulfo-LC-
SMPT); m~maleimid_o‘bcnzoyl~N—]1ydr0xy—sﬁccinimide ester (MBS); m-
maleimidobenzoyl-N-hydroxysulfo-succinimide ester (sulfo-MBS); N-
succimmidyl{(4-iodoacetyl)aminobenzoate (SIAB; thioether linker);
sulfosuccinimidyi-(4-iodoacetyl)amino benzoate (sutfo-SIAB); succinimidyl-4-(p-
maleimi-dophenyl)butyrate (SMPB); sulfosuceinimidyl4-(p-maleimido-
phenylbutyrate (sulfo-SMPB); and azidobenzoyl hydrazide (ABH). In some

exaimples, the linkers, can be used in combination with peptide linkers, such as those

‘that increase flexibility or solubility or that provide for or eliminate steric hindrance.

Any other linkers known to those of skill in the art for linking a polypeptide molecule
to another molecule can be employed.
(3) Polypeptide Multimerization Domains

Interaction of two or more antigen-binding fragments to form multivalent
and/or multispecific derivative antibodics can be facilitated by their linkage, either
directly or indirectly, to any moiety or other polypeptide that are themselves able to
interact to form a stable structure. For example, separate encoded polypeptide chains
can be joined by multimerization, whereby muitimerization of the polypeptides 1s
mediated by a multimerization domain. Typically, the multimerization domain
provides for the formation of a stable protein-protein teraction between a first
chimeric polypeptide and a second chimeric polypeptide. Chimeric polypeptides
include, for example, linkage (directly or indirectly) of one chain (e.g., a variable
heavy domain chain or variable light chain domain) of an antibody or antigen-binding
fragment thercof with a multimerization domain. Typically, the multimerization
domain is linked to a heavy chain domain of the antibody or antigen-binding fragment

thereof. Such chimeric polypeptides can be generated as a fusion proteins using
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recombinant techni ques for fusing nucleic acid encoding the antibody chain to nucleic
écid_ encoding the multimerization domain.

For the multivalent and/or multispecific derivative antibodies provided herein,
at feast one multimerization partner is an anti-RSV antibody or antigen-binding
fragment thereof linked directly or indirectly to a multimerization domain. Homo- or
heteromultimeric polypeptides can be generated from co-expression of separate
chimeric polypeptides. The first and second chimeric polypeptides can be the same or
different.

Generally, a multimerization domain includes any polypeptide capable of
forming a stable protein-protein interaction with another polypeptide. The
multimerization domains can interact, for example, via an immunoglobulin sequence
(¢.g., an Fe domain), a leucine zipper, a hydrophobic region, a hydrophilic region, or a
free thiol which forms an intermolecular disulfide bond between the chimeric
molecules of 2 homo- or heteromultimer. 1n addition, a multimenization domain ¢an
include an amino acid sequence comprising a protuberance complementary to an
amino acid sequence comprising a hole or pocket, such as is described, for example,
in U.S. Patent No. 5,731,168, Such a multimerization region can be engineered such
that steric interactions not only promote stable interaction, but further promeote the
formation of hetcrodimers over homodimers from a mixture of chimeric monomers.
| in some examples, multivalent and/or multispecific antibodies are generated
by linkage of two anti-RSV antigen-binding fragments via multimerization domain.
In such examples, at least one of the antigen-binding fragments is derived from an
anti-RSV aatibody or antigen-binding fragment thereof provided herein, such as for
example, 58cS or scb. |

An antigen-binding polypeptide, such as for example anfi-RSV antigen-
binding fragment, can be conjugated to a multimerization domain to form a chimeric
polypeptide. For anti-RSV antigen-binding fragments containing more than one chain
(c.g. .g., a variable heavy domain chain and a variable light chain domain), the
multimerization domain can be conjugated to one of the chains, typically the heavy
chain. The antigen-binding fragment is tj/picaily iinked to the multimerization

domain typically via its N- or C- terminus to the N- or C- terminus of the
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multimerization domain. Typicaily, the mullimerization domain is conjugated to the
C-terminus of the antigen-binding fragment (e.g., the C-terminus of a single chain
antibody or the C-terminus of one chain of the antigen-binding fragment). The
linkage can be direct or indirect via a linker. Also, the chimeric polypeptide can be a
fusion protein or can be formed by chemical linkage, such as through covalent or non-
covalent interactions. For example, when preparing a chimeric polypeptide
containing a multimerization domain, nucleic acid encoding all or part of an anti-RSV
antigen-binding fragment can be operably linked to nucleic acid encoding the.
multimerization domain sequence, directly or indirectly or optionally via a linker
domain. Typicaily, the construet encodes a chimeric protein where the C-terminus of
the anti-RSV antigen-binding fragment (or single chain of the antigen-binding
fragment) is joined to the N-terminus of the multimerization domain.

A multivalent antibody provided herein contains two chimeric proteins created
by linking, directly or indirectly, two of the same or different anti-RSV antigen-
binding fragments directly or indirectly to a multimerization domain. In some
examples, where the multimerization domain is a polypeptide, a gene fusion encbding
the anti-RSV antigen-binding fragment (or single chain of the antigen-binding
fragment) muitimerization domain chimeric polypeptide is inserted into an
appropriate expression vector. The resulting anti-RSV antigen-binding fragment-
muliimerization domain chimeric proteins can be expressed in host cells fransformed
with the recombinant expression vector, and allowed to agsembie into multimers,
where the multimerization domains interact to form multivalent antibodies. Chemical
linkage of multimerization domains to anti-RSV antigen-binding (ragments also can
be effected using heterobifunctional linkers as discussed above. In some examples,
the multivalent antibodies are‘mu[tispeciﬁc antibodies that are derived from two or
more anti-RSV antigen-binding fragments which bind to different epitopes.

The resulting chimeric polypeptides, and multivalent antiboedies formed
therefrom, can be purified by any suitable method known in the art, such as, for
example, by affinity chromatography over Protein A or Protein G columns. Where
two nucleic acid molecules encoding different anti-RSV antigen-binding chimeric

polypeptides are transformed into cells, formation of bomo- and heterodimers will
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occur. Conditions for expression can be adjusted so that heterodimer formation is -
favored over homodimer formation.
(2} Immunoglobulin domain

Multimerization domains include those comprising a free thiol moiety capable
of reacting to form an intermolecular disulfide bond with a multimerization domain of
an additional amino acid sequence. For example, a muliimerization domain can
include a portion of an immunoglobulin molecule, such as from IgG;y, 1gGs, 18Gs,
IgGy, IgA, IgD, 1gM, and IgE. Generally, the portion of an inmmunoglobulin selected
for use as a multimerization domain is the constant region (¥c). Preparations of
fusion proteins containing polypeptides fused to various portions of antibody-derived
polypeptides, including the Fe domain, have been described (see, e.g., Ashkenazi ef
al. (1991) PNAS 88: 10535; Bym et al. (1990) Narure, 344:677; and Hollenbaugh and
Aruffo, (1992)“Construction of Immunoglobulin Fusion Proteins,” in Current
Protocols in Immunology, Suppl. 4, pp. 10.19.1-10.19.11).

In humans, there are five antibody isotypes classified based on their heavy
chains denoted as delta (6}, gamma (y ), mu (W), alpha (o) and epsilon (£), giving rise
to the TgD, IgG, IgM, lgA, and IgH classes of antibodies, respectively. The IgA and
1gG classes contain tiie subclasses [gAl, IgA2, 1gG1, 1pG2, 1gG3, and 1G4,
Sequence differences between immunoglobulin heavy chains cause the various
isotypes to differ in, for example, the number of constant (C) domains, the presence of
a hinge region, and the number and location of interchain disulfide bonds. For
example, IgM and IgE heavy chains contain an extra C domain (C4), that replaces the
hinge region. The Fc regions of IgG, gD, and IgA pair with each other through their
Cy3, €83, and Ca3 domains, whereas the Fe regions of IgM and IgE dimerize
thmdgh their Cp4 and Ce4 domains. TgM and IgA form multivalent structures with
ten and four antigen-binding sifes, respectively,

Antigen-binding chimeric polypeptides provided herein include full-length
immunoglobulin polypeptides {(i.e., including all domains of full-length
imniunoglobuling). In some examples, the antigen-binding chimeric polypeptide is
less than full len gt.h (e.g., the chimeric polypeptide can contain the antigen-binding

domain and one or more inmunoglobulin domains for multimerization, where the
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chimeric polypeptide isnot a full-length immunoglobulin). In some examples, the
anti-RSV antigen-binding ch.imeric'polygi)epiides are assembled as monovalent or
hetero- or homo-multivalent antibodies, such as bivalent, trivalent, tetravalent,
pentavalent, hexavalent, heptavalent or higher valency antibodies. Chains or basic
units of varying structurcs (e.g., one more heterologous constant regions or domains)
can be utilized to assemble the monovalent and hetero- and homo- multivalent

antibodies. Anti-RSV antigen-binding chimeric polypeptides can be readily produced

and secreted by manunalian cells transformed with the appropriate nucleic acid

molecule. Tn some examples, one or more than one nucleic acid fusion molecule can
be transformed into host cells to produéé a multivalent antibody where the anti-RSV
antigen-binding portions of the mulfivalent antibody are the same or different.
Typicalty, at least one of the anti-R5V antige.n-bindﬁg portions of the mui‘tivalent
antibody is derived from an anti-RSV antibody or anti gen-b§nding fragment thereof
provided herein, such as for example, 58¢5 or s¢35.
(1 ¥Fedemain
Exemplary multimerization domains that can be used to generate multivalent

and/or multispecific antibodies containing an anti-RSV antigen-binding fragment

- provided herein include polypeptides derived from a heavy chain constant region or

domain of a selected immunoglebulin molecule. Exemplary sequences of heavy
chain constant regions for human igG sub-types are set forth in SEQ 1D NOS:1601
(1gG1), SEQ ID NO:1602 (IgG2), SEQ ID NO:1603 (IgG3), and SEQ 1D NO:1604
(IgG4). For example, for the exemplary heavy chain constant region set forth in SEQ
D NO: 1601, the Cyl domain corregponds to amino acids 1-103, the hinge region
corresponds to amino acids 104-119, the Cy2 domain correspends to amino acids 120~
223, and the Cy3 domain corresponds to amino acids 224-330, '
In one example, an immunoglobuii.ﬁ polypeptide chimeric protein can include
the Fe region of an immunoglobulin po.lypeptide. Typically, such a fusion retains at
least a functionally aclive hinge, Cy2 and Cy3 domains of the constant region of an
immunoglobulin heavy chain, For example, a Tull-length e seqizencelof TgGl
includes amino acids 104-330 of the sequence set forth in SEQ 1D NO:1601. An

excmplary Fe sequence for hig(1 is set forthin SEQ 1D NO:1603, and contains the
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hinge sequence corresponding to amino acids 104-119 of SEQ ID NO:1601, and the
complete sequence for the Cy2 and Cy3 domain as s.é% foi'th inSEQ ID NO:1601.
Another exemplary Fe polypeptide is set forth in PCT application WO 93/10151, and |
is a single chain polypeptide extending from the N-terminal hinge region to the native
C-terminus of the Fo region of a human IgG1 antibody (SEQ ID NO:1606). The
precise site at which the linkage is made is not critical; particular sites are well known
in the art and can be selected in order to optimize the biological activity, sccretion, or
binding characteristics of the anti-RSV antigen-binding chi.meric polypeptide. For
example, other exemplary Fc polypeptide sequences begin at amino acid C109 or
P113 of the sequence set forth in SEQ 11D NO:1601 (sce e.g., US 2006/0024298).

In addition to hlgG1 Fe, other Fe regions also can be included in the anti-RSV
antigen-binding chimeric polypeptides provided herein. For example, the Fe fusions
can contain immunoglobulin sequences that are substantially encoded by
immunoglobulin genes belonging to any of the antibody classes, including, but not
limited to IgG (including human subclasses IgG1, 1gG2, IgG3, or IgG4), [gA
(including human subclasses [gAl and IgA2), 1gD, IgE, and TgM classes of
antibodies.

In some examples, an Fe domain can be selected based on the functional
properties of the domain, such as for example, the effector functions of the Fc domain
in mediating an immune response. For example, where effector functions mediated
by Fe/FeyR interactions are to be minimized, fusion with 1gG isotypes that poorly
recruit complement or effector cells, such as for example, the Fc of IgG2 or 1gG4, can
be used. _

Modified Fe domains also are contemptated herein for use in chimeras with
anti-RSV antigen-binding fragments, see e.g. U.S. Patent No. 7,217,797, and U.S Pat.
Pub, Nos, 2006/01 98840, 2006/0024298 and 2008/0287657; and International Patent
Pub. No. WO 2005/063816 for exemplary modifications. Exemplary amino acid
maodification of Fe domaing also are provided elsewhere hcreinT

Typically, a bivalent antibody is a dimer of two chimeric pfoteins created by
linking, directly or indireclxt}y, two of the same or different anti—RSV antigcn—binding

fragments to an Fe polypeptide. In some examples, a gene fusion encoding the
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chimeric profein is inserted into an appropriate expression vector. The resulting
chimeric proteins can be expressed in host cells transformed with the recombinant
expression vector, and allowed to assemble, where interchain disutfide bonds form
between the Fc moieties ‘to yield divalent anti-RSV antibodies. Typically, & host cell
and expression system is a mammalian expression system to allow for glycosylation
of the chimeric protein. The resulting chimeric polypeptides containing Fe moieties,
and multivalent antibodies formed therefrom, can be easily purified by affinity
chromatography over Protein A or Protein G columns. Where two nucleic acids
encoding different anti-RSV chimeric polypeptides are transformed into cells, the
formation of heterodimers must be biochemically achieved since anti-RSV chimeric
molecules carrying the Fe-domain will be expressed as disulfide-linked homodimers
as well. Thus, homodimers can be reduced under conditions that favor the disruption
of inter-chain disulfides, but do not effect infra-chain disulfides. Typically, chimeric
monomers with different extracellular portions are mixed in equimolar amounts and
oxidized to form a mixture of homo- and heterodimers, The components of this
mixture are separated by chromatographic techniques.

Alternatively, the formation of a heterodimer can be biased by genctically
engincering and expressing anti-RSV antigen-binding fusion molecules that contain
an anti-RSV antigen-binding fragment, followed by the Fe-domain of hlgG, followed
by either c-jun or the c-fos leucine zippers. Since the leucine zippers form

predominantly heterodimers, they can be used to drive the formation of the

“heterodimers when desired. anti-RSV chimeric polypeptides containing Fe regions

~ also can be engineered to inchide a tag with metal chelates or other epitope. The

tagged domain can be used for rapid purification by metal-chelate chromatography,
and/or by antibodies, to allow for detection of western blots, immunoprecipitation, or
activity depletion/blocking in bioassays.
D. ADDITIONAL MODIFICATIONS OF ANTI-RSYV ANTIBODIES

The anti-R5V antibodies or antigen-binding fragments thereof provided herein
can be further modified. Modifications of an anti-RSV antibody or antigen-binding
fragment can improve one or .more properties of the antibody, including, but not

limited to, decreasing the immunogenicity of the antibody or antigen-binding
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{ragment, improving the half-life of the antibody or antigen-binding fragment, such as
reducing ﬂie sugceptibility to proteolysis and/or reducing susceptibility to oxidation,
and altering or improving of the binding properties of the antibody or antigen-binding
fragment thereof, Exemplary modifications include, but are not limited to,
modifications of the primary amino acid sequence of the anti-RSV antibody or
antigen-binding fragment thereof and alteration of the post-translational modification
of the anti-RSV antibody or antigen-binding fragment thereof. Exemplary post-
translational modifications include, for example, glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization with protecting/blocking
group, proteoiytic cleavage, linkage to a cellular ligand or other protein. Other
exemplary modifications include attachment of one or more heterologous peptides to
the anti-RSV antibody or antigen-binding fragment to alter or improve one or more
properties of the antibody or antigen-binding fragment thereof.

Generally, the modifications do not result in mcreased immunogenicity of the
antibody or antigen-binding fragment thereof or significantly negatively affect the
binding of the antibody or anligen-binding fragment thereof to RSV, Methods of
asgessing the binding of the modified antibodies or antigen-binding fragments thereof
to a RSV F protein are provided herein and known in the art. For example, modified
antibodies or antigen-binding fragments thereof can be assayed {or binding to a RSV
F protein by methods such as, but not limited to, ELISA, surface plasmon resonance
(SPR), or through in vitro microneutralization assays.

Provided herein are methods of improving the half-life of the provided anti-
RSV antibodies or antigen-binding fragments thereof. Increasing the half-life of the
anti-RSV antlibodies or antigen-binding fragments thereof provided hereh} can
increase the therapeutic effectiveness of the anti-RSV antibodies or antigen-binding
fragments thereof and allow for less frequent adminisiration of the antibodies or
antigen-binding fragments thereof for p.rophy}axié and/or treatment, such as
preventing or treating a RSV infection, preventing, treating, and/or alleviating of one
or more symptoms of a RSV infection, or reducing the duration of a RSV infection.

Modification of the anti-RSV antibodies or antigen-binding fragments thereof

produced herein can include one or more amino acid substitutions, deletions or
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additions, either from natural mutation or human manipulation from the parent
antibody. Methods for modification of polypeptides, such as antibodies, are known in
the art and can be employed for the modification of any antibody or antigen-binding
fragment thereof provided herein. In some examples, the pharmacokinetic properties

5  of the anti-RSV antibodies or antigen-binding fragments thereof provided herein can
be enhanced through Fe modifications by techniques known to those skilled in the art.
Standard techniques known to those skill in the art can be used to introduce mutations
in the nucleotide molecule encoding an antibody or an antigen-binding fragment
provided herein in order to produce an polypeptide with one or more amino acid

10 substitutions. Exemplary techniques for introducing mutations include, but are not

limited to, site-directed mutagenesis and PCR-mediated mutagenesis.

The anti-RSV antibodies and antigen-binding fragmenis thereof provided
herein can be modified by the attachment of a heterologous peptide to facilitate
purification. Generally such peptides are expressed as a fusion protein containing the

15  antibody fused to the peptide at the C- or N- terminus of the antibody or antigen-
binding fragment thereof. Bxemplary peptides commonly used for purification
include, but are not limited to, hexa-histidine peplides, hemagglutinin (FHA) peptides,
andl flag tag peptides {sce e.g., Wilson et al. (1984) Cell 37.767; Witzgall et al. (1994)
Anal Biochem 223:2, 291-8). The fusion does not necessarily need to be direct, but

20 can occur through a linker peptide. In some exaraples, the linker peptide contains a
protease cleavage site which allows for removal of the purification peptide following
purification by cleavage with a protease that specifically recognizes the protease
cleavage site.

The anti-REV antibodies and antigen-binding fragments thereol provided

25 herein also can be modified by the attachment of a heterologous polypeptide that
targets the antibody or antigen-binding fragment to a particular cell type {e.g.,
respiratory epithelial celis), either in vitro or in vivo. In some examples an anti-RSV
antibody or antigen-binding fragment thereof provided herein can be targeted {o a
particular cell type by fusing or conjugating the antibody or antigen-binding fragment

30 thereof to an antibody specific for a particular cell surface receptor or other

polypeptide that interacts with a specific cell receptor.
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In some _e:kamples, an anti-RSV antibody or antigen-binding fragment thereof
provided herein can be targeted to a target cell surface and/or taken up by the target
cell by fusin g. or conjugating the antibody or antigen-binding fragment thercof to a
peptide that binds to cell surface glycoproteins, such as a protein transduction domain
(e.g., a TAT pebtide). Exemplary protein transduction domains include, but are not
limited to, PTDs derived from proteins such as human immuiwdeﬁciency virﬁs I
(HIV-1) TAT (Ruben ef al. (1989) J. Firol. 63:1-8; e.g., SEQ ID NOS; 1571-1582,
such as for example, GRKKRRQRRR (TAT 48-57) SEQ ID NO:1575)), the herpes
virus tegument protein VP22 (Elliott and O’Hare (1997) Cell 88:223-233; e.g., SEQ
ID NO: 1587), the homeotic protein of Drosophila melanogaster Antennapedia
(Antp) protein (Penetratin PTD; Derossi ef al. (1996) J. Biol. Chem. 271:18188-
18193; e.g., SEQ ID NOS: 1556-1559), the protegrin 1 (PG-1) anti-microbial peptide
SynB (e.g., SynB1, SynB3, and Syn B4; Kokryakov et al. (1993) FEBS Leit. 327:231-
236; e.g., SEQ ID NOS: 1568-1570, respectively) and basic {ibroblast growth factor
(Jans (1994) FASEE J. 8:841—847; e.g., SEQID NOS: 1552). PTDs also include
synthetic PTDs, such as, but not limited to, polyarginine peptides (Futaki et al. (2003)
A Mol Recognit. 16:260-264; Suzuki et al. (2001) J. Biol. Chem. 276:5836-5840; e.g.
SEQ ID NOS: 1560-1501), transportan (Pooga et al. (1988) FASEB J. 127:6’74?7;
Pooga et al. (2001) FASER J. 15:1451-1453; e.g., SEQ 1D NOS: 1583-1586), MAP
(Oehlke et al. (1998} Biochirm. Bio_phy&. Acta. 14[4:127—3 39; e.g., SEQ ID NO:
1550), KALA (Wyman er al. (1997) Biochemistry 36:3008-3017; e.g., SEQ 1D NO:
1548) and other cationic peptides, such as, for example, various B-cationic peptides
(Akkarawongsa ef al, (2008) Antimicrob. Agents and Chemother. 52(0):2120-2129).

The anti-RSV antibodies and anfigen-binding fragments thereof prévic’icd
herein can be modified by the attachment of diagnostic and/or therapeutic moiety to
the antibody or antigen-binding fragment thereof. The anti-RSV dntibodies and
anti gembiﬁding fragments thereof provided herein can be modified by the covalent
attachmént of any type of molecule, such as diagnostic or therapeutic molecule, to
the antibody or antigen-binding fragment thereof such that covalent attachment does
not prevent the antibody or antigen-binding fragment thereof from binding to its

corresponding epitope. For example, an anti-RSV antibody or antigen-binding
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fragment thereof provided herein can be further modified by covalent attachment of a
moleéule such that the covalent attachment does not prevent the antibody or antigen-
binding fragment thereof from binding to RSV. In some examples, the antibodies or
antigen-binding 'i‘fagm ents thereof can be recombinantly fused to a heterologous

5  polypeptide at the N terminus or C terminus or chemically conjugated, including
covalent and non-covalent conjugation, to a heterologous polypeptide or other
composition. For example, the heterologous polypeptide or composition canbe a
diagnostic polypeptide or other diagnostic moiety or a therapeutic polypeptide or
other therapeutic moiety. Exemplary diagnostic and therapeutic moieties include, but

10 are not limited to, drugs, radionucleotides, toxins, fluorescent molecules (see, e.g.
International PCT Publication Nos. WO 92/08495; WO 91/14438; WO 89/12624;
U.S. Pat. No. 5,314,995; and EP 396,387). Diagnostic polypeptides or diagnostic
moieties can be used, for example, as labels for in vivo or in vitro detection.
Therapeutic polypeptides or therélpeutic moieties can be used, for example, for

153 therapy of a viral i.nfectiolnﬂ such as RSV infbction; or for treatment of one or more
symptoms of a viral infection.

Additional fusion proteins of the anti-RSV antibodies or antigen-binding
fragnients thereof provided herein can be generated through the techniques of gene-
shuffling, motif-shuffling, exon-shuffling, and/or codon-shuftling (collectively

20  referred to as "DNA shuffling"). DNA shuffling can be employed fo alter the
activities of anti-RSV antibodies or antigen-binding ﬁ'agmerité thereof provided
herein, for example, to produce antibodies or antigen-binding fragments thereof with
higher afﬁnitieé and lower dissociation rates (see, generally, U.S. Pat. Nos. 5,6{)5’,’793;
5,811,238; 5,830,721; 5,834,252; and 5,837,458, and Patten et é!. (1997) Curr.

25 Op;.'.'nion Biotechnol. 8:724-33; Harayama (1998} Trends Biotechnol. 16(2):76-82;
Hansson et al., {1999) J. Mol, Biol. 287:265-76; and Lorenzo and Blasco (1998)
Biotechnigues 24(2).308-13).

The provided anti-RSV antibodies or antigen-binding fragments thereof can
also be attached to solid supports, which are useful for immunoassays or purification

30 of the target antigen. Exemplary solid supports include, but are not limited to, glass,

cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride or polypropyiene.
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L Mo(lifications to reduce immunogenicity

In some examples, the antibodies or antigen-binding fragments thereof
provided herein can be further modified to reduce the immunogenicity in a subject,
such as a hwman subject. For example, one or more amino acids in the antibody or
antigen-binding fragment thereof can be modified to alter potential epitopes for
human T-cells in order to eliminate or reduce the immunogenicity of the antibody or
antigen-binding fragment thereof when expose& to the immune system of the subject.
Exemplary modifications include substitutions, deletions and insertion of one or more
amino acids, which eliminate or reduce the immunogenicity of the antibody or
antigén_—binding fragment thereof. Generally, such modifications do not alter the
binding specificity of the antibody or antigen-binding fragment thereof for its
respective antigen. Reducing the immunogenicity of the antibody or antigen-binding
fragment thereof can improve one or more properties of the antibody or antigen-
binding fragment thereof, such as, for example, improving the therapeutic efficacy of
the antibody or antigen-binding fragment thereof and/or increasing the half-life of the
antibody or antigen-binding fragment thercof in vivo.

2. Fec Modifications

The anti-RSV antibodies or antigen-binding fragments thereof provided herein

-can contain a wild-type or modified Fe region. As described elsewhere herein, a e

region can be linked to an anti-RSV antigen-binding fragment provided herein, such
as, for example, 58¢5 or s¢5, or an antigen-binding fragment derived from 58¢5 or
scS. In some examples, the Fe regjon can be modified to alier one or more properties
of the Fe polypeptide. For cxample, the Fo region can be modified to alter (i.e. more
or less) effector functions compared to fhe effector function of an Fo region of a wild-
type immunoglobulin heavy chain. The Fe regions of an antibody interacts with a
mumber of Fe receptors, and ligands, imparting an array of important functional |
capabilities referred to as effector functions. Fe effector funclions mclude, for
example, Fe receptor binding, complement fixation, and T cell depleting activity (see
¢.., U.S. Patent No. 6,136,310). Methods of assaying T cell depleting activity, Fe
effector function, and antibody stability are known in the art. For exanipie, the Fe

region of an 1gG molecule interacts with the 'eyRs. These receptors are expressed in
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a variety of immune cells, including for example, monocytes, macrophages,
neutrophils, dendritic cells, eosinophils, mast cells, platelets, B cells, large granular
lymphocytes, Langerhans’ cells, natural killer (NK)) cells, and y8 T cells. Formation
of the Fe/FeyR complex recruits these effector cells to sites of bound antigen,
typically resulting in signaﬁng events within the cells-and important subsequent
mmune responses such as release of inflammation mediators, B cell activation,
endocytosis, phagocytosis, and cytotoxic attack. The ability to mediate cytotoxic and
phagocytic effector functions is a potential mechanism by which antibodies destroy
targeted cells. Recognition of and lysis of bound antibody on target cells by cytotoxic
cells that express FeyRs is referred to as antibody dependent cell-mediated
cytotoxicity (ADCC). Other Fe receptors for various antibody isotypes include FeeRs
(Igh), FeaRs (IgA}, and FopRs (IgM).

Thus, a modified Fc domain can have altered affinity, including but not
limited to, increased or low of no affinity for the Fe receptor. For example, the
different IgG subclasses have different affinities for the FeyRs, with [gG1 and 1gG3
typically binding substantially better to the receptors than IgG2 and [gG4. In
addition, different FeyRs mediate different effector functions. FeyR1, FeyRila/c, and
FeyR1Ia are positive regulators of immune complex triggered activation,
characterized by having an intracellular domain that has an immunoreceptor tyrosine-
based activation motif (ITAM). FeyRIlb, however, has an immunoreceptor tyrosine-
based inhibition motif (ITIM) and is therefore inhibitory, Thus, altering the affinity
of an Fe region for a receptor can modulate the effector functions induced by the Fe
domain.

In one example, an Fo region is used that is modified for optimized binding to
certain FoyRs to better mediale e:fl:éctor functions, such as for example, antibody-
dependent cellular cytotoxicity, ADCC. Such modified I'c rcgj_o.ns can contain
modifications at one or more of amino acid residues (according to the Kabat
numbering scheme, Kabat ef al. (1991} Sequences of Proteins of Immunological
Interest, U.S. Department of Health and Human Services), including, but not imited
to, amino acid positions 249, 252, 259, 262, 268, 271, 273, 277, 280, 281, 285, 287,
296, 300, 317, 323, 343, 34-5, 340, 349, 351, 352, 353, and 424. For example,
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modifications in an Fe region can be made corresponding to any one or more of
(1198, G119A, S122D, S122E, 8122N, S122Q, 8122T, K129H, K129V, D132Y,
R138Y, BE141Y, T143H, V1471, S150E, H151D, E155Y, E1551, E155H, K157E,
G164D, E166L, B166H, S181A, S181D, SI8TT, S207G, S3071, K209T, K209E,
K209D, A210D, A213Y, A213L, A2131, 1215D, 1215E, 1215N, 1215Q, E216Y,
E216A, K217T, K217F, K217A, and P279L of the exemplary [gG1 sequence set forth
in SEQ ID NO:1601, or combinations thereof. A modified Fe containing these
mutations can have enhanced binding to an FeR such as, for example, the activating
receptor Feyilia and/or can have reduced binding to the inhibitory receptor FeyRIib
(see e.g., US 2006/0024298). Fe regions modified to have increased binding to FcRs
can be mbfe effective in facilitating the destruction of viral (e.g. RS5V) infected cells
in patients.

In some examples, the antibodies or antigen-binding fragments provided
herein can be further modified to improve the interaction of the antibody or antigen-
binding fragment thereof with the FcRn receptor in order to increase the in vivo half-

life and pharmacokinetics of the antibody.or antigen-binding fragment thereof (see,

e.g. U.S, Patent No. 7,217,797, U.S Pat. Pub. Nos. 2006/0198840 and 2008/0287657).

FeRn is the neonatal FeR, the binding of which recycles endocytosed antibody or
antigen-binding fragment thereof from the endosomes back to the bloodstream. This
process, coupled with preclusion of kidney filtration due to the large size of the full
length molecule, results in favorable antibody serum haif-lives ranging from one to
three weeks. Binding of Fe to FcRn also plays a role in antibody transport.
Exemplary modifications of the Fe region include but are not limited to, mutation of
the Fe described in U.8. Patent No. 7,217,797; U.S Pat. Pub. Nos. 2006/0198840,
2006/0024298 and 2008/0287657, and International Patent Pub. No. WO
2005/063816, such as mutations at one or more of amino acid residues (Kabat
numbering, Kabat ef al. (1991)) 251-256, 285_—90, 308-314, in the Cy2 domain and/or
amino acids residues 385-389, and 428-436 in the Ci3 domain of the Fe heavy chain
constant region, where the modification alters Fc receptor binding affinity and/or
serum half-life relative to unmodified antibody or antigen-binding fragment thereof.

In some examples, the 1gG constant domain is modified in the Fe region at one of
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more of amino acid positions 250, 251, 252, 254, 255, 256, 263, 308, 309, 311, 312
and 314 in the C@?. domain and/or amino acid positions 385, 386, 387, 389, 428, 433,
434, 436, and 459 in the Cy3 domain of the 1gG heavy chain constant region. Such
modifications correspond to amino acids Gly120, Pro121, Ser122, Phel24, Leul25,
Phel26, Thr133, Prol74, Argl75, Glul77, GInl78, and Asnl80 in the Cy2 domain
and amino acids GIn245, Val246, Ser247, Thr249, Ser283, Gly285, Ser286, Phe288,
and Met311in the Cy3 domain in an exemplary Ig(3] sequence set forth in SEQ 1D
NO:1601. In some examples, the modification is at one or more surface-exposed
residues, and the modification is a substitution with a residue of similar charge,
polarity or lrydrophobicity to the residue being substituted.

In particular examples, a Fc heavy chain constant region is modified at one or
more of amino acid positions 251, 252, 254, 255, and 256 (Kabat numbering), where
position 251 is substituted with Leu or Arg, position 252 is substituted with Tyr, Phe,
Ser, Trp or Thr, position 254 is substituted with Thr or Ser, position 255 is substituted
with Leu, Gly, Ile or Arg, and/or position 256 is substituted with Ser, Arg, Gln, Gly,
Asp, Ala, Asp or Thr. In some examples, a Fc heavy chain constant region is
modified at one or more of amino acid positions 308, 309, 311, 312, and 314, where
position 308 is substituted with Thr or Ile, position 309 is substituted with Pro,
posifion 311 is substituted with serine or Glu, position 312 is substituted with Asp,
and/or position 314 is substituted with Leu. In some examples, a Fc heavy chain
constant region is modified at one or more of amino acid positions 428, 433, 434, and
436, where position 428 is substituted with Met, Thr, Leu, Phe, or Ser, position 433 is
substituted with Lys, Arg, Ser, He, Pro, Gin, or His, position 434 is substituted with
Phe, Tyr, or His, and/or position 436 is substituted with His, Asn, Asp, Thr, Lys, Met,
or Thr. In some examples, a Fe heavy chain constant region is modified at ene or
more of amino acid positions 263 and 459, where position 263 is substituted with Gin
or Glu and/or position 459 is substituted with Leu or Phe.

In some examples, a Fe heavy chain constant region can be modified to
enhance binding to the complement protein Ciq. In addition to interacting with FeRs,
Fc also interact with the complement protein Clq to mediate complement dependent

cytotoxicity (CDC). Clq forms a complex with the serine proteases Clr and Cls to
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form the C1 complex. Clq is capable of binding six antibodies, although binding to
two IgGs is sufficient to activate the complement cascade. Similar to Fe interaction
with FcRs, different IpG subclasses have different affinity for Clq, with IgG1 and
1gG3 typically binding substantially better than Ig(G2 and IgG4. Thus, a modified Fc
having increased binding to Clq can mediate enhanced CDC, and can enhance
destruction of viral {e.g., RSV) infected cells. Exemplary modifications in an Fe
region that increase binding to Clg include, but are not limited to, amino acid
modifications at positions 345 and 353 (Kabat numbering). Exemplary modifications
include those corresponding to K209W, K209Y, and E216S in an exemplary IgG1
sequence set forth in SEQ 1D NO:1601.

In another example, a variety of Fc mutants with substitutions to reduce or
ablate binding with FeyRs also are known. Such muteins are useful in instances
where there is a need for reduced or eliminated effector function mediated by Fe.
This 18 often the case where antagonism, but not killing of the cells bearing a target
antigen is desired. Exemplary of such an Fe is an Fc mutein described in U.S. Patent
No. 5,457,035, which is modified at amino acid positions 248, 249 and 251 (Kabat
numbering). In an exemplary IgGl sequence set forth in $EQ D NO:1601, amino
acid 117 is modified from Leu to Ala, amino acid 118 is modified from Leu to Gly,
and amino acid 120 is modified from Gly to Ala. Similar mutations can be made in
any Fc sequence such as, for example, the exemplary Fc sequence. This mutein
exhibits reduced affinity for Fe receptors.

The antibodies or antigen-binding fragments thereof provided herein can be
engineered to contain modified Fe regions. For example, methods for fusing or
conjugating polypeptides to the constant regions of antibodies (Z.e. making Fe fusion
proteins) are known in the art and described in, for example, U.S, Pat. Nos. 5,336,603,
5,622,929, 5,359,046, 5,349,053, 5,447,851, 5,723,125, 5,783,181, 5,908,626,
5,844,095, and 5,112,946; EP 307,434; EP 367,166, EP 394,827; PCT publications
WO 91/06570, WQ 96/04388, WO 96/22024, WO 97/34631, and WO 99/04813;
Ashkenazi et al. (1991) Proc. Nail. Acad. Sci. USA 88:10535-10539; Traunecker et al.
(1988) Nature 331:84-86; Zheng el al. (1995) J. Immunol. 154;5590-5600; and Vil et
al. (1992} Proc. Natl. Acad. Sci. USA 89:11337-11341 (1992) and described

RECTIFIED SHEET (RULE 81} ISA/EP
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elsewhere herein: In some examples, a modified Fe region having one or mote
modifications that increases the FeRn binding affinity and/or improves half-life can
be fused to an anti-RSV antibody or anti gen-binding fragment thereof provided
herein.

5 3. Pegylation

The anti-RSV antibodies or antigen-binding fragments thereof provided herein

can be conjugated to polymer molecules such as high molecular weight polyethylene
glycol (PEG) to increase half-life and/or improve their pharmacokinetic profiles.
Conjugation can be carried out by techniques known to those skilled in the art.

10 Conjugation of therapeutic antibodies with PEG has been shown lo enhance
pharmacodynamics while not interfering with function (see, e.g., Deckert et al., Int. J.
Cancer 87: 382-390, 2000; Knight et al., Platelets 15: 409-418, 2004; Leong et al.,
Cytokine 16: 106-119, 2001; and Yang ef al., Protein Eng. 16: 761-770, 2003). PEG
can be attached to the antibodies or antigen-binding fragments with or without a

15 muliifunctional linker either through site-specific conjugation of the PEG to the N- or
C-terminus of the antibodies or anti gen-binding fragments or via epsilon-amino
groups present on lysine residues. Linear or branched polymer derivatization that
results in minimal loss of biological activity can be used. The degree of conjugation
can be monitored by SDS-PAGE and mass spectrometry to ensure proper cogjugation

20 of PEG molecules to the antibodies. Unreacted PEG can be separated from antibody-
PEG conjugates by, e.g., size exclusion or ion-exchange chromatography. PEG-
derivatized antibodies or antigen-binding fragments thereof can be tested ﬁ)f binding

~ activity to RSV antigens as well as for in vivo efficacy using methods known to those
skilled in the art, for example, ‘by immunoassays described herein.

25 4. Conjugation of a Detectable Moiety

In some examples, the anti-RSV antibodies and antibody fragments provided
herein can be further modified by conjugation to a detectable moiety. The detectable
moieties can be detected directly or indirectly. Depending on the detectable moiety
selected, the detectable moiety can be detected in vivo and/or in vitro. The detectable

30 moieties can be employed, for example, in diagnostic methods for detecting exposure

to RSV or localization of RSV or binding assays for determining the binding affinity
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of the anti-RSV antibody or antigen-binding fragment thereof for RSV. The
detectable moieties also can be employed in methods of preparation of the anti-RSV
antibodies, such as, for example, purification of the antibody or antigen-binding
fragment thercof. Typically, detectable moieties are selected such that conjugation of
the detectable moiety. does not interfere with the binding of the antibody or antigen~
binding fragment thereof to the target epitope. Generally, the choice of the detectable
moiety depends on sensitivity required, ease of conjugation with the compound,
stability requirernents, available instrumentation, and disposal provisions. One of
skill in the art is familiar with labels and can identify a detectable label suitable for
and compatible with the assay employed. Methods of labeling antibodies with
detectable moieties are known in the art and include, for example, recombinant and
chemical methods.

The detectable moiety can be any material having a detectable physical or
chemical property. Such detectable labels have been well-developed in the field of
immunoassays and, in general, most any label useful in such methods can be applied
in the methods provided. Thus, a label is any composition detectabie by
spectyoscopic, photechemical, biochemical, immunochemical, clectrical, optical or
chemical means. Useful labels include, but ave not limited to, fluorescent dyes {e.g.,
fluorescein isothiocyanate, Texas red, thodamine, and the like), radiolabels (e.g., °H,
1251 358 ¢ or *P), in particular, gamma and positron emitting radioisotopes (e.g.,
$1Gd, ¥Mn, :‘(’Z_Dy, 2y, and °°F e}, metallic ions {e.g., m‘,in, YR, 67Ga, (’8Ga, As,
397r, and *'T1), enzymes (e.g., horse radish peroxidase, alkaline phosphatase and
others commonly used in an ELISA), electron transfer agents (e.g., including metal
binding proteins and compounds), luminescent and chemiluminescent labels (e.g.,
luyciferin and 2,3-dihydrophtahlazinediones, e.g., luminol), magnetic beads (e.g.,
DYNABEADS™) and col_bi‘imefric: labels such as colloidal gold or colored glass or
plastic beads (e.g., polystyrene, polypropylene, latex, cte.). For a review of various
labeling or signal producing systems that can be used, see e.g. U.S. Patent No.
4,391,904.

5, Conjugation of a Therapeutic Moiety

in some examples, the anti-RSV antibodies and antigen-binding fragments
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provided herein can be further modified by conjugation to a therapeutic moiety.
Lxemplary therapeutic moieties include, but arenot limited to, a_cy%ioxig (eg,a
cytostatic or eytocidal agent), a therapeutic agent or a radioactive metal ion {e.g.,
alpi'laﬁeiniti’ers). Bxemplary cytotoxin or eytotoxic agents include, but are not limited
5  to, any agent that is defrimental to cells, such as, but not limited to, paclitaxol,

cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin, etoposide,
tenoposide, vincristine, vinblastine, colchicin, doxorubicin, daunorubicin, dihydroxy
anthracin dione, mitoxanirone, mithramycin, actiﬁomycin D, i-dehydrotestosterone,
glucoéorticoids, procaine, tetracaine, lidocaine, propranolol, and puromyein and

10 analogs or homologs thereof. Exemplary therapeutic agents include, but are not
limited to, antimetabolites (e.g., mcthotrekate,'6~mercaptopurine, 6-thioguanine,
cytarabine, 5-fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine,
thioepa chlorambuctl, melphalan, carmustine (BSNU) and lomustine (CCNU),
cyclothosphamide, busulfan, dibromomannitol, streptozotocin, mitomyein C, and cis-

15  dichlorediamine platimum (II) (DDP) cisplatin), anthracyclines (e.g., daunorubicin
(formerly daunomycin) and doxorubicin}, antibiotics (e.g., dactinomycin (formerly
actinomycin), bleomyein, mithramyein, and anthramyein (AMC)), anti-mitotic agents
(e.g., vineristine and vinblastine), and antivirals, such as, but not limited to,
nucleoside analogs, such as zidovudine, acyclovir, gangeyclovir, vidarabine,

20 idoxuridine, trifluridine, and ribavirin; foscamet, amantadine, rimantadine, saquinavir,
indinavir, ritonavir, and alpha-interferons. |

In some examples, the anti-RSV antibodies and antigen-binding fragments

provided herein can be further modified by conjugation to a therapeutic moiety that is
a thempéuti.c polypeptide. Exemplary therapeutic polypeptides include, but are not

25 limited to, a toxin, such as abrin, ricin A, pseudomonas cxotoxin, or diphtheria toxin;
or an immunostimulatory agent, such as a cytokine, such as, but not limited to, an
Anterferon (e.g., IFN-d, B, v, ®), diymphokiae, a hérnaiopoie{ic growth factor, such as,
for example, GM-CSF (granulocyte macropbage colony stimulating factor),
.};nterleukin—il (IL-2), Interleukin-3 (1L-3), Interleukin-4 (1L-4), Interleukin-7 (IL-7),

30 Interleukin-10 {IL-10), Interleukin-12 (1L-12), Interleukin-14 (IL.-14), and Tumor
Necrosis Facter (TNF).
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6. Modifications to improve binding specificity
The binding specificity of the anti-R5V antibodies and antibody fragmients
provided can be aliered or improved by techniques, such as phage display. Methods
for phage display generally involve the use of a filamentous phage (phagemid) surface
5 CXpl'(')SSiOIn vector system for cloning and expressing antibody species of the library.
Various phagemid cloning systems to produce combinatorial libraries have been
described by others. See, for example the preparation of combinatorial antibody
libraries on phagemids as described by Kang et al., (1991) Proc. Natl. Acad. Sci.,
USA, 88:4363-4366; Barbas ef al., (1991} Proc. Natl. Acad. Sci., US4, 88:7978-7982;
10 Zebedee ef al., (1992) Proc. Natl Acad. Sci., USA, 89:3175-3179; Kang ef al., (1991)
Proc. Natl. Acad, Sei., USA, 88:11120-11123; Barbas et a!, (1992} Proc. Natl. Acad.
Sci., USA, 89:4457-4461; and Gram et al., (1992) Proc. Natl. Acad. Sci., USA,
89:3576-3580, which are incorporated herein by reference.
In particular examples, DMA sequences encoding Vi and Vi, domains are
15 amplified from animal cDNA libraries (e.g., human or murine cDINA libraries of
lymphoid tissues). The DNA encoding the Vi and Vi domains are recombined
together with an scFv linker by PCR and cloned into a phagemid vector (e.g., p
CANTAB 6 or pComb 3 HSS). The vector is electroporated in £, coli and the L. coli
is infected with helper phage. Phage used in these methods are typically filamentous
20 phage including fd and M13 and the Vi and V) domains are usually recombinantly
fused to either the phage gene 111 or gene VI Phage expressing an antigen-binding
domain that binds to a RSV antigen, for example, RSV I protein, can be selected or
identified with antigen, e.g., using labeled antigen or antigen bound or capiured to a
solid surface or bead. E‘xéaquies of phage display methods that can be used to make
25 the antibodies by phage display include those disclosed, for example, in Brinkman ef
al. (1995) J. Immunol. Methods 182:41-50; Ames et al. (1995) J. Immunocl. Methods
184:177-186; Kettleborough ef al. (1994) Eur.. J. Immunol, 24:952-958; Persic et al.
(1997) Gene 187:9-18; Burton et al: (1994) Advances in Immunclogy 57:191-280;
PCT publication Nos. WO 90/02809, WO 91/10737, WO 92/01047, WO 92/18619,
30 WO 93/1 1236, WO 95/15982, WO 95/20401, and WO097/13844; and U.S. Pat. Nos.
5,698,426, 5,223,409, 5,403,484, 5,580,717, 5,427,908, 5,750,753, 5,821,047,
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5,571,698, 5,427,908, 5,516,637, 5,780,225, 5,658,727, 5,733,743 and 5,969,108;
each of which is incorporated herein by reference in its entirety,

As described in the above references, after phage selection, the antibody
coding regions from the phage can be isolated and vsed to generate whole a'ntibodies;
including human antibodies, or any other desired antigen-binding fragment, and
expressed in any desired host, including mammalian cells, insect cells, plant cells,
yeast, and bacteria, e.g., as described herein. Techniques to recombinantly produce

Fab, Fab' and F(ab"); fragments can also be employed vsing methods known in the art

" such ag those disclosed in PCT publication No. WO 92/22324; Mullinax ef al. (1992)

BioTechnigues 12(6):864-869; Sawal ef al. (1995) AJRI 34:26-34; and Better ef al.
(1988) Science 240: 1041-1043.

The resulting phagemid library can be manipulated to increase and/or alter the
immunospecificitics of the antibodies or antigen-binding fragments fo produce and
subscquently identify additional antibodies with improved properties, such as
increased binding to a target antigen. For example, either or both the heavy and light
chain encoding DNA can be mutagenized in a complementarity determining region
{(CDR) of the variable region of the immunoglobulin polypeptide, and subsequently
antibodies can then be screened in one or more of the assays deseribed herein for
determining ncutralization capacity.

For some uses, including in vivo use of antibodies in humans and in vitro
detection assays, human or chimeric antibodies are used. Completely human
antibodies are particularly desirable for therapeutic treatment of human subjects.
Human antibodies can be made by a variety of methods known in the art including
phage display methods described above using antibody libraries derived from human
immunoglobulin sequences or synthetic sequences homologous to human
immunoglobulin sequences. Sce U.S. Pat. Nos. 4,444,887 and 4,716,111; and PCT
publication Nos. WO 98/46645, WO 68/50433, WO 98/24893, WO98/16654, WO
96/34096, WO 96/33733, and WO 91/10741; each of which is incorporated herein by
reference in its entirety.

F. METHODS OF ISOLATING ANTI-RSYV ANTIBODIES
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Anti-RSV antibodies of antigen-binding fragments thereof can be identified
and isolated by a variety of techniques well-known in the art including, but not
limited to, murine hybridomas (see, 2.g., Olsson .and Kaplan (1980} Proc Natl Acad
Sci USA 77:5429-5431; such antibodies can be humanizcd as described elsewhere
herein for use in humans), transgenic mice expressing human immunoglobulin genes
(see, e.g., Kellerman and Green (2000} Curr. Opin Biotechnol. 13:593-597), phagew W
display (see, e.g., Mancini {2004) New Microbiol. 27:315-28), and isolation from
mature human immune cells, such as B cells (see, e.g., Banchcreau and Roussel -
(1992) Adv Immunol. 52: 125-262, Crotty and Ahmed (2004) Semin Immunol. 16:
197-203, Carsetti (2004 Methods Mol Biol. 271: 25-35., McHeyzer-Williams and
McHeyzer-Williams (2005) Annu Rev Immumol. 23:487-513). In an exemplary
method provided herein, the human anti-RSV antibodies and anti gen-binding
fragments thereof provided herein are identified and isolated from human B cells.

Given the difficulty in obtaining stable hybridomas from human antibody
secreting cells, an exemplary method that has been extensively used to produce and
isolate human antibody-secreting cells is the immortalization of human B cells with
Epstein Barr Virus (EBV), which is also known to induce polyclonal B cell activation
and proliferation (see, e.g., Sugimoto et al., (2004) Cancer Res. 64:3361-3364.;
Bishop and Busch (2002) Microbes Infect. 4:853-857). Antibody-secreting cells have
been produced, for example, by EBV tmmortalization of human B cells, such as the
peripheral blood, lymph nodes, spleen, tonsils, or pleural fluids from patients or other
individuals that can be exposed to the antigen or healthy subjects pre-selected using a
labeled antigen (see, e.g., Casali et al. (1980) Science 234:476-9, Yamaguchi ef al.
(1987) Proc Natl Acad Sci USA 84:2416-2420, Posner ef al. (1991) ] Immunol.
146:4325-4332, Raff er al. (1988) J kxp Med. 168:905—91?, Steenbakkers ef af.
(1993} Ifum Antibod Hybrid 4:166-173, Steenbaklkers et al. (1994) Mol Biol Rep.
19:125-134, Bvans ef al. (1988) J Immunol 140:941-943, and Wallis R et /. (1989)./
Clin fnvest 84:214-219). |

Duc to the low transformability, low clonability, and the inhefent instability
and heterogeneity of EBV-infected human B celis (Chan M et al. (1986) J Immunol
136:106- 112 and James and Bell (1987) J Immunol Methods. 100:5-40), known
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techniques such as cell fusion, such as, for example with a myeloma cell line can be
employed (see, e.g., Bron ef al. (1984) PNAS 81:3214-3217; Yamaguchi et al. (1987)
Proc Natl Acad Sci USA §4:2416-2420; Posner et al. (1991} J Immunol. 146:4325-
4332, Niedbala and Stott (1998) Hybridoma 17:299-304; Li ef al. (2006) Proc Natl
Aacd Sci USA 103:3557-62). Additional techniques for improving EBV
immortalization include, for example, immortalization with oncogenic virus,
transformation with oncogenes, mini-electrofusion, and mouse-human heterofusion in
a single process (see, e.g., U.S. Pat. No. 4,997,764; Steenbakkers et al. (1993) Hum
Antibod Hybrid, 4:166- 173; Dessain ef al. (2004) J Immunol Methods. 291:109-22).
Human monoclonal antibodies can be isolated from B cells that have been activated
and immortalized in the presence or in the absence of an antigen and by comnbining
various manipulations in cell culture as described in the art (see e.g., Borrebaeck C et
al. (1988) Proc Natl Aacd Sci USA 85: 3995-3999, Davenport et al. (1992} FEMS
Microbiol Immunol. 4:335-343, Laroche-Traineau et al. (1994) Hum Antib Hybrid.
5:165-177, Morgenthaler er al. (1996} J. Clin Endocrinology. 81:3155-3161, Niedbala
and Kurpisz (1993) Immmunol Lest, 35:93-100, Mulder ef al. (1993) Hum Immunol.
36:186-192, Hur et al. {2005) Cell Prolif. 38:35-45, Traggiai et al. (2004) Nat Med
10:871-875, Tsuchiyama er al. (1997) Hum Antibodies 8:43-47; and PCT Pub. Nos.
WO 91109115, WO 041076677, WO 88101642, WO 90102795, WO 96140252, and
WO 02146233).

Methods for the isolation of human antibodies from mature B cells, generally
involve the isolation of a mature B cell population and screening antibodies expressed
by the B cells against a particular antigen. A variety of different populations of
antibody-secreting cells can be isolated from human donors having specific profiles
{e.g. naive, vaccinated, more or lesg recently infected and seropositive individuals)
and from different tissues (e.g. blood, tonsils, spleen, lymph nodes) where B cells
reside and exert their activities (Vian and Zouali (2005} Clin fmmunol. 114:17-20). In
an exemplary method provided herein, anti-RSV antibodies provided herein can be
isolated from a sample of peripheral blood mononuclear cells (PBMCs), which
contain B cells, isolated from human donors and/or from healthy human donors that

have been or have a high probability of having been exposed to RSV, such as health
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care workers. _

After the isolation of PBMCs from the biological sainples, a specific selection
of antibody-secreting cells can be i}erformed, using one of the Varidus methods
described in the art, on the basis of the expression of cell surface markers on their
surface and, if appropriate, of other proteins, as W.ell as the proliferation activity, the
metabolic and/or morphological status of the cells. In particular, various technologies
for the purification of antibody-secreting cells from human samples make use of
different means and conditions for positive or negative selection. These cells are
more easily and efficiently selected by physically Sepaz‘éting those expressing cell
surface markers Spéciﬁc for cells that express and seci:eté antibodies (e.g. human B
cells). Specific protocols are known and can be found in the literature (see, e.g.
Callard and Kotowicz "Human B-cell responses to eytokines” in Cytokine Cell
Biology: A practical Approach. Balkwill F. (ed.) Oxford University Press, 2000, 17-
30

The selection of specific immune cells such as B cells, is typically performed
using antibodies that bind specifically to a B-cell specific cell surface proiein and that
can be linked to solid supports {e.g. microbeads or plastic plates) or labeled with a
fluorochrome that can be detected using fluorescence-activated cell sorting (FACS).
For example, human B cells have been selected on the basis of their affinity for
supports (such as microbeads) binding CD19, CD27, and/or CD22 microbeads, or for
the lack of binding affinity for antibodies specific for certain isotypes prior to EBV
immortalization (see, e.g., Li et al. (1995) Biochem Biqphys Res Commun 207:985-
993, Bernasconi ef al. (2003) Blood 101:4500-4504 and Traggiai et al. (2004) Nat
Med 10:871-875). The selection of the cell marker for purification can affect the
efficiency of the immortalization process, for example, due to intracellviar signals that
are triggered by the selection process and that can alter cell growth and viability.” For
example, CD22, which is a B-cell restricted transtnembrane protein that controls
signal transduction pathways related to antigen recognition and B cell activation is an
exemplary molecule for initial B cell selection. Since the CID22 positive population
contains cells that express antibodies having different isotypes and specificities, other

cell surface markers also can be used for selecting the cells, either before or after the
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stimmulation phase.

In some examples, a specific enrichment of antibody-secreting cells can be
obtained by applying a CDD27-based selection in addition to the CD22-based selection.
CD27 is known to be a marker fof human B cells that have somatically mutated

5 variable regiod genes (Borst J ef al. (2005) Curr Opin fmmunol. 17:275-281.).
Additional markers such as CD5, CD24, CD25, CD86, CD38, CD45, CD70, or CD69
also can be used to either deplete or enrich for the desired population of cells. Thus,
depending on factors, such as the donot's history of exposure to the antigen (e.g. an
RSV antigen) and the antibody titer, total CD22-enriched B cells, or ﬁlfther enriched

10 B cell subpopulations such as CD27 positive B cells can be selected.

Following cell selection, and before immortalization of the cells, the
population of cells can be exposed to an appropriate stimulating agent. Exemplary
stimulating agents include, for example, polyclonal B cell activﬁtors, such as, but not
limited fo, agonists of innate immune responses (e.g. Toll-like receptor agonists such

15 as Cp@G oligonucleotides (Bernasconi ef af. (2003) Blood 101:4500-4504, Bernasconi
et al. (2002) Science 298:2199-2202, Bourke et al. (2003) Blood 102:956-63; e.g.,
CpG nucleotides, such as, for example, CpG2006, CpG2395, and CpG2395, available
from Cell Sciences, Canton, MA} and immunomodulatory molecules such as
cytokines (e.g., interleuking known to have immunostimulating activities, for

20 example, 1L-2, [L-4, IL-6, IL-10, and IL-13 (see Callard and Kotowicz "Human B-
cell responses to cytokines” in Cytokine Cell Biology: A practical Approach. Balkwill
¥ (ed.} Oxford University Press, 2000, 17-31) and agonists of cell membrane
1‘eéeptofs of the TNF receptor family, in particular those activating the NF-«B
pathway and proliferation in B cells, such as, but not limited to, APRIL, BAFF, CD

25 40 ligand (CD40L) (sec, e.g., Schneider (2005) Curr Opin Immunol. 17:282-289, He
et al, (2004) J Immunol. 172:3268-79, Craxton ef al. (2003) Blood 101 :_4464—447 L,
aﬁd Tangye et al. (2003} J Immunol 170:261-269). Exemplary methods of
stimulating B cells using EBV immortalization in combination with or sequentially
with one or more polyclonal activators are known in the art (see, e.g., Traggiai ef al.

30 (2004) Nat Med 10:871-875, Tsuchiyama et al. (1997) Hum Antibodies 8:43-47,
Imadome et al. (2003) Proe Natl Acad Sci US4 100:7836-7840, and PCT Pub. Nos,
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WO 2007/068758, WO 04/76677, WO 91/09115, and WO 94/24164). The _
combination of stimulating agents can be added to the cell culture medium before the
immortalization phase at the same time or sequentially {e.g. adding a first stixﬁulat’ing
agent immediately after the initial cell selection and a second stimulating agent hours
or days later). The stimulating agents can be directly added in the-cell culture medium
from diluted stock solutions, or after being appropriately formulated, for example,
using liposomes or other compounds that can improve their uptake and
immunostimulatory activity (Gursel et al. (2001) J Immunol. 167:3324-3328). The
stimulating agents also can be attached to solid matrices (microbeads or directly on
the cell culture plates), which can allow for effective removal of the agent(s). The
cells can be washed with fresh medium one or more times and, optionally, maintained
in notmal cell culture medium (for example, from 1 up to 6 days) in order to further
dilute and eliminate any remaining effect of the stimulating agents. The stimulating
agent(s) also can be inhibited by adding specific compounds into the cell culture.

The cells can be further selected on the basis of the isotype of the expressed
zmtibody after sitmulating the cells and before exposing said selected and stimulated
cells to the immortalizing agent (i.e. between the stimulation phase and the
immortalization phase). The isotype-based selection of the cells can be performed by
applying means for either positive (allowing the isolation of the specific cells) or
negative (allowing the elimination of unwanted cells) selection. For example, a
population of stinmulated IgG positive cells can be selected positively (by FACS or
magnetic cell separators) or by depleting celis that express IgM from the population
of cells, and consequently enriching for cells that express IgG. Separation
technologies for antibody-secreting cells using fluorescence activated or magaetic cell
separators are known in the literature (see, ¢.g,, Li er al. (1995) Biochem Biophys Res
Commun 207:985-93, Traggiai et al. (2004) Nat Med 10:871-875). Depending on the
source of antibody-secreting cells and their final use, depletion (or enrichment) of
other isotype expressing cells, such as IgD or IgA expressing cells, also can be
performed. A similar approach can be used for isolating cells on the basis of the
specific subclass, if such a precise selection is desired (e.g., selection of human B

cells that express IgGl, [gG2, IgG3, or [pl4 antibodies).
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Various viral immortalization agents are known in the art and can be used on
antibody-secreting cells to obtain immeortalized antibody-secreting cells. Viruses that
infect and immortalize antibody-secreting cells are commonly known as lymphotropic
viruses. Exemplary of such viruses are those inchuded in the gamma class of
herpesviruses. Members of this virus farnily infect lymphocytes in a species-specific
manner, and are associated with lymphoproliferative disorders and the development
of several malignancies (Nicholas (2000) J. Mol Pathol. 53:222-237 and Rickinson
(2001) Philas Trans R Soc Lond B Biol Sci. 356:595-604). Exemplary viruses for use
as an immortalization agent in the methods provide include EBY (Epstein-Barr virus,
also known as herpesvirus 4), and HHV-8 (human herpesvirus 8, also known as
KSHYV, Kapost's Sarcoma assoctiated Herpesvirus), which can infect and immortalize
human lymphocytes. Other exemplary viruses for use in the methods include, but are
not limited to, MHV-68 {murine herpesvirus 68), HVS (herpesvirus Samiri), RRV
{Rhesus Rhadinovirus), LCV (primate Lymphocryptovirus), EHV-2 (Equine
Herpesvirus 2).HVA (Herpesviras Ateles), and AHV-1 (Alcelaphine Herpesvirus 1),
which are other oncogenic, lymphotropic herpesvirus having some common genetic
features conserved amongst them and similar pathogenic cffects in different
mammalian host celis.

Recombinant DNA constructs that contain specific viral proteins from viruses
employed for immortalize also have been used to immortalize B cells (see Damania

(2004) Nat Rev Microbiol, 2:656-668 and Kilger ef al. (1998) EMBO J, 17:1700-

1709). Similar vectors containing viral genes can be transduced into cells in the

methods provided. Methods of making such construcis are well-known in the art and
include, for example, the use of retroviral systems or virus-like particles and
packaging cell lines, which provide all the necessary factors in trans for the formation
of such particies.

The immortalization phase can last between one and several hours, up to 2-4
days. The length of immortalization p.hase can be adjusted depending of various
factors such as cell viability and efficiency of immortalization. In some examples, the
cells are immortalized with EBV for a period of sbout 4 to about 24 howrs. Tna

particular example, the cells are immeortalized with EBV for a period of about 16
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hours.

EBV-mediated immortalization of B cells requires the expression of the cell
surface receptor CD21, which is considered as the main EBV receptor, CD21 is
present on most B cell subp’oplﬁations and regulates B cell responses by formin ga
complex with CD19 and the B cell antigen receptor (Fearon and Carroll (2000) Ann
Rev Immun. 18:393-422). The ability to t‘ransfenﬁ celis with EBV can be enhanced
by the addition of B cell stimulating agents, but the condition.s must ensure that CD21
is maintained on the celf surface, allowing EBV immortalization at high efficiency.

~ Following the immortalization phase, the immortalized cells can cultured at a
low density on feeder cell layers. The feeder layer can be constituted by irradiated
non-allogeneic peripheral blood cell preparations, lymphoblastoid or fibroblast cell
lincs, cord blood tymphocytes, or different types of embryonic cells. An example of a
cell line having such properties is EL4-B5, mutant EL4 thymoma cell lines that
efficiently support the growth and the proliferation of B cells. Other exemplary
feeder cells include irradiated B-cell depleted PMBC feeder cells as described
elsewhere herein. Growth promoting agents such as those used to stimulate the 13 cell
population also can be used to maintain the immortalized B cell population following
immortalization.

The immortalized populations of cells can be used for a series of applications,
in particular related to antibody isolation, characterization and production. In some
examples, DNA libraries encoding the antibodies expressed by the cells or fragments
of such antibodies can be constructed from DNA isolated from the bulk population of
cells using common recombinant techniques. [n some examples as described herein,
the immortalized cells can be further cultured and divided into pools of antibody-
secreting cells. The pools of cells can be cultured, for example, on feed cell layers.

In some examples, cell culture supernatants from the pools of cells are
screened in one or more rounds, for the identification of cells that express antibodies
having a particular antigen specificity (e.g., antibodies that immunospecifically bind a
RSV F protein). Exemplary methods for screening antibodies and measuring binding
specificity are described elsewhere herein and arc known in the art. Once a particular

antibody is identified, DNA encoding the antibody or antigen-binding portions thereof
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can be isolated from the pools of cells ﬁsing well-known recombinant methods. As
described herein, DNA isolated from the pools of cells can then be expressed (e.g., in
a prokaryotic or eukaryotic host cell} and re-screened for the identification of
individual clones that express the desired antibody or antigen-binding fragment

5  thercof. '

In some examples as described herein, the immortalized cells can be single
cell sorted using a cell sorter (e.g., FACS)'_,-using a labeled antigen, In a particular
example, cells expressing anti-RSV antibodies can be isolated using an RSV F
antigen labeled with Alexa Fluor 647 in order to label the desired cells. Following

10 sorling, DNA encoding the anti-RSV antibody or antigen-binding fragment thereof
can then be isolated using well-known recombinant methods. DNA isolated from the
pools of cells can be expressed (e.g., in a prokaryotic or eukaryotic host cell) to
confirm binding to the RSV antigen.

Typically, the screening methods employed for the identification of individual

15 antibodies that bind to a particular antigen result in the identification of the antigen-
binding portion of such antibodies. To gencrate full length or other derivative
antibodies from the antigen-binding {fragment, nucleotide sequences encoding the Vy
and/or Vy, chain or antigen-binding portions thereof can be 1solated and cloned mto
vectors expressing a Vy constant region (e.g., the human gamma 1 constant region),

20 Vi constant region {(e.g., human kappa or lambda constant regions), respectively. The
Vi and Vi, domains also can be cloned into a vector expressing the selected constant
regions, T.he hieavy chain conversion vectors and light chain conversion vectors are
then co-transfected into cell Hnes to generate stable or transient cell lines that express
full-length antibodies, e.g., Ig(, using techniques known to those of skill in the art.

25  F. METHODS OF PRODUCING ANTE-RSY ANTIBODIES, AND MODIFIED
OR VARIANT FORMS THEREOF AND NUCLEIC ACIDS ENCODING
ANTIBODIES

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be generated by any suitable method known in the art for the preparation of
30 antibodies, inchuding chemical synthesis and recombinant expression techniques.
Various combinations of host cells and vectors can be used to receive, maintain,

reproduce and amplify nucleic acids (e.g. nucleic acids encoding antibodies such as
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the anti-RSV antibodies or antigen-binding fragments thereof provided), and to
express polypeptides encoded by the nucleic acids. In general, the choice of host cell
and vector depends on whether amplification, polypeptide expression, and/or display
on a genetic package, such as a phage, is de_sired. Methods for transforming host cells
are well known. Any known transtormation method (e.g., transformation,
transfection, infection, electroporation and sonoporation) can be used to transform the
host cell with nucleic acids; Procedures for the production of antibodies, such as
monoclonal antibodies and antibody fragments, such as, but not limited io,. Fab
fragments and single chain antibodies are well known in the art,

Monoclonal antibodies can be prepared using a wide variety of techniques
known in the art including, but not limited to, the use of hybridoma, 1'ecozﬁbinant
expression, phage display technologies or a combination thereof. For example,
monoctonal antibodies can be produced using hybridoma technigues including those
known in the art and taught, for example, in Harlow et al., Antibodies: A Laboratory

Manual (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling,

“Monoclonal Antibodies and T-Cell Hybridomas 5630681 (Elsevier N.Y. 1981},

Polypeptides, such as any set forth herein, including the anti-RSV antibodies
or antigen-binding fragments thereof provided herein, can be produced by any method
known to those of skill in the art including in vivo and in vitro methods. Desired
polypeptides can be expressed in any organism suttable to produce the required
amounts and forms of the proteins, such as for example, needed for analysis,
administration and {reatment. Expression bosts include prokaryotic and eukaryoﬁc "
organisms such as I. coli, yeast, plants, insect cells, mammalian cells, including
human cell lines and transgenic animals _(e. &., rabbits, mice, rats, and livestock, such
as, but not limited to, goats, sheep, and cattle), including production in serum, milk
and eggs. Expression hosts can differ in their protein production levels as well as the
types of post-translational modifications that are present on the expressed proteins.
The choice of expression host can be made based on these and other factors, such as
regulatory and safety considerations, production costs and the need and methods for
puriﬁcation.

1. Nucleic Acids
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Provided herein are isolated nucleic acid molecules encoding an anti-RSV
antibody or antigen-binding fragment thereof provided herein. In some examples, the
isolated nucleic acid molecule encodes an antibody that is 58¢5. In same examples,
the isolated nucleic acid molecule encodes an antigen-binding fragment that is an
antigen-binding fragment of 58c5.

In some examples, the isolated nucleic acid molecule provided encodes an
antibody or antigen-hinding fragment thereof containing a heavy chain having an
amino acid sequence set forth in SEQ ID NO:1. In some examples, the isolated
nucleic acid molecule provided contains a nucleic acid having a sequence of
nucicotides set forth in SEQ ID NOG:18.

In some examples, the isolated nucleic actd molecule provided encodes an
antibody or antigen-binding fragment thereof containing a light chain having an
amino acid sequence set forth in SEQ 1D NO:5. In some examples, the isolated
nucleic acid moleculé provided contains a nucleic acid having a sequence of
nucleotides set forth in SEQ ID NO:17.

In some examples, the isolated nucleic acid molecule provided encodes an
antibody or fragment thercof containing a Viy CDR1 having an amino acid sequence
set forth in SEQ ID NO:2 or 1627. In some examples, the isolated nucleic acid
molecule provided encodes an antibody or fragment thereof containing a Vi CDR2
having an amino acid sequence set forth in SEQ ID NO:3. In some exampies, the
isolated nucleic acid molecule provided encodes an antibody or fragment thereof
containing a Vg CDR3 having an amino acid sequence set forth in SEQ ID NO:4.

In some examples, the isolated nucleic acid molecule provided cneodes an
antibody or fragment thereof containing a Vi CDR1 having an amino acid sequence
set forth in SEQ ID NO:6. In some examples, the isolated nucleic acid molecule
provided encodes an antibody or fragment thereol containing a Vy, CDR2 having an
amino acid sequence sct forth in SEQ 1D NO:7. In some examples, the isolated
nucleic acid molecule provided encodes an antibody or fragrment thercof containing a
Vi, CDR3 having an amino acid sequence set forth in SEQ 1D NO:8. _

Nucleic acid molecules encoding the anti-RSV antibodies or antigen-binding

fragments thereof provided herein can be prepared using well-known recombinant
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techniques for manipulation of nucleic acid molecules (see, e.g., techniques described
in Sambrook ef al. (1990) Moilecular Cloning, A Laboratory Manual, 2d Ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. and Ausubel et al., eds. (1998)
Current Protocols in Molecular Biology, John Wiley & Sons, NY). In some
examples, methods, such as, but not limited to, recombinant DNA techniques, site
directed mutagenesis, and polymerase chain reaction (PCR) can be used fo generate
modified antibodies or antigen-binding fragments thereof having a different amino
acid sequence, for example, to create amino acid substitutions, deletions, and/or
insertions.

in some examples, one or more of the CDRs of an anti-RSV antibody or
antigen-binding fragment thereof provided herein is inserted within frameworlk
regions using routine recombinant DNA techniques. The framework regions can be
selected from naturally occurring or consensus framework regions, including human
framework regions (see, e.g., Chothia et al. (1998) J. Mol. Biol. 278: 457-479 for
exemplary [ramewaork regions). Generally, the polynucleotide generated by the
combination of the framework regions and CDRs encodes an antibody or antigen-
binding fragment thereof that maintains the antigen-binding specificity of the parent
anti-RSV antibody or antigen-binding fragment thereof. Alterations to the
polynucleotide can be made to improve one or more properties of the encoded
antibody or antigen-binding fragment thereof and within the skill of the art. In some
examples, one or more modifications of the polynucieotide can be made to produce
amino acid substitutions within the framework regions, which, for example, improve
binding of the antibody or antigen-binding {fragment thereof to its antigen.
Additionally, such methods can be used fo make amino acid substitutions or deletions
of one or more variable region cysteine residues participating in an intrachain
disulfide bond to gencrate antibody molecules lacking one or more intrachain
disulfide bonds. |

2. Vectors

Provided herein are vectors that contain nucleic acid encoding the anti-RSV
antibodies or antigen-binding fragments thereof, Many expression vectors are

available and known to those of skill in the arl and can be used for expression of
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polypeptides. The choice of expression vector will be influenced by the choice of
host expression system. Such selection is well within the level of skill of the skilled
artisan. In general, expression vectors can include transcriptional promoters and
optionally enhancers, translational signals, and transcriptional and translational
5  termination signals. Expression vectors that are used for stable transformation
typically have a selectable marker which allows selection and maintenance of the
transformed cells. In some cases, an origin of replication can be used to amplify the
copy number of the vector in the cells, |
Vectors also can contain additional nucleotide sequences operably Linked to
10 the ligated nucleic acid molecule, such as, for example, an epitope tag such as for
localization, e.g. a hexa-his tag or a myc tag, or a tag for purification, for example, a
GST fusion, and a sequence for directing pmtbin secretion and/or membrane
association.
Expression of the antibodies or antigen-binding fragments thereof can be
15 controlled by any promoter/enhancer known in the art. Suitable bacterial promoters
are well known in the art and described herein below. Other suitable promoters for
mammalian cells, yeast cells and insect cells are well known in the art and some are
exemplified below, Selection of the promoter used to direct expression of a
heterologous nucleic acid depends on the particular application and is within the level
20 of skill of the skilled artisan. Promoters which can be used include but are not limited
to cukaryotic expression vectors containing the SV40 early promoter (Bernoist and
Chambon, (1981) Natﬁre 290:304-310), the promoter contained in the 3” long
terminal repeat of Rous sarcoma virus (Yamamoto et al. (1980) Cell 22:787-797), the
herpes thymidine kinase promoter {(Wagner et al., (1981) Proc. Natl. Acad. Sci, USA
25 78:1441-1445), the regulatory sequences of the metallothionein gene (Brinster ef af.,
{1982) Nature 296:39-42}; prokaryotic expression vectors such as the J-lactamase
promoter (Tay ef al., (1981} Proc. Natl. Acad. Sci. USA 78:5543) or the tac promoter
(DeBoer et al., (1983) Proc. Natl. Acad. Sci. USA 8G:21-25); see also “Useful
Proteins from Recombinant Bacteria”: in Scientific American 242:79-94 (1980));
30 plant expression vectors containing the nopaline synthetase proinoter (Herrera-

Estrella et al., (1984) Nature 303:209-213) or the cauliflower mosaic virus 355 RNA
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promoter (Gardner ef al., (1981) Nucleic Acids Res. 9:2871), and the promoter of the
photosynthetic enzyme ribulose bisphosphate carboxylase (Hesrera-Estrella e af.,

(1984) Nature 310:115-120); promoter clements from yeast and other fungi such as

~ the Gal4 promot.er, the alcohol dehydrogenase promoter, the phosphoglycerol kinase

promoter, the alkaline phosphatase promoter, and the following animal transcriptional
control regions that exhibit tissue specificity and have been used in transgenic
animals: elastase I gene control region whicli 1s active in pancreatic acinar cells (Swift
et al., (1984) Cell 38:639-646; Ornitz et al., (1980) Cold Spring Harbor Symp. Quant.
Biol. 5(:399-409; MacDonald, (1987) Hepamfogy 7:425-515); insulin gene control
region which is active in pancreatic beta cells (Hanahan et al., (1985) Nature
375:115-122), immunoglobulin gene control region which is active in lymphoid cells
(Grossched] ef al., (1984) Cell 38:647-658; Adams et al., (1985) Nature 318:533-538;
Alexander et al., (1987) Mol. Cell Biol, 7:1436-1444), mouse mammary (umor virus
control region which is active in testicular, breast, lymphoid and mast cells (Leder et
al., (1986) Cell 45:485-495), albumin gene control region which is active in liver
(Pinckert ef al., (1987) Genes and Devel. [:268-27 6}, alpha-fetoprotein gene control
region which is active in liver (rumlauf et al,, (1985) Mol. Cell. Biol. 5:1639-1648);
Hammer ef al., (1987) Science 235:53-58), alpha-1 anti&ypsin gene control region
which is active in liver (Kelsey et al., (1987) Genes and Devel. 1:161-171), beta
globin gene control region which is active in myeloid cells (Magram et al., (1985)
Nature 315:338-340); Kollas et al., (1986) Cell 46:89-94), myelin basic protein gene
control region which is active in oligodendrocyte cells of the brain (Readhead ef af,
(1987) Cell 48:703-712), myosin light chain-2 gene control region which is active in
skeletal muscle (Shani (1985) Nature 314:283-280), and gonadotrophic releasing
hormone gene control region which is active in gonadotrophs of the hypothalamus
(Mason ef al., (1986) Science 234:1372-1378).

In addition to the promoter, the expression vector typically contains a

transcription unit or expression cassette that contains all the additional elements

required for the expression of the antibody, ot portion thereof] in host cells. A typical
expression cassette contains a promoter operably linked to the nucleic acid sequence

encoding the gérmline antibody chain and signals required for efficient
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polyadenylation of the transcript, ribosome binding sites and translation termination.

Additional elements of the cassette can include enhancers. In addition, the cassette

‘typically contains a transcription termination region downstream of the structural gene

to provide for efficient termination. The termination region can be obtained from the
same gene as the promoter sequence or can be obtained {rom different genes.

Some expression systems have markers that provide gene amplification such
as thymidine kinase and dihydrofolate reductase. Alternatively, high yield expression
systems not involving gene amplification are also suitable, such as using a
haculovirus vector in insect cells, with a nucleic acid sequence encoding a germline
antibody chain under the direction of the polyhedron promoter or other strong -
baculovirus promoter.

Any methods known to those of skill in the art for the insertion of DNA
fragments into a vector can be used to construct expression vectors containing a
nucleic acid encoding an antibody or antigen-binding fragment thereof provided
herein. These methods can include in vitro recombinant DNA and synthetic
techniques and in vive recombinants (genetic recombination), The insertion into a
cloning vector can, for example, be accomplished by ligating the DNA fragment into
a cloning vector which has complementary cohesive termiini. 1f the complementary
resiriction sites used to fragment the DNA are not present in the cloning vector, the
ends of the DNA moiecules can be enzymatically modified. Alternatively, any site
desired can be produced by ligating nucieotide sequences (linkers) onto the DNA
termini; these ligated linkers can contain specific chemically synthesized nucleic acids
enceding restriction endonuclease reco gniﬁon sequences. |

Exemplary plasmid vectors useful to produce the antibodies or antigen-
binding fragments provided herein contain a strong promoter, such as the HCMV
immediate early enhancer/promoter or the MHC class [ promoter, an intron to
enhance processing of the transcript, such as the HCMYV immediate eatly gene intron
A, and a polyadenylation {polyA) signal, such as the late SV40 polyA signal. The
plasmid can be multicistronic to enable expression of the full-length heavy and light
chains of the éntibody, a single chain Fv fragment or other immuna globulin

fragments.
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3. Cell Expression Systems

Nucleic acids encoding the anti-RSV antibodies or antigen-binding fragments
thereof provided herein can be expressed in a suitable host. Cells containing the
vectors and nucleic acids encoding the anti-RSV antibodies or antigen-binding -
fragments thereof provided herein are provided. Generally, any cell type that can be
engineered to express heterologous DNA and has a secretory pathway is suitable.
Hxpression hosts include prokaryotic and eukaryotic organisms, such as bacterial cells
(e.g. E. coli), yeast cells, fungal cells, Archae, plant ceils, insect cells and animal cells
including human cells. Bxpression hosts can differ in their protein production levels
as well as the types of post-transiational modifications that are present on the
expressed proteins. Further, the choice of expression host is often related to the
choice of vector and transcription and translation elements used. For exdmple, the
choice of expression host is often, but not always, dependent on the choice of
precursor chuénce utilized. For example, many heterologous signal sequences can
only be expressed in a host cell of the same spécies (i.e., an insect cell signal sequence
is optimally expressed in an insect cell). In contrast, other signal sequences can be
used in heterclogous hosts such ag, for example, the human serum albumin (hHSA)
signal sequence which works well in yeast, insect, or mammalian host cells and the
tissue plasminogen activator pre/pro sequence which has been demonsirated to be
functional in insect and mammalian cells {Tan et al., (2002) Protein Eng. 15:337).
The choice of expression host can be made based on these and other factors, such as
regulatory and safety considerations, production costs and the need and methods for
purification. Thus, the vector system nust be compatible with the host cell used.

Expression in eukaryotic hosts can include expression in yeasts such as
Saccharomyces cerevisiae and Pichia pastoris, insect cells such as Drosophila cells
and lepidopteran cells, plants and plant cells such as tobacceo, corn, rice, algae, and
femna. Fukaryotic cells for expregsion also include mammalian cells lines such as
Chinese hamster ovary (CHO) cells or baby hamster kidney (BHEK) cells. Eukaryotic
expression hosts also include production in transgenic animals, for example, including
production in serum, milk and eggs.

Recombinant molecules can be infroduced into host cells via, for example,
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- transformation, transfection, infection, electroporation and sonoporation, so that many

copies of the gene sequence are generated. Generally, standard transfection methods
ate used 1o produc¢ bacterial, mammalian, yeast, or insect cell lines that express large
quantity of antibody chains, which is then purified using standard techniques (see e.g.,
Colley et al. (1989).J. Biol. Chem., 264:17619-17622; Guide to Protein Purification,
in Methods in Enzymology, vol. 182 {Deutscher, ed.), 1990). Transformation of
eukaryotic and prokaryotic cells are performed according to standard techniques (see,
e.g., Morrison (1977) J. Bact. 132:349-351; Clark-Curtiss and Curtiss (1983) Methods
in Enzymology, 101, 347-362). For example, any of the well-known procedures for
introducing foreign nucleotide sequences into host cells can be used. These include
the use of calcium phosphate transfection, polybrene, protoplast fusion;
electroporation, biolistics, liposomes, microinjection, plasma vectors, viral vectors
(e.g., baculovirus, vaccinia virus, adenovirus and other viruses), and any other the
other well known methods for introducing cloned genomic DNA, ¢DNA, plasmid
DNA, cosmid DNA, synthetic DNA or other foreign genetic material into a host cell.
a. Prokaryotic Expression

Prokaryotes, especially E. coli, provide a system for producing large amounts
of proteins and can be used to express the provided anti-RSV antibodics or antigen-
binding fragments thereof. Typically, £, coli host cells are used {or amplification and
eﬁpression of the provided variant polypeptides. Transformation of 72, coli is simple
and rapid tcchﬁique well known to those of skill in the art. Expression vectors for .
coli can contain inducible promoters, such promotei's are useful for indueing high
levels of protein expression and for expressing proteins that exhibit some toxicity to
the host cells. Examples of inducible promoters include the lac promoter, the trp
promoter, the hybrid tac promoter, the T7 and SP6 RNA promoters and the
temperature regulated APL promoter.

Proteins, such as any provided herein, can be expressed in the cytoplasmic
environment of E. coli. For some polypeptides, the cytoplasmic environment, can
result in the formation of insoluble inclusion bodies containing aggregates of the
proteins. Reducing agents such as dithiothreitol and f-mercaptoethanol and

denaturants, such as guanidine-HCl and urea can be used to resolubilize the proteins,
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followed by subseqguent refolding of the soluble proteins. An alternative approach is

the expression of proteins in the periplasmic space of bacteria which provides an
oxidizing environment and chaperonin-like and disuliide isomerases and can lead to
the production of soluble protein. For example, for phage display of the proteins, the
proteins are exported to the periplasm so that they can be assembled into the phage.
Typically, aleader sequence is fused to the protein to be expressed which directs the
p‘lrateia.to the periplasm. The leader is then removed by signal peptidases inside the
periplasm. Examples of periplasmic-targeting leader sequences include the pelB

leader from the pectate lyase gene and the leader derived from the alkaline

‘phosphatase gene. In some cases, periplasmic expression allows leakage of the

expressed protein into the culture medium. The secretion of proteins allows quick and
simple purification from the culture supernatant. Proteins that are not secreted can be
obtained from the periplasm by osmotic lysis. Similar to cytoplasmic expression, in
some cases proteins can become insoluble and denaturants and reducing agents can be
used to facilitate solubilization and refolding. Temperature of induction and growth
also can influence expression levels and solubility, typically temperatures between
25°Cand 37 'C are used. Typically, bacteria produce non—gﬂycosylated proteins.
Thus, if proteins require glycosylation for function, glycosylation can be added in
vitro after purification from host cells.
b. Yeast Cells

Yeasts such as Saccharomyces cerevisae, Schizosaccharomyces pombe,
Yarrowia lipolytica, Kluyveromyces lactis and Pichia pastoris are well known yeast
expression hosts that can be used to express the anti-RSV antibodies or antigen-
binding fragments thereof provided herein, Yeast can be transformed with episomal
replicating vectors or by stable chromosomal integration by homologous
fecombination. Typically, inducible promoters are used to regulate gene expression.
Exarples of such promoters include GAL1, GAL7 and GALS and metallothionein
promoters, such as CUP1, AOX1 or other Pichia or other yeast promoter. Expression
vectors often include a selectable marker such as LEUZ, TRP1, HIS3 and URAS3 for.
selection and maintenance of the transformed DNA. Proteins expressed in yeast are

often soluble. Co-cxpression with chaperonins such as Bip and protein disulfide
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isomerase can improve expression levels and solubility. Additionally, proteins
expressed in yeast can be directed for secretion using secretion signal peptide fusions
such as the yeast mating type alpha-factor secretion signal from Saccharemyces
cerevisae and fusions with yeast ceil surface proteins such as the Aga2p mating
5  adhesion receptor or the Arxula adeninivorans glucoamylase. A protease cleavage
site such as for the Kex-2 protease, can be engineered to remove the fused sequences
from the c—:xjprcssed polypeptides as they exit the secretion pathway. Yeast also is
capable of glycosylation at Asn-X-Ser/Thr motifs. |
| c. Insect Cells

10 Insect cells, particularly using baculoviras expression, can be used to express
the anti-RSV antibodies or antigen-binding fragments thereof provided herein. Insect
cells express high levels of protein and are capable of most of the post-transiational
meodifications used by higher eukaryotes. Baculovirus have a restrictive host range
which improves the safety and reduces regulatory concerns of eukaryotic expression.

15 Typicél expression vectors use a promoter for high level expression such as the
polyhedrin promoter of baculovirus. Commonly used baculovirus systems include the
baculoviruses such as dutographa californica nuclear polyhedrosts vitus (AcNPV),
and the Bombyx mori nuclear polyhedrosis virus (BmNPV) and an insect cell line
such as S19 derived from Spodoptera frugiperda, Pseudaletia unipuncta (ATS) and

20 Danaus plexippus (DpN1). For high-level expression, the nucleotide sequence of the
molecule to be expressed is fused immediately downstream of the polyhedrin
initiation coden of the virus, Mammalian secretion sigrals are accurately processed
in insect cells and can be used to secrete the expressed protein into the culture
medium. In addition, the cell lines Pseudaletia unipuncta (A75) and Danaus

25 plexippus (DpN1) produce proteins with glycosylation patterns similar to mammalian
cell systems.

An alternative expression system in insect cells 18 the use of stably
transformed cells. Cell lines such as the Schnieder 2 (S2) and Ke cells (Drosophila
melanogaster) and C7 cells (dedes albopictus) can be used for expression. The

30 Drosophila metallothionein promoter can be used to induce high levels of expression

in the presence of heavy metal induction with cadmium or copper. Expression vectors
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are typically maintained by the use of selectable markers such as neomycin and
hygromyein. |
d. Mammalian Cells
Mammalian expression systems can be vsed to express the anti-RSV
5  antibodies or antigen-binding ffagments thereof provided herein. Expression
constructs can be transferred to mammatian cells by viral infection, such as, but not
limited to adenovirus or vaccinia virus, or by direct DNA transfer such as liposomes;
calcium phosphate, DEAE-dextran and by physical means, such as electroporation
and microinjection. Expression vectors for mammalian cells typically include an

10 mRNA cap site, a TATA box, a translational initiation sequence (Kozak consensus
sequence) and polyadenylation elements. Such vectors often include transcriptional
promoter-enhancers for high-level expression, for example the SV40 promoter-
enhancer, the human cytomegalovirus (CMV) promoter and the long terminal repeat
of Rous sarcoma virus. These promoter-enhancers are active in many cell types.

15 Tissue and céll~ty‘pe promoters and enhancer regions also can be used for expression.
Exemplary promoter/enhancer regions include, but are not limited to, those from
genes such as elastase 1, insulin, immunoglobulin, mousc mammary tumeor virus,
albumin, alpha fetoprotein, alpha 1 antitrypsin, beta globin, myelin basic protein,
myosin light chain 2, and gonadotropic releasing hormone gene control. Selectable

20 markers can be used to select for and maintain cells with the expression construct,
Examples of selectable marker genes include, but are not limited to, hygromycin B
phosphotransferase, adenosine deaminase, xanthine-guanine phosphoribosyl
transferase, aminoglycoside phosphotransferase, dihydrofolate reductase and
thymidi.ne kinase. Fusion with cell surface signaling molecules such as TCR-{ and

25 FeRI-y can direct expression of the proteins in an aclive state on the cell surface.

Many cell lines are available for mammalian expression including mouse, rat
human, monkey, chicken and hamster cells. Exemplary cell lines include, but are not
limited to, CHO, Balb/3T3, BHEK, Hela, MDCK, MT2, mouse NSO {nonscereting)
and other myeloma cell lines, hybridoma and heterohybridoma cell lines,

30 lymphocytes, fibroblasts, Sp2/0, COS, NIH3'T3, HEK293, W138, BT483, [IS578T,
HTB2, BT20, T47D, 2938, 2B8, and HKB cells. Cell lines also are available adapted
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to serum-free media which facilitates purification of secreted proteins from the cell
culture media. Que such example is the serum free EBNA-1 cell line (Pham et al.,
(2003} Biotechnol. Biveng. 84:332-42)
e. Plants

Transgenic plant cells and plants can be to express polypeptides such as any
described herein. Expression constructs are typicaily transferred to plants using direct
DNA transfer such ag microprojectile bombardment and PEG-mediated transfer into
protoplasts, and with agrobacterium-mediated transformation. Expression vectors can
include promoter and enhancer sequences, transcriptional termination elements and
translational control elements. Expression vectors and transformation techniques are
usually divided between dicot hosts, such as Arabidopsis and tobacco, and monocot
hosts, such as corn and rice. Examples of plant promoters used for expression include
the cauliflower mosaie virus promoter, the nopaline syntase promoter, the ribose
bisphosphate carboxylase promoter and the ubiquitin and UBQ3 promoters, -
Selectable markers such as hygromycin, phosphomannose isomerase and neomycin
phosphotransferase are often used to facilitate selection and mamtenance of
transformed cells. Transformed plant cells can be maintained in culture as cells,
aggregates (callus tissue) or regenerated into whole plants. Transgenic plant cells also
can include algae engineered to produce proteases or modified proteases (see for
example, Mayfield ef al. (2003) Proc Natl Acad Sei USA 100:438-442). Because
plants have different glycosylation patters than maﬁnmalian ceils, this can influence
the choice of protein produced in these hosts.

4. Purification of Antibodies

Methods for purification of polypeptides, including the anti-RSV antibodies or
antigen-binding fragments thereol provided hetein, from host cells will depend on the
chosen host cells and expression systems. For secreted molecules, proteing generally
are purified from the culture media after removing the cells. For intracellular
expression, cells can be lysed aﬁd_ the proteins purified from the extract. In one
example, polypeptides are isolated from the host cells by centrifugation and cell lysis
(e.g. by repeated freeze-thaw in a dry ice / ethanol bath), followed by centrifugation

and retention of the supernatant containing the polypeptides. When transgenic
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organisms such as transgenic plants and animals are used for expression, tissues or
organs can be used as starting material to make a lysed cell extract. Additionally,
transgenic animal production can inchude the production of polypeptides in milk or
eggs, which can be collected, and if necessary further the proteins can be exiracted
and further purified using standard methods in the art.

Proteins, such as the anti-RSV antibodies or antigen-binding fragments thereof
provided herein, can be purified, for example, from lysed cell extracts, using standard
protein purification techniques known in the art including but not limited to, SDS-
PAGE, size fraction and size exclusion chiromatography, ammeoniwm sulfate
precipitation and jonic exchange chromatography, such as anion exchange. Affinity
purification techniques also can be utilized to improve the efficiency and purity of the
preparations. For example, antibodies, receptors and other molecules that bind
proteases can be used in affinity purification. Expression constructs also can be’
engineered to add an affinity tag to a protein such as a myc epitope, GST fusion or
Hiss and affinity purified with myc antibody, glutathione resin and Ni-tesin,
respectively, Purity can be assessed by any method known in the art including gel
electrophoresis and staining and spectrophotometric techniques.

The isolated polypeptides then can be analyzed, for example, by separation on
a gel (e.g. SDS-Page gel), size fractionation (e.g. separation on a Sephacryl™ S-200
HiPrep™ 16x60 size exclusion column {Amersham from GE Healthcare Life
Sciences, Piscataway, NI). Isolated polypeptides also can be analyzed in binding
assays, typically binding assays using a binding partner bound to a solid support, for
example, to a plate (e.g. ELISA-based binding assays) or a bead, to determine their
ability to bind desired binding partners. The binding assays described in the sections
below, which are used to assess binding of precipitated phage displaying the
polypeptides, also can be used to assess polypeptides isolated directly from host cell
lysates. For example, binding assays can be carried out to determine whether
antibody polypeptides bind to one or more antigens, for example, by coating the
antigen on a solid support, such as a well of an assay plate and incubating the isolated
potypeptides on the solid support, followed by washing and detection with secondary

reagents, e.g. enzyme-labeled antibodies and substrates.
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G. ASSESSING ANTI-RSV ANTIBODY PROPERTIES AND ACTIVITIES
The anti-RSV anti'bodies.or anti gen—bindin g fragments th;areef provided herein
can be characterized in a variety of ways well-known to one of skill in the arf. For
example, the anti-RSV antibodies or anligen-binding fragments thereof provided
herein can be assayed for the abilily to immunospecifically bind to an F p-roiein of
human Respiratory Syncytial Virus {RSV). Such assays can be performed, for
example, in solution (e.g., Houghten (1992) Rio/Techniques 13:412-421), on beads
(Lam (1991) Nature 354:82-84), on chips (Fodor (1993} Nature 364:5.55—556), on
bacteria (U.S. Pat. No. 5,223,409}, on spores (U.5. Pat. Nos. 5,571,698, 5,403,484,
and 5,223,409), on plasmids (Cull et al. ('1992) Proc. Natl. Acad. Sci. USA 89:1865-
1869) or on phage (Scott and Smith (1990) Science 249:386-390; Devlin (1990)
Science 249:404-406; Cwirla et al. (1990) Proc. Natl. Acad. Sci. USA 87:6378-6382;
and Felici (1991) J. Mol. Biol. 222:301-310). Antibodics or antigen—binding
fragments thereof that have been identified to immunespecifically bind to a RSV
antigen or a fragment thereof also can be assayed for their specificity and affinity for

a RSV antigen. The binding specificity, or epitope, can be determined, for example,

by competition assays with other anti-RSV antibodies and/or virus neutralization

assays using Monoclonal Antibody-Resistant Mutants (MARMS). In addition, in vitro
assays and in vivo animal models using the anti-RSV antibodies or antigen-binding
fragments thereof provided herein can be employed for measuring the level of RSV
neutralization effected by contact or administration of the anti-RSV antibodies or
antigen-binding fragments thereof.

1. Binding Assays

Thé anti-RSV astibodies or antigen-binding fragments thereof provided herein
can be assessed for their ability to bind a selected target (e.g., RSV virus or isolated
RSV F protein) and the speciticity for such targets by any method known to one of
skill in the art. Exemplary assays are provided in Examples 5 and § below, and
described herein below, Binding assays can be performed in solution, suspension or
on a solid support. For example, target antigens can be immobilized to a solid support
(e.g. a carbon or plastic surface, a tissue culture dish or chip) and contacted with

antibody or antigen-binding fragment thereof. Unbound antibody or target protein
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can be washed away and bound complexes can then be detected, Binding ass.ays can
be performed under conditions to reducenons-peciﬁc binding, such as by using a high
ionic strength buffer (e.g., 0.3-0.4 M NaCl) with nonionic detergent (e.g. 0.1% Triton
X-100 or Tween 20} and/or blocking proteins (e.g. bovine serum albmhin or gelatin).
Negative controls also can be included in such assays as a measure of background
binding. Binding affinities can be determined using Scatchard analysis (Munson et
al., (1980) Anal. Biochem., 107:220), surface plasmon resonance, isothermal
calorimetry, or other methods known to one of skill in the art.

Hxemplary immunoassays which can be used to analyze immunospecific
binding and cross-reactivity include, but are not limited to, competitive and non-
competitive agsay systems using technigues such as, but not limited to, western blots,
radioimmuncassays, ELISA (enzyme linked immunoserbent assay), Meso Scale
Discovery (MSD, Gaithersburg, Maryland), "sandwich" imnunoassays,

mmunoprecipitation assavs, BELISPOT, precipitin reactions, gel diffusion precipitin

reactions, immunediffusion assays, agglufinalion assays, complement-fixation assays,

immunoradiometric assays, fluorescent imnunoassays, protein A immunoassays.
Such assays are routine and well known in the art (see, e.g., Ausubel et al, eds, 1994,
Cuarrent Protocols in Molecular Biol(_)gy, Vol. 1, John Wiley & Sons, Inc., New York,
which is incorporated by reference herein in its entirety). Other assay formats include
liposome immunoassays (LIA), which use liposomes designed fo bind specific
molecules (e.g., antibodies) and release encapsulated reagents or markers, The
released chemicals are then detected according to standard techniques (see Monroe ef
al., (1986) Amer. Clin. Prod. Rev. 5.34-41), Exemplary immunoassays not intended
by way of limitation are described briefly below. |

Immunoprecipitation protocols generally involve lysing a population of cells
in a lysis buffer such as RIPA buffer (1% NP-40 or Triton X-100, 1% sodium
deoxycholate, 0.1% SDS, 0.15 M NaCl, 0.01 M sodium phosphate at pH 7.2, 1%
Trasylol) supplemented with protein phosphatase and/or protease inhibitors (e.g.,
EDTA, PMSF, aprotinin, sodium vanadate), adding the antibody or antigen-binding
fragment thercof of interest to the cell lysate, incubating for a period of time {e.g., | to

4 hours) at 40°C., adding protein A and/or protein G sepharose beads to the cell
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lysate, incubating for about an hour or more at 40 °C., washing the beads in lysis
buffer and resuspending the beads in SDS/sample buffer. The ability of the antibody
or antigen-binding fragment thereof of interest to immunoprecipitate a particular
antigen can be assessed by, e.g., western blot analysis. One of skill in the art is
knowledgeable as fo the parameters that can be modified to increase the binding of the
antibody or antigen-binding fragment thereof to an antigen and decrease the
background (e.g., pre-clearing the cell lysate with sepharose beads). For further
discussion regarding immunoprecipitation protocols see, e.g., Ausubel et al., eds,
1994, Cusrent Protocols in Molecular Biology, Vol. 1, Jolm Wiley & Sons, Inc., New
York at 10.16.1.

Western blot analysis generally involves preparing protein samples,
electrophoresis of the protein samples in a polyacrylamide gel (e.g., 8 %-20 % SDS-
PAGE depending on-the molecular weight of the antigen), transferring the protein
sample from the polyacrylamide gel to a membrane such as nitrocellulose, PVDF or
nylon, blocking the membrane in blocking solution (e.g., PBS with 3 % BSA or non-
fat milk), washing the membrane in washing buffer (e.g., PBS-Tween 20), blocking
the membrane with primary antibody or antigen-binding fragment thereof {(i.e., the
antibody or antigen-binding fragment thereof of interest) diluted in blocking buffer,
washing the membrane in washing buffer, blocking the membrane with a secondary
antibody (which recognizes the primary antibody, e.g., an anti-human antibody)
conjugated to an enzymatic substrate (e.g., horseradish peroxidase or alkaline
phosphatase) or radioactive molecule (e.g., **P or ') diluted in blocking butfer,
washing the membrane in wash buffer, and detecting the presence of the antigen. One
of skill in the art is knowledgeable as to the parameters that can be modified to
increase the signal detected and to reduce the background noise. For further
discussion regarding western blot protocols see, e.g., Ausubel et al, eds, 1994, Current
Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at
10.8.1.

ELISAs involve preparing antigen, coating the well of a 96-well microtiter
plate with the antigen, adding the antibody or antigen-binding fragment thereof of

interest conjugated to a detectable compound such as an enzymatic substrate (e.g.,
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horseradish peroxidase or alkaline phosphatase) to the well and incubating for a
period of time, and detecting the presence of the antigen. In ELISAs, the antibody or
antigen-binding fragment thereof of interest does not have to be conjugated to a
detectable compound; instead, a second antibody (which recognizes the antibody of
5 interest) conjugated to a detectable compound can be added to the well. Further,

instead of coating the well with the antigen, the antibody can be coated to the well. In
this case, a second antibody conjugated to a detectable compound can be added
following the addition of the antigen of interest to the coated well. One of skill in the
art is knowledgeable as to the parameters that can be modified to increase the signal

10 detected as well as other variations of ELISAs known in the art, For further
discussion regarding ELISAs see, e.g., Ausubel et al, eds, 1994, Current Protocols in
Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York at 11.2.1, Exaraples 5
and 8 exemplify a binding assay for binding of anti-RSV antibodies to RSV F
protein. |

15 The binding affinity of an antibody or antigen-binding fragment thereof to an
antigen and the off-rate of an antibody-antigen interaction can be determined, for
example, by competitive binding assays. One example of a competitive binding assay
is a radioimmunoassay comprising the incubation of labeled antigen (e.g., H or )
with the antibody or antigen-binding fragment thereof of interest in the presence of

20 increasing amounts of unlabeled antigen, and the detection of the antibody or antigen-
binding fragment thereof bound to the labeled antigen. The affinity of an anti-RSV
antibody or antigen-binding fragment thereof provided herein for a RSV antigen and
the binding off-rates can be determined from the data by Scatchard plot analysis.
Competition with a second antibody can also be determined using

25  radioimmunoassays. In this case, a RSV antigen is incubated with an anti-RSV
antibody or antigen-binding fragment thercof provided herein conjugated fo a labeled
compound {e.g., 3}“:1 or 1) in the presence of increasing amounts of an unlabeled
second antibody. In some exampies, surface plasmon resonance (e.g., BiaCore 2008,
Biacore AB, Upsala, Sweden and GE Healthcare Life Sciences; Malmgvist (2000)

30 Biochem. Soc. Trans. 27:335) kinetic analysis can be used to determine the binding on

and off rates of antibodies or antigen-binding fragmentis thereof to a RSV antigen.
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Surface plasmon resonance kinetic analysis involves analyzing the binding and
dissociation of a RSV antigen from chips with immobilized antibodies or fragments
thereof on their susface. | _

The anti-RSV antibodies or antigen-binding fragments thereot provided herein
also can be assayed for their ability to inhibit the binding of RSV (o its host cell
recéptor using techniques known to those of skill in the art. For example, cells
expressing the receptor for RSV can be contacted with RSV in the presence or
absence of an antibody or antigen-binding fragment thereof and the ability of the
antibody or fragment thereof to inhibit RSV's binding can measured by, for example,
flow cytometry or a scintillation assay. RSV {e.g,, a RSV antigen such as F
glycoprotein or G glycoprotein) or the antibody or antibody fragment can be labeled
with a detectable compound such as a radioactive label (e.g., **P, S, and "Iy or a
fluorescent label (e.g., fluorescein isothiocyanate, rhodamine, phycoerythrin,
phycocyanin, allophycocyanin, o-phthaldehyde and {luorescamine) to enable
detection of an interaction between RSV and its host cell receptor.

The ability of antibodies or antigen-binding ﬁ‘agments thereot to inhibit RSV
from ﬁinding to.its receptor also can be determined in cell-free assays. For example,
RSV or a RSV antigen such as F glycoprotein can be contacted with an antibody or
fragment thereof and the ability of the antibody or antibody fragment to inhibit RSV
or the RSV anfigen from binding to its host cell receptor can be determined. In some
examples, the antibody or the antigen-binding fragment is immobilized on a solid
support and RSV or & RSV antigen is labeled with a detectable compound. In some
examples, RSV or a RSV antigen is immobilized on a solid support and the antibody
or fragment thereof is labeled with a detectable compound. The RSV or RSV antigen
can be partially or completely purified (e.g., partially or completely free of other
polypeptides) or part of a cell lysate. In some examples, a RSV antigen can bea
fusion protein comprising the RSV antigen and a domain such as glutathionine-S-
transferase. In some examples, a RSV antigen can be biotinylated using techniques
well known to those of skill in the art (¢.g., biotinylation kit, Pierce Chemicals;
Rockford, H1.).

2. Binding specificity
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The binding specificity, or epitope, of the anti-RSV antibodies or antigen
binding fragments thereof provided herein can be determined by any assay known to
one of skill in the art, including, but not limited to surface plasmon resonance assays,
competition assays and virus neutratization dssays using Monoclonal Antibody-
Resistant Mutants (MARMS). The epitope can be in the isolated protein, i.e., the
isolated F protein, or in the protein in the virus. The ability of two antibodies to bind
to the same epitope can be determined by known assays in the art such as, for
example, surface plasmon resonance assays and antibody competition assays.
Typically, antibodies that immunospecifically bind to the same epitope can compete
for binding to the epitope, which can be measured, for example, by an in vitro binding
competition assay (e.g. competition ELISA), using techniques known the art.
Typically, a first antibody that immunospecifically binds to the same epitope as a
second antibody can compete for binding to the epitope by about or 30 %, 35 %, 40
Yo, 45 %, 50 %, 55 %, 60 %, 65 %, 70 %, 75 %, 80 %, 85 %, 90 %, 95 %, 100 %,
where the percentage competition is measured ability of the seccond antibody to
displace binding of the first antibody to the epitope. In exemplary competition assays,
the anfigen is incubated in the presence a _predetelmined limiting dilution of 2 labeled
antibody {e.g., 50-70 % saturation concentration), and serial dilkutions of an unlabeled
competing aﬁtibody. Competition is determined by measuring the binding of the
labeled antibody to the antigen for any decreases in binding in the presence of the
competing antibody. Variations of such assays, including various labeling technigues
and detection methods including, for example, radiometric, fluorescent, enzymatic
and colorimetric detection, are known in the art. For example, as is exemplified in
Example 10 below, antibody [gG 58¢5 and motavizumab do not compete for binding
to RSV F protein, thus indicating that antibody [gG 58¢5 binds a different epitope
than motavizumab.

The ability ol a {irst antibody to bind to the same epitope as a second antibody
also can be determined, for example, by virus neutralization assays using Monoclonal
Antibody-Resistant Mutants. A MARM is a mutant respiratory syncytial virus (RSV)
that not neutratized by a monoclonal antibody. that neutralizes the wildtype RSV

virus, i.e., a MARM is an RSV cscape mutant,. MARMs are generated by culturing
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wildtype RSV in the presence of a monocional antibody for successive rounds of viral
replication in the presence of the antibody such that after each successive round of
virus replication, cytopathic effects (CPE) are observed in the presence of increasing
concenirations of antibodies until a mutant virus results that is not neutralized by the
antibody. If a first antibody can neutralize a MARM generated against a second
antibody, one can conclude that the antibodies specifically bind to or interact with
different epitopes. For example, where a first anti-RSV antibody neutralizes wild-
type RSV but not a particular mutant RSV (i.e., MARM), a second antibody that
neutralizes the wild-type RSV but not the particular mutant RSV generally binds the
same epitope on RSV as the first antibody. Where a first anti-RSV antibody
néutra]izes wild-type RSV but not a particular mufant RSV, a second antibody that
neuiralizes the wild-type RSV and the particular mutant RSV generally does not bind
the same epitope on RSV as the first antibody.

For example, as is exemplified in Example 9 below, IpG 58¢5 provided herein
is capable of neutralizing MARMs previously generated against various anti-RSV
antibodies, including MARM 1129, generated égainst MAD 1129, the parental
antibody to palivizumab and motavizurmaab (see, Johnson et al. (1997) J. Infect.
Diseases 176:1215-1224 and U.S. Pat. No. 5,824,307), MARM 19, generated against
Fab 19 (see Barbas ef al. (1992) Proc. Nail. Acad. Sci. US4 89:10164-10168) and
MARM 151, generated against MAb 151 (see, Mufson ef 4/, (1985) J. Gen. Virol,
66:2111-2124). Thus, IgG 585 binds a different epitope on the F protein then
antibodies Fab 19, MAD 151 and MAb 1129,

As is exemplified in Example 11 below, MARMSs were generated against
motavizumab and IgG 58¢3. The motavizamab MARM, generated after 5-7 rounds
of selection, contains a single amino acid mutation (K272E, SEQ ID NO:1642)
compared to the wildtype i{SV F protein. Mutation at amino acid K272 is consistent
with known mutations that disrupt binding of the parent antibody of motavizumab
(see, Zhao et al., (2004) J. Infectious Disease 190:1941-1946). The IgG 58c5
MARM, generated after 10 rounds of selection, coniains 3 amino acid mutations
{(NG3K, M115K and E295G, SEQ 1D NO:1643) compared to the wildtype RSV F
protein. The mutations effecting escape in the IgG 58c5 MARM have not been
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previously identified as antigenic sites for various monoclonal antibodies that
tmmunospecifically bind to the RSV F protein (see, e.g., Beeler et al. (1989) J.
Virology 63(7):2841-2950, Crowe et al. (1998) Virology 252:373:375; Zhao et al.,
(2004) J. Infectious Disease 190:1941-1946; Liu et al., (2007) Virology Journal
5 4:71). Additionally; as is shown in Example 11 below, IgG 58c5 neutralizes the
motavizumab MARM, and motavizumab neutralizes the IgG 58¢5 MARM. Thus,
T¢G 58¢5 binds a different epitope of the RSV F protein than motavizumab.
3. In vitro assays for analyzing virus neutralization cffects of antibodies
The anti-RSV antibodies or antigen-binding fragments thercof provided herein
10 can be analyzed by any suitable method known in the art for the detection of viral
neutralization. Methods for detection of viral neutralization include, but are not
limited to, plaque assays and assays for inhibition of syncytium formation, Such
assays can be employed to assess, for example, inhibition of viral attachment, viral
entry and celi-to-cell spread of the virus (see, e.g- Burioni ef al., (1994) Proc. Natl.
15 Acad Sci, US.A. 91:355—359; Sanna el al. (2000} Virology 270:386-3961; and De
Logu et al., (1998).J Clin Microbiol 36:3198-3204). One of skill in the art can
identify any assay capable of measuring viral neutralization.
Standard plaque assays include, for example, plaque reduction assays, plaque
size reduction assays, noutralization assays and neutralization kinetic assays. Thesc
20 assays measure the formation of viral plaques (i.e. areas of lysed cells) following
infection of target cell monolayers by a virus. Exemplary target cell lines that can be
used in plaque reduction assays include, but are not limited to, Vero cells, MRC-5
cells, RC-37 cells, BHK-21/C13 cells and HEp-2 ceils. One of skill in the art can
identify appropriate target cell lines for use in a plaque assay. Selection of an
25 appropriate cell line for a plague assay can depend on known factors, such as, for
example, cell infectivity and the ability of the virus to propagate in and lyse the target
cell. Ex.ampies 6 and 9 exemplify in vitro neutralization assays. '
Plague reduction assays can be used to measure the ability of the a1nﬁ~RSV
antibody or antigen-binding fragment thereof to effect viral neutralization in solution.
30 ln exemplary plaque reduction assays, the antibody or antigen-binding fragment |

thercof and the virus are pre-incubated prior to the addition of target cells. Target
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cells are then infected with the antibody/virus mixture and a plaque assay is
performed following a predetermined infection period. One of skill in the art can
determine the incubation times required based on known examples in the art. A
reduction in the number of virus plaques produced following infection of the target
cells indicates the ability of the antibody or antigen-binding fragment thercof to
prevent binding of the virus to the target cells independent of antibody or antigen-
binding fragment thereof attachment to the target cell and/or antibedy, or antigen-
binding fragment thereof, internalization. '

Plaque.size reduction assays can be used to measure the ability of the anti-
RSV antibody or antigen-binding fragment thereof to inhibit of viral celt-to-cell
spread. In exemplary plaque size reduction assays, the target cells are first infected
with the virus for a predetermined infection period and then the antibody or antigen-
binding fragment thereof is added to the infected cell. One of skill in the art can
determine the incubation times required based on known examples in the art. A
reduction in the size (i.e. diameter) of the virus plaques indicates that the antibody or
antigen-binding fragment thereof is capable of preventing viral cell-to-cell spread.

Virus neutralization assays can be used to measure the ability of the anti-RSV
antibody or antigen-binding fragment thereof {o effect viral neutralization at the target
cell surface by association of the antibody or antigen-binding fragment thereof with
the target cell prior to virus exposure. In exemplary virus neutralization assays, the
antibody or antigen-binding fragiment thereof and target ceils are pre-incubated for a
redetermined period of time to alfow for binding of the antibody or antigen-binding
fragment thereof to the targeted cell. Pollowing the pre-mcubation period, the
unbound antibody is removed and the target cells are infected with the virus, A
reduction in the number of plagues in this assay indicates the ability of the antibody or
antigen-binding fragment thereof to prevent viral infection dependent upon
attachment to the target cell and/or internalization of the antibody or antigen-binding
fragment thereof. This assay also can be used to measure neutralization kinetics by
varying antibody or antigen-binding fragment concentrations and pre-incubation
times. |

Exemplary assays for inhibition of syncyltium formation can be employed to
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measure antibody-mediated inhibition of viral cytopathic effects by blocking the
formation of syncytia when using a fusogenic viral strain. One of skill in the art can
identify an appropriate fusogenic viral strain for use in the assay.
The anti-RSV antibodies or antigen-binding fragments thereof provided herein
5 also can be assayed for their ability to inhibit or downregulate RSV replication using
techniques known to those of skill in the art. For example, RSV replication can be
assayed by a plaque assay such as described, e.g., by Johnson ef al. (1997) Journal of
Infectious Diseases 176:1215-1224. The anti-RSV antibodies or anti gen-binding
fragments thereof provided herein also can be assayed for their ability to inhibit or
10 downregulate the expression of RSV polypeptides. Techniques known to those of
| skill in the art, including, but not limited to, Western blot analysis, Northemn blot
analysis, and RT-PCR can be used to measure the expression of RSV polypeptides.
4. In vive animal medels for assessing efficacy of the anti-RSV antibodies
In vivo studies using animal models can be performed to assess the efficacy
15 of the anti-RSV antibodies or antigen-binding fragments thercof provided herein. /n
vivo studies using animal models can be performed to assess any toxicity of
administration of such antibodies or antigen-binding fragments thereof. A variety of
assays, such as those employing in vive animal models, are available fo those of skiil
in the art for evaluating the ability of the anti-RSV antibodies to inhibit or treat RSV
20 virus infection and for assaying any toxicity. The therapeutic effect of the .anti--RSV
antibodies can be assessed using animal models of the pathogenic infection, including
animal models of viral infection. Such animal models are known in the art, and
include, but are not limited to, animal models for RSV infection, such as but not
limited to cotton rat, inbred mouse, calf, ferret, hamster, guinea pig, chimpanzee, owl
25 monkey, rhesus monkey, African green monkey, cebus monkey, squitrel monkey,
bonnet monlkey, baboon, (see, e.g., Prince ef al. (1978) Am. J. Pathol. 93:771-791,
Prince ef al. (1979) Infect. Immunol. 26:764-766; Byrd and Prince (1997) Clinical
Infectious Diseases 25:1363-1368, including references cited therein, for exemplary
models of RSV infection). For in vive testing of an antibody or antigen-binding
30 fragment or composition's toxicity, any animal model system known in the art can be

used, including, but not limited to, rats, mice, cows, monkeys, and rabbits.
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5. In vitro and in vive Assayé for Measuring Antiboedy Efi“icacy

Efficacy in treating or preventing viral infection can be demonstrated by
detecting the ability of 2 anti-RSV antibody or antigen-binding fragment thereof
provided herein to inhibit the replication of the virus, to inhibit transmission or
prevent the virus from establishing itself in its host, to reduce the incidence of RSV
infection, or to p;"event, ameliorate or alleviate one or more symptoms associated with
RSV infection. The treatment is considered therapeutic if there is, for example, a
reduction is viral load, amelioration of one or more symptoms, a reduction in the
duration of a RSV infection, or a decrease in mortality and/or morbidity following
administration of an antibody or composition provided herein. Further, the treatment
is considered therapeutic if there is an increase in the immune response following the
administration of one or more antibodies or antigen-binding fragments thereof which
immunospecifically bind to one or more RSV antigens.

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be tested in vitro and in vive for the ability to induce the expression of ¢ytokines
such as TFN-a, IFN-f3, IFN-y, 1L-2, {1L-3, [L-4, 1L-5, {L-6, IL-7, H’;S, IL-9, IL-10, IL-
12. and [L-15. Techniques known to those of skill in the art can be used to measure
the level of expression of cytokines. For example, the level of expression of
cytokines can be measured by analyzing the level of RNA of cytokines by, for

example, RT-PCR and Northern blot analysis, and by analyzing the level of cytokines

by, for example, immunoprecipitation followed by Western blot analysis or ELISA.

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be tested in vitro and in vive for their ability to modulate the biological activity of
mmmune cellg, including human immune cells (e.g., T-cells, B-cells, and Natural
Killer cells). The ability of an anti-RSV anfibody or antigen-binding [ragment to
modulate the biological activity of immune cells can be assessed by detecting the
expression of antigens, detecting the proliferation of immune cells, detecting the
activation of signaling molecules, detecting the effector function of immune cells, or
detecting the differentiation of immune cells. Techniques krown to those of skill in
the art can be used for measuring these activities, For example, cellular proliferation

can be assayed by *H-thymidine incorporation assays and trypan blue cell counts.
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Antigen expression can be assayed, for example, by immunoassays including, but are
not limited to, competitive and non-competitive assay systems using techniques such
as western blots, immunohistochemisty radioimmunoassays, ELISA (enzyme linked
immunosorbent assay), "sandwich" immunoaésays, immunoprecipitation assays,
precipitin reactions, gel diffusion precipitin reactions, immunodiffusion assays,
agglufzinati(m assays, complement-fixation assays, immunoradiometric assays,
fluorescent immunoassays, protein A immuncassays and FACS analysis. The
activation of signaling molecules can be assayed, for example, by kinase assays and
electrophoretic shift assays (EMSAs). _

The anti-RSV antibodies or antigen-binding {fragments thereof provided herein
also can be tested for their ability to inhibit viral replication or reduce viral load in in
vitro, ex vivo and in vivo assays. The anti-RSV antibodies or antigen-binding
fragments thereof also can be assayed for their abiﬁty to decrease the time course of
RSV infection. The anti-RSV antibodies or antigen-binding fragments thercof also
can be assayed for their ability to increase the survival period of humans suffering
from RSV infection by at least or about 25%, at least or about 50%, at teast or about
60%, at least or about 75%, at least or about 85%, at least or about 95%, or at least or
about 99%. Further, anti-RSV antibodies or antigen-binding fragmeﬁts thereof can be
assayed for their ability reduce the hospitalization period of humans suffering from
RSV infection by at least or about 60%, at least or about 75%, at least or about 85%,
at least or about 95%, or at least or about 99%. Techniques known to those of skill in
the art can be used to analyze the function of the anti-RSV antibodies or antigen-
binding fragments thereof provided herein in vivo.

In accordance with the methods and uses provided herein, chinical trials with
human subjects need not be performed in order to demonstrate the prophylactic and/or
therapeutic efficacy of the anti-RSV antibodies or antigen-binding fragments thereof
provided herein. n vitro and animal model studies using the anti-RSV antibodies or
antigen-binding fragments thereof provided herein can be extrapolated to humans and
are sufficient for demonstrating the prophylactic and/or therapeutic utility of the anti-
RSV antibodies or antigen-binding {ragments.

H. DIAGNOSTIC USES
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The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be used in diagnostic assays for the detection, purification, and/or neutralization
éf RSV. Exemplary diagnostic assays include in vitro and in vivo detection of RSV,
For example, assays using the anti-RSV antibodies or antigen-binding fragments

5 thereof provided herein for qualitatively and quantitatively measuring levels of RSV
in an isolatéd biological sample (e.g., sputum) or in vivo are provided.

As described herein, the anti-RSV antibodies or antigen-binding fragments
thereof can be conjugated to a detectable moiety for in vitro or in vive detection,

Such antibodies can be employed, for example, to evaluate the localization and/or

10 persisience of the anti-RSV antibody or antigen-binding fragment thereof at an in vivo
site, such as, for example, a mucosal site. The anti-RSV antibodies or antigen-
binding fragments thereof which are coupled to a detectable motety can be detected in
vivo by any suitable method known in the art. The anti-RSV antibodies or antigen-
binding fragments thereof which are coupled to a detectable moicty also can be

15 detected in isolated biological samples, such as tissue or fluid samples obtained from
the subject following administration of the antibody or antigen-binding fragment
thercot,

1. Invitro detection of pathogenic infection

In general, RSV can be detected in a subject or patient based on the presence

20 of one or more RSV proteins and/or polynucleotides encoding such proteins in a
biological sample (e.g., blood, sera, sputum urine and/or other appropriate cells or
tissues) obtained from a subject or patient. Such proteins can be used as markers to
indicate the presence or absence of RSV in a subject or patient. The an{i—RSV
antibodies or antigen-binding fragments thereof provided herein can be employed for

25 detection of the level of antigen and/cr epitope that binds to the agent in the biological
sample. | 7

A variety of assay formats are known o those of ordinary skiil in the art for
using a anti-RSV antibody or antigen-binding fragment thereof to detect polypeptide
markers in a sample (see, e.g., Hatlow and Lane, Antibodies: A Laboratory Manual,

30 Cold Spring Harbor Laboratory, 1988). In general, the presence or absence of RSV in

a subject or patient can be determined by contacting a biological sampie obtained
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from a subject or patient with an anti-RSV antibody or antigen-binding fragment
thereof provided herein and detecting in the sample a level of polypeptide that binds
to the anti-RSV antibody or antigen-binding fragment thereof.

In some examples, the assay involves the use of an anti-RSV antibody or
antigen-binding fragment thercof provided herein immobilized on a solid support to
bind to and remove the target polypeptide from the remainder of the sample. The
bound polypeptide can then be detected using a detection reagent that contains a
reporter group and specifically binds to the antibody/polypeptide complex. Such
detection reagents can contain, for example, a binding agent that specifically binds to.
the polypeptide or an antibody or other agent that specifically binds to the binding
agent.

In some examples, a compelitive assay can be utilized, in which a polypeptide
is labeled with a reporter group and allowed fo bind to the immobilized anti-RSV
antibody or antigen-binding fragment thereof after incubation of the anti-RSV
antibody or antigen-binding fragment thercof with the sample. The extent to which
components of the sample inhibit the binding of the labeled polypeptide to the anti-
RSV antibody or antigen-binding fragment thereof is indicative of the reactivity of the
sample with the immobilized anti-RSV antibody or antigen-binding fragment thereof.
Suitable polypeptides for use within such assays include full length RSV F proteins
and portions thereof, including the extracellular domain of a RSV F protein, to which
an anti-RSV antibody or antigen-binding fragment thereof binds, as described above.

The solid support can be any material known to those of ordinary skiil in the
art to which the protein can be attached. For example, the solid support can be a test
well in a microtiter plate or a nifrocellulose or other suitable membrane. The support
also can be a bead or disc, such as glass, fiberglass, latex or a plastic material such as
polystyrene or polyvinylehloride. The support also can be a magrietic particle or a
fiber optic sensor, such as those disc’iosed,. for example, in U.S. Pat. No. 5,3 59,68.1.
The anti-RSV antibody or antigen-binding fi‘agmenf thereof can be immobilized on
the solid support using a variety of techniques known to those of skill in the art. The
anti-RSV antibody or antigen-binding fragment thereof can be immobilized by

adsorption to a well in a wicrotiter plate or to a membsane. In such cases, adsorption
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can be achicved by contacting the anti-RSV antibody or antigen-binding fragment
thereof, in a suitable buffer, with the solid support for a suitable amount of time. The
contact time varies with temperature, but is typically between about 1 hour and about
1 day. In general, contacting a well of a plastic microtiter plate (such as polystyrene
or polyvinylchloride} with an amount of anti-RSV antibody or antigen-binding
fragment thereof ranging from about 10 ng to about 10 ug, and typically about 100 ng
to about 1 ng, is sufficient to immobilize an adequate amount of anti-RSV antibody or
antigen-binding fragment thereof

Covalent attachment of anti-RSV antibody or antigen-binding fragment
thereof to a solid support can generally be achieved by first reacting the support with
a bifunctional reagent that will react with the support and a functional group, such as
a hydroxy! or amino group, on the anti-RSV antibody or antigen-binding fragment
thereof. For example, the anti-RSV antibody or antigen-binding fragment thereof can
be covalently attached to supports having an appropriate polymer coating using
benzoquinone or by condensation of an aldehyde group on the support with an amine
and an active hydrogen on the binding partner (see, ¢.g., Pierce Immunotechnology
Catatog and Handbook, 1991, at A12-A13).

In some examples, the agsay is performed in a flow-through or strip test
format, wherein the anti-RSV antibody or antigen-binding fragment thereof is
immobilized on a membrane, such as nitrocellajose. In the flow-through test,
polypeptides within the sample bind to the immobilized anti-RSV antibody or
anfigen-binding fragment thereof as the sample passes through the membrane, A
second, labeled binding agent then binds to the anti-RSV antibody or antigen-binding
fragment thereof-polypeptide complex as a solution containing the second binding
agent flows through the membrane.

Additional assay protocols exist in the art that are suitable for use with the
RSV proteins or anti-RSV antibodies or antigen-binding fragments thereof provided.
The above descriptions are intended to be exemplary only. For example, it will be
apparent to those of ordinary skill in the art that the above protocols can be readily
modified to use RSV polypeptides to deteet antibodies that bind to such polypeptides

in a biological sample. The detection of such protein-specific antibodies can allow for
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the identification of RSV infection.

To improve sensitivity, multiple RSV protein markers can be assayed within a
given sample. It will be apparent that anti-RSV antibodies or antigen-binding |
fragments thereof specific for different RSV polypeptides can be combined within a
single assay. Further, multiple primers or probes can be used concurrently. The
selection of RSV protein markers can be based on routine experimeﬁts to determine
combinations that results in optimal sensitivity. In addition, or alternatively, assays for
RSV proteins provided herein can be combined with assays for other known RSV
antigens.'

2. In vive detection of pathogenic infection

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be employed as an in vivo diagnostic agent. For example, the anti-RSV
antibodies or antigen-binding fragments the:rep‘f can provide an image of infected
tissues {¢.g., RSV infection in the lungs) using detection methods such as, for
example, magnetic resonance imaging, X-ray imaging, computerized emission
tomography and other imaging technologies. For the imaging of RSV infected
tissues, for example, the antibody portion of the anti-RSV antibody generally will
bind to RSV (e.g., binding a RSV F protein epitope), and the imaging agent will be an

agent detectable upon imaging, such as a paramagnetic, radioactive or fluorescent

‘agent that is coupled to the anti-RSV antibody or antigen-binding fragment thereof.

Generally, for use as a diagnostic agent, the anti-RSV antibody or antigen-binding
fragment thereof is coupled directly or indirectly to the imaging agent.

| Many appropriate imaging agents are known in the art, as are methods for
their attachment to the ar1ti—1{SV antibodies or antigen-binding fragments {(see, e.g.,
U.S. Pat. Nos. 5,021,236 and 4,472,509). Exemplary attachment methods involve the
use of a metal chelate complex employing, for example, an organic chelating agent
such a DTPA attached to the antibody or antigen-binding fragment thereof (U.S, Pat.
No. 4,472,509). The antibodies also can be reacted with an enzyme in the presence of
a coupling agent such as glutaraldehyde or periodate. Conjugates with fluorescein
markers are prepared in the presence of such coupling agents or by reaction with an

1sothiocyanate.
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For in vive diagnostic imaging, the type of detection instrament available is
considered when selecting a given radioisotope. The radioisotope selected has a type
of decay which is detectable for a given type df instrument. Another factor in
selecting a radioisotope for ix vive diagnosis is that the half-life of the radioisotope be
long enough so that it is still detectable at the time of maximum uptake by the target,
but short enough so that deleterious radiation with respect to the host is minimized.
Typically, a radioisotope used for in vivo imaging will lack a particle emission, but
produce a large number of photons in the 140-250 keV range, which can be readily
detected by conventional gamma cameras.

For in vivo diagnosis, radioisotopes can be bound to the antibodies or antigen-

binding fragmenis thereof provided herein either directly or indirectly by using an

intermediate functional group. Excmplary intermediate functional groups which can

be used to bind radioisotopes, which exist as metallic ions, to antibodies include
bifunctional chelating agents, such as diethylene-riaminepentaacetic acid (DTPA) and
ethylenediaminetetraacetic acid (EDTA) and similar molecules. Examples of metallic
tons which can be bound to the anti-RSV antibodies or antigen-binding fragments
theréof provided include, but are not limited to, Tzf‘u‘semc, 2 1Astatine, “Carbon,

5 jChrquliurn, *Chlorine, ' Cobalt, *Cobalt, “Copper, "*Buropium, ¥ Gallium,

S Gallium, 32Hydro gen, Bodine, *lodine, ljzl'odine, M divm, *Tron, 32Pho‘sphnrus,
BoR henium, P Rhenium, *"Ruthenium, "*Selenium, ¥*Sulphur, *™ Technicium,

2 halium, Y terium and 89 irconium.

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be labeled with a paramagnetic isotope for purposes of in vivo diagnosts, as in
magnetic resonance imaging (MRI) or electron spin resonance (ESR). ln general, any
conventional method for visualizing diagnostic imaging can be wtilized. Generaily,
gamma and positron emitting radioisotopes are used for camera imaging and
paramagnetic isotopes for MRI. Elements which are particularly usetul in such
technigues include, but are not limited to, ISTGLI, 5SMn, 162'Dy, 20y, and Sope,

Exemplary paramagnetic iong include, but are not limited to, chromium (111,
manganese (1), iron (1), iron (I}, cobalt (I1}, nickel (31), copper (I1), neodymium
(115, samarium (I15), ytterbivm (111), gadolinium (HI), vanadium (11}, terbium (HI),



10

15

20

25

30

WO 2411/020679 PCT/US2G10/045549

153

dysprosium (11D, holmium (111} and erbium (U})-. Ions useful, for example, in X-ray
imaging, include but are not limited to lanthanum (11T}, gold (IIL), lead (1), and
bismuth (I11).

The concentration of detectably labeled anti-RSV antibody or antigen-binding
fragment thercof which is administered is sufficient such that the binding to RSV is

detectable compared to the background. Further, it is desirable that the detectably

labeled anti-RSV antibody or antigen-binding fragment thereot be rapidly cleared

* from the circulatory system in order to give the best target-to-background signal ratio,

The dosage of détectably labeled anti-RSV antibody or antigen-binding
fragment thereof for in vive diagnosis will vary depending on such factors as age, sex,
and extent of disease of the individual. The dosage of a human monoclonal antibody
can vary, for example, from about 0.0] mg/m?‘ to about 500 m g/m?’, 0.1 mg/m2 to
about 200 mg/nﬁ or about 0.1 mg/m2 to about 10 mg/'mz. Such dosages can vary, for
example, depending on whether multiple injections are given, tissue, and other factors
known to those of gkill in the art. |

3. Monitoring Infection

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be used in vitro and in vivo to monitor the course of pathogenic disease therapy.
Thus, for example, the increase or decrease in the number of cclls infected with RSV
or changes in the conceniration of the RSV virus particles present in the body or in
various body fluids can be measured. Using such methodé, the anti-R3V antibodies

or antigen-binding fragments thereol can be employed to determine whether a

- particular therapeutic regimen aimed at-ameliorating the pathogenic discase is

effective.

1. PROPHYLACTIC AND THERAPEUTIC USES

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
and phamﬁacouticai compositions conlaining anti-RSV antibodies or antigen-binding
fragments thereof provided herein can be administered to a subject for prophylaxis
and therapy. For examp}é, the antibodies or antigen-binding fragments thereof
provided can be administered for treatment of a disease or condition, such as a RSV

infection. In some examples, the antibodies or antigen-binding fragments thereof
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provided can be administered to a subject for prophylactic uses, such as the
prevention and/or spread of RSV infection, including, but.not limited to the inhibition

of establishment of RSV infection in a host or inhibition of RSV trmsmissiou

 between subjects. In some examples, the antibodies or antigen-binding fragments

thereof provided can be administered to a subject for the reduction of RSV viral load
in the subject. The antibodies or antigen-binding fragments thereof also can be
administered to a subject for preventing, treating, and/or alleviating of one or more
symptoms of a RSV infection.or reduce the duration of a RSV infection.

In some examples, administration of an anti-RSV antibody or antigen-binding
fragment thereof provided herein inhibits the incidence of RSV infection by at least or
about 99 %, at least or about 95 %, at least or about 90 %, at least or about 85 %, at
least or about 80 %, at least or about 75 %, at least or about 70 %, at least or about 65
%, at least or about 60 %, at least or about 55 %, at least or about 50 %, at least or
about 435 %, af least or about 40 %, at least or about 35 %, at least or about 30 %, at
least or about 25 %, at least or about 20 %, at least or about 15 %, or at least or about
10 % relative to the incidence of RSV infection in the absence of the anti-RSV
antibody or antigen-binding fragment. In some examples, administration of anA anti-
RSV anlibody or antigen-binding fragment provided herein decreases the severity of
one or more symptoms of RSV infection by at'least or about 99 %, al least or about 95
%, at least or about 90 %, at least or about 85 %, at least or about 80 %, at least or
about 75 %, at least or about 70 %, at least or about 65 %, at least or about 60 %, at
least or about 55 %, at least or about 50 %, at least or a_i}(}ut 45 9%, at least or about 40
%, at least or about 35 %, at least or about 30 %, at least or about 25 %, at least or
about 20 %, at least or about 15 %, or at least or about 10 % relative to the severity of
the one or more symptoms of RSV infection in the absence of the anti-RSV antibody
or antigen-binding fragment. |

1. Sub;i ects for thci‘apy

A subj éci or candidate for therapy with an anti-RSV antibody or antigen-
hinding fragment thereof provided herein includes, but is not limited to, a subject,
such as a human patient, that has been exposed to a RSV virus, a subject, such as a

human patient, who exhibits one or more symptoms of a RSV infection and a subject,
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such as a human patient, who is at risk of a RSV infection. Exemplary RSV virus
infections iqc[ude those caused by RSV viruses, such as, but not limited to, acute
RSV disease, RSV upper respiratory tract infection (URI) and/or RSV lower
respiratory tract infection (LR1), including, for example, bronchiolitis and pneumonia.
5 In some examples, the subject for therapy with an anti-RSV antibody or
antigen-binding fragment thereof provided herein is a mammal. In some examples,
the subject for therapy with an anti-RSV antibody or antigen-binding fragment thereof
provided herein is a primate. In particular examples, the subject for therapy with an
anti-RSV antibody or antigen-binding fragment thereof provided herein is a human.
0 The provided anti-RSV antibodies or antigen-binding fragments thereof can be
administered to a subject, such as a human patient, for the treatment of any RSV-
mediated disease. For example, the anti-RSV antibodies or antigen-binding fragments
thereof provided herein can be administered to a subject to alleviate one or more
symptoms or conditions associated with a RSV virus infection, including, but not
15 limited to, asthma, wheezing, reactive airway disease (RAD), and chronic obstructive
pulmonary disease (COPD). Such diseases and condition are well known a.ndrreadiiy
diagnosed by physicians or ordinary skill.
The anti-RSV antibodies or anti gen-binding fragments thercof provided herein
can be administered to a subject, such a human patient, having a RSV virus infection
20 for the maintenance or suppression therapy of recurring RSV virus-mediated disease.
The provided anti-RSY antibodies or antigen-binding fragments thereof can be
administered to a subject, such as a human patient, at risk of a RSV virus infection,
inctuding, but not limited tb, a prematurely born (pre-term) infant (e.g., a human
infant born less than 38 wecks of gestational age, such as, for cxample, 29 weeks, 30
25 weeks, 31 weeks, 32 weeks, 33 weeks, 34 weeks, 35 weeks, 36 weeks, or 37 weeks
gestational age); an infant (e g., a human infant bora more than 37 weeks gestational
age), a Subject having cystic fibrosis, 'bronchopu].llion.ary dysplasia, congenital heart
disease, congenital immunodeficiency, or acquired immunodeficiency (e.g., an AIDS
patient), leukemia, non-Hodgkin fymphoma, an immunosuppressed patient, such as,
30 for example, a recipient of a transplant (e.g. a bone marrow transplant or a kidney

transplant), or elderly subjects, including individuals in nursing homes or
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rehabilitation centers. In some examples, the anti-RSV antibodies or antigen-binding
fragments thereof provided herein can be adiministered to a subject, such as a pre-term
infant or infant exposed to one or more environmental risk factors, such as, but not
limited to attending daycare, having school aged siblings, exposure to environmental
air pollutants, congenital airway abnormalities, and/or severe neuromuscular disease.
In some examples, the provided anti-RSV antibodies or antigen-binding fragments
thercof can be administered to a subject, such an infant or child who is younger than
two years, having chronic lung disease or congenital heart disease, including
congestive heart failure, pulmonary hypertension, and cyanotic heart discase.

Tests for various pathogens and_ pathogenic infection are known in the art and
can be employed for the assessing whether a subject is a candidate for therapy with an
anti-RSV antibody or antigen-binding fragment thereof provided herein. For
example, tests for RSV virus infection, are known and include for example, viral
culture plaque assays, antigen detection test, polymerase chain reaction (PCR) tests,
and various antibody serological tests, Tests for viral infection can be performed on
samples obtained from tissue or {luid samples, such as spinal fluid, blood, or urine.
Additional tests include, but are not limited {o chest X-rays, which can show signs of
pueumonia, other blood tests, such as a chemistry screening, a complete blood count,
or arterial blood gases (ABGs) analysis, and oximetry, to measure the amount of
oxygen in the blood.

The anti-RSV antibodics or antigen-binding fragments thereof provided herein
can be administered fo a subject, who is at an increased risk of RSV infection during
particular times of the year. RSV season typically extends from October through
May. Subjects, who exhibit increased susceptibility to virus infection during this
time, such as infants the etderly or immunocompromised patients, can be
administered an anti-RSV antibody or antigen-binding fragment thereof provided
herein for the prophylaxis and/or treatment of RSV infection just prior to and/or
during RSV seaé(m. In some examples, the anti-RSV antibody or antigen-binding
fragment thereof provided herein 1s administered one time, two times, three times,
four times or five times during RSV season. [n some examples, the anh-RSY

antibody or antigen-binding fragment thereof provided herein is administered one
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time, two times, three ti meé, four times or five times within one month, two months or
three months, prior 16 2 RSV season.

2. Dosages

The anti-RSV antibody or antigen-binding {ragment thereof provided herein is

5 administered in an amount sufficient to exert a therapeutically useful effect in the

absence of undesirable side effects on the pafient treated. The therapeutically
effective concentration of an anti-RSV antibody or antigen-binding fragment thereof
can be determined empirically by testing the polypeptides in known in vitro and in
vivo systems such as by using the assays provided herein or known in the art.

10 An effective amount of antibody or antigen-binding fragment thereof to be
administered therapeuticaily will depend, for example, upon the therapeutic
objectives, the route of administration, and the condition of the patient. In addition,
the attending physician takes into consideration various factors known to inadify the
action of drugs, including severity and type of disease, patient’s health, body weight,

15 sex, diet, time and route of administration, other medications and other relevant
clinical factors. Accordingly, it will be necessary for the therapist to titer the dosage
of the antibody or antigen-binding fragment thereof and modify the route of
administration as required to obtain the optimal therapeutic effect. Typically, the
clinician will administer the antibody or antigen-binding fragment thereof until a

20 dosagé is reached that achieves the desired effect. The progress of this therapy is
easily monitored by conventional assays. Exemplary assays for monitoring treatment
of'a viral infection are know in the art and include for example, viral titer assays.

Generally, the dosage ranges for the administration of the anti-RSV antibodies
or antigen-binding fragments thercof provided herein are those large enough to

25  produce the desired effect in.which the symptom(s) of the pathogen-mediated disease
(e.g, viral disease) are ametiorated or the likelihood of virus infection is decreased. In
some examples, the anti-R3V aﬁtibodics or antigen-binding fragments thereof
provided herein are administered in an amount effective for inducing an immune
response in the subject. The dosage is not so large as to cause adverse side effects,

30 such as hyperviscosity syndromes, pulmonary edema or congestive heart failure.

Generally, the dosage will vary with the age, condition, sex and the extent of the
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disease in the patient and can be determined by one of skill in the art. The dosage can
be ad justed by the individual physicién in the event of the appearance of any. adverse
side effect. Exemplary dosages for the prevention or treatment of a RSV infection
and/or amelioration of one or more symptoms of a RSV infection include, but are not
limited to, about-or 0.01 mg/kg to about or 300 mg/kg, such as for example, about or
0.01 mg/kg, about or 0.1 mg/kg, about or 0.5 mg/kg, about or 1 mg/kg, about or 5
mg/kg, about or 10 mg/kg, about or 15 mg/kg, about or 20 mg/kg, about or 25 mg/kg,
about or 30 mg/kg, about or 35 mg/kg, about or 40 mg/kg, about or 45 mg/kg, about
or 50 mg/kg, about or 100 mg/kg, about or 150 mg/kg, about or 200 mg/kg, about or
256 mg/kg, or about or 300 mg/ke. _ '

In some examples, the anti-RSV antibodies or antigen-binding fragments
thereof provided hereint are administered to a subject at a dosage effective to achieve a
desired serum fiter. It particular examples, the anti-RSV antibodies or antigen-
binding fragments thereof provided herein are administered for the prevention or
treatment of a RSV infection and/or amelioration of onc or more symptoms of a RSV
infection at an amount effective to achieve a serum titer of at least or about 1 ug/ml, at
least or about 2 wg/ml, at least or about 3 pg/ml, at least or about 4 pug/ml; at least or
about 5 pg/ml, at least or about 6 pg/ml, at least or about 7 pg/ml, at least or about 8
pg/mi, at least or about 9 pg/mi, at least or about 10 ug/ml, at least or about 15 pg/ml,
at least or about 20 pg/ml, at least or about 25 pg/mil, at least or about 30 pg/ml, at
least or about 40 pg/ml, at least or about 50 pg/ml, at least or about 60 pg/mi, at least
or about 70 pg/ml, at least or about 80 pg/ml, at least or about 90 pg/mi, at least or
about 100 pg/ml, at or about 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, &
days, 9 days, 10 days, 15 days, 20 days, 25 days, 30 days, 35 days or 40 days
following administration of a first dose of the antibody or antigen-binding fragment
thereof and prior {0 a subsequent dose of the antibody or antigen-binding fragment
thereof.

In some examples, the anti-RSV antibodies or antigen-binding fragments
thereof provided herein are administered By pulmonary delivery to a subject at a
dosage effective to achieve a desired titer in an intubation sample, sputum or lavage

from the fungs. In particular examples, the anti-RSV antibodies or antigen-binding
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fragments thereof provided herein are administered for the prevention or treatment of

a RSV infection and/or amelioration of one or more symptoms of a RSV infection at

an amount effective to achieve a titer of 10 ng/mg (ng anti-RSV antibody or antigen-
binding fragment thereof per mg fung protein} ot about 10 ng/mg, 15 ng/mg or about
15 ng/mg, 20 ng/mg or about 20 ng/mg, 25 ng/mg or about 25 ng/mg, 30 ng/mg or
about 30 ng/mg, 40 ng/nﬁ g or about 40 ng/mg, 50 ng/mg or about 50 ng/mg, 60 ng/mg .
or about 60 ng/mg, 70 ng/mg or about 70 ng/mg, 80 ng/mg or about 80 ng/mg, 90
ng/mg or about 90 ng/mg, 100 ng/mg or about 100 ng/mg, 110 ng/mg or about 110
ng/mg, 120 ng/mg or about 120 ng/mg, 130 ng/mg or about 130 ng/mg, 140 ng/mg or
about 140 ng/mg, or 150 ng/mg or about 150 ng/mg in an intubation sample or lavage
from the lungs at or about 10 days, 15 days, 20 days, 25 days, 30 days, 35 days or 40
days following administration of a first dose of the antibody or antigen-binding '
fragment thereof and prior to a subsequent dose of the antibody or antigen-binding
fragment thereof.

For treatment of a viral infection, the dosage of the anti-RSV antibodies or
antigen-binding fragments thereof can vary depending on the type and severity of the
disease. The anti-RSV antibodies or antigen-binding fragments thereof can be
administered single dose, in multiple separate administrations, or by continuous
infusion. For repeated administrations over several days or longer, depending on the
condition, the treatment can be repeated until a desired suppression of disease
symptoms occurs or the desired improvement in the patient's condition is achieved.
Repeated administrations can inciude increased or decreased amounts of the anti-RSV
antibody or antigen-binding fragment thereof depending on the progress of the
treatment. Other dosage regimens also are confemplated.

In some examples, the anti-RSV antibodies or antigen-binding fragments
thereof provided herein are administered one time, two times, three times, four times,
five times, six time, seven times, eight times, nine times, ten times or more per day or
over several days. In particular examples, the anti-RSV antibodies or antigen-binding
fragments thereof provided herein are administered ‘one time, two limes, three times,
four timcs, five times, six time, seven times, eight thnes, nine times, ten times or more

for the prevention or treatment of a RSV infection and/or amelioration of one or more
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symptoms of a RSV infection at an amount effective to achieve a serum titer of at
least or about 1 pg/ml, at least or about 2 pg/ml, at least or about 3 ug/ml, at least or
about 4 pug/ml, at least or about 5 pg/mi, at least or about 6 pg/ml, at least or about 7
pg/ml, at least or about 8 pg/ml, at least or about 9 pg/ml, at Jeast or about 10 pg/ml,
at least or about 15 pg/ml, at least or about 20 pg/ml, at least or about 25 pg/nl, at
least or about 30 pg/ml, at least or abowut 40 pg/ml, at least or about 50 pg/ml, at least
or about 60 ug/ml; at least or about 70 ug/ml, at least or about 80 pg/mi, at least or
about 90 g/ml, at teast or about 100 ng/mi, at or about 1 day, 2 days, 3 days, 4 days,
5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 15 days, 20 days, 25 days, 30 days, 35
days or 40 days following administration of a first dose, second dose, third dose,
fourth dose, fifth dose, sixth dose, seventh dose, eighth dose, ninth dose, tenth dose of
the antibody or antigen-binding fragment thereof and prior to a subsequent dose of the
antibody or antigen-binding fragment thereof. 1n a particular example, the anti-RSV
antibodies or antigen-binding fragments thereof provided herein are adiministered four
times for the prevention or treatment of a RSV infection and/or amelioration of one or
more symptoms of a RSV infection at an amount effective to achieve a serum titer of
at least or about 72 ug/ml at or aboﬁt 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7
days, 8 days, 9 days, 10 days, 15 days, 20 days, 25 days, 30 days, 35 days or 40 days
following administration of the fourth dose of the antibody or antigen-binding
fragment thereof and prior to a subsequent dose of the antibody or antigen-binding
fragment thereof.

In some examples, the anti-RSV antibodies or antigen-binding fragments
thereof are administered in a sequence of two or more administrations, where the
administrations are separated by a selected time period. in some examples, the
selected time period is at least or about | day, 2 days, 3 days, 4 days, 5 days, 6 days, 1
week, 2 weeks, 3 weeks, 1 month, 2 months, or 3 months, |

In some examples, a prophylactically effective amount of an anti-RSV
antibody or antigen-binding fragment thercof provided herein is administered one or
more times just prior to RSV season. In some examples, a prophylactically effective
amount of an anti-R8V antibody or antigen-binding fragment thereof provided herein ‘

is administered one or more times just prior to RSV season and/or one or more times



10

15

20

25

30

WO 20517020679 PUT/US2010/04554Y

161

during RSV season.

Therapeutic efficacy of a particular dosage or dosage regimen also can be
assessed, for example, by measurement of viral titer in the subject prior to and
following administration of one or more doses of the anti-RSV antibody or antigen-
binding fragment thereof. Dosage amounts and/or frequency of administration can be
modified depending on the desired rate of clearance of the virus in the subject.

As will be understood by one of skill in the art, the optimal treatment regimen
will vary and it is within the scope of the treatment methods to evaluate the status of
the disease under treatment and the general health of the patient prior to, and
following one or more cycles of therapy in order to determine the optimal therapeutic
dosage and frequency of administration. 1t is to be further understood that for any
particular subject, specific dosage regimens can be adjusted over time according to
the individual need and the professional judgment of the person administering or
supervising the administration of the pharmaceutical formulations, and that the
dosages set forth herein are exemplary only and are not intended to limit the scope
thereof, The amount of an anti-RSV antibody or antigen-binding fragment thercof to
be administered for the treatment of a disease or condition, for example a viral
infection (e.g. a RSV virus infection), can be determined by standard clinical
techniques {e.g. viral titer or antigen detection assays). In addition, in vifro assays and
animal models can be employed to help identify optimal dosage ranges. Such assays
can provide dosages ranges that can be extrapolated to administration to subjects,
such as humans. Methods of identifying optimal dosage ranges based on aptmal
models are well known by those of skill in the art.

3. Routes of Administration

The anti-RSV antibodies or antigen-binding fragments thercof provided
herein can be administered to a subject by any method known in the art for the
administration of polypeptides, including for example Systen}i.c or local
administration. The antl-RSV antibodies or antigen-binding fragments thereof can be
administered by routes, such as parenteral (e.g., intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, or infracavity), topical, epidural, or

mucosal (e.g., intranasal or oral}). The anti-RSY antibodies or antigen-binding
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fragments thereof can be administered externally to a subject, at the site of the disease
for exertion of local or transdermal action. Compositions containing anti-RSVY
antibodies or antigen-binding fragments thereof can be administered by any
convenient route, for example by infusion or bolus injection, by &sorption through
epithelial or mucocutancous linings (e.g., oral mucosa, rectal and intestinal mucosa).
Compositions containing anti-RSV antibodies or antigen-binding fragments thereof
can be administered together with other biologically active agents. The mode of
administration can include topical or other administration of a compesition on, in or
around areas of the body that can come on contact with fluid, cells, ot tissues that are
infected, contaminated or have associated therewith a virus, such as a RSV virus. The
anti-RSV antibodies or antigen-binding fragments thereof provided herein can be
administered by topical or aerosol routes for delivery directly to target organs, such as
the lung (e.g., by pulmonary aerosol). In some examples, the provided anti-RSV
antibodies or antigen-binding fragmeats thereof can be administered as a controlled
release formulation as such as by a pump (see, e.g., Langer (1990) Science 249:1527-
1533; Sefion (1987) CRC Crit. Ref. Biomed. Eng. 14:20; Buchwald ef af. (1980)
Surgery 88:507; and Saudek ez al. (1989 N. Engl. J. Med. 321:574) or via the use of
various polymers known in the art and described elsewhere heremn. In some
examples, a controlled or sustained release systemn can be placed in proximity of the
therapeutic target, for examples, the lungs, thus requiring only a fraction of the
systemic dose (see, e g., Goodson, in Medical Applications of Controlled Release,
supra, vol. 2, pp. 115-138(1984)).

In particular examples, the provided anti-RSV antibedies or antigen-binding
fragments thereof are administered by pulimonary delivery (see, e.g., U.S. Pat. Nos.
6,019,968, 5,985, 320, 5,985,309, 5,934,272, 5,874,064, 5,855,913, 5,290,540, and
4,880,078; and PCT Publication Nos. WO 92/19244, WO 97/32572, WO 97/44013,
WO 98/31346, and WO 99/66903). Exemplary methods of pulmonary delivery are
known in the art and include, but are not limited to, asrosol methods, such as inhalers
(e.g., pressurized metered dose inhalers (MDI), dry powder inhalers (DPI), nebulizers
{e.g., jet or uitrasonic nehulizers) and other single breath liquid systems), intratracheal

instillation and insufflation. In some examples, pulmonary <delivery can be enhanced
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by co-administration.of or administration of a co-formulation containing the anti-RSY
antibodies or antigen-binding fragments thereot provided herein and a permeation -
enhancer, such as, for example, surfactants, fatty acids, saccharides, chelating agents
and enzyme inhibitors, such as protease inhibitors.

Appropriate methods for delivery, such as pulmonary delivery, can be selected
by one of skill in the art based on the propertics of the dosage amount of the anti-RSV
antibody or antigen-binding fragment thereof or the pharmaceutical composition
containing the antibody or antigen-binding fragment thercof. Such propertics include,
but are not limited to, solubility, hygroscopicity, érystaliizai'iO'll properties, melting
point, density, viscosity, flow, stability and degradation profile.

In some examples, the anti-RSV antibodies or antigen-binding fragments
thereof provided herein increase the efficacy mucosal immunization against a virus.
Thus, in particular examples the anti-RSV antibodies or antigen-binding fragments
thereof are administered to a mucosal surface. For example, the anti-RSV antibodics
or antigen-binding fragments thereof can be delivered via routes such as oral (e.g.,
buccal, sublingual), ocular {e.g., cbmeal, conjunctival, intravitreally, intra-aqucous
injection), intranasal, genital (e.g., vaginal}, rectal, pulmonary, stomachice, or
intestinal, The anti-RSV antibodies or antigen-binding fragments thereof provided

hercin can be administered systemically, such as parenterally, for examplie, by

mmjection or by gradual infusion over time or enterally (i.e., digestive tract), The anti-

RSV antibodies or antigen-binding fragments thereof provided herein also can be
administéred topically, such as for example, by topical installation or application (e.g.,
intratracheal instillation and insufflation using a bronchoscope or other artificial
airway) of liquid solutions, gels, oinfments, powders or by inhalation (e.g., nasal
sprays, inhalers (e.g., pressurized metered dose inhalers (M), dry powder inhalers
(DPY), nebulizers (e.g., jet or ultrasonic nebulizers) and other single breath liquid
systems)). Administration can be effccted prior to exposure to the virus or subsequent
ta exposure to the virus.

4. Combination therapies

The anti-RSV antibodies or antigen-binding fragments thereof provided herein

can be administered alone or in combination with one or more therapentic agents or
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therapies for the prophylaxis and/or treatment of a disease or condition. For example,
the provided anti-RSV antibodies or antigen-binding fragments thereof can be
administered in combination with one or more antiviral agents for the prophylaxis
and/or treatment of a viral infection, such as a respiratory viral infection. In some
examples, the respiratory viral infection is a RSV infection. The antiviral agents can-
include agents to decrease and/or eliminate the pathogenic infection or agents to
alleviate one or more symptoms of a pathogenic infection. In some examples, a
phurality of antibodies or antigen-binding fragments thereof (e.g., one or more
antiviral antibodies) also can be administered in combination, where at least one of
the antibodies is an anti-RSV antibody or antigen-binding fragment thereof provided
herein. In some examples, a plurality of antibodies can be administered in
combination for the prophylaxis and/or treatment of a RSV infection or multiple viral
infections, where at least one of the antibodies is an anti-RSV antibody or antigen-
binding fragment thereof provided herein. In some examples, the anti-RSV
antibodies provided can be administered in combination with one or more antiviral
antibodies, which bind to and neutralize a virus, such as RSV. In some examples, the
anti-RSV antibodies or antigen-binding fragments thereof provided can be
administered in combination with one or more antiboedies, which can inhibit or
alleviate one or more symptoms of a viral infection, such as a RSV infection. In some
examples, two or more of the anti-RSV antibodies or antigen-binding fragments
thereol provided herein are administered in combination. _

The one or more additional agents can be administered simultaneously,
sequentially or intermittently with the anti-R8V antibedy or antigen-binding fragment
thereof. The agents can be co-administered with the anti-RSV antibody or antigen-
binding fragment thereof, for example, as part of the same pharmaceutical
composition or same method of delivery. In some examples, the agents can be co-
administered with the anti-RSV antibody or antigen-binding fragment thereof at the
same time as the anti-RSV antibody or antigen-binding fragment thereof, but by a
different means of delivery. The agents also can be administered at a different time
than adniinistration of the anti-R3V antibody or antigen-binding fragment thereof, but.

close enough in time to the administration of the anti-RSV antibody or antigen-
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binding fragment thereof to have a combined prophylactic or therapeﬁtic effect. In
some examples, the one or more additional agents are administered subsequent to or
prior to the administration of the anti-RSV antibody or antigen-binding fragment
thereof separated by a selected time period. In some examples, the time period is 1
5 day, 2 days, 3 days, 4 days, 5 days, 6 days, | week, 2 weeks, 3 weeks, ] month, 2
months, or 3 months. In some examples, the one ore more additional agents are
administered muliiple times and/or the anti-RSV antibody or antigen-binding
fragment thereof provided herein is administered multiple times.
In some examples, administration of the combination inhibits the incidence of

10 RSV infection by at least or about 99 %, at least or about 95 %, at least or about 90 %,
at least or about 85 %, at Ieast or about 80 %, at least or about 75 %, at least or about
70 %, at least or about 65 %, at least or about 60 %, at least or about 55 %, at lcast or
about 50 %, at least or about 45 %, at least or about 40 %, at least or about 35 %, at
least or about 30 %, at least or about 25 %, at least or about 20 %, at least or about 15

15 %, or at least or about 1€ % relative to the incidence of RSV infection in the absence
of the combination. In some examples, administration of the combination decreases
the severity of one or more symptoms of RSV infection by at least or about 99 %, at
least or about 95 %, at least or about 90 %, af lf:_ast or about 85 %, at least or about 80
%, at least or about 75 %, at least or about 70 %, at least or about 65 %, at least or

20 about 60 %, at least or about 55 %, at least or about 50 %, at least or about 45 %, at
least or about 40 %, at least or about 35 %, at least or about 30 %, at least or about 25
%, at least or about 20 %, at least or about 15 %, or at least or about 10 % relative to
the severity of the one or more symptoms of RSV infection in the absence of the
combination.

25 In some examples, the combination inhibits the binding 0ot RSV to its host cell
receptor by at least or about 99 %, at least or about 95 %, at least or about 90 %, at
least or about 85 %, at least or about 80 %, at least or about 75 %, at least or about 70
%, at least or about.()S %, af least or about 60 %, ét least or about 55 %, at least or
about 50 %, at least or about 459 o, at least or about 40 %, at least or about 35 %, at

30 least or about 30 %, at least or about 25 9%, at least oy about 20 %, at least or about 15

%, or al least or about 10 % relative to the binding of RSV o its host cell receptor in
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the absence of the combination. In some examples, the combination inhibits RSV
replication by at least or about 99 %, at feast or about 95 %, at least or about 90 %, at
least or about 85 %, at least or about 80 %, at least or about 75 %, at least or ‘about 70
%, at least or about 65 %, at least or about 60 %, at least or about 55 %, at least or
5 about 50 %, at least or about 45 %, at least or about 40 %, at least or about 35 %, at
least or about 30 %, at least or about 25 %, at least or about 20 %, at least or about 15
%, ot at feast or about 10 % relative to R3SV replication in the absence of the |
combination. |
Any therapy which is known fo be useful, or which is or has been used for the

10 prevention, management, treatment, or amelioration of a RSV infection or one or
more symptoms thereof can be used in combination with mﬁi—RSV antibody or
antigen-binding fragment thereof provided herein (see, e.g., Gilman ef al., Goodman
and Gilman's: The Pharmacological Bagis of Therapeutics, 10th ed., McGraw-Hill,
New York, 2001; The Merck Manual of Diagnosis and Therapy, Berkow, M. D. et al.

15 (eds.), 17th Ed., Merck Shatp & Dohme Research Laboratories, Rahway, N.J., 1999,
Cecil Texthock of Medicine, 20th Fd., Reanett and Plum (eds.), W.B. Saunders,
Philadelphia, 1996, for information regarding therapies (e.g., prophylactic or
therapeutic agents) which have been or are used for preventing, treating, managing, or
ameliorating a RSV infection or one or more symptoms thereof), Examples of such

20 agents include, but are not limited to, immunomodulatory agents, anti-inflammatory
agents (e.g., adrenocortiéoids, corticosteroids (e.g., beclomethasone, budesonide,
flunisolide, fluticasone, triameinolone, methylprednisolone, prednisolone, prednisone,
hydrocortisone), glucocorticoids, steroids, non-steroidal anti-inflammatory drugs (e.g.
aspirin, ibuprofen, diclofenac, and COX-2 inhibitors)), pain relievers, leukotriene

25  antagomsts (e.g., montelukast, methyl xanthines, zafirlukast, and zileuton),
bronchodilators, such as J2-agonists (e.g., bambuterol, bitolterol, clenbuterol,
fenoterol, formoterol, indacatercl, isoetharine, metaproterenol, pirbuterol, procaterol,
reproterol, rimiterol, salbutamol (Atbuterol, Ventolin), levosalbutamol, salmeterol,
tulobuterol and tes‘butalinc) and anticholinergic ageﬁ{s (e.g., ipratropium bromide and

30 oxitropium bromide), sulphasalazine, penicillamine, dapsone, antihistamines, anti-

malarial agents {e.g., hydroxychloroquine), and antiviral agents. The anti-RSV
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antibodies or antigen-binding fragments thereofl provided herein also can be

administered in combination with one or more therapies for the treatment of a RSV

~infection, including but not limited to, administration of intravenous infusion of

immunoglobulin, administration of supplemental oxygen and fluids or assisted
breathing. The anti-RSV antibodies or antigen-binding fragments thereof provided
herein also can be administered in combination with one or more agents that regulate
lung maturation and surfactant protein expression, such as, but not limited to,
glucocorticoids, PPARy ligands, and vascular endothelial cell growth factor (VEGE).

Exemplary antiviral agents that can be selected for combination therapy with
an anti-RSV antibody or antigen-binding fragment thereof provided herein include,
but are not limited to, antiviral compounds, antiviral proteins, antiviral peptides,
antiviral protein conjugates and antiviral peptide conjugates, including, but not limited
to, nucleoside analogs, nucleotide analogs, immunomodulators (e.g. interferons) and
immunostimulants. Combination therapy using antibodics and/or anti-RSV
antibodies and antigen-binding fragments provided herewith are contemplated as is
combination with the antibodies and/or anti-RSV antibodies and antigen-binding
frapments provided herein with other anti-RSV antibodies and anti-RSV antibodies
and antigen-binding {ragments.

Bxemplary antiviral agents for the treatment of viral infections that can be

‘administered in combination with the anti-R5V antibodies or antigen-binding

fragments thereof provided herein include, but are not limited to, acyclovir,
fameciclovir, ganciclovir, penciclovir, valacyclovir, valganciclovir, idoxuridine,
trifluridine, brivudine, cidofovir, docosanol, fomivirsen, foscarpet, tromantadine,
imiquimod, podophyliotoxin, entecavir, lamivudine, telbivudine, clevudine, adefovir,
tenofovir, boceprevir, telaprevir, pleconaril, arbidol, amantadine, rimantadine,
oseltamivir, zanamivir, peramivir, mosine, interferon (e.g., Interferon alfa-2b,
Peginterferon alfa-2a), ribavirin/taribavirin, abacavir, emtricitabine, lamivudine,
didanosine, zidovudine, apricitabine, stampidine, eivuéitabine, racivir, amdoxovir,
stavudine, zalcitabine, tenofovir, efavirenz, nevirapine, ctravirine, rilpivirine, loviride,
delavirdine, atazanavir, fosamprenavir, lopinavir, darunavir, nelfinavir, ritonavir,

saquinavir, Gpranavir, amprenavir, indinavir, enfuvirtide, maraviroc, vicriviroe, PRO
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140, ibaiizfuzmab, raltegravir, elvitegravir, bevirimat, vivecon, including tautomeric
forms, analogs, isomers, polymorphs, solvates, derivatives, or salts thereof.

Exemplary antiviral agents for the prophylaxis and/or treatment of RSV
infections that can be administered in combination with the anti-RSV antibodies or
antigen-binding fragments thereof provided herein include, but are not limited to,
ribavirin, NTH-351 (Gemint Technologies), recombinant RSV vaccine (Aviron),
RSV{-2 (Intracel), F-50042 (Pierre Fabre), T-786 (Trimeris), VP-36676
(ViroPharma), RE1-641 (American Home Products), VP-14637 (ViroPharmay, Pj‘?}’&
and PEP-2 (American Home Products), RSV vaccine (Avant Immunotherapeutics), F-
50077 (Pierre Fabre), and other anti-RSV antibodies or antigen-binding fragments
thereof.

The anti-RSV antibodies or antigen-binding fragments thercof provided herein
also can be administered in combination with one or more agents capable of
stimulating cellular immunity, such as cellular mucosal immunity. Any agent capable
of stimulatory cellular immunity can be used. Exemplary immunostimulatory agents
include, cvtokines, such as, but not limited to, interferons (e.g., JEN-a, B, v, @),
Tymphokines and hematopoietic growth factors, such as, for example, GM-CSF
(granulocyte macrophage colony stimulating factor), Interleukin-2 (JL-2), Interleukin-
3 (1L-3), Interfeukin-4 (1L-4), Interfeukin-7 (IL-7), Interleukin-10 (IL-10), |
Interleukin~-12 (AL-12), Interlevkin-14 (JL-14), and Tumor Necrosis Factor (TNF).

For combination therapies with anti-pathogenic agents, dosages for the
administration of such compounds are kilown in the art or can be determined by one
skilled in the art according to known clinical factors (e.g., subject’s species, size, body
surface area, age, sex, immunocompetence, and general health, duration and route of
administration, the kind and stage of the disease, and whether other treatments, such
as other anti-pathogenic agents, are being administered concurrently).

a,  Auntiviral Antibodies for Combination Therapy

The anti-RSV antibodies or antigen-binding fragments thereof provided herein
can be adnunistered in combination with one or more additional antibodies or antigen-
binding fragments thereof. In some examples, the one or more additional antibodies

are antiviral antibodies. In some examples, the one or more additional antibodies bind
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to a viral antigen. In some examples, the one or more additional antibodies bind to a
viral antigen that is a surface protein, such as a viral capsid protein or a viral envelop
protein. In some examples, the one or more additional antibodies bind to a viral
antigen that is expressed on the surface of an infected cell. In some examples, the one
or more additional antibodics bind to a viral antigen that is expressed intraceliularly
(i.e., within an infected cell). In some examples, the one or more additional
antibodies binds to a virus that causes respiratory disease, such as, but not limited to,
RSV, parainfluenza virus (PIV) or human metapneumovirus (hMPV). Compositions
containing the mixtures of antibodies also are provided herein.

Antibodies for use in combination with an anti-RSV antibody or antigen-
binding fragment thereof provided herein include, but are not limited to, monoclonal
antibodies, multispecific antibodies, synthetic antibodies, human antibodies,
humanized antibodies, chimeric antibodies, intrabodies, single-chain Fvs (scFv),
single chain antibodies, Fab fragments, F(ab’) fragments, disuvlfide-linked Fvs (sdFv),
and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id antibodies to antibodies
provided herein), and epitope-binding fragments of any of the above. The antibodies
for use in combination with an anti-RSV antibody or an.tigen—bindiﬂg fragment
thereof provided herein can be of any type (e.g., 1gG, IgE, IgM, IgD, TgA and 1gY),
class (e.g., 1gGy, 1gGs, 18Gs, 1gGs, 1gAy and IgAs) or subclass of immunoglobulin
molecule. |

Antibodies for vse in combination with an anti-RSV antibody or antigen-
binding fragment thereof provided herein can be from any animal origin, inchuding
birds and mammals (¢.g., human, murine, donkey, sheep, rabbit, goat, guinea pig,
camel, hotse, or chicken), Typically, the antibodies for use it combination with an
anti-RSV anfibody or antigen-binding fragment thereot provided herein are human or
humanized antibodies. The antibodies for use i combination with an anti-RSV
antibody or antigcn»birﬁi.ing fragment thercof provided herein can be monospecific,
bispecific, trispecific or of greater multispecificity.

The antibodies for use in combination with an anti-RSV antibody or antigen-
binding fragment thereof provided herein can include derivative antibodies that are

modified, for example, by the attachiment of any type of molecule to the antibody or
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antigen-binding fragment thereof suéh as by covalent attachment. Exemplary
antibody or antigen-binding fragment thereof derivatives include antibodies that have
been modified, for example, by glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by knows protecting/blocking groups, -
proteolytic cleavage, linkage to a ceflular ligand or other p'rétein, or contain
heterologous Fe domain with higher affinities for the FcRN receptor (see, e.g. U.S.

Pat. No. 7,083,784). Any of numerous chemical modifications can be carried out by

known techniques, including, but not limited to, specific chemical cleavage,

acetylation, formylation, or synthesis in the presence of tunicamycin. Additionally,
the derivative can contain one or more non-classical amino acids.

The one or more additional antibodies for use in combination with an anti-
RSV antibody or antigen-binding fragment thereof provided herein can be
administered simultancously, sequentially or iniermittentiy with the anti-RSV
antibody or antigen-binding fragment thereof. The one or more additional antibodies
can be co-administered with the anti-RSV antibody or antigen-binding fragment
thereof, for example, as part of the same pharmaceutical composition or same method
of delivery. In some examples, the one or more additional antibodies can be co-
administered with the anti-RSV antibody or antigen-binding fragment thereof at the
same time as the anti-RSV antibody or antigen-binding fragment thereof, but by a
different nieans of delivery, The one or more additional antibodies also can be
administered at a different time than administration of the anti-RSV antibody or
antigen-binding fragment thereof provided herein, but close enough in time to the
administration of the anti-RSV antibody or antipen-binding fragment thereof to have a
combined prophylactic or therapeutic effect. In some examples, the one or more
additional antibodies are administered subseqguent o or prior to the administration of
the anti-RSV antibody or antigen-binding fragment thereof separated by a selected
time period. In some examples, the time period is 1 day, 2 days, 3 days, 4 days, 5
days, 6 days, | week, 2 weeks, 3 wecks, 1 month, 2 months, or 3 months. In some
examples, the one ore more additional antibodies are administéred multiple times
and/or the anti-RSV antibody or antigen-binding fragment thereof provided herein is

administered multiple times.
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i, Anti-RSV antibodies
In some examples, the one or more additional antiviral antibodies are anti-

RSV anftibodies or antigen-binding fragments thereof. In some examples, an anti-

© RSV antibody or antigen-binding fragment thereof provided herein is administered in

combination with the one or more additional anti-RSV antibodies or antigen-binding
fragments thereof for the prophylaxis and/or treatment of a RSV infection.
Exemplary anti-RSV antibodies or antigen-binding fragments thereof for combination
therapy with an anti-RSV antibody or antigen-binding fragment thereof provided
hetein include anti-RSV antibodies or anti gen-binding fragments thereof that
immunospecifically bind to and n.éutralize RSV. lnsome ex{amples, the one or more
additional anti-RSV antibodies or antigen-binding fragments thereof includes an
antibody or antigen-binding fragment thereof that immunospecifically binds to RSV
A subtype and/or RSV B subtype.

In some examples, the one or more additional antiviral antibodies for
combination therapy with an anti-RSV antibody or antigen-binding fragment provided
herein includes an anti-RSV antibody that binds to a RSV attachment protein (e.g.
having an amino acid sequence set forth in SEQ ID NO: 1520), a RSV RNA
polymerase beta subunit large structural protein) (L protein) (e.g. having an amino
acid sequence set forth in SEQ ID NO: 1521}, a RSV nucleocapsid protein (e.g.
having an amino acid sequence set forth in SEQ ID NO: 1522), a RSV nucleoprotein
(N) (e.g. having an amino acid sequence set forth in SEQ ID NO: 1523), a RSV
phosphoprotein P (e.g. having an amino acid sequence set forth in SEQ ID NO:
1524), a RSV matrix protein (e.g. having an amino acid sequence set forth in SEQ iD
NO: 1525), a RSV small hydrophobic (SH) protein (e.g. having an amino acid
sequence set forth in SEQ D NO: 1526}, a RSV RNA-dependent polymerase, a RSV
F protein (e.g. having an amino acid sequence set fdrth in SEQ {D NO: 1527), a RSV
G protein {e.g. having an amino acid sequence set forth in SEQ 112 NO:.1528), or an
allelic variant of any of the sbove. In particular examples, the one or more additional .
antiviral antibodies includes an anti-RSV antibody that binds to a RSV F protein. In
particular examples, the one or more additional antiviral antibodies that bind to a RSV

F protein bind to the A, B, C, 1, I, IV, V, or V] antigenic sites of a RSV F
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glycoprotemn (see, e.g., Lopez er al. (1998) J. Virol. 72:6922—6928).

In some examples, the one or more additional antiviral antibodies for
combination therapy with an anti-RSV antibody or antigen-binding fragment thércof
provirded herein includes, but is not limited to, palivizumab (SYNAGIS@),

5  motavizumab (NUMAX®), AFFF, P12{2, P12f4, P11d4, Ale9, A12a6, Al3c4,
Al7d4, AdB4, A8cT, 1X-493L1, FR H3-3F4, M3H9, Y10H6, DG, AFFF(1), 648,
L1-7ES5, L2-15B10, A13all, AlhS5, A4B4(1), A4B4LIFR-S28R, A4B4-115285, (see
U.S. Pat. Nos. 5,824,307 and 6,818,216), rsv0, rsvil, rsv13, rsv19, rsv21, rsv22,
18v23 (see U.S. Pat. No. 6,685,942), RF-1, RF-2 (see U.8, Pat. No. 5,811,524), or

10 antigen-binding fragnents thereol. In some examples, the one or more additional
antiviral antibodies for combination therapy includes an antibody or antigen-binding
fragment thereof contatning a Vi chain and/or Vi, chain having the amino actd
sequence of a Vi chain and/or Vi, chain of palivizumab (SYNAGIS®), motavizumab
(NUMAX®), AFFF, P12£2, P12#4, P11d4, Aie9, Al2a6, Al3c4, A17d4, A4B4,

15 ABc7, 1X-493L1, FR H3-3F4;, M3H9, Y10H6, DG, AFFF(1), 6HS, L1-7E5, L2-
15B10, Al3all, AlhS, A4B4(1), AdB4L1FR-S28R, A4B4-F528, rsv6, rsvil, rsvl3,
rsv19, rsv2 1, rsv22, rsv23, RF-1, or RF-2. In some examples, the one or more
additional antiviral autibodiés for combination therapy includes an antibody or
antigen-binding fragment thereof containing one or more CDRs of palivizumab

200 (Synagis®), motavizumab (Numax®), AFFF, P12{2, P12f4, P11d4, Ale9, Al2a6,
Al3c4, A17d4, AdB4, A8cT, 1X-4931L1, FR H3-3F4, M3H9, Y106, DG, AFFF(1),.
6HS, L1-7E5, L2-15810, Al3all, AlhS5, A4B4(-1), AABALIFR-528R, A4B4-F528,
rsvO, 1svl L, rsvi3, rsvl9, rsv2 ], rsv22, rsv23, RF-1, or RF-2. In some examples, the
one or more additional antiviral antibodies for combination therapy includes an

25  antibody or antigen-binding fragment thereof containing one or more CDRS of from
an anti-RSV mouse monoclonal antibody such as, but not 1imited-€o, MAbs 1153,
1142, 1200, 1214, 1237, 1129, 1121, 1107, 1112, 1269, 1269, 1243 (Beeler et al.
(1989) J. Virology 03(7):2841-2950), MAb151 (Mu‘fson et al. (1987} J. Clin.
Microbiol. 25:1635-1539), MAbs 43-1 and 13-1 (Femie ef al. (1982) Proc. Soc. Exp.

30 Biol Med. 171:266-271), MAbs 1436C, 13024, 1308F, and 1331H (Anderson ef a/.
(1984) J. Clin. Microbiol. 19:934-936). Additionai exemplary antibodies or anfigen-
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binding fragments thereof that can be used for combination therapy with an anti-RSV
antibody or antigen-binding fragment provided herein include, but are nat limited to,
anti-RSV antibodies or antigen-binding fragments thereof described in, for example,
U.8. Patent Nos. 6,413,771, 5,840,298, 5,811,524, 6,650,467, 6,537,809, 7,364,742,
5 7,070,786, 5,955,364, 7,488,4.7’?, 6,818,216, 5,824,307, 7,364,737, 6,685,942, and
5,762,905 and U.S. Patent Pub. Nos. 2007-0082002, 2005-0175986, 2004-0234528,
2006-0168840, 2009-0110684, 2()064)159695, 2006-0013824, 2005-0288491, 2005~
0019758, 2008-0226630, 2009-0137003, and 2009-0092609.
In some examples, the one or more additional antiviral antibodies for

10 combination therapy with an anti-RSV antibody or antigen-binding fragment thereof
provided herein includes an antibody or antigen-binding fragment thereof containing a
Vi chain having an amino acid sequence set forth in any of SEQ D NOS: 103, 113,
122, 131, 137, 144, 149, 155, 161, 167, 172, 176, 179, 182,186, 190, 194, 198, 201,
205, 210, 215, 222, 356, 363, 369, 376, 382, 387, 1607, and 1611. In some cxamples,

15 the one or more additional antiviral antibodies for combination therapy with an anti-
RSV antibody or antigen-binding fragment thereof provided herein includes an
antibody or antigen-binding fragment thereof containing a Vy domain having an -
amino acid sequence set forth in any of SEQ ID NOS: 104, 114, 123, 132, 138, 145,
150, 156, 162, 168, 173, 187, 2006, 357, 362, 364, 370,377, 383, and 388. In some

20 examples, the one or more additional antiviral antibodies for combinafion therapy
with an anti-RSV anfibody or antigen-binding fragment thereof provided herein
includes an antibody or antigen-binding {ragment thereof containing a Vy CDRI1
having an amino acid sequence set forth in any of SEQ ID NOS: 105, 115, 124, 1608,
and 1612. In particular éxamplcs, the one or more additional antiviral antibodies for

25  combination therapy with an anti-RSV antibody or antigen-binding fragment thereof
provided herein includes an antibody or antigen-binding fragment théreof containing a
Vy CDR1 having the amino aeid sequence TSGMSVG (SEQ ID NO:105),
TAGMSVG (SEQ ID NG:115), AYAMS {SEQ 1D NO:1608), or GY'TMH (SEQ 1D

NO:1612). In some examples, the one or more additionaf antiviral antibodies for
30 combination therapy with an anti-RSV antibody or anti gen—binding ﬁ‘aglﬁeilt thereof

provided herein includes an antibody or antigen-binding fragment thereof containing a
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V;.;[ CDR2 having an amino acid sequence set forth in any of SEQ 1D NOS: 1006, 125,
133, 157, 226-235, 365, 389, 397-408, 1609, and 1613. In a particular example, the
one or more additional antiviral antibodies for combination therapy with an anti-RSV
antibody or antigen-binding fragment thereof provided herein includes an antibody or
antigen-binding fragment thereof containing a Vg CDR2 having the amino acid |
sequence DIWWDDKKDYNPSLKS (SEQ ID NG:166) or |
DIWWDDKKHYNPSLED (SEQ ID NO:125), GISGSGDSTDYADSVKG (SEQ ID
NQ:1609), or SITGGSNFINYSDSVKG (SEQ ID NO:1613). In some examples, the
one or more additional antiviral antibodies for combination therapy with an anti-RSV
antibody or antigen-binding fragment thereof provided herein includes an antibody or
antigen-binding fragment thereof containing a Vi CDR3 having an amino acid
sequence set forth in any of SEQ ID NOS: 107, 116, 126, 139, 188, 230-238, 371,
1610, and 1614. In a particular example, the one or more additional antiviral
antibodies for combination therapy with an anti-RSV antibody or antigen-binding
fragment thereof provided herein includes an antibody or antigen-binding fragment
thereof containing a Vi CDR3 having the amino acid sequence SMITNWYFDV
(SEQ ID NO:107), DMIFNFYFDV (SEQ 1D NO:126),
HLPDYWNLDYTRFFYYMDV (SEQ ID NO:1610), or APIAPPYFDH (SEQ 1D
NO:1614).

In some examples, the one or more additional antiviral antibodies for
combination therapy with an anti-RSV antibody or antigen-binding fragment thereof
provided herein includes an antibody or antigen-binding fragment thereof conlaimng a
Vy, chain having an amino acid sequence set forth in any of SEQ 1D NOS: 108, 117,
127, 134, 140, 146, 152, 158, 164, 169, 174, 177, 180, 183, 189, 191, 195, 199, 202,
207,211, 216, 220, 223, 358, 366, 372, 378, 384, 390, 393, 1015, 1619, and 1623. In
some examples, the one or more additional antiviral antibodies for combination
therapy with an anti-RSV antibody or antigen-binding fragment thereof provided
herein includes an antibody or antigen-binding fragment thereof contaiming a Vo
domain having an amino acid sequence sct forth in any of SEQ 1D NGS: 109, 118,
128, 135, 141, 147, 153, 159, 165, 170, 175, 178, 181, 184, 192, 190, 200, 203, 208,
212,217,221, 224,359, 367,373, 379, 385,391 and 394. In some examples, Lﬁc one
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or more additional antiviral an ti‘ho_dies for combination therapy with an anti-RSY
antibody or antigen-binding fragment thereof provided herein includes an antibody or
antigen-binding fragment thiercof containing a Vi, CDR1 having an amino acid
sequence set forth m any of SEQ ID NOS: 110, 119, 129, 142, 154, 166, 239255,
257-297, 299-314, 374, 380, 395, 409-544, 16163 1620, and 1624. In a particular
example, the one or more additional antiviral antibodies for combination therapy with
an anii—RSV antibody or antigen-binding fragment thereof provided herein in_ﬂ'iudes
an antibody or énti gen-binding fragment thereof containing a Vi CDDR1 having the
amino acid sequence KCGLSVGYMH (SEQ 1D NO:110), SASSRVGYMTH (SEQ ID
NO:154), RATQSISSNYLA (SEQ ID NO:1616), KASQNINDNLA. (SEQ 1D
NO11620), or RATQSVSNFLN (SEQ 1D NO:1624). In some examples, the one or
more additional antiviral antibodies for combination therapy with an anti-RSV
antibody or antigen-binding fragment thereof provided herein includes an antibody or
antigen-binding fragment thereol coﬁtaining a Vy, CDR2 having an amino acid
sequence set Torth in any of SEQ ID NOS: 111, 120, 136, 143, 160, 171, 185, 218,
225, 315-355, 360, 368, 375, 381, 386, 392, 396, 545-1509, 1617, 1621, and 1625, In
a particular example, the one or more additional aﬁtiviral antibodies for combination
therapy with an anti-RSV autibody or antigen-binding fragment thereof provided
herein includes an antibody or antigen-binding fragment thercol containing a Vi,
CDR2 having the amine acid sequence DTSKLAS (SEQ ID NO:111), DTLLLDS
(SEQ ID NO:218), GASNRAT (SEQ ID NO:1617), GASSRAT (SEQ ID NO:1621),
or DASTSQS (SEQ ID NO:1625). In some examples, the one or more additional
antiviral antibodies for combination therapy with an anti-RSV antibody or antigen-
binding fragment thereof provided heremn includes an antibody or antigen-binding
fragment thereof containing a Vi, CDR3 having an amino acid sequence set forth in

any of SEQ ID NOS: 112, 121, 193, 1510-1511, 1618, 1622, and 1626. Ina

particular example, the one or more additional anfiviral antibodies for combination

therapy with an anti-RSV antibody or antigen-binding fragment thereof provided
herein includes an antibody or antipen-binding fragment thereol containing a Vy,
CDR3 having the amino acid sequence FQUGSGYPET (SEQ ID NO:112),
QOYDISPYT (SEQ ID NO:1618), QQYGGSPY T (SEQ D NO:1622), or



WO 2011/020079 PCI/OR2010/045549

10

15

20

25

30

176

QASINTPL (SEQ ID NO:16206).

In some examples, the anti-RSV antibody or antigen-binding fragment thereof
provided herein can be administered in combination with hyperimmune serum or
immune globulin enriched for anti-RSY antibodies, such as, for example, RSV
hyperimmune globulin (RSV IVIG; RespiGam®; Medimmune Inc, Gaithersburg,
MD; see, e.g., Groothius ef al. (1993) New Eng. J. Med 329:1524-1530),

ii. Antibodies against other respiratory viruses

In some examples, the one or more additional antiviral antibodies for
combination therapy with an anti-RSV antibody or antigen-binding fragment thereof
provided herein includes an antibody or antigen-binding fragment thereof to an
respiratory virus other than RSV, for example, selected from among an anti-human
metapneurmovirus (IMPV) antibody, an anti-parainfluenzavirus (PIV) antibody, an
anti-avian pneumovirus (APV) antibody or other antiviral antibody known iﬁ the art.

In some examples, where the one or more additional antiviral antibodies for
combination therapy with an anti-RSV antibody or antigen-binding fragment thereof
provided herein is an anti-PIV antibody, an antibody that immunospeciﬁcail'y binds to
a PIV antigen, such as, for example, a PIV nucleocapsid phosphoprotein, a PIV fusion
(F) protein, a PIV phosphoprotein, a PIV large (L) protein, a PTV matrix (M) protein,
a PIV hemagglutinin-neuraminidase (HN) glycoprotein, a PIV RNA-dependent RNA
polymerase, a PIV Y1 protein, a PIV D protein, a PIV C protein, or an allelic variant
of any of the above. In particular examples, the PTV antigen is PIV F protein. In
some examples, the anti-PTV antibody is an antibody that immunospecifically binds to
an antigen of human PIV type 1, human PIV type 2, human PIV type 3, and/or human
PIV type 4.

In some examples, where the one or more additional antiviral aniibodies for
combination therapy with an anti-RSV antibody or antigen-binding fragment thereof
provided herein is an anti-hMPV antibody, an antibody that immunospecifically binds
to a hMPV antigen, éuch as, for example, a hMPV nucleoprotein, a hMPV
phosphoprotein, a hMPV matrix protein, a hMPV small hydrophobic protein, a hMPV
RINA-dependent RINA polymerase, a hMPV F protein, a hMPV G protein, or an

altelic variant of any of the above. In particular exampies, the hMPV antigen is PIVF
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protein. In some examples, the anti-hMPV antibody is an antibody that
immunospecifically binds to an antigen of hMPV type A and/or hMPV type B. In
some examples, the anti-hMPV antibody is-an antibody that immunospecifically binds
to an antigen of IMPV sub-type Al and/or A2 and/or AMPV sub-type B1 and/or B2.
Antibodies administered in combination with an anti-RSV antibody or
antigen-binding fragment thereof provided herein can be any type of antibody or
antigen-binding {ragment known in the art. For example, an antibody or antigen-
binding fragment thereof administered in combination with an anti-RSV antibody or

antigen-binding [ragment thereof provided herein can include, but is not limited to, a

monoclonal antibody, a human antibody, a non-hwnan antibody, a recombinantly

produced antibody, a chimeric antibody, a humanized antibody, a muliispecific
antibody (e.g., a bispecific antibody), an intrabody, and an antibody fragment, such
as, but not limited to, a Fab fragment, a Fab' fragment, a F(ab’); fagment, aTv
fragment, a disuifide-linked Fv (dsFv), a Fd fragment, a Fd’ fragment, a single-chain
Fv (scFv), a single-chain Fab (scFab), a diabody, an anti-idiotypic (anti-1d) antibody,
or antigen-binding fragments of any of the above. Antibodies administered in
combination with an anti-RSV antibody provided herein can include members of any
immunoglobulin type (e.g., [gG, IgM, 1gD, 1gE, 1gA and IgY), any class (c.g. IgGl1,
1pG2, 1G3, 1gG4, igAT and [gA2) or subclass (e.g., IgGG2a and IgG2b). |

In some examples, administration of the combination of antiviral antibodies or
antigen-binding fragments iohibits the incidence of RSV infection by at least or about
99 %, at ledqt or about 95 %, at least or about 90 %, at i@asﬁ or about 85 %, at least or
about 80 %, at least or about 75 %, at least or about 70 %, at least or about 65 %, at
least or about 60 %, ai least or about 55 %, at least or about 50 %, at least or about 45
%, at least or about 40 %, at-least or about 35 %, at least or about 30 %, at least or
about 25 %, at least or about 20 %, at [east or about 15 %, or at 1éast or about 10 %
relative to the incidence of RSV infection in the absence of the anti-RSV antibody or
antigen-binding fragment. In some examples, administration of the combination of
antiviral antibodies or antigen-binding fragments decreases the severity of one or
more symptoms of RSV infection b y at least or about 99 %, at least or about 95 %, at

least of about 00 %, at least or about 85 %, at least or about 80 %, at least or about 75
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%o, at lcast or about 70 %, at least or about 65 %, at least or about 60 %, at least or
about 55 %, at least or about 50 %, at least or about 45 %, at least or about 40 %, at
least or about 35 %, at least or about 30 %, at least or about 25 %, at least or about 20
%, at least or about 15 %, or at least or about 10 % relative to the severity of the one
or more symptoms of RSV infection in the absence of the combination of antiviral
antibodies or antigen-binding fragments.

In some examples, the combination of antiviral antibodies or antigen-binding
fragments inhibits the binding of RSV to its host cell receptor by at least or about 99
%, at least or about 95 %, at least or about 90 %, at least or about 83 %, at least or
about 80 %, at least or about 75 %, at least or about 70 %, ai least or about 65 %, at
least or about 60 %, at least or about 55 %, at least or about 50 %, at least or about 45
%, at least or about 40 %, at least or about 35 %, at least or about 30 %, at least or
about 25 %, at least or about 20 %, at least or about 15 %, or at least or about 10 %
relative to the binding of RSV to its host cell receptor in the absence of the
combination of antiviral antibodies or anfigen-binding fragments, In some examples,
the combination of antiviral antibodies or antigen-binding {ragments inhibits RSV
replication by at least or about 99 %, at least or about 95 %, at least or about 90 %, at
least or about 85 %, at least or about 80 %, at least or about 75 %, at least or about 70
%, at least or about 65 %, at least or about 60 %, at-icast or about 55 %, al Jeast or
about 50 %, at least or about 45 %, at east or about 40 %, at teast or about 35 %, at
least or about 30 %, at least or about 25 %, at least or about 20 %, at .least or about 15
%, or at least or about 10 % relative to RSV replication in the abséncc of the
combination of antiviral antibodies or antigen-binding fragments.

5. Gene Therapy |

In some examples, nucleic acids comprising sequences encoding the anti-RSV
antibodies, antigen-binding fragments and/or derivatives thereof, are administered to
treat, prevent or ameliorate one or more symptoms associated with RSV infection, by
way of gene therapy. Gene therapy refers to therapy perfonncd by the administration
to a subject of an expressed or expressible nucleic acid. In this example, the nucleic
acids produce their encoded antibody or antigen-binding fragment thereof that

mediates a prophylactic or therapcutic cffect.
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Any of the methods for gene therapy available in the art can be employed for
administration of nucleic acid encoding the anti-RSV antibodies, anti gen--lﬁinding
fragments and/or derivatives thereof. Exemplary methods are described below,

For general reviews of the methods of gene therapy, see, for example,
Goldspiel er al. (1993) Clinical Pharmacy 12:488-505; Wu and Wu (1991)
Biotherapy 3:37-95; Tolstoshev (1993) Ann. Rev. Pharmacol. Toxicol. 32:573-596;
Mulligan (1993) Science 260:926-932; Morgan and Anderson (1993) Ann. Rev.
Biochem. 62:191-217; and TIBTECH 11(5):155-215. Methods commonly known in
the art of recombinant DNA technology which can be used are described in Ausubel
et al. {eds.), Current Protocols in Molecular Biology, John Wiley & Sons, NY (1993);
and Kricgler, Gene Transfer and Expression, A Laboratory Manual, Stockton ?ress,
NY (1990},

In some examples, a composition provided herein contains nucleic acids
encoding an anti-RSV antibody, an antigen-binding fragment and/or derivative
thereof, where the nucleic acids are part of an expression vector that expresses the
anti-RSV antibody, antigen-binding fragment and/or derivative thereof in a suitable
host. In particuiar, such nucleic acids have promoters, such .ElS heterclogous
promoters, operably linked to the antibody coding region, said promoter being
inducibl e. or constitulive, and, optionally, tissue-specific. In another particular
embodiment, nucleic acid molecules are used in which the antibody coding sequences
and any other desired sequences are flanked by regions that promote homologous
recombination at a desired site in the genome, thus providing for intrachromosomal
expression of the antibody encoding nucleic acids {IColler and Smithies (1989) Proc.
Natl. Acad. Sci. US4 86:8932-8935; Zijlstra et al. (1989) Nature 342:435-438). In
some examples, the expressed antibody molecule is a single chain antibody. In some
examples, the nucleic acid sequences include sequences encoding the heavy and light
chaing, or fragments thereof, of the antibody. In a particular example, the nucleic acid
sequences include sequences encoding an anti-RSV Fab fragment. In a particular
example, the nucleic acid sequences include sequences encoding a full-length anti-
RSV antibody. In some exampley, the encoded anti-RSV antibody is a chimeric

antibody.
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Delivery of the nucleic acids into a subject can be either direct, in which case
the S'abjeéE is directly exposed fo the nucleic acid or micleic acid-carrying vectors, or
indirect, in which case, cells are first transformed with the nucleic acids in vitro, then
transplanted into the subject. These two approaches are known, respectively, as i
VIVO OF ex vivo gene therapy. '

In some examples, the nucleic acid sequences are directly administered in
vivo, where it is expressed to produce the enceded product. This can be accomplished
by any of numerous methods known in the art, for example, by constructing them as
part of an appropriate nucleic acid expression vector and administering it so that they
becqme intracellular, for example, by infection using defective or attenuated retroviral
or other viral vectors (see U.S. Pat. No. 4,980,286), or by direct injection of naked
DNA, or by use of microparticle bombardment (e.g., a gene gun; Biolistic, Dupont),
or coating with lipids or cell-surface receptors or transfecting agents, encapsulation in
liposomes, microparticles, or microcapsules, or by administering them in linkage to a
peptide which is known to enter the nucleus, by administering it in linkage to a ligand
subject to receptor-mediated endocytosis (see, e.g., Wua and Wu (1987 /. Biol. Chem.
262:4429-4432) which can be used, for example, to target cell types specifically
expressing the receptors. In some examples, nucleic acid-ligand complexes can be
formed in which the ligand contains a [usogenic viral peptide to disrupt endosomes,
allowing the nacleic acid to avoid lysosomal degradation. Tn some examples, the
nucleic acid can be targeted in vivo for cell specific uptake and expression, by
targeting a specific receptor (see, e.g., PCT Publications WO 92/06180; WO
92/22635;, WO92/203 16; WO93/14188, and WO 93/20221). Alternatively, the
nucleic acid can be introduced intracellularly and incorporated within host cell DNA
for expression, by homologous recombination (Koller and Smithies (1989) Proc. Nail.
Acad. Sci. USA 86:8932-8935; and Zijlstra ef al. (1989) Nature 342:435-438).

In a some examples, viral vectors that contains nucleic acid sequences
encoding an anti-RSV antibody, antigen-binding fragments and/or derivatives thereofl
are used. For example, a retroviral vector can be used (see, e.g., Miller er af. (1993)
Meth. Enzymol. 217:581-599). Retroviral vectors contain the components necessary

for the correct packaging of the viral genome and integration into the host cell DNA.
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The nucleic acid sequences encoding the antibody or antigen-binding fragment
thereof to be used in gene therapy are cloned into one or more vectors, which
facilitates delivery of the gene into a subject. More detail about retroviral vectors can
be found, for example, in Boesen ef al. (1994) Biotherapy 6:291-302. Other

5 references iltustrating the use of retroviral vectors in gene therapy include, for
exainple, Clowes et al, (1994) J. Clin. Invest. 93:0644-651; Klein ez al. (1994) Blood
83:1467-1473; Salmons and Gunzberg (1993) Human Gene Therapy 4:129-141; and
Grossman and Wilson (1993) Curr. Opin. in Genetics and Devel, 3:1.10«1 14.

Adenovirtuses also are viral vectors that can be used in gene therapy.

10 Adenoviruses are e'spf:'cially attractive vehicles for delivering genes to respiratory
epithelia. Adenoviruses naturally infect respiratory epithelia where they cause a mild
disease. Other targets for adenovirus-based delivery systems inctude the liver, central
nervous system, endothelial cells, and muscle. Adenoviruses have the advantage of
being capable of infecting non-dividing cells. Kozarsky and Wilson (1993) Current

15 Opinion in Genetics and Development 3:499-503 present a roview of adenovirus-
based gene therapy. Bout ef al. (1994) Human Gene Therapy 5:3-10 demonstrated
the use of adenovirus vectors to transfer genes to the respiratory epithelia of rhesus
monkeys. Other instances of the use of adenoviruses in gene therapy can be found,
for examples, in Rosenfeld ef of. (.1991) Science 252:431-434; Rosenfeld ef al. (1992)

20 Cell 68:143-155; Mastrangeli ef al. (1993) J. Clin, Invest. 91:225-234; PCT
Publication WO94/12649; and Wang ef al. (1995) Gene Therapy 2:775-783. Ina
particular example, adenovirus vectors are used to deliver nucleic acid enceding the
an anti-RSV antibodies, antigen-binding fragments and/or derivatives thereof
provided herein. '

25 Adeno-associated virus (AAV) also can be used in gene therapy (Walsh ef al.
{1993) Proe. Soc. Exp. Biol. Med. 204:289-300; and U.S. Pat. No. 5,436,146). Ina
particular example, adeno-associated virus {AAV) vectors are used to deliver nucleic
acid encoding the anti-RSV antibodies, antigen-binding fragments and/or derivatives
thereof provided herein. ' '

30 Another approach to gene therapy involves transferring a gene to cells in

tissue culture by such methods as electroporation, lipofection, calcium phosphate
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mediated transfection, or viral infection. Generally, the method of transfer includes
the transfer of a selectable marker to the cells. The cells are then placed under
selection to isolate those cells that have taken up and are expressing the transferred
gene. The cells expressing the gene are then delivered to a subjeet.

In some examples, the nucleic acid encoding an anti-RSV antibody, antigen-
binding fragments and/or derivatives thereof provided herein is introduced into a cell
prior to administration in vivo of the resulting recombinant cell. Such introduction
can be carried out by any method known in the art, including, but not limited to,
transfection, electroporation, microinjection, infection with a viral or bacteriophage
vector containing the nucleic acid sequences, cell fusion, chromosome-mediated gene
transfer, microcell-mediated gene transfer, and spheroplast fusion. Numerous
techniques are known in the art for the introduction of foreign genes into cells (sec,
e.g., Loeffler and Behr (1993) Meth. Enzymol. 217:599-618; Cohen ef al. {1993)
Meth. Enzymol. 217.618-644, Cline (1985) Pharmacol. Ther. 29:69-92) and can be
used for the administration of nucleic acid encoding an anti-RSV antibody, antigen-
binding fragment and/or derivative thereof provided herein, provided that the
necessary developmental and physiological functions of the recipient cells are not
disrupted. The technique provides for the stable transfer of the nucleic acid to the
cell, so that the nucleic acid is expressible by the cell and typically heritable and
expressible by its cell progeny.

The resulting rccomiﬁnant cells can be delivered to a subject by various
methods known in the art. Recombinant biood cells (e.g., hg:ma'topoietic stem or
progenitor cells) can be adrministered intravenously., The amount of cells for

administration depends on various factors, including, for example, the desired
prophylactic and/or therapeutic effeet and patient state, and can be determined by one
skilled in the art. |

Cells into which a nucleic acid can be introduced for purposes of gene therapy
encompass any desired, available cell type, and include, but are not limited to,
epithelial celis, endothelial cells, keratinocytes, fibroblasts, muscle cells, hepatocytes,
blood cells such as T lymplmcy&s, B lymphocytes, monocyies, ?ﬂacmphages,

neutrophils, eosinophils, megakaryocytes, granulocytes; various stem or progenifor
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cells, in particular hematopoietic stem or pro genﬁor cells, for exammple, as obtained
from bone marrow, umbilical cord blood, peripheral blood, and fetal liver. In
particular examples, the cell used for gene therapy is autologous to the subject.

In some exaraples in which recombinant cells are used in gene therapy,

nucleic acid sequences encoding an anti-RSV antibody, antigen-binding fragments

and/or derivatives thereof provided herein are introduced into the cells such that they

are expressible by the cells or their progeny, and the recombinant cells are then
administered in vivo for therapeutic effect. In a particular example, stem or
progenitor cells are used. Any stem and/or progenitor cells which can be isolated and’
maintained in vitro can be used (see e.g., PCT Publication WO 94/08598; Stemple
and Anderson (1992) Cell 7 1:973-985; Rheinwald (1980) Merh. Cell Bio. 21 A:229;
and Pittelkow and Scott (1986) Mayo Clinic Proc. 61:771).

In a particular example, the nucleic acid to be introduced for purposes of gene
therapy contains an inducible promo{cr operably linked to the coding region, such that
expression of the nucleic acid is controllable by controlling the presence or absence of
the appropriate inducer of transcription.

J. Pharmaceutical Conipositions, Combinations and Articles of
manufacture/Kits

i. Pharmaceutical Compositions

Provided herein are pharmaceutical compositions containing an anti-RSV
antibody or antigen-binding {ragment thereof provided herein. The pharmaceutical
composition can be used for therapeutic, prophylactic, and/or diagnostic applications.
The anti-RSV antibodies or antigen-binding fragments thercof provided herein can be
formulated with a pharmaceutical acceptable carrier or diluent. Generally, such
pharmaceutical compositions utilize components which will not significantly impair
the biological propertics of the antibody or antigen-binding {ragment thereof, such as
the binding of to its specific epitope (e.g. binding to an epitope on a RSV F protein). -
Each component is pharmaceutically and physiologically acceptable in the sense of
being compatible with the other ingredients and not injurious to the patient. The
formulations can conveniently be presented in unit dosage form and can be prepared

by methods well known in the art of pharmacy, including but not limited to, tablets,
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pills, powders, liquid solutions or suspelisions (e.g., inchuding .injectable, ingestible
and topical formulations (e.g., eye drops, gels or ointments), aerosols (e.g., nasal
sprays), liposomes, suppositories, injectabie and infusible solution and sustained
release forms, See, e.g., Gilman, ef al. (eds. 1990y Goodman and Gilman's: The
Pharmacological Bases of Therapeutics, 8th Bd., Pergamon Press; and Remington's
Pharmaceutical Sciences, 17th ed. (1990), Mack PPublishing Co., Easton, Pa.; Avis, ef
al. {eds. 1993) Pharmaceutical Dosage Forms: Parenteral Medications, Dekker, NY;
Licherman, et al. {eds. 1990) Pharmaccutical Dosage Forms: Tablets, Dekker, NY;
and Lieberman, et al. {eds. 1990) Pharmaceutical Doéage Forms: Disperse Systems,
Dekker, NY. When administered systematically, the therapeutic compesition is
sterile, pyrogen-free, generally free of particulate matter, and in a parenterally
acceptable solution having due regard for pH, isotonicity, and stability. These
conditions are known to those skilled in the art.  Methods for preparing parenterally
administrable compositions are well known or will be apparent to those skilled in the
art and are described in more detail in, e.g., "Remington: The Science and Practice of
Pharmacy (Formerly Remington's Pharmaceutical Sciences)”, 19th ed., Mack
Publishing Company, Easton, Pa. (1995).

Pharmaceutical compositions provided herein can be in various forms, e.g., in
soli&, semi-solid, liquid, powder, aqucous, or lyophilized form. Examples of suitable
pharmaceutical carriers are known in the art and include but are not limited to water,
buffering agents, saline solutions, phosphate buffered saline solutions, various types
of wetling agents, sterile solutions, alcohols, gam arabic, vegetable oils, benzyl
alcohols, getatin, glycerin, carbohydrates such as lelcf()se, Sl.icroée, amylose or starch,
magnesium-steara'te, tale, siiidic acid, viscous paraffin, perfume oil, fatty acid
monoglycerides and diglycerides, pentaerythritol fatty acid esters, hydroxy
methylcellulose, powders, among others, Pharmaceutical compositions provided
herein can contain other additives including, for example, antioxidants, preservatives,
antimicrobial agents, analgesic agents, binders; disintegrants, coloring, diluents,
excipients, extenders, glidants, sotubilizers, stabilizers, tonicity agents, vehicles,
viscosity agents, flavoring agents, emulsions, such as oil/water emulsions,

emulsifying and suspending agents, such as acacia, agar, alginic acid, sodium



10

15

20

25

30

WO 2011/020079 PCT/US2010/043549

185

alginate, bentonite, carbomer, carrageenan, carboxymethylcellulose, celivlose,
cholesterol, gelatin, hydroxyethyl cellulose, hydroxypropyl cellulose, hydr.oxypropyi
methyleellulose, methyleellulose, octoxynol 9, oleyl aleohol, povidene, propylene
glycol monost'earate, sodium lauryl sulfate, sorbitan esters, stearyl aleohol, tragacanth,
xanthan gum, and denvatives thereof, solvents, and miscellaneous ingredients such as
crystalline cellulose, microcrystalline cellulose, citric acid, dextrin, dextrose, liquid
glhucose, lactic acid, I.actoéc, magnesium chloride, potassium metaphosphate, starch,
among others (see, generally, Alfonso R. Gennaro (2000) Remington: The Science
and Practice of Pharmacy, 20th Edition. Baitimore, MD: Lippinéott Williams &
Wilkins). Such carriers and/or additives can be formulated by conventional methods

and can be administered to the subject at a suitable dose. Stabilizing agents such as

- lipids, nuclease inhibitors, polymers, and chelating agents can preserve the

compositions from degradation within the body.

" Pharmaceutical compositions suitable for use include compositions wherein
one or more anti-RSV antibodies are contained in an amount effective to achieve their
intended purpose. Determination of a therapeutically effective amount is well within
the capability of those skilled in the art. Therapeutically effective dosages can be
determined by using in vitro and in vivo methods as described herein. Accordingly,
an anti-RSV antibody or antigen-binding fragment thereof provided herein, when in a
pharmaceutical preparation, can be present in unit dose forms for administration.

An anti-RSV antibody or antigen-binding fragment thereof provided herein
can be lyophilized for storage and reconstituted in a suitable carrier prior to use. This
technique has been shown to be effective with conventional immunoglobulins and
protein preparations and art-known lyophitization and reconstitution techniques can
be emmployed.

An anti-RSV antibody of antigen-binding fragment thereof provided herein
can be provided as a controlled refease or sustained relcase composttion. Polymeric
materials are known in the art for the formufation of pills and capsules which can
achieve controlled or sustained release of the antibodies or antigen-binding fragments
thereof provided herein (sce, e.g., Medical Applications of Controlled Release,

Langer and Wise (eds.), CRC Pres., Boca Raton, Fla, (1974); Controlled Drug



10

15

20

25

30

WO 2011/020079 PCT/US2010/045549

136

Bioavailability, Drug Product Design and Performance, Smolen and Ball {(eds.),
Wiley, New York (1984); Ranger and Peppas (1983} J., Macromol. Sci. Rev.
Macromol. Chem. 23:61; see also Levy ef al. (1985) Science 228:190; During et al.
(1989) Ann. Neurol, 25:351; Howard et al. (1989) J. Neurosurg. 71:105; U.S, Pat.
Nos. 5,679,377, 5,916,597, 5,912,015, 5,989,463, 5,128,326; PCT Publication Nos.
WO 99/15154 and WO 99/20253). Examples of polymers used in sustained release
formulations include, but are not limited to, poly(2-hydroxy ethyl methacrylate),
pﬁiy(mcthyi methacrylate), poly(acrylic acid), poly(ethylene-co-vinyl acetate),
poly(methacrylic acid), polyglycolides (PLG), polyanhydrides, poly(N-vinyl
pyrralidone), poly(vinyl alcohol), polyacrylamide, poly(ethylene glycol), polylactides
(PLA), poly(lactide-co-glycolides) (PLGA), and polyorthoesters. Generally, the
polymer used in a sustained release formulation is inert, [ree of leachable impurities,
stable on storage, sterile, and biodegradable. Any technique known in the art for the
production of sustained release formulation can be used to produce a sustained release
formulation containing one or more anti-RSV antibodies or antigen-binding fragments
provided herein.

In some examples, the pharmaceutical composition contains an anti-RSV
antibody or antigen-binding fragment thereof provided herein and one or more
additional antibodies. In some examples, the one or more additional antibodies
inchudes, but is not limited to, palivizumab (SYNAGIS®), and derivatives thereof,
such as, but not limited to, motavizumab (NUMAX®), AFFF, P1212, P12{4, P11d4,
Ale9, Al12a6, Al3cd, Al7d4, Ad4B4, ABc7, 1X-493L1, FR H3-3F4, M3H9, Y10H6,
DG, AFFF(1), 618, L1-7E5, L2-15B10, Al3all, AThS, AdB4(1), A4B4LIFR-528R,
and A4B4-F528 (see U.S. Pat. Nos. 5,824,307 and 6,818,216), 1sv6, rsvll, rsv13,
rsv19, rsv2 1, 1sv22, rsv23 (see, e.g. U.S. Pat. Nos. 5,824,307, 6,685,942, and
6,818,216), a human anti-RS5V antibody, such as, but not lmited to, rsvb, rsvll,
rgv13, 1svl9 (Le. Fab 19), rsv21, rsv22, 1sv23, RE-1, RF-2 (see, e.g. U.S. Pat. Nos,
6,685,942 and 5,811,524), a humanized antibody derived from an anti-RSV mouse
monoclonal antibody such as, but not limited to, MAbs 1153, 1142, 1200, 1214, 1237,
1129, 1121, 1107, 1112, 1269, 1269, 1243 (Becler e al. (1989) J. Virology
63(7):2841-2950), MAb151 (Mufson et al. (1987} J. Clin. Microbiol. 25:1635-1539),
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MAbs 43-1 and 13-1 (Fernie ef al. (1982) Proc. Soc. Exp. Biol. Med. 171:266-271},
MAbs 1436C, 13024, 1308F, and 1331H (Anderson et al. (1984) J. Clin. Microbiol.
19:934-936), or antigen-binding fragments thereof. Additional exemplary antibodies
or antigen-binding fragments thereof that can be used in a pharmaceutical
composition containing an anti-RSV antibody or antigen-binding fragment thereof
provided herein'includc, but are not limited to, anti-RSV antibodies or antigen-
binding fragments thereof described in, for example, U.S. Patent Nos. 6,413,771,
5,840,298, 5,811,524, 6,656,467, 6,537,809, 7,364,742, 7,070,756, 5,955,364,
7,488,477, 6,818,216, 5,824,307, 7,364,737, 6,685,942, and 5,762,905 and U.S.
Patent Pub. Nos. 2007-0082002, 2005-01759806, 2004-0234528, 2006—0198846, 2009-
01100684, 2006-0159695, 2006-0013824, 2005-0238491, 2005-0G19758, 2008~
0226630, 2009-0137003, and 2009-0092609,

2. Articles of Manufacture/Kits

Pharmaceutical compositions of anti-RSV antibodies or nucleic acids
encoding anti-RSV antibodies, or a derivative or a biologically active portion thercof
can be packaged as articles of manufacture containing packaging material, a
pharmaceutical composition which is effective for prophylaxis (i.e. vaccination,
passive immunization)} and/or treating the RSV-mediated disease or disorder, and a
label that indicates that the antibody or nucleie acid molecule is to be used for
vaccination and/or treating the disease or disorder. The pharmaceutical compositions
can be packaged in unit dosage forms contain an amount of the pharmaceutical
composition for a single dose or multiple doses. The packaged compositions can
contain a lyophilized powder of the pharmaceutical compositions contaiﬁing the anti-
RSV antibodies or antigen-binding fragments thercof provided, which can be
reconstituted (e.g. with water or saline) prior to adminisiration.

The articles of manufacture provided herein contain packaging materials,

" Packaging materials for use in packaging pharmaceutical products are well known to
those of skill in the art. Examples of pharmaceutical packaging materials include, but
are not limited to, blister packs, bottles, tubes, inhalers, inhalers {e.g., pressurized
metered dose inhalers (MDI), dry powder inhalers (DPI}), nebulizers {e.g., jetor

ultrasonic nebulizers) and other single breath liquid systems), pumps, bags, vials,
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containers, syringes, bottles, and any packaging material suitable for a selected
formulation and intended mode of administration and treatment. The pharmaceutical
composition also can be incorporated in, applied to or coated on a barrier or other
protective device that is used for contraception from infection.

The anti-RSV antibodies or antigen-binding fragments thereof, nucleic acid
molecules encoding the antibodies thereof, pharmaceutical compositions or
combinations provided herein also can be provided as kits. Kits can optionally
include one or more components such as instructions for use, devices and additional
reagents (e.g., sterilized water or saline solutions for dilution of the compositions
and/or reconstitution of lyophilized protein), and components, such as tubes,
containers and syringes for practice of the methods. Exemplary kits can include the
anti-RSV antibodies or antigen-binding fragments thereof provided herein, and can
optionally include instructions for use, a device for administering the anti-RSV
antibodies or antigen-binding fragments thereof to a subject, a device for detecting the
anti-RSV antibodilcs or anfigen-binding fragments thereof in a subject, a device for
detecting the anti-RSV antibodies or antigen-binding fragments thereof in samples
obtained from a subject, and a device for administering an additional therapeutic
agent to a subject. . _

The kit can, optionally, include instructions. Instructions typically include a
tangible expression descriBng the anti-RSV antibodies or antigen-binding {ragments
thereof and, optionally, other components included in the kit, and methods for
administration, including methods for determining the proper state of the subject, the
proper dosage amount, dosing regimens, and the proper administration method for
administering the anti-RSV antibodies or antigen-binding fragments thercof,
Instructions also can include guidance for monitoring the subject over the duration of
the treatment time

Kits also can include a pharmaccutical composition deseoribed herein and an
item for diagnosis. For example, such kits can include an item for measuring the
concentration, amount or activity of the sclected anti-RSV antibody or antigen-
binding fragment thereof in a subject.

In some cxamples, the anti-RSV antibody or antigen-binding fragment thereof
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is provided in a diagnostic kit for the detection of RSV in an isolated biological
sample(e.g.; a fluid sample, such as blood, sputum, lavage, lung intubation sample,
saliva, urine or lymph obtained from a subject). In some examples, the diagnostic kit
containg a panel of one or more anti-RSV antibodies or antigen-binding fragments
thereof and/or one or more control antibodies (i.e. non-RSV binding antibodies).,
where one or more antibodies in the panel is an anti-RSV antibody or antigen-binding
fragment provided herein. -

Kits provided herein also can include a device for administering the anti-RSV
antibodies or antigen-binding fragments thereof to a subject. Any of a variety of
devices known in the art for administering medications to a subject can be included in
the kits provided herein. Exemplary devices include, but are not limited {o, an inhaler
(. g;, pressurized metered dose inhaler (MDI), dry powder inhaler (DPI), nebulizer
(€.g2., jet or ultrasonic nebulizers) and other single breath liquid system), a hypodermic -
needle, an miravenous needle, a catheter, and a liquid dispenser such as an
eyedropper. Typically the device for administering the anti-RSV antibodies or
antigen-binding fragments thereof of the kit will be compatible with the desired
method of administration of the anti-RSV antibedies or antigen-binding fragments
thereof. FFor example, an anti-RSV antibody or antigen-binding fragment thereof to
be delivered by pulmonary administration can be included in a kit with or contained in
an inhaler or a nebulizer.

3. Combinations

Provided are combinations of the anti-RSV antibodies or antigen-binding
fragments thereof provided herein and a second agent, such as a second anti-RSV
antibody or antigen-binding fragment thereof or other therapeutic or diagnostic agent.
A combination can include any anti-RSV antibody or antigen-binding fragment
thereof or reagent for effecting therapy thereof in accord with the methods provided
herein. For example, a combination can inchude any anti-RSV antibody or antigen-
binding fragn"lncnt thereot and an antiviral agent. Combinations also can inclade an
anti-RSV antibody or antigen-binding fragment thereof provided herein with one or
more additional therapeutic antibodies. Combinations of the anti-RSV antibodies or

antigen-binding fragments thereof provided also can contain pharmaceutical
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compositions containing the anti-RSV antibodies or antigen-binding fragments
thereof or host cells containing nucleic acids encoding the anti-RSV antibodies or
antigen-binding ragments thercof as described herein. The combinations provided
herein can be formulated as a single composition or i separate compositions.
K. Examples

The following examples are included for illustrative purposes only and are not
intended to limit the scope of the invention.

Example 1
Expression of RSV F pl_'btein

In this example, the RSV fusion protein (F protein) from Respiratory Syncytial
Virus strain AZ was expressed and purified by capture on ELISA plates using anti-
R3V monoclonal antibady clone 217, which recognizes both the FO and F1 subunits
of the fusion glycoprotein. In the first example, recombinant RSV F protein
containing only the extracellular domain (SEQ D NO:25) was cloned and expressed
in 293F cells. In the second example, native RSV F protein was expressed by
infection of HEp-2 cells with RSV A2 strain (SEQ D NO:1629),
A, Recombinant RSV F ;ﬂﬁtein

in this example, the gene encoding the RSV F protein from the A2 RSV strain

~ was cloned and expressed, The RSV A2 F gene {(SEQ 1D NO:21}, containing only the

extracellular domain (the full length RSV A2 F protein is set forth in SEQ ID

NO:1630) was synthesized according to standard DNA synthesis protocols by

. GeneArt (Buslingame, CA). The RSV A2 F gene was engineered to contain a Kozak

sequence (nucleotides 7-16 of SEQ ID NO:21), a c-mye sequence (nucleotides 1600-
1629 of SEQ 1D NO:21), and a 6X-His tag (nucleotides 1645-1662 of SEQ 1D
NO:21). Additionally, Nhel (SEQ ID NO:22) and HindllI (SEQ [D NO:23)
restriction sites were engineered at the 5” and 3” ends, respectively, to allow cloning
into an expression vector. The DNA was digested using standard molecular biology
techniques and ligated into the similarly digested mammalian expression vector
peDNAT™I 1/mye-His(-) C (SEQ 1D NO:24, Invitrogen). 'i"‘he_ vector containing the
RSV A2 F gene was transformed into electrocompetent X1 I-Blue cells (Strategenc).

Individual colonies were selected and grown, and the plasmid DNA was purified.
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The presence of the RSV A2 F gene insert in the isolated vector was verified by DNA
sequencing, and one clone containing the insert was used to produce large-scale
preparations of DNA (Megaprep kit, Qiagen).

The RSV A2 F protein was expressed in mammalian cells using the
FreeStyle™ 293 Expression System (Invitrog-en) according to the manufacturer’s
instructions. Briefly, 3 x 107 cells were co-transfected with 30 pg of RSV A2
FfpcDNAS3 . U/mye-His{-) C plasmid DNA and 5 pg pAdV Anfage (Promega) and
incubated at 37 °C for 72 hrs. Cells were pelleted by centrifugation and 3 mL of cold
lysis buffer (300 mM NaCl, 50 mM NaH,POq, 1% Triton X100, Complete™
Protease Inhibitor cocktail (Cat. No. sc-29131, Santa Cruz), pH 8) was added to for
every 3 x 107 RSV F-transfected 293-F cells. The mixture was rocked at 4 °C for 30
min followed by centrifugation at 14,000 rpm for 30 min at 4 °C, The cleared
supernatant was transferred to a fresh tube and frozen at -80°C until ready for use.
Prior to capture on an ELISA plate, the supernatant was thawed, briefly centrifuged
and diluted 1:1 v/v with PBS containing 0.8 % nonfat dry milk (final concentration of
0.4 % nonfat dry milk}.

B. Native REV I Protein

In this example, native RSV F protein from the RSV AZ strain {amine acids
set forth in SEQ ID NO:1629) was purified from RSV infected HEp-2 cells as
follows. Briefly, HEp-2 cells are seeded in a ten-layer cell culture stacker (Corning
3270) using complete EMEM (ATCC 30-2003; containing 10 % FBS, 1 % L-
glutamine, and 1 % pen-Strep) and incubated at 37 °C and 5 % (CO2. Once the cells
reached 80% confluence, the HEp-2 monolayer was infected with the RSV A2 virus
(ATCC VR-1540) at a multiplicity of infection (MOI} 0f 0,01-0.1, The infected cells
were cultured for 3-5 days until apparent cell syncytia was observed. The infected
cells were washed once with PBS and the cells were harvested by adding 500 mL
PBS with 5 mM EDTA to the culture stacker and incubating at 37 °C for I w. Cells
were collected into 50 mL conical tubes {5 x 107 cells per tube) and pelleted by
centrifugation. The cell pellets were washed 2X with PBS and centrifuged at 1200
rpm for 5 minutes. The cell pellets were stored at 20 °C until further processed.

Frozen cells were thawed and 3 mL of cold Iysis buffer (300 mM NaCl, 50 mM

RECTIFIED SHEET (RULE 81} ISAJEP
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NaHZPO?l, 1 % Triton X-100, Complete™ Protease Inhibitor cocktail (Cat. No. sc-
29131, Santa Cruz), pH 8) was added to each cell pellet, The cells were rocked at 4
°C for 30 min followed by sonication (3 pulses for 10 seconds each at 10 % power)
and finally centrifuged at 14,000 rpim for 30 min at 4 °C. The cleared supernatant was
5  transferred to a fresh tube and frozen at -80 °C until ready for use. Prior to capture on
an BLISA plate, the supernatant was thawed, briefly centi‘ifugcd and diluted [:2000,
C. Capture with anti-RSV mAb
ELISA plates were coated using 50 pL/well of a 1:400 dilution of anti-RSV
mADb (Cat. No. NB110-37246, clone 2F7, Novus Biologicals) in PBS. Unbound
10 antibody was removed and the plates were used immmediately for ELISA (see
Examples 2 and 4). Alternatively, the plates were Fozen for up to 2 weeks at -20 °C.
Immediately before use, the plates were blocked with 4 % nonfat dry milk in Ix PBS
for 2 hours at 37 °C. The plates were washed twice with PBS containing 0.05%
Tween-20 (wash buffer) before addition of the lysate. Capture of the RSV F protein
I5  (either recombinant or native) was effected by adding 50 pL of either of the above
prepared fysates to each well of the anti-RSV mAb ELISA plate and incubating at 37

°C for 2 hours,

Example 2
Isolation of Anti-RSV Fab Antibodies from ERBV-transformed B Cells
20 In this example, anti-RSV antibodies were isolated from stimulated Epstein
Barr virus transformed donor memory B cells, which were screened for binding to
RSV F protein followed by in vitro antibody generation,
A. Purification of Donor Peripberal Blood Mononuclear Cells
Peripheral blood mononuclear cells (PMBCs) were obtained from a child care
25  worker who may have been exposed to RSV through contact with children. PBMCs
were isolated by density centrifugation over Ficoll Hypaque, according to the
manufaciurer’s ingtructions
1. D22+ Isolation and Activation of CD2Z2+ B Cells
3.2 x 10° CD22+ B cells were isolated from donor PEMCs using CD22
30 magnetic beads (Miltenyi, cat. # 130-046-401) and LS columns (Miltenyi, cat.# 130-
042-401). Isolated CD22+ B cells were cultured at 1 x 10° cells per well in a 48 well
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. plate in RPMI (Hycloﬁe, cat.# SH30096.01) containing 10 % heat-inactivated low
TgG fetal bovine serum (FBS, Invitrogen, cat. # 16250-078), 1 % antibiotics (Hyclone,
cat. # SV30010), 1 % sodium pyruvate (Hyclone, cat. # SH30239.01) aﬁd 1% L-
glutamine (Hyclone, cat. # SHBO()34.701). The isolated B cells were activated with a
5  selection of polyclonal B cell stimulating agents to induce proliferation and antibody
production.
| 2. EBV-mediated lmmmortalization of IgG+ B cells

4.5 x 10° activated CD22+ B cells were washed and incubated with 40 pL of

FITC-conjugated anti-IgM (BD Biosciences, cat.f 555782), 40 pL of FITC- |

10 conjuga,ted anti-IgD (BD Biosciences, cat.t 555778) and 4 uL of FITC-conjugated
anti-IgA (Jacksons Immunore.search, cat. 309-096-043) antibodies for 15 minutes at 4
°C. Cells were washed 1X in PBS (containing 0.5 % BSA and 2 mM EDTA) and
‘resuspended in 90 uL. of the same buffer. IgG+ B cells were enriched by negative
selection of TgM, gD, IgA expressing cells using 10 gl anti-FITC magnetic beads

15 (Miltenyi, cat.# 130-048-701) and LS columns (Miltenyi, cat.# 130-042-401)
according to the manufacturer’s instructions.

Bulk immortalization of B cells was performed by incubating 1.87 x 10°
1gG+, CD22+ enriched B cells with 0.5 mi EBV supernatant (50 % v/v in RMPI-1640
with 10 % FCS, ATCC Cat. No. VR-1492 from B95-8 cells) for 16 hours, After

20 infection the cells were washed and cultured (10°/mL in cach of two wells in RPMI
(Hyclone, cat, # SH30096.01) containing 10 % heat-inactivated low 1g( fetal bovine
serum (FBS, Invitrogen, cat. # 16250-078), 1% antibiotics (Hyclone, cat. # 8V30010),
1 % sodium pyruvate (Hyclone, cat. # SH30239.01) and 1 % L-ghutamine (Hyclone,
cat. # SH30034.01), 200 [U/ml rh1L-2 (R&D Systems Cat. # 202-1L-50) with 0.5 x

25 10%iradiated feeder cells per well of a 24 well plate for a further 9 days.

3. B Cell Cloning

a. Preparation of irradiated B-cell depleted feeder cells for cloning
of B cells

Irradiated B-cell depleted feeder cells were used to .hfﬁp maintain growth of
30 the EBV-transformed B cells. PBMCs from a mixture of 3 healthy donors were
obtained by Ficoll separation, irradiated with 3250 rads (at the UCSD Moore’s Cancer

Center), and depleted of B cells using anti-CD L9 magnetic beads (Miltenyi Biotec,
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Cat. No. 130-050-301) and LD columns {(Miltenyi Biotee, cat.# 130-091-509).
Briefly, frozen and irradiated PMBCs, obtained from Ficoll separation, were thawed,
washed twice and counted. The cells were then centrifuged at 300 g for 10 minutes,
and the supernatant was aspirated. The cell pellet was resuspended in 80 ul MACS

5 buffer (PBS with 0.5% BSA and 2 mM EDTA) per every 1 0" cells and 20 w CD19
MicroBeads (per every 107 cells) was added. Following thorough mixing, the cells
were incubated at 4 °C for 15 minutes. The cells were then washed by adding 1-2 mL
buffer (per every 107 cells) followed by centrifuging at 300 g for 10 minutes and the
supernatant was aspirated. Up to 10° cells were then resuspended in 500 pl buffer.

10 Magnetic separation was effected by placing a LD column (composed of
ferromagnetic spheres covered with a plastic coating to allow last and gentle
separation of cells) in the magnetic field of a MACS separator. The LD column was
washed with 2 mL buffer and the cell suspension was appiied to the top of the
column. Non-B cells were collected as they passed through the column after the

15  addition of 2 x 1 mL buffer.

b. B celi cloning

Approximately 20 EBV-transformed B-cells were co-cultured with polyclonal
B cell stimulating agents and 50,000 irradiated B-cell depleted feeder cells per well in
a 96 well plate and grown for 13 days. A total of 120 96-well plates were generated.

20 4. Screening of B cell sin'pez‘matm}t for binding to RSV F Protein

Supernatants from each well were translerred to a new 96-well plate and the
cells were washed ]X in PBS and frozen at -80 °C in 100 uL. of RUT buffer (Qiagen,
cat. # 79216) containing 10 pl/mL 2-mercaptoethanol. The supernatant was used in
an BLISA to determine which wells are producing antibodies that are capable of

25 binding to RSV F protein. Briefly, the BLISA was performed as follows: (1) RSV F
Protein ELISA plates were prepared as described in Example 1 using 96-well half
area plates with the following modifications: anti-RSV mAb (clone 2F7, mouse
ascites fluid, Cat. No. ab43812, Abcam) was used as the capture antibody and the
RSV F protein was incubated with the captore émtibody overnight at 4 °C. (2) 10 pL. B

30 ccll supernatant from each of 2 wells (a total of 20 pL peoled) was added to a 96 half-

well ELISA plate and incubated for 2h at 37 °C. Plasma from a pool of Blood Bank
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donors (coliected and frozen after Ficoll Hypaque separation, diluted 1:1000) was
used as a positive control. (3) Plates were washed 4X as above and 50 pL of goat anti-
human Fe IgG HRP-conjugated antibody (diluted 1:1000 in PBS with 0.05%
Tween2() was added to each well and the plate was incubated at 37 °C for 1 hour. (4)
Plates were washed 6X as above and developed using 50 pL of 111 v/v TMB:peroxide
solution (Pierce, Cat No. 34021) substrate and allowed to develop for 7 minutes, The
reaction was immediately halted by the addition of 50 pLL 2N H;80, and the
absorbance at 430 nm was measured using an ELISA plate reader. Positive binding
was indicated by an ODyso greater than 0.5 (0.5-0.9 is moderate binding, >1 is strong
binding) and a response that was 3-foid above background.

To determine which of the two pooled wells contained anti-RSV antibodies,
20 pL of B cell supernatant {dituted 1:2 v/v with PBS/0.05 % Tween 20) from each
well was retested individually against captured RSV F protein,

A total of 18 plates (or 1080 wells) were screened for binding to RSV F lysate
(as purified in Example 1). Six wells were identified as binders to RSV F lysate.
Five of the six wells were reconfirmed by an additional ELISA and used to generate
anti-R3V antibodics by PCR (described below).
B. Generation of anti-R8V antibodics by PCR

Following initial screening of EBV-transformed B cells for production of
antibodies that bind to RSV F protein, genes encoding individual antibodies were
amplified from B cell RNA by PCR. Five wells identified as hits in Section A were
sefected for cloning, |

1. RNA Extraction

RINA was extracted from the B cells (for each well corresponding to a positive
binder to RSV F protein) using an RNeasy Micro Kit (Qiagen, Cat. No. 1402-2408)

according to the manufacturer’s instructions with the following modifications: 1) B

~ ¢ells were frozen in 100 pL RLT buffer with S-mercaptoethanol (10 pL per mL

buffer); 2) the cells were not homogenized; 3) the cells were washed with 70 %
ethanol (in RNase-free water); and 4) DNase treatment was carried out “in-column”
according the manufacturer’s supplemental protocol. The RNA was eluted into a

final volume of 26 pL.

RECTIFIED SHEET (RULE 91} 1SA/EP
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2. Tirst Strand cDBNA Synthesis

Following RNA extraction, cDNA was generated according to the Superscript
[ (Invitrogen; Cat No. 19090-051) First Strand Synthesis protocol. Briefly, 8 pL.
RNA (isolated as described above), 1 pl. oligo dT primer and 1 pl. ANTPs were
combined in a sterile 0.2 mL tube and incubated at 65 °C for 5 minutes followed by
incubation on ice for 1 minute. Subsequently, 2 pL 0.1 mM DTT, 4 pL 25 mM
MgCl; 2 ul. RT buffer, ! pl RNaseOut, and | pl. SuperScript HI RT were added to
the tube, and the reaction mixiure was incubated at 50 °C for 50 minutes followed by
incubation at 80 °C for 15 minutes. The cDNA was used immediately or frozen at -80
°C for long term storage.

‘3. Isolation of IgG Heavy Chain and Kappa and Lambda Light Chain
Genes by PCR Amplification

IgG heavy chains and kappa and lambda light chains were generated by PCR
amplification from the B cell first strand cDNA synthesis reaction (see above). The
kappa light chain genes were amplified by a single-step PCR, whereas the heavy
chain genes and lambda light chain genes were amplified using a two-step, nested
PCR approach. The amplified heavy and light chain genes were subsequently linked
into a single cassette using “overlap PCR”

Step 1. Amplification of IgG heavy chain genes and lambda light
chain genes

In step 1, 2 pL eDNA generated by First Strand Synthesis (see above) was
used as a terplate to individually amplify IgG heavy chains by PCR. In this step,
pools of Step [ primers were utilized (see Table 3A below). The reaction conditions

were as lollows:
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PCR Step It Beavy Chain:

Reagent pL
H,O 16

10x buffer 2.5

10x Ephancer buffer 2.5
ANTP (10 1mM cach) 0.75
cDNA 2.0

VI pool leader (9 uM each) 0.5

VH Reverse pool (20 pM)  0.25

Pfx50 0.5
25

In Step 1, Lambda Light Chain, 2.5 pL. cDNA generated by First Strand

Synthesis {see above) was used as a template to individually amplify IgG heavy
chains by PCR. In this step, a pool of Step 1 primers was utilized for the forward
primers and pCALCL(T)-R was used as the reverse primer (see Table 3B below).
The reaction conditions were as follows: |

PCR Step 1: Lambda Light Chain:

Reagent ul
HO 16
10x bufler 2.5
10x Enhancer buffer 2.5
ANTP (10 mM each) = 0.75
cDNA _ 2.0

VA pool (14.2 pM each) 0.5

pCALCL(T)-R (20 uM)  0.25
x50 0.5
25

For the PCR reaction, a touchdown approach was implemented in order to add
specificity to the reaction amplification. At each touchdown step, the annealing
temperature is decreased by 1 °C every cycle. The PCR thermocycler conditions were
as follows. |

1) 94 °C for 2 minuies

2) 10 cycles of:

94 °C for 15 seconds; 62 °C for 20 seconds (Touchdown); 68 "C for 1
minute

3) 25 cycles of

94 “C for 15 seconds; 52 "C for 20 seconds; 68 °C for 1 minute

4) 68 °C for 3 minnies

5)4°C hold

The resultant reaction mixtares were vsed as template DNA for Step I (see

below) without any further purification.
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Table 3A. 5tep I Primers for Amplifying IpG Heavy Chain Genes

VH Forward Primer Pool: SEQ 1D NO
VHla -GGATCCTCTTCITGGTGGCAGCAG 26
VHI1b GCATCCTTTICTTGGTGGCAGCAC 27
VHic GGGTCTTCTGCTTGCTGGCTOTAG 28
VHId GGATCCTCTTCTTGGTGGGAGCAG 29
Vi2a CTGACCATCCCTTCATGGCICITG 30
VH2b CTGACCACCCCTTCCIGGGTCTITG 31
VH3a GCTATTTTARAAGGTGICCAGTGT 32
VH3b GCTCTTTTAAGAGGTGTCCAGTGT 33
VH3c GCTATTTAAAAAGGTGTCCAATGT 34
VH4a CTGGTGGCAGCTCCCAGATGGGTC 35 By
VH5a CTCCTGGCYGTTCTCCAAGGAGTC 36
VH Reverse Primer Pooi: SEQIDNO
VH-g 1- REV ACAAGATITGGGCTCAACTTITCTIGTCC 37 :
VH-g 2- REV TTTGCGCTCAACTGTCTTGTCCACCTIC 38
VH-g 3-REV TTTGAGCTCAACTCICTTGTCCACCTTG 39
Vit-g 4- REV ATATTTGGACTCAACTCTCTTGTCCACC 40
Table 31, Step [ Primers for Amplifying Lambda Light Chain Genes
VH Forward Primer Pool: SEQ IDNO
3'LVAI GGTCCTGGGCCCAGTCTUIGCTG 1631
5L VA2 GATCCTOGGCCCAGTCTGCCCTG 1632
5 LVA3 GCTCTGTGACCTCCTATGAGCTG 1633

ST VA4S | GGTCTCTCTCSCAGCYTGIGCTG 1634
5'1L.VALG GTTCTTGGGCCAATTITATGCTG 1635
5L VAT GGTCCAATTCYCAGGCTGTCGGTG 1636
S'T.VA B GAGTGGATTCTCAGACTGTGGTG 1637
Reverse Primer: SEQ IDNO
pCALCL(T)- | CTCCTTATTAATTAATTATGAGCATTCTGY AKGGGCM 80
R AYTGTC

Step 11, Amplification of IgG heavy chain and lambda light chain

gones

In Step 11, the heavy chain and lambda light chain reaction mixtares from Step

I were used as templates for second round PCR reactions with pools of forward and

reverse primers that amplify from the framework | region of each chain to the end of

the first constant region (Cul for heavy chain, CL for light chain).
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The beavy chain forward primers (see Table 4) were designed to introduce a

SHI restriction site (SEQ ID NO:41). The reaction conditions were as follows:

PCR 1 Heavy Chain
Reagent

H,O

10x buffer

10X Enhancer

ANTP (10 mM cach)

Step { reaction
pCAL24VH-F pool (2 pM)
CH1-R Pool-5fi (20 pM
Pfx50 :

uL
12.75
2.5
2.5
0.75
2.5
2.5

—

0.5

25

The lambda light chain forward primers (see Table 6) were designed to

introduce a Sfil restriction site (SEQ 1D NO:41). The reaction conditions were as

follows:

PCR IL: Lambda Light Chain

Reagent

H,0O

10x buifer

10X Enhancer

dNTP (10 mM each)
Step ] Reaction

VA Primer Pool (2 pM)
pCALCL{T)R (20 pM)
P50

pL
15.5
2.5
2.5
0.75
2.5
0.5
0.25
0.50

25

The PCR thermocycler conditions for Step I reactions were as follows:

1) 64 °C for 2 minutes
23 30 cycles of:

94 °C for 15 seconds; 52 °C {or 20 scconds; 68 “C for 1 minute

3} 68 “C for 3 minutes
4)4°C hold

For amplification of light chain genes, 2 pL cDNA generated by First Strand

Synthesis (see above) was used as a template to individually amplify 1pG kappa and

lambda light chains by PCR. The light chain kappa forward primers (see Table 5)

were used as primer pools and were designed to introduce a Sfil restriction site (SEQ

1D NO:41).
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The reaction conditions were as Tollows:

PCR 1i: Kappa Light Chain

Reagent ul,
H,0 16
10x bufler 2.5
10X Enhancer . 2.5
dNTP (10 mM each) 0.75
First Strand cDNA 2

Vi Primer Pool (9.1 pM) 0.5

pCALCK(GL {20 uM) 0.25
Pfx50 0.50
25
The PCR thermooycler conditions for Step il reactions were as follows:
1) 94°C for 2 minutes
23 35 cycles of:

94°C for 15 seconds; 54°C for 20 seconds; 68°C for 1 minute

3) 68°C

for 3 minutes

43 4°C hold

Following amplification, the PCR reaction products were separated on a 1%

agarose gel and the band corresponding to the heavy chain (675 bp) and the light

chain (650 bp) were purified by gel extraction (Qiagen Gel Extraction Kit; Cat. No.
287006). The PCR products were eluted in 30 pl.

Tabie 4. Primers for Amplifying IgG Heavy Chain Genes

GCAGCAG

Forward Primer Pool SEQ NG
pCal30 VHla ggottigeraccgtagegCAGEUGGLCGCACAGGTKCAGCT 42
_GGTGCAG -
pCal3d VHLb ggotttgoctacegtagegCAGGLGECCGCACACETCCAGLT 43
- TGTGCAG
pCal30 VHlc ggetttgotaccygtagegCAGGUGGLCGCASAGETCTAGCT 44
GGTACAG
pCal30 VHId | ggetttgotaccegtagegCAGECEGCCGCACARRTGCAGCT 45
GGTGCRG
pCal30 VH2a ggctittagctaccgtagegCAGGCGGClGCACAGATCACCTT 46
- caaggprG
pCal3( VH3a ggetttgetaccgtagogCAGGCEGCCECAGARGTGCAGCT 47
GGTGGAG
pCal30 Vl1ida ggettigotaccgtagegCAGGUGGCCGUACAGSTGCAGCT 48
GCAGGAG )
pCald0 VH4h ggotttgotaccgtagogChGGCGGECCGCACAGETGCAGET 49
] ACAGCAG -
pCal30 VH3a qgCtttqctaccgtagc(}CZ’-\GGCGGCCGCAGARGTGCZ\GCT 50
GGLGCAG
pCal30 VHG ggctttgetacegtagegUAGGCECCCGCACAGCTACAGCT 51
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pCal30 VHT ggotttgctacegtagegCAGGCGGCCECACAGEPSCAGCT 52
GGTGCARA

Reverse Primer Pool SEQ IDNO

VHil-gl-Rev TGCGGCCGGCCTGGCCGACCACAAGATTITGGGCTC 53
AACTTTC _ _

VHII-g2-Rev TGCGGCCGGCCTGGCCGACCTTTGCGCTCAACTGTC 54

: . TIGTCC
VHI-g3-Rev TGCGGCCGGCCTGGCCGACCTTTGAGCTCAACTCTC 35
, TTGTCC .

VH-g4-Rev TGCGGCCGGCCTGOGCCGACCATATTTGGACTCAACT 56
CTCTTG

Table 5. Primers for Amplifying Kappa Light Chain Genes

Forward Primer Pool SEQ ID NO

VKla | AAggcccagocggecatgyccygeaeyggtGACATCCAGATGACCCAG 57

VKIb | AhggcccagocggecatggeegecggtCACATCCAGTTGACCCAG 58

VKle | AAggceccagoeeggecatyggecgecggtGCCATCCEETTGACCCAG 59

VKZ2a | AAggcccagecoggocatyggocgccggtGATATTGTGATGCACYCAG 60

VK3a | AAggcccageceggoecatggocgecggtCAAATTGTGTTGACGCAG 61

VEK3b | AAggcccagecggecatggeegeegghGARATTGTGTTGACACAS 62

VEK3c | AAggcccagocggecatggocgeocggbtCAARTAGTGATGACGCAG 63

VEK4a | AlggceccageceggecatggooegecgygbGACATCETGATGACCCRG 64

VESa | AAggeccagooggocatggocgecggtGAAACCACACTCACGCAG 65

VEb6a | ARggcccageeggecatgaeogeeggbtGAARATTETGCTGACTCAG 66

VEo6b | AAggcceagocggocatggocgeoggtGATETTCTGATGACACAG 67

Reverse Primer SEQ 1D NO

pCALCK CTCCITATTAATTAATTAGCACTCICCCCTGTTEAAGCTCTT 68

(G L TG

Table 6. Primers for Amplifying Lambda Light Chain Genes

Tiorward Primer Pool SEQ 1D NO

VILI-F AAGGCCCAGCCGGCCATGGCUGCCGETGTTCAGTCTGETG 69
CTGACKCAGCC

V9Z-F AAGGCCCAGCLGGCCATGGCLGCCGETETTCAGTCTECC 70
CTGACTCAGCC

VL3IA-F AAGGCCCAGCCGGCCATGECCGCCGETETTTCCTATGAG 71
CTGACWCAGCY _

VE3R-F AAGGCCCAGCCGGCCATGGCCGCCEGTGTTTCTTCTGAG 72
CTGACTCAGGAC

VE3C-F AAGGCCCAGCCGGCCATGGCCGCCLETETTTCCTATCHG 73
CTGACTCAGCC

VI4AAE ARAGGCCCAGCCGGCCATGECCGCCGETETITCTGCCTETG 74
CTGACTCAGCCC

VLAB-T AAGGCCCAGUCGGCCATGGCCGUCGGTGITCAGCYTGTG | 75

______ CTGACTCAATCR

VL5/9-F AAGGCCCAGCCOGLCATGGCCGCCGETETTCAGSCTGETG 76
CTGACTCAGCCR

VL16-F AAGGCCCAGCCEGGCCATGGCCGCUGETETTAATTTITATG 77
CTGACTCAGCCC

YVET/8-F ARGGCCCAGCCOGGCCATEGLCCCUCGETETTCAGRCTETG 78
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GTGACTCAGGAG . )
VLI10-F AAGGCCCAGCCGGCCATGGCCGCCGGTGTTCAGGCAGGG 79
CTGACTCAGCCA _
Reverse Primer SEQ 1D NO
pCALCL(T)-R | CTCCTTATTAATTAATTATGAGCATTCTGYAKGGGCMAY 80
TGTC .

Step 1L Overlap PCR

In Step 111, the heavy chain and light chain IDNA segments generated in Step 11
were 1) linked in an overlap reaction with & Fab linker (see Table 7, below) that
anneals to the 3° end of the i ght chain and the 5” end of the heavy chain and 2)
amplified with a Sfi forward and reverse primers (see Table 7, below), thereby
allowing amplification of a 1200 base pair (bp) antibody fragment containing the light
chain-linker-heavy chain. |

The Fab Kappa Linker was amplified from the 2g12/pCAL vector (SEQ 1D

NO:81). The PCR reaction conditions for the formation of the Fab Linker were as

follows:

Fab Kappa Linker
H,O 19.75
10x buffer 2.5
ANTP {10 mM each) ' 0.75
2g12/pCAL Vector (10 ng) )
FabLinker-Fwd (20 pM) 0.25
FabLinker-Rev (20 uM) 0.25
P50 G.5

25 pk.

The Fab Lambda Linker was amplified from the 2841 1/pCAL vector (SEQ ID
"NO:1638). The PCR reaction conditions for the formation of the Fab Lambda Linker
were as follows:

Fab Lambda Linker

Reagent L
H0 35.5
10x buoffer 5
10x enhancer 5
dNTP (10 mM each) 1.5

28d11/pCAL Vector {10 ng) 1
FablLinkerCh-Fwd (20 uM} 0.5
FabLinker-Rev {T* (26 uM) 0.5
PIx50 , 0.5
25
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The PCR thermocycler conditions for the formation of the Fab Linkers were as
follows:

1)94 °C for 2 minutes
2) 30 cycles of:
94 °C for 15 seconds; 54 °C for 20 seconds; 68 "C for 1 minute
3) 68 °C for 3 minutes
4y4°C hold

The PCR reaction was run on a 1% agarose gel and the 120 bp linker was gel
extracted according to the Qiagen Gel Extraction protocol. 2 pl of the purified linker
was used for each overlap reaction.

The PCR reaction conditions for Overlap were as follows (the $fi F/R Primers
are added to the PCR reaction after the first 15 cycles): |

PCR H: Overlap

Reageut pL
H,0 24.5
10x buffer 5
10% Enhancer 5
dNTP (10 mM each) 1.5
Light Chain product 5
Heavy Chain product 5
Linker Z
S F/R Primers (20 pM) 1
PxS0 1
50

The PCR thermocycler conditions were as follows:
1} 94 "C for 2 minutes
2} 15 cyeles of:
94 °C for 15 scconds; 68 "C for 1 minute;
Add Sfi F/R Primers (1 pl), then:
33 94 °C for 2 minutes
4} 30 cycles of:
94 °C for 15 seconds; 60 “C for 20 seconds; 68 °C for 2 minute
5) 68 °C for 3 minutes
6)4 °C hold

Followng amplification, 10 pl of the total 50 131 PCR overlap reaction product
light chain-linker-heavy chain was separated on a 1 % agarose gel to deterniine the
size and the remaining 40 pl of the PCR product was purified by the Qiagen PCR
Purification Kit (Qiagen; Cat. No. 28106) into 30 ul total volume. Briefly, 5 times the

PCR reaction volume of PBI buffer is added PCR product. The mix was bound to
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QIA Spin column and washed twice with PE buffer. The sample was cluted in 30 ul
and spun for 1.5 minutes at top speed to elufe all 30 ul. About 1 pg of overlap

product was the typical yield per 50 pl overlap reaction.

Fable 7. Step 11T Gligonucleotides

Oligonucleotide SEQ 1D NO
FabLinkerCK- | GAGCTTCAACAGGGGAGAGTGCTAATTAATTAATARGGR 32
Twd G

FabLinker- TGECGECCGUCTGCGUTACGETAGCAAAGCCAGCCAGTGE 83
Rev CAC

FabLinkerCh~ | GACARTKGCCCMTRCAGAATGCTCATARTTAATTAATAN 1639
Fwd GCGAGGATATAATTATGAAARAG

FabLinker- TCCGGCCGCCTACGCTACGGTAGCAARGCCAGCCAGTGE 1640
Rev-]T# CAC

Sfi Forward TCGCggeocagocggoeatggoe 84
SH Reverse TGCGGCCGGUCTGGCCGA . 85

Step IV, Digestion with 5fi and Cloning into the pCAL expression
vector or the pCAL I'TY expression vector

Following overlap PCR reaction and purification of the PCR product, the
reaction product was digested with Sfil. To the 30 |d eluate (see above), the
following was added for the digestion:

4 ul  Reaction buffer 2 (New England Biolabs)
0.4 ul BSA

1.6 wl Sfil enzyme (New England Biolabs)
4ul 10 ~

401 Total Volume

The reaction is incubated for 1 hour at 37 °C. Following digestion, the
digested overlap product was separated on a 1 % agarose gel and the band
corresponding to the antibody (~1.45 kB) was purified _b'y gel extraction (Qiagen Gel
Extraction Purification It Cat. No. 28706). Briefly, the gel slice was digested with
500 ul of bulfer QC (Qiagen). 150 pl of isopropanol was added to digest and the
sample was applied to the QiaSpin column. The column was washed twice with
buffer PE {Qiagen) and the sample is eluted in 30 pl of EB buffer (Qiagen). About 15
ng/pl of digested sample is recovered from approximately 1 pg of PCR overlap
product

Finally, the digested overlap produet was ligated into a pCAL bacterial
expression vector (SEQ ID NO:86) or the pCAL IT* (SEQ ID NO:1641) bacterial

expression vector. The ligation reaction conditions were as follows:
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25ng Sfil digested pCAL orpCAL IT* vector

25 ng digested overlap product

Tul T4 Ligase (NER Cat. No. MC202L., 400,000 Units/mb
adjusted to 20 pl total volume with H,0

The sample was ligated for' 1 hour at room temperature. 1 pl of the ligation
was diluted in 4 pl of H,O before proceeding to transformation.
Step V. Transformation inte K. coli
Following ligation, the ligation product was transformed into DH50a Max
Efficiency cells (Invitrogen; Cat No. 18258; Genotype: ¥- ¢80acZAMI15 A(lacZY A-
argF) U169 recAl endAl hsdR 17 (rk-, mk+) phoA supB44 h- thi-1 gyrA96 relAl).
In short, 1 pl Ligation product (1/5 dilution) was added to 50 pl DH50. and incubated
on ice for 30 minutes. Transformation was effected by heat shock at 42 °C for 45
seconds followed by 2 minutes on ice. 0.9 ml SOC medium was added and the cells
were allowed to recover at 37 °C for 1 hour with shaking. Cells were plated on LB
plates supplemented with carbenicillin (100 pg/ml) and 20 mM gilucose. The plates
were incubated overnight at 37 °C.
Step VI, Selection of individual colonies.
For each antibody amplification, a total of 88 individual colonies were
selected and grown in | mL Super Broth (SB) supplemented with I carbenicillin (100
pg/ml) ina 96~wef]. plate for 2 hours at 37 °C. A daughter plate was generated by

transferring 500 ul of each cultare into another 96-well format bacterial plate with

500 ul of 8B supplemented with 40 mM glucose (final 20 mM) and 100 vg/ml of

carbenicitlin. The original or mother plate was fed 500 pl of SB supplemented with
100ug/mi carbenicillin. The original plate was grown at 30 °C overnight and the
daughter plate (containing glucose) was grown at 37 °C overnight. - The cell lysate
from the 30 °C plate was used for bacterial ELISAs (see Example 4 below) and the 37
°C plate cultures were used for mini-prep DNA preparations (Qiag@n). |
Sumimary |
The five wells identified as hits were amplified using kappa light chain

primers and cloned inte the pCAL expression vector.
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Kxample 3
Esolation of Anti-R5V Fab Antibodies by Single Cell Sorting

In this example, anti-RSV antibodies were 1solated from CD19/CD27/1gG
positive cells. The CD19/CD27/1gG positive cells were obtained by 1) B cell
tsolation; and 2) FACS single cell sorting, The sorted cells were then used to isolate
RNA which served as a template for the in vifro production of Fab antibodies.

B cell isolation

B cells were isolated from PBMCs (harvested from an anonymous blood bank
donor) using a B Cell [solation Kit (Miltenyi Biotec, Cat. No, 120-091-15 1) The kit
is used to isolate highly pure B cells by magnetic labeling and depletion of CD2,
CD14, CD16, CD36, CD43, and CD235a-expressing cells (activated B cells, plasma
cells and CD5” B-1a cells) and non-B cells (e.g., T cells, NK cells, dendritic cells,
macrophages, granulocytes, and erythroid cells). According to the manufacturer’s
protocol, non-B cells were indirectly magnetically fabeled by using a cocktail of
biotin-conpugated monoclonal antibodies as a primary labeling reagent (Biotin-
Antibody Cocktail) and anti-biotin monoclonal antibody conjugated to microbeads as
a secondary labeling reagent (Anti-Biotin MicroBeads). The non-B cells were then
removed from the pure resting B cells by magnetic separation.

Briefly, frozen PMBCs, obtained from Ficoll separation, were thawed, washed:
twice and counted. The cells were then centrifuged at 300 g for 10 miuute.s, and the
supernatant was aspirated. The cell pellet was resuspended in 40 p] MACS buffer
(per every 107 cells) and 10 pi Biotin-Antibody Cocktail (per every 107 cells) was
added. Following thorough mixing, the cells were ncubated at 4 °C for 10 minutes.
After the incubation period, 30 pl buffer (per every 107 cells) and 20 ul Anti-Biotin
MicrdBeads (per every 107 cells) was added. Following thorough mixing, the cells
were incubated at 4 °C for 15 minutes. The cells were then washed by adding 1-2 mL
buffer (per every 1 0" cells) followed by centrifuging at 300 ¢ for 10 minutes and the
supernatant was aspirated. Up to 10° cells were then resuspended in 500 il buffer.

Magnetic separation was effected by placing a LS column (composed of
ferromagnetic spheres covered with a plastic coating to allow fast and gentle

separation of cells) in the magnetic field of a MACS separator. The LS column was
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washed with 3 ml. buffer and the cell suspension was applied to the top of the
column. Unlabeled B cells were collected as they passed through the column after the
addition of 3 x 3 mL buffer. '

Single Cell Sorting

In this example, isolated B cells were sorted by antigen specificity using an
FACSAria Flow Cytometer (BD Biosciences). Selected cells were CD19/CDB27/1gG
positive. RSV-F antigen was labeled with Alexa Fluor 647 following the
manufacturers instruction (Molecular Probes, A-20186).

In short, the isolated B cells were aliquotted into 16 separate tubes. Fourteen
tubes received 1x10° cells and were used to dcférmine the photomultiplier settings and
sort parameters on the FACSAria. The remaining 1.8x10° cells were labeted with
Alexa Fluor 647/RSV-F at a final concentration of 20 nM. Labeled protein was added
to the sample 15 minutes prior to the addition of antibodies. CD19 and CD27
antibodies were used at dilution of 1:20 while IgG antibody was used at a dilution of
1:50. Following the addition of Alexa Fluor 647/RRSV-F protein and antibodies, the
tubes were incubated on ice for 30 minutes and subsequently washed twice. Single
cell sorting was effected using the F ACSA[‘E& Flow Cytometer.(BD Biosciences).
The labels included PE-Cy5 (anti-huiman CD19), PE-Cy7 (anti-human CD27), PE
{(goat anti-human 1gG Feg), Pacific Blue (mouse anti-human CP3), FITC {mouse anti-
human gD, mouse anti-human 1gM, mouse anti-human IgA and mouse anti-human
CD14), propidium iodide and Alexa Fluor 647 (labeled RSV-F protein).

Cell sorting was ;pcrf()mmd by first excluding dead celis followed by exclusion
of CD3 pesitive cells. CD19 and CD27 positive cells were further ideniified and
within this population, cells were gated for IgG Fey expression. Cells expressing gD,
TgM and [gA were excluded from the remaining cells. Finally, CD19/CD27/1gG
Fey positive cells were sorted for RSV-F binding and each positive B cell was
deposited into an individual well of a 96 well piate containing 2 pl ¢DNA reaction
buffer (Superscript I 10X buffer, Invitrogen; Cat No. 19090-051), 0.5 ul RNaseQUT
and 7.5 pl steriie water. Plates were stored at -80 °C until further processed,

First Strand eDNA Synthesis
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Following sorting, cDNA was generated individually in each well according to
the Invitrogen First Strand Synthesis protocol. In short, 0.5 pl 1_5 % NP-40, 1 1l oligo
dT primer and 1 pl dNTPs were added to each well and the plate was incubated at 65
°C for 5 minutes followed by incubation on'ice for 1 minute. Subsequently, 2 il
DTT, 4 1l MgCls and 1l SuperSeript I RT were added and the reaction mixture
was incubated at 50 °C for 1 hour followed by incubation at 85 °C for 5 minutes. The
cDNA was used immediately or frozen at -80 °C for long term storage.

TgG Heavy Chain and Kappa Light Chain Amplification

IgG heavy chains and kappa light chains were subsequently generated by four
sequential steps of PCR.

Step 1. Amplification

InStep 1, 2.5 pL ¢cDNA gencrated by First Strand Synthesis (sce abave) was
used as a template to individually amplify kappa light chains and 1gG heavy chains by
PCR. In this step, pools of Step I primers were utilized (see Tables 8 and 9 below).

The reaction conditions were as follows:

PCR Step In

H,O 16
10x buifer 2.5
10x Enhancer buffer 2.5
dNTP (10 mM each) 0.75
cDNA 2.5
Step I pool{Z0 uM each) 0.25
Reverse Primer (20 uM) . 0.25
P£x50 ' 0.23

25pl
The PCR thermocycler conditions were as follows:

1) 94 °C for 2:00
2} 10 cycles of:
94 °C for 0:15; 62 "C for 0:20 (TOUCHDOWN); 68 °C for 1:00
3) 40 cycles oft
94 °C for 0:15; 52 "Cfor 0:20; 68 "Clor 1:00
4y 68 "C for 3:00 '
5} 4 °C hold
The reaction mixtures were used as template DNA for Step 11 (see below) without any

further purification.
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Table 8. Step I Primers for Amplifying Kappa Light Chains

Forward Primer Pool - SIQ IDNO
5 LV«l/2 ATGAGGSTCCCYGCTCAGCTECTGE 87

5 LV«3 CTCTTCCTCCTGCTACTCIGGETCCCAG 88

5 EVwd ATTPCTCTGTIGCTCIGGATCTICTS | 89
Reverse Primer SEQID NGO .
VE-Rev t GCACTCTCCCCTGTTGAAGCTCTTTG 9{}
Table 9. Step I Primers for Amplifying IgG Heavy Chains

Forward Primer Pool SEQ ID NGO
5" L-VHI ACAGGTGCCCACTCCCAGETGCAG 91
STL-VH3 AAGGTGTCCAGTGTGARGTGCAG a2
5'1~-VH4/6 CCCAGATGGGTCCTETCCCAGGTGCAG 93

3 1L-VH5 CAAGGAGTCTGTTCCGAGGTGLAG G4
Reverse Primer SEQ D NO
3 CyCHI I GGAAGGTGTGCACGCOGLTCEGTC 95

Step H. Amplification

In Step 11, the reaction mixtures from Step [ were used as templates for second

PCR reactions with pools of forward and reverse primers for either the light chain or

heavy chain, respectively. ‘These reactions amplified the DNA from the framework 1

region of each chain. The light chain forward primers (see Table 10) were designed

to introduce a S{i1 restriction site (SEQ ID NO:41). The reaction conditions were as

follows:
PCR I Light Chain
HoO ' i5.75
10x buffer 2.5
10X Enhancer 2.5
dNTP (10 mM each) 0.75
Step I reaction 2.5
Vk Primer Pool (9.1 uM} 0.5
pCALCK(GH. (20 pM) 0.25
Pfx50 0.25

25 ul
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The heavy chain forward primers (sec Table 11) were designed to introduce a

Sall restriction site (SEQ 1D NO:96). The reaction conditions were as follows:

PCR IL: Heavy Chain

14.25

H,0
10x buffer 2.5
10X Enhancer 2.5
ANTP (10 mM each) 0.75
Step [reaction 2.5
pCALZ24VH-F pool (2 uM) 2
Sall JH-Rev pool (20 pM) 0.25
Pfx50 0.25
25 pL

The PCR thermocycler conditions were as follows:

1) 94 °C for 2 minutes
2) 50 cyeles oft

94 "C for 15 seconds; 534 °C for 20 seconds; 68 "C for | minute
3} 68 °C for 3 minutes
4} 4 °C hold

Following amplification, the PCR reaction products were separated on a 1 % agarose

gel and the band corresponding to the heavy chain (400 bp) and the light chain (650

bp) were purified by gel extraction (Qiagen).

Table 10, Primers for Amplifving Kappa Light Chains

Forward Primer Pool SEQ I NO

VIKla AlggogcadcocggoecatggocgecgghGACATCCAGATG 57
ACCCAG

VKI1b AAggcccageoggccatggocygocggtGACATCCAGTTEG 58
ACCCAG

ViKlc hAggcccagocggecatggocgooggtGCCATCCGET G 59
ACCCAG

VEZa AAggcococageoggecatggeegeccyggtGATATTGTGATE 60
ACYCAG

VE3a AhggoocagecggecatyggeegeeggtGABATTGTETTG 61
ACGCAG

VK3b AhggcccageoggeoatggucycocygiGARATTGTETTG 62
ACACAG

VIEK3e AhgygccocagocggecatggocgocaeggtGABATAGTGATG 63
ACGCAG

VE4a ARggeccageeggeratggeegecgytGACATCGTGATS 64
ACCCAG

VEKia AhggoocagooggoecatggecyccggtGAAACGACACTC 65
ACGCAG B

VEoba AAggCCCagoeyggeeatygecgoeggtGARATTGTGCTG 06

. ACTCAG

VK6 E—A—gjg-c:ccaqccg geeatggoogeccgygtGATGTTGTGATG 67

ACACAG
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| Reverse Pri mer . SEQ 1D NO

pCALCK (G) L | CTCCTTATTAATTAATTAGCACTCTCCCCTGTTGAAGCT 68
CTTTG

‘Fable 11. Primers for Amplifying Yo Heavy Chains ‘

Forward Primer Pool SEQ ID NO

pCaii0 VHlIa ggctttgctaccgtagoyCAGGCGGCUGCACAGGTKCAG 42
CTGGTGOAG

pCal30 VH1b ggctttgocltacegtagegCAGGCGGCCGCACAGGTCCAG 43
CTTGTGCAG

pCal30 VHic . | ggctttgectacegtagegCAGGCGGCCGCASAGGETICCAG 44
CTGGTACAS

pCal30 VH1d | ggetttgctacegbagogChGGCGGCCGCACARATGCAG 45
CTGGTGCAG '

pCal30 VIi2a ggctttgctaccygtagecyCAGGCGGCCGUACRGATCACC 40
TTGARGGAG .

pCal30 VH3a ggctittgeoctaceyltagogCAGGLGGUCGCAGRRGTGCAG 47

. CTGGTGGAG

pCal30 VH4a ggctttgctaccgtagegCAGGCEGCCECACAGSTGCAG 48
CTGCAGGAG

pCal30 VH4b ggctttgotacogtagoyCAGGCGECCGCACAGGTGCAG 49
CTACAGCAG

pCal30 VHS3a ggcttitgctaccgltagogCAGGCGGLCGCAGARGTGCAG 50
CTGGTGCAG

pCal30 VHG ggetitgetaccgtageyCAGGCGGLCGUACAGGTACASG 51
CTGCAGCAG

pCal30 V7 goottigotacegtagoegCAGGCGELCGCACAGETSCAG 52
CTGGETGCAA

Reverse Primer Pool . 5130 1D NO

37 SallJH TGCGAAGTCGACGCTGAGCGAGACGGTGACCAG 67

1/2/4/5 '

3" Sall¥H3 TGUGARGTCGACGCTGAMCAGACGGTGACCATTG 98

3" SaltTH6 TGCGAAGTCGACGCTEAGGAGAL GGTGACCGTS 99

Step HIE Overlap PCR

In Step [11, the heavy chain and light chain DNA segments generated in step 11

were: 1) linked in an overlap reaction with a Fab lnker (see Table 12, below) that

anneals to the 3” end of the light chain and the 5" end of the heavy chain and 2)

amplified with a Sti forward primer (see Table 12, below) that anneals to the 5° end of

the light chain and JH reverse primers (see Table 11, above) that anneal to the 37 end

of the heavy chain, thereby allowing amplification of & 1200 basc pair (bp) antibody

fragment containing the light chain-linkes-heavy chain. The reaction conditions were

as follows (the linker was generated as described in Example 2 above):
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10x buffer

10X Enhancer
AANTP (10 mM each)

5 Light Chain
- Heavy Chain

Linker

St F/IH-R Primers (20 pM)
Pfx50

]
o
Lh

,.A
Dl s 83 Uy L b Lyt 4

10

h
<
=

The PCR thermocycler conditions were as follows:

Overlap with Linker

1} 94 °C for 2 minutes

15 2} 15 cycles of: :

94 °C for 15 seconds; 68 "C for | minute

Add primers :
3) 94 °C for 2 minutes
4) 30 cycles of:

20 94°C for 15 seconds; 60 “C for 20 seconds; 68 °C for 1 minute
5) 68 °C for 3 minutes
6) 4 "C hold

Following amplification, the PCR reaction proéuct light chain-linker-hcavy chain was
separated on a 1% agarose gel and was purified by gel extraction (Qiagen).
25 Step V. Introduction of Cyl region
E-“Oliowixlg overlap, the amplified light chain-linker-heavy chain was digested
with Sal I and ligated to a Sall digested heavy chain constant region 1 (CHy1 region)
introducing a Sil restriction site at the 3” end of the heavy chain constant region. The
ligation reaction conditions were as follows:

30 2 wl of Ligation reaction buffer
2wl of Cyt
5ulof 1.2 kB gel purified product from step Til
10 ul of water
I 1114 Ligase

35 The ligation reaction mixture was incubated for 30 minutes at room temperature,
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Following ligation, the full length Fab was amplified by PCR with Sfil
Forward and Reverse primers (see Table 12, below) resulting in a 1,45 kb fragment.
The reaction conditions were as follows:

H,O ' 31,
10x butfer

10X Enhancer

dNTP (10 mM each) 1
Ligation reaction mixture

S F/R Primers (20 pM)

P{x50

— — Lh Lh Lh h LA

50 pL
The PCR thermocycler conditions were as follows:
1} 94 °C for 2 minutes
2) 30 cycles of:
94 °C for 15 seconds; 60 "C for 20 scconds; 68 °C for 1 minute
3) 68 °C for 3 minutes ‘
4) 4 °C hold

The reaction product was a 1.45 kB fragment of a light chain and heavy chain linked

together in a single cassette,

Table 12, Step [H and Step IV Olisonuclectides

Oligonucleotide SEQ D NO

Fab Linker GAGCTTCAACAGGGGAGAGTGCTAATTAATTAATAAGGA 100
GGatataattatgaaaaagacagctategegattgecaGT
GCCACTGGCTGGETTTGUTACCGTAGCGCAGGLGGCCGC

A
S11 Forward TCGCygceceageeggecatgge 84
511 Reverse TGECGLUCEGUCTGGECCGEA %5
CHl fragment | gteogaccaaaggtcogtoctgttttecegotggeteagte 101

ttetaaatctacctetggtggtaccgetgetatgggttg
cectyggtitaaagactacticcoggaaceyggttacegtttc
ttggaactotggtgetatgacoetetggigtbtcacacctt
cecggetgttetgeagtettectggtotgtactectotgto
Lttctgtigttacegtteogteticttototygggtacaea
gacctacatotgcaacgttaaccacaaacegtctaacac
caaagblgacaagaaaglttgaaccgaaatctitgeoctgeg
atcgegygccaggcecggecgeacceatcaccatcaccatgg
cgcatacceglacgacgttecggactacygetiactactag

T

Step V. Digestion with Sfi and Cloning into pCAL expression vector
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Following overlap PCR reaction and pm‘iﬁcaﬁon of-the PCR product, the
reaction product was digested with SAL To the 30 ul eluate (see above), the
following was added for the digestion:

4.pl  Reaction buffer 2 (New England Biolabs)
5 0.4 ul BSA
- 1.6 w1 Sfil enzyme (New England Biolabs)
apl 0O
40 pl Total Volume

The reaction 1s incubated for 1 hour at 37 °C. Following digestion, the
10 digested overlap product was separated on a 1% agarose gel and the band
corresponding to the antibody (~1.45 kB) was purified by gel extraction (Qiagen Gel
Extraction Purification Kit Cat. No. 28706). Briefly, the gel slice was digested with
500 pl of buffer QC (Qiagen). 150 ul of isopropanol was added to digest and the
sample was applied to the QiaSpin column. The column was washed twice with
15  buffer PE {Qiagen) and the sample is eluted in 30 pl of EB buffer (Qiagen). About 15
ng/ul of digested sample is recovered from approximately 1 pg of PCR overlap
product
Finally, the digested overlap product was ligated into a pCAL bacterial
expression vector (SEQ 1) NO:86).  The ligation reaction conditions were as
20 follows:

25 ng Stil digested pCAL vector
25 ng  digested overlap product
1ul T4 Ligase (NEB Cat No, MC2021,, 400,000 Units/ml)
20 ul  total volume
25  The sample was ligated for 1 hour at rcom temperature. 1 pl of the ligation was

diluted in 4 pl of H;O before proceeding to transformation.
Step VI. Tramsformation into I, cofi
Following ligation, the ligation product was transformed into DHS0 Max
Efficiency cells (Invitrogen; Cat No. 18258; Genotype: F- ¢80lacZAMI5 AllacZY A-
30 argF) U069 recAl endAl hsdR17 (-, mkt) phoA supBdd - thi-1 gyrA96 relAl).
B short, 1 pl ligation product (1/5 dilution) was added to 50 pl DHS5a and incubated
on ice for 30 minutes. Transtormation was cffected by heat shock at 42 °C for 45
. seconds followed by 2 minutes on ice. 0.9 mL SOC medium was added and the cells

were allowed to recover at 37 °C for 1 hour with shaking. Cells were plated on LI3
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plates supplemented with carbenicillin (100 pg/mL) and 20 mM giucoSe. The plates
were ncubated overnight at 37 °C,
Step VIL Selection of individual colonies,
A total of 88 individual colonies were selected and 'grown in 1 mL Super
5  Broth (8B) supplemented with 1 carbenicillin (100 ng/ml) in a 96~-well plate for 2
| hours at 37 °C. A daughter plate was generated by transferring 500 ul of each éulttxi'e
into another 96-wel} format bacterial plate with 500 pl of SB supplemented with 40
mM glucose (final 20 mM) and 100 pg/ml of carbenicillin. The original or mother
plate was fed 500 pl of SB supplemented with 100ug/ml carbenicillin. The original
10 plate was grown at 30 °C overnight and the daughter plate (bontaining glucose) was
grown at 37 °C overnight. The cell lysate from the 30 °C plate was used for bacterial
ELISAs (see Example 4 below) and the 37 °C plate cultures were used for mini-prep

DNA preparations (Qiagen).

15 Example 4
Antibody Binding to RSV F protein
In this example, Fab antibodies generated in Examples 2 and 3 were tested for

their abiiity to bind to pusified RSV F1 lysate by BELISA. Briefly, 50 pl. bacterial cell
lysate diluted 1 volume into 3 volumes total with PBS/3% BSA/0.01% Tween20 was

20 added to a 96-well ELISA plate previously coated with RSV F1 lysate (see Example
1, above). The plate was incubated at 37 °C for 2 hours, or alternatively at 4 °C
overnight, followed by washing 4x with wash buffer (PBS/0.05% T'ween20). 50 ul,
goat anti-human [gG FPab)-HRP antibody (Jackson Labs Cat. No. 109-036-097)
diluted 1:1000 in PBS/3% BSA/0.01% Tween20 was added and the plate was

25 incubated at 37 °C for { hour. Following washing 6x with wash buffer, 50 uL 1:1 v/v
TMB:peroxide solution {Pierce, Cat No. 34021) was added and allowed to develop for
7 minutes. The reaction was immediately halted by the addition of 50 pL 2N HySOy4
and the absorbance at 450 nm was measured using an ELISA plate reader. Positive
binding was indicated by an ODysy greater than 0.5 (0.5-0.9 is moderate binding, >1

30 1s strong binding) and a response that was 3-fold above background.
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In addition to binding to RSV F1 lysate, several positive and negative control
antigens were also utilized. Plasma from a pool of Blood Bank donors (collected and
frozen after Ficoll Hypagque separation, diluted 1:1000) was used as a positive control
for RSV ¥l lysate binding. As a positive control to determine that each bacterial cell

5 lysate containg an intact Fab, an Affinipure goat anti-human F(ab), antibody (1 pg/mi
Jackson Immunoresearch Cat. No. 109-006-097) was used to coat a 96-well ELISA
plate to capture-intact Fab, This antibody binds only to the F(ab) portion of an IgG
anfibody. Fab expregsion was then detected by using anti-HA Peroxidase (Roéhe,
Cat, # 12013819001 ; the bacterial expressed Fabs have an HA-tag). Actin (1 png/ml,

10 Sigma Cat. No. A3653) was used as a negative control for Fab binding to any protein
and as a positive control for the ELISA reaction using mouse anti-actin antibody (1.25
ng/ml, Sigma Cat. No. A3853) and goat anti-mouse IgG F(ab)-HRP antibody (Santa
Cruz Biotech Cat, No. SC3697), The mouse anti-RSV mAb (clone 2F7, mouse
ascites fluid, Cat. No. ab43812, Abcam) was also included as negative control for

15 specificity of binding to the RSV F protein since this antibody was employed to bind
RSV F protein to the HLISA plate and thus was present on the BELISA pl'ates during
screening of the human anti-RSV antibodies.

A. Binding of cell lysates for Fabs generafed {rom EBV-transformed B cells (see
Example 2)

20 Fighty-eight (88) cell lysates generated in Example 2 above were tested by
ELISA for their ability to 1) bind to an anti-Fab antibody; and 2) bind RSV Fl lysate.
ELISA confirmed that 76 of 88 cell lysates were positive for Fab production while 59
of the 88 cell Tysates bound RSV F fysate, Confirmation ELISA revealed that 72 of
the 76 cell lysates were indeed producing Fab and 46 of the initial 59 positive hits

25 were reconfirmed as binders to RSV I lysate.

Three of the positive binders were identified by DNA sequencing of the
cotresponding DNA prep. Sequencing revealed they all had the same sequence,
identified as Fab 58¢5, which has the following light and heavy chatns:

Fab 58¢5

30 Light Chain

EIVMTQSPSSLEASLGDRVE IPCQASODISTY LNWY QUK PGOAPRLLIYGASNLETGY PSRETGSGYST
DEFSVTISSLOPEDTIATYYCOOYQYLPY TFAPGTRVEIRRTVAARPSVEIFPESDEQLESGTASVVCLLNN |
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FYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYHCEVTHQGLSSPVTK
SENRGEC ({SEQ 1D NO:5}

" Heavy Chain

QVOLVOSGPGLVKPSOTLALTCNVEGASTINSDNY YWIW I RQRPGGELEWIGHISYTGNTYYTPSLKSRL
SMSLETSQSQFSLRETSVIAADSAVY FCAACGAYVLISNCGHWEDSWGOGTQVIVESASTKGPSVIPLAP
SSKSTHGGTAALGCLVEDY FPERPVIVSWNSGALTSGVHT FPAVLOSSGLYSLSSVVIVESSSLGTOTY Y
CNVNHEPSNTRVDEEVERPKSC (SEQ ID NO:1l)

B. Binding of cell lysates for I'abs generated from Single Cell Sorting (sce
Example 3}

The results indicated that 64 of 88 celi lysates generated in Example 3 bound
RSV F1 protein. Twenty four positive binders were identified by DNA sequencing of
the corresponding DNA prep.

One of the positive binders identified was Fab s¢5 which has the following
light and heavy chains:
Fab sc5
Light Chain
DIOMIQSESSLSASVEDRYT L TCRASCNIKNY LUWY QOK PGKVEKLL T YAASTLOSGVPSRFSCEGEGT
DFTLTISSLOPEDFATYSCOOSYNNOLTFGGGTKVEIKRTVARP SV T FPPS DEQLKSGTASVVCLLNN
PYPREAKVONKVDNALOSCNSQESVIEQDSKDSTY SLES TLILSKADY EKHKV Y ACEV THQGLES S PUTK
SFNRCEC (SEQ ID NO:13)
Heavy Chain
OVOLOESGPELVKPSGT LSLICTVSCDS T SCSNWWINWVROPPCKGLEWIGE LY YRGTTNYKS SLKGRVT
MSVDTSKNQFSLXLTSVTAADTAVY YCARGGRS TFGPDY YY YMDVHGRGTTVTVSSASTKGPSVEPLAR
SSKSTSCETARLGCLVEDYF PEPVTVSHWNSGALT SGVHT FPAVLOSSGLY SLOSVVTIVPSSSLOTOIY I
CHVNAKPSNTRVDKKVEPKSC (SEQ 1D NO:9) '

The antibody domains and CDR regions of isolated 58¢5 and sc5 Fabs are

provided in Table I3A-13B below.

Table 13A. Antibody domains and CDR regions of isolated Fabs
Ab YVH chain VH domain VH CDRI VH CDR2 YIi CDR3
Amino acids GASINSDNYY HISYTGNTYYTP | CGAYVLISNCG
58¢5 SEQ IR NO:L 1-125 of SEQ W {SEQID SLEKS WEDS
1D NO:1 NO:?2) (SEQ ID NO:3) (SEQ D NOG:4)
: Amino acids GDSISGENWW | EIYYRGTTNYKS | GGRSTFGPDYY
sc8 SEQ 1D NO:9 1-125 of SEQ N SLKG YYMDV-
D NO:9 (SEQIDNO:10) | (SEQIDNO:11) | (SEQID NO:12)
Y1, chain Y1 domain VI, CDR1 VL. CBR2 VL CDR3
Amino acids . . i . )
. - T o QASQDISTYLN GASNLET QOYQYLPYT
58e5 | SEQIDNO:S | 1107 of SEQ | SapinNowsy | (sio D NG (SEQ?D NO:8)
IDNO:S
s SHO 1D i‘;’é{fo f;‘f& RASQNIKNYLN AASTLQS QOSYNNQLT
s NO:13 n NQO.'}B (SEQIDNC:14) | (SEQIDNO:1S) | (SBEQID NO:16)
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Table 13B. Heavy chain CDR1 (Kabat numbering)
Ab VH CBDRI Ab VI CDRI .
58C5 SDNYYWT (SEQ ID NO:1627) =N CSNWWN (SEQ 1D NO:1628)

Example §
Expression and Purification of Iselated Fabs

In this example, individual Fab antibodies that were determined to-bind RSV F
lysate by ELISA using cell lysate were subsequently expressed and purified from the
bacterial cells using column chromatography.

The DNA encoding cach ii}_dividual Fab antibody was transformed into ToplG
cells (Invitrogen) for expression. Each Fab antibody was grown in 2 I 8B at 37 °C to
an ODgy of 0.8. Protein expression was induced by the addition of 1 mM IPTG and
allowed to oceur overnight at 30 °C. Following expression, the bacterial cultures
were centrifuged and the cell pellet was resuspended in 10 mlL Phosphate Buffered
Saline (PBS) with protease inhibitors (Complete Protease Inhibitor Cocktail, Santa
Cruz Biotech, Cat. # s¢-29131). Lysozyme {0.2 mg) was added to the resuspended
cells and the mixture was incubated at room temperatore for 15 minutes. The cells
were Jysed by two freeze/thaw cycles. Tn short, the resuspended bacterial cells were
frozen in an ethanol/dry ice bath followed by thawing in a 37 °C water bath. Once
tysed, the bacterial lysate was centrifuged at 18000 rpm and the Sﬁp@'i‘laatal'}t was
filtered and sterilized by passing through a 0.4 mricron filter.

Each individual Fab antibody was then purified by affinity column
cl'xromatogi‘aph‘y . In short, the filtered supernatant was passed slowly over an anti-
Fab/Protein A cofumn allowing the Fab protein to bind. Fo.llowing Washing with 50
mL PBS, the bound Fab was eluted with 9 mb of 0.2 M glycine, pH 2.2 and collected
in a conical tube containing 1 mL of 2M Tris, thereby neutralizing the eluted protein,
The eluted Fab was then dialyzed using a 10K MWCO dialysis cassetie (Pierce)
against 4 L PBS. The protein was stored at 4 °C overnight and subsequently
concentrated to a volume of 1 mL using a 10 kDa Amicon Ultra Filter (Millipore}.
Binding of each purified Fab antibody to RSV I }ysaté {recombinant source, Example

1AY and HEp?2 lysate (native source, Example 1B) was then reconfirmed by BLISA
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(see Example 4 above). Addittonally, each pwified Fab antibody was tested for its

ability to neutralize RSV using the assay described in Example 6.

' Binding of Fabs 58¢5 and s¢5 to RSV T lysate and purified RSV F protein

The binding of antibodies 58C5 and sc5 to either captured RSV F protein from

transfected 293 cells (recombinaﬁt) or purified RSV F protein from RSV A2 infected

Hep2 cells (native) was measured by ELISA. The results indicate that Fab 58¢5 and

Fab sc5 bind to RSV F protein (recombinant) in a dose dependent manner but only

sc5 was able to recognize the purified F protein (native) (see Tables 14-15 below).

Table i4. Binding of Fab sc5 and 58¢5 to captured RSV F lysate (recombinant)

Fab [pg/ml| sed 58c5
2 2.963 2.9165-
0.4 2.827 2.9705
0.08 2.151 2.518
0.016 0.651 1.433
0.0032 (0.3205 0.5905
0.00064 0.284 0.415
0.000128 (0.337 0.3785
0.0000256 0.22 0.2485
Table 15, Binding of Fab sc5 and 58¢5 to purified RSY-F Protein (native)
Fab [ng/ml] sC5 58c5
2 2.623 0.417
0.4 2.704 0.2665
0.08 2.744 0.1505
0.016 2.66 0.098
0.0032 1.7685 0.0805
0.00064 0.6035 0.087
~0.000128 - 0.2325 0.1065
0.1445 0.13

0.0000256

Fxample 6
RSV Neutralization Assay
In this example, the anti-RSV antibodies were analyzed tor their ability to
bind to and neutralize RSV virus in solution as assessed by a plaque reduction assay.
In this experiment, the RSV virus and the antibodies were pre-incubated in the
absence of target cells. The mixture was then added to the cells and virus infection
was measured by a standard plaque reduction assay described herein. The anti-RSV

antibodies were analyzed for their ability to neutralize several strains of RSV virus,
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including RSV A2 (ATCC Cat. No. VR-1540), RSV B-wash (ATCC Cat. No. VR-
1580, strain 18537), and RSV B-1 (ATCC Cat. No. 1400).

Vero cells (ATCC, cat no: CCL-81; Manassas, VA) were employed for host
cell infection. Vero cells wete grown in DMEM (HyClong, cat no: SH 30285.01)
with 10 % fetal bovine seram (FBS) (HyClone, cat no: SH30070.03), supplemented
with 1 % L-Glutamine (HyClone, cat no: 83{30034.01) and 1 % Pentcillin-
Streptomycin solution (HyClone, cat no: SV30010). The Vero cells were maintained
i a 37°C incubator with 5 % CO2 and passaged twice per week.

On day 1 of the experiment, Vero cells were cultured in 24-well cell cultare
plates. The cells were plated at a density (approximately 1x10° cells per well) which
allows formation of a cell monolayers (590 % confluence) by day 2. On day 2, each
antibody was serially diluted in plain Eagle’s minimal essential medium (EMEM,
ATCC, cat no: 30-2003) (final antibody concentrations tested: 20 pg/ml, 4 ng/ml, 0.8
pg/mi, 0.16 pg/ind, 0.032 pg/ml, and 0.006 pg/ml). The RSV virus was also diluted
in plain EMEM to a concentration of 2 x 10° pfu/ml (100 pfu/50 ul} and 110 pl of the
diluted RSV virus was added to 110 pi of each diluted antibody solution and mixed
by pipetting. For the virus control sample, 110 pl of the diluted RSV virus was added
to 110 pl plain EMEM. The antibody-virus or virus control mixtures were incubated
at 37 °C for 2 hours. Following incubation, the culture media was decanted from the
24-well cell culture plates containing the Vero host cells and 100 pl of the pre-
weubated virus-antibody or virus control mixture was then transferred to each wall.
Each test and control sample was prepared in triplicate, The cells were then mcubated
at 37 °C for one hour with mixing every 15 min. |

Following the incubation period, the culture media containing the virus-
antibody or virus control mixture was aspirated and I ml of overlay medium was
added to each Welll (overlay medium contained EMEM, 2 % FBS, 1% L-glutamine,
0.75 % methylcellulose), The 24-well cell culture plates were then incubated at 37 °C
(with S % COy) for approximately 72 hours. Cell plates were fixed with 10 %
formalin for 1 hour at room temperature, washed 10 times with ddH-0 and blocked
with 5 % non-tat dry milk (NFDM) in PBS with 0.05 % Tweén 20 at 37 °C for one

hour.
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Following incubation, the blocking solution was decanted and 200 pl. of
mouse anti-REV antibody (ab10018, Abcam, 1:1000 dilution in 5 % NFDM) was
added to each well. The plates were incubated at 37 °C for 2 hrs, washed 10 times
with ddH,0 and 200 pL of goat anti-mouse HRP-conjugated 1gG (Pierce, Cat. No.
31432, 1:1000 dilution i 5% NFDM) was added to each well. The plates were
incubated at 37 °C for 2 hrs, The plates were washed 10 times with ddH;0 and 200
nL of TrueBlue™ peroxidase substrate (KPL Cat. No. 50-78-02) was added to each
well. The plates were developed for 10 min at room temperature. The plates were
washed twice with ddH20 and dried on a paper towel and the number of blue plaques
was counted. The EDS0 (effective dilution for 50% neutralization) was calculated
using Prism (GraphPad). The plaque reduction rate was calculated according to the
following formula:

Plague Reduction Rafe (percentile) = (1 - average plaque number
in each antibody dilution/average plague number in virus control
wells)*100

The data is shown in Tables 16-18 below. Table 16 lists the EDsq for each
Fab for the various RSV strains. Table 17 lists the plague counts for the various RSV
straing and at the varying concentrations for Fab 58c5. Table 18 lists the plaque
reduction rate for ab 58¢5. The results indicate Iab 58¢5 is capable of neulralizing
all 3 straios of RSV while Fab sc5 neulralizes only RSV A2 and RSV B-1, albeit at
much higher antibody concentrations. Based on the data obtained in the
neutralization assay and the molecular weight of the [ab 58¢5 fragment
(approximately 50 kDa), the EC50 of Fab 58¢5 for in vitre neutralization of RSV was
estimated to. be approximately 320 pM.

Table 16. Neutralization Data ED50 for Fab 58¢5 and ¥ab ses
' Fab 58cH Fab scs
Antigen - EB50 bS50
. 320 pM 0.016 uM
RSV A2 (G.016 ug/mkL) (0.8 ug/mlL)
T Ty e 500 pM > 0.2 uM
RSV Blwash (0.025 ng/ml) (>10 pg/mL)
, 840 pM 0.042 uM
RSV B-1 (0.042 pg/mL) (2.1 pg/ml)

25




10

i5

20

WO 2011/020079 PUT/UR2610/045548

222

Table 17. Average Plague Count for Neutralization with Fab 58¢5
Antigen 16 2 0.4 | 0.08 | 0.016 | 0.003 0

ug/ml | ug/mil | ug/mi | ug/ml | ug/ml | ug/ml | ug/ml
RSV A2 0 0 0 5.7 28.7 | 523 | 57.7
RSV B/wash 1.3 0.7 0 5 163 | 233 | 263
RSY B-1 0.3 { 0 4.7 8.7 11.7 | 123
Table 18, Plague reduction rate (%) for Neutralization with Fab 58¢5
Antigen 119 2 0.4 | 0.08 | 0.016 | 0,003 0

ug/ml | ng/ml | ug/ml | ug/ml | ug/ml | ug/mi | ug/ml
RSV A2 100 100 100 90 50 | 94 0
RSV B/wash 95 97 100 81 38 11 0
RSV B-1 97.6 100 160 62 29 5 0

Example 7
Cloning and Expression of 1gG

In this example, Fab antibodies that showed potential to neutralize RSV were
converted into IgGs by cloning into the pCALM mammalian expression vector (SEQ
ID NO:102). Primers specific to each antibody were generated and the heavy and
light chains of cach Fab as originally cloned into the pCAL vector (see Example 2)
were amplified by PCR. Light chain amplification resulted in an 650 bp fragment and
heavy chain amplification resulted in a 400 bp fragment. Additionally, a linker was
generated that allowed overlap of the heavy chain and the light chain. TH@ iinker also
included a standard heavy chain constant region. Overlap of the heavy and light
chaing resulted in a 2.1 kB cassette for each antibody that had S{il restriction sites
(SEQ ID NO:41) at both ends. Fach cassette was digested with SH1 and cloned into
the pCALM vector. After confirmation of the correct sequence in bacteria, DNA for
mammalian transfections was isolated using a Maxi Prep Kit (Qiagen):

To express each [pG, each pCALM vector was used to infect about 200
miilion 293F cells resulting in about 200 micrograms of 1gG. The 2931 cells were
transfected with 293 fectin (Invitrogen, Cat. No. 51-0031) and allowed to produce IgG
for 72 hours. After 72 hours post transfection, the cell media was harvested,
centrifuged to remove the cells, and Glter stertlized through a 0.4 micron filter unit.
Purification was effected by column chromatography using a Protein A coiumn. The

filtered media, confaining the expressed 1gQ, was passed twice through a Protein A
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column. Following washing with 50 mL ot PBS, IgG was eluted with 9 mL of 0.2 M
ghycine at pH 2.2 and collected in 2 M Tris to effect neutralization, 'The elute was
dialyzed against 4 liters of PBS using a 10 kDa dialysis cassette (Pierce). The sample

was concentrated down to 1 mL with a 10 kDa Amicon Ultra (Millipore).

Example 8
IgG Binding Assays
In this example, the 1gG form of 58¢5, generated as described i Example 7
above, and anti-RSV antibody Motavizumab (Wu ef al. (2007} J. Mol Biol,
368(3):652-665) were tested for their ability to bind to RSV F protein (recombinant)
or RSV F protein (native) kysate by ELISA (see Example 4 above). The estimated
BCss for binding (determined by titrating cach IgG) are set forth in Table 19 below.

The IgG form of 58c5 has an affinity for RSV strain A2 F protein about the same as

motavizumab.
Table 19, IgG Binding to RSV F Protein
Antigen g ECs (estimated)
{gC form of 58c5 24 pM
Metavizumab 27 pM

Example 9
IgG form of 58¢5 RSV Neutralization Assays

In this example the 1gG form of 58c¢5, generated in Exampie 7 above, and
motavizumab were tested for their ability to neutralize various strains of RSV,
Additionally, the IgG form of 58¢5 was analyzed. for its ability to neutralize various
monoclonal antibody resistant RSV escape mutants (MARMs). A MARM is a mutant
RSV strain that is no longer capable of being neutralized by the antibody that it was
generated against. Therefore, the ability of the IgG form of 58c5to neutralize a
specific MARM indicates that the binding epitope of 58c¢5 is dilferent from that of the
antibody to which the MARM was generated.
A. Neutralization of RSV

The IgG form of 58¢5 and motavizumab were tested for their ability to
neutralize RSV (as described in Bxample 6 above). The data is shown in Tables 19-

21 below. Table 20 lists the ED50 (effective dilution for 50% neutralization) for each
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RSV strain. Table 21 lists the plaque counts for the various RSV strains and at the
varying antibody concentrations. Table 22 lists the plaque reduction rate for the
various RSV strains and at varying antibody concentrations. The results indicate the
IgG form of 58¢5 is capable of neutralizing alf 3 strains of RSV. Based on the data
obtained in the neutralization assay and the molecular weight of the IgG form of 58¢5
fragment {approximately 150 kDa)}, the ECsg of the 1gG form of 58¢5 for in vitro
neutralization of RSV was cstimated to be approximately 133 pM. Motavizumab has

a corresponding ECso of 360 pM.

10

15

Tahle 20. IgG Neutralization Data (EDs)
Antigen RSV A2 RSV B-1 RSV B/wash
IgG form of 133 pM 280 pM 193 pM
58¢5 (0.02 pg/mb) | (0.042 pg/mL) | (0.029 pgfmL)
Motavizumab 360 pM 833 pM 2.9 nM
Table 21. Average Plaque Count for Neutralization with IgG form of 58¢5
Antigen 10 2 0.4 0.68 | 6.016 | 0.003 0
ug/ml | ug/md | ng/ml | ug/ml | ug/ml | ug/mi | ug/mi
RSV A2 (.3 0 0.7 16.3 31 40.3 1 577
RSV B/wash 0 Q 1.3 7.7 163 | 20.7 | 263
RSV B-1 0 0 0.3 4 9.3 11.7 | 123
Table 22. Plaque reduction rate (%) for Neutralization with IgG form of 58¢5
Antigen 16 2 0.4 0.08 0.016 | 0.003 0
ug/ml | uwe/md | wg/ml | ug/ml | ug/mi | ag/mi | ug/ml
RSV A2 99.5 100 99 72 46 30 0
RSV B/wash 100 100 95 71 38 21 0
RSV B-1 100 100 97.6 67.5 24 5 0

B. Neutralization of RSY Monoclonal Antibody Resistant RSV Escape Mutants
The 1gG form of 58c5 was also tested for its ability to neutralize several
monoclonal antibody resistant RSV escape }11'L1tzi11{:$ (provided by Dr. James Crowe,
Vanderbilt University), as described in Example 6 above. The MARMS, listed in
Table 23 below, were derived from RSV wild-type strain A2, MARM 19, generated
against human Fab 19 (see, e.g., Crowe et al., Virology, 252:373-375 (1998)),
contains the amino acid mutation isoleucine 2006 to methionine. MARM 151,
gemrated against murine mAb 151, contains the amino acid mutation lysite 272 to

asparagine. MARM 1129, generated against the murine mAb 1129 which is the
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parental antibody to palivizumab (SYNAGIS), contains the amino acid mutation
serine 275 to phenylalanine.
The IgG form of 58¢5 was also tested for its ability to neutralize several RSV

Monoclonal Antibody Resistant Mutaits (MARMSs). The data is shown in Tables 23-

24 below. Table 23 lists the plague counts for neutralization against the various

MARMSs at varying antibody concentrations. Table 24 lists the plaque reduction rate’
for neutralization against the various MARMSs at varying antibody concentrations.
The results indicate 1gG 58¢5 is capable of neutralizing all 3 RSV MARMS. Thus,
the 58¢5 binds a different epitope of RSV strain A2 than Fab 19, murine mAb 1129

and murine mAb 151,

Table 23. Average Plaque Count for Neutralization of IgG foxm of

58¢5 versus RSV MARMS ‘

MARM 16 P 0.4 0.08  0.016 | 0.003 | O

ug/ml | ug/ml { ug/ml | ug/ml | ug/mi | ug/mi | ug/ml

MARM 19 0.7 16.7 72 89.3 135 143 156

MARM 151 0 153 647 112 128 151 151

MARM 1129 0 0 2.3 5.7 117 | 177 | 223
‘Fable 24. Plaque reduction rate for Neutralization of IgG form of 58¢5
versis RSV MARMS
MARM 10 |2 0.4 0.08  0.016  0.003 0

ug/mi | ug/ml | ug/ml | ug/ml | wg/mi | ug/mi | ug/ml

MARM 19 100 89 538 1 427 14 8 0
MARM 151 100 90 57 20 15 0 '
MARM 1129 100 100 90 74 47 21 0

Example 10
Competition Assays

In this example, competition assays were performed in which Motavizumab
1gG (Wu et al. (2007) J. Mol. Biol. 368(3):652-665) was tested for its ability to |
compete against Fab 58¢3 for binding to RSV F protein.  As a positive control for
competition, the IgG form of 58¢5 was competed against 58c5 Fab.

Briefly, ELISA plates were prepared as described in Example I above, with
either recombinant or native RSV strain A2 ¥ protein. The plates were blocked with 4
% nonfat dry milk in 1x PBS for 2 hours at 37 °C foliowed by washing 4x with wash

buffer (PBS/0.05 % Tween20). Fab 58¢5 was titrated in PBS/3 % BSA/0.01 %
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Tween20 from 9 pg/ml to 0.0001 pg/mL (actual concentrations tested; 9, 3, 1; 0.3,
0.1, 0.03, 0.01, 0.003, 0.001, 0.0003, 0.0001 pg/mL). The IgG form of 58c5 and

Motavizumab were added at fixed concentrations of either 0.5 pg/ml., 0.1 pg/ml,

0.05 pg/mi. and 0.01 pg/ml (as indicated in Table 25 below). 50 uL each of diluted

Fab and fixed conecentration IgG was added simultaneously to each well of a plate, in
duplicate, as indicated in Table 26 below, and the plates were incubated at 37 °C for 2
hours followed by washing 4x with wash buffer. Goat anti-human [gG Fc-gamma
HRP (Jackson ImmunoResearch, Cat. No. 109-035-098, diluted 1:1000, was added
and the plates were incubated at 37 °C for | hour. Following washing 6x with wash
buffer, 50 uL 1:1 v/v TMB:peroxide solution {(Pierce, Cat No. 34021) was added and
allowed to develop for 7 minutes:. The reactioﬁ was immediately halted by the
addition of 50 pl. 2N Ha8304 and the absorbance at 450 nm was measured using an

ELISA plate reader.

Table 25. Competition Assays

Antigen

FFab 585 Recombinant F protein Native I protein

iy | 0:05 pg/mb 1gG form of 58¢5 ¢ 0.05 pg/ml IgG form of 58c3
9 0 0.0001 pg/mt. 0.1 pg/mb motavizumab IgG | 0.01 pg/mL motavizumab IgG

The resalts are sumimarized in Table 26 below., Motavizumab does not
compete against [Fab 58C5 for binding to either native or recombinant RSV strain A2

F protein.

Table 26. Summary of Competition Assays
Motavizumab IgG | IeG form of 58¢5
58CS5 Fab NO YES

Example 11
RSV MARM Generation and Neutralization Assays
In this example, monoclonal antibody resistant RSV escape mutants
{(MARMSs) were generated for Molavizumab and the TgG form of 58C5,
Motavizumab and the [gG form of 58C5 were further analyzed for their ability to
neutralize the newly generated MARMS.
A. MARM Generation

1. Motavizumab
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The concentration of motavizumab IgG that reduces RSV viral titers by 3 logs
(corresponding to 99.9 % inhibition of RSV A2 virus by neutralization assay) was
previously determined to be 3.2 pg/mL. RSV A2 viral particles (2 x 10% were
preincubated with ditutions of motavizumab IgG and this mixture was used to infect
Vero cell monolayers (as described in Example 6 above). Wells with the highest
antibody concentrations still demonstrating cytotoxic effects were selected for
additional rounds of selection. After 10 rounds of selection, plaques from virus
grown in the preseﬂcé of § pg/mL motavizumab were obtained. Virus particles from
these plaques were tested in neutralization assays (as described in Example 6 abo?a)
and RNA from positive particles was preparcd using a RNeasy exfraction kit
(Qiagen). Six escape mutants were selected and the F gene was ampiified by PCR.
The DNA was sequenced and all six clones encoded a single amino acid substitution
of glutamic acid for lysine at position 272 (K272E, SEQ ID NO:1642) compared to
the parental RSV A2 strain (set forth in SEQ ID NO:1629).

Table 27 below sets forth the highest antibody concentration demounstrating
cytopathic effects (CPE) for each round of selection. Asshown in Table 27 below,
motavizumab escape mutants were identified after 7 rounds of selection, as identified
by an antibody concentration demoustrating CPE greater than the concentration of
motavizumab that corresponds to 99.9 % inhibition of RSV A2 virus as determined by

neutralization assay (i.e., > 3.2 pg/mL).

Table 27. Motavizumab MARM Selection
Selection Round | Antibody Concentration (ug/mkL)
i 0.5
2 05
3 0.75
4 l
5 2
6 3 ‘‘‘‘‘‘‘
7 4
8 8
O 8
10 8

2. The IgG form of 58C35
The concentration of the 1gG form of 58CS that reduces RSV viral titers by 3

logs (corresponding to 99.9 % inhibition ol RSV A2 virus by neuiralization assay)



10

15

20

WO 2811/02007% PCL/USLI010/845549

228

was determined to be 0.8 ng/ml. RSV A2 viral particles (2 x 10%) were preincubaied
with dilutions of 58C5 IgG and this mixture was used to infect Vero cell monolayers
(as described in Example 6 above). Wells with the highest antibody concentrations
still demonstrating cytotoxic effects were selected for additional rounds of selection.
After 12 rounds of selection, plagués from virus grown in the presence of 2 pg/mL of
the IgG form of 58C5 were obtained. Virus particles from these plaques were tested
in neutralization assays {as described in Example 6 above) and RNA from positive
particles was prepared using a RNeasy extraction kit (Qiagen). Five escape mutants
were selected and the F gene was amplified by PCR. The DNA was seq‘uénced_and
all five clones encoded three amino acid substitutions (N63K, M115K and E295G;
SEQ 1D NO:1643) compared to the parental RSV A2 strain (set forth in SEQ ID
NOG:1629).

Table 28 below sets forth the highest antibody coneentration demonstrating
cytopathic effects (CPE) for each round of selection. As shown in Tabie 28 below,
the IgG form of 58C5 escape mutants were identified after 10 rounds of selection, as
identified by an antibody concentration demonstrating CPE greater than the
concentration of the [gG form of 58C5 that corresponds to 99.9 % inhibition of RSV

A2 virus as determined by neutralization assay (i.e., > 0.8 pg/mL).

Table 28. IpG form of 58C5 MARM Selection
Selection Round | Antibody Concentration (pg/mi)

i G.2

2 0.2

3 0.3

4 0.4

5 0.6

6 0.6

7 0.6

8 0.6

9 0.6

10 1.2

11 1.6

12 | 2

B. Meutralization Assays
Motavizumab and the Ig( form of S8C5 were tested for their ability to

neutralize the RSV A2 parental virus strain, the molavizumab MARM and the IgG
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form of 58C5 MARM. The neutralization assay procedure is described in Example 6
above. The data is shown in Tables 29-32 below. Table 29 lists the plaque reduction
rate for neutralization against the RSV A2 parental virus. Table 30 lists the plaque
reduction rate for neutralization against the Motavizumab MARM. Table 31 lists the
plague reduction rate for neutralization against the IgG form of 58C5 MARM. Table
32 is a summary of the neutralization data (ED50 values).

The results indicate that both antibodies are capable of 'neutralizing the
parental RSV A2 strain, with [gG 58C5 showing the strongest activity (see Table 29).
The IgG form of 58C5 strongly neutralizes the motavizumab MARM with no
difference compared to the parental strain (see Table 30). As expected, motavizumab
gannot neutralize the motavizumab MARM at any of the tested concentrations.
Motavizumab strongly neutralizes the IgG form of 58C5 MARM with no difference
in neutralization potency (see Table 31). As expected, the 1gG form of 58CS5 cannot
neutralize the 1gG form of 58C5 MARM at any of the tested concentrations. The
results show that both the IgG form of 58C5 neutralizes the motavizomab MARM

indicating no competition.

Table 29. Plagus reduction rate for Neutralization of RSV A2
parental viras

Antibody 16060 | 2060 400 89 16 3.2
ng/ml | mg/ml | ng/m! | ng/ml | ng/ml | ag/ml
Motavizumab | 1000 | 98.87 82.27 50.40 16.25 0.40

kg form of
i 100.0 | 1000 99.6 87.0 4902 6.1

Table 30, Plaque reduction rate for Neulralization of Motavizumab

MARM
Axntibody 16000 | 2000 400 80 i6 3.2
neiomd | ng/mi § ong/md | ug/ml | ng/ml | ng/ml
Motavizamal | 133 1.7 0.0 0.2 3.3 0.0
IpG 58C5 97.6 95.8 92.0 74.6 43.0 1.5
Fable 31, Plague reduction rate for Neutralization of IgG 58C5 MARM
Antibody 10006 | 2000 446 80 16 3.2
ng/mel | ng/mi | ng/ml | pg/ml | ng/ml | ng/ml
| Motavizumab 94.8 92.9 83.9 47.1 6.5 0.0
| IgG 58C5 3.3 0.0 0.0 0.0 0.0 0.0

RECTIFIED SHEET (RULE 21} IBA/EP
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Table 32. Summary of Neutralization (ED58) values

RSV AZ Parental Maotavizamab TeG 58C5 MARM
(ED50) MARM (ED50) (ED50)
Motavizumab 519 pM  >66.7 1M 641 pM
1eG 58C5 115 pM 173 pM >66.7 oM

Since modifications will be apparent to those of skili in this art, it is intended

that this invention be limited only by the scope of the appended claims.
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CLAIMS:

L. An antibody or antigen-binding fragment thereof comprising:

a2 Vi CDR1, comprising the sequence of amino acid residues set forth in SEQ
ID NO:2;

a Vg CDR2, comprising the sequence of amino acid residues set forth in SEQ
ID NO:3; ' ‘

a Vg CDR3, comprising the sequence of amino acid residues set forth in SEQ
ID NO:4; a |

a VL CDR1, comprising the se:quénce of amino acid residues set forth in SEQ
ID NO:6;

a Vi CDR2, comprising the sequence of amino acid residues set forth in SEQ
ID NO:7; and |

a V;, CDR3, comprising the sequence of amino acid residues set forth in SEQ
D NO:8, |

wherein the antibody or antigen-binding fragment immunospecificalty binds to
Respiratory Sjrncytial Virus (RSV) fusion (F) protein and neutralizes RSV,

2. The antibody or antigen-binding fragment of claim 1, comprising a heavj/

" chain set forth in SEQ ID NO:1 and a light chain set forth in SEQ ID NO:5.-

3. The antibody or antigen-binding fragment of claim 1 or 2, comprising a Vg
domain, wherein the amino acid sequence of the Vy domain is set forth as amino acids 1-125
of SEQ ID NO:1.

4. -The antibody of antigen-binding fragment of any of claims 1-3, comprisinga
heavy chain, wherein the amino acid sequence of the heavy chain is set forth in SEQ ID |
NO:1.

5. The antibody or antigen-binding fragment of any of claims 1-4, comprising a
V| domain, wherein the amino acid sequence of the V{ domain is set forth as amino acids 1-
107 of SEQ ID NO:5, _

6. The antibody or anfigen-binding fragment of any of claims 1-5, comprising a
light chain, wherein the amino acid sequence of the light chain is set forth in SEQ ID NO:.

T The antibody or antigen-binding fragment of any of claims 1-6 thatis linked
directiy or via linker to 2 muitimerization domain or is linked to épolypeptide linker.

8. °  The antibody or antigembinding fragment of any of claims 1-7, further

comprising a protein transduction domain.
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9. The antibody or antigen-binding fragment of claim 8, wherein the protein

transduction domain comprises a sequence of amino acids set forth in one of SEQ ID
NOS:1529-1600. '
10. A multivalent antibody, comprising;
| a first antigen-binding portion comprising an antibody or antigen-
binding fragment thereof of claim 7 wherein the first antigen-binding portion.comprising an
antibody or antigen-binding fragment thereof is conjugated to a multimerization doﬁaain; and
| a second antigcn-bindmg portion comprising an antigen-binding
fragment of an anfiviral antiBody conjugated to a second multimerization domain, Wherein:.
the first multimerization domain and the second multimerization domain are
complementary or the same, whereby the first antigen-binding portion and second antigen-
binding portion form a multivalent antibody, and |
the first and second antigen binding portions arc‘the same or different.

11.  Themultivalent antibody of claim 10, wherein the second antigen-binding
portion comprises an anti-RSV antibody or antigen-binding fragment thereof.

12.  The multivalent antibody of claim .10 or claim 11, wherein the anti-RSV
antibody is selected from among palivizumab, motavizumab, AFFFE, P12{2, P12f4, P1144,
Aled, Al2a6, Al3c4, Al7d4, A4B4, A8c7, 1X-493L1, FR H3-3F4, M3H9, Y1 OH,G, DG,
AFFF(1), 6H8, L1-7E5, L2-15B10, Al3all, AR5, A4B4(1), A4B4L1FR-S28R, A4B4-
F528, rsv6, rsvll, rsvl3, rsvl9, rsv2l, i‘sv22,_rs§23, RF-1, RF-2 and antigen-binding
fragments thereof or an antibody comprising 58¢ or sc5 or is an antigen-binding fragment
thereof.

13, The multivalent antibody of claim 12, wherein the second antigen-binding
portion immunospéciﬁcaﬂy binds to an antigen of parainfiuenza virus (PIV) or human
metapneamovirus (hMPV). '

14, The muitivalent antibody of any of claims 10-13, wherein the multimerization
domain is selected from among an immunoglobulin constant region (Fc), 2 leucine zipper,
complementary hydrophobic regions, complementary hydrophilic regions and compatible
protein-protein inferaction domains.

15. A combination, comprising:

an isolated antibody or antigen«binding fragment of any of claims 1-9 or a
multivalent antibody of any of claims 10-14; and

one or both of an antiviral agent and one more additiona) antiviral antibodies
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that differ from the first antibody.

16. ©  The combination of claim 15:

the one or more additional antiviral antibodiés 1s selected from among palivizumab,
motavizumab, AFFF, P1212, P12f4 P11d4, AleQ, Al2a6, Al3c4, A17d4, A4B4, A8c7, 1X-
49311, FR H3-3F4, M3H9, Y10H6, DG, AFFF(1), 6H8, L1-7E3, 1L.2-15B10, Al13z11, AlhS5,
A4BA4(1), AAB4ALIFR-S28R, A4B4-F525, rsv6, rsvll, rsvi3, rsv]9, rsv21, rsv22, rsv23, RF-
1, RF-2 and antigen-binding fragments thereof; and/or

the one or more additioﬁai antiviral antibodies is selected from among an antibody or
antigen-binding fragment thereof that immunospecifically binds to an antigen of
parainfluenza virus (PIV) or human metapneurmnovires (hMPV).

7. A méthod of detecting RSV infection comprising:

(a) assaying the leve] of RSV antigen in a fluid, cell, or tissue sample using an
aniibody or antigen-binding fragment of any of claims 1-9; _

(b) comparing the assayed level of RSV antigen with a control level whereby
an increase m the assayed level of RSV antigen compared to the control level of the RSV
antigen is indicative of a RSV infection.

8. A nﬁcleic acid molecuie(s) that encodes the antibody or antigen-binding

fragment of any of claims 1-9. |
| 19. Anisolated cell comprising the antibody or anhgen -binding fragment of any
of claims 1-9, or the nucleic acid molef'ule of claim 18.

20. A method of producing an antibody or antigen-binding fragment thereof,
comprising culturing the cell of claim 19 under conditions in which the encoded antibody or
antigen binding fragment is expressed.

21.  Antibody or antigen-binding fragment of any of claims 1-9 or a multivalent

antibody of any of claims 10-14 for use in the treatment or prevention of a viral infection.



