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MODIFIED SINGLE DOMAIN ANTIGEN
BINDING MOLECULES AND USES THEREOF

[0001] This application claims priority to U.S. Provisional
Application No. 61/365,307, filed Jul. 16, 2010, the contents
of which are incorporated by reference.

BACKGROUND

[0002] Tumor necrosis factor alpha (TNFa) is a secreted
and membrane-bound pro-inflammatory cytokine produced
mainly by macrophages and monocytes. The synthesis of
TNFa is upregulated in various chronic autoimmune inflam-
matory diseases, such as rheumatoid arthritis, ulcerative coli-
tis, Crohn’s Disease, and others. TNFa. is expressed as a
trimeric transmembrane protein that can be proteolytically
cleaved to release its soluble form by TNFo converting
enzyme (TACE). Both forms of TNFa interact with TNF
receptor (INFR) 1 and TNFR2.

SUMMARY

[0003] The invention relates to modified single domain
antigen binding molecules (also referred to herein as “SDAB
molecules.” The modified SDAB molecule can include one or
more single antigen binding domains that interact with, e.g.,
bind to, one or more targets. In one embodiment, one or more
of'the single antigen binding domains of the modified SDAB
molecule bind to tumor necrosis factor-o. (TNFa.). The SDAB
molecule can be modified to increase its biological properties
in vivo. For example, the SDAB molecule can be modified to
improve one or more of: increased half life; reduced immu-
nogenicity; or improve at least one pharmacokinetic/pharma-
codynamic (PK/PD) parameter, compared to the unmodified
SDAB molecule. In one embodiment, the modified SDAB
molecule includes one or more polymer molecules, such as
poly(ethyleneglycol) (PEG) or a derivative thereof. The
modified SDAB molecules are useful, e.g., for administration
to a subject, e.g., a human. Methods of preparing, and using,
the modified SDAB molecules, to treat or prevent, e.g.,
TNFa-associated disorders, are also disclosed.

[0004] Accordingly, in one aspect, the invention features a
modified SDAB molecule that includes: (i) one or more single
antigen binding domains that interact with, e.g., bind to, one
or more targets (e.g., TNFa); (ii) a linker (e.g., a non-peptidic
linker and/or a peptidic linker); and (iii) one or more polymer
molecules, such as poly(ethyleneglycol) (PEG) or a deriva-
tive thereof. In one embodiment, the linker of the SDAB
molecule is anon-peptidic linker. In certain embodiments, the
SDAB molecules can be modified by associating, e.g.,
covalently or non-covalently, to a second moiety, e.g., a poly-
mer molecule. For example, the SDAB molecule can be
covalently attached to a suitable pharmacologically accept-
able polymer, such as poly(ethyleneglycol) (PEG) or a deriva-
tive thereof (such as methoxypoly(ethyleneglycol) or
mPEG).

[0005] In one embodiment, the modified SDAB molecule
includes one or more single binding domains. For example,
the SDAB molecule can comprise, or consist of, a polypep-
tide, e.g., a single chain polypeptide, comprising at least one
immunoglobulin variable domain (including one, two, or
three complementarity determining regions (CDRs)).
Examples of SDAB molecules include molecules naturally
devoid of light chains (e.g., VHH, nanobodies, or camelid
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derived antibodies). Such SDAB molecules can be derived or
obtained from camelids such as camel, llama, dromedary,
alpaca, and guanaco. In other embodiments, the SDAB mol-
ecule may include one or more single domain molecules
including, but not limited to, other naturally-occurring single
domain molecules (e.g., shark single domain polypeptides
(IgNAR)), and single domain scaffolds (e.g., fibronectin scaf-
folds).

[0006] In another embodiment, the modified SDAB mol-
ecule is a single chain polypeptide comprised of one or more
single antigen binding domains. The SDAB molecules can
bind to the same target, e.g., at the same or different epitopes,
or different targets. The single antigen binding domains of the
SDAB molecule can have the same or different amino acid
sequence. In some embodiments, the SDAB molecule is
monovalent or multivalent (e.g., bivalent, trivalent, or tetrava-
lent). In other embodiments, the SDAB molecule is mono-
specific or multispecific (e.g., bispecific, trispecific, or tet-
raspecific). The SDAB molecule may comprise one or more
single antigen binding domains that are recombinant, CDR-
grafted, humanized, camelized, de-immunized, and/or in
vitro generated (e.g., selected by phage display). For
example, the SDAB molecule can be a single chain fusion
polypeptide comprising one, two, three, four, or more single
antigen binding domains that bind to one or more target
antigens. Typically, the target antigen is a mammalian, e.g., a
human, protein. In one embodiment, the target antigen is
TNFa, e.g., human TNFa.

[0007] Inoneexemplary embodiment, the modified SDAB
molecule is a bivalent molecule composed of a single chain
polypeptide fusion of two single antigen binding domains
(e.g., two camelid variable regions) that bind to a target anti-
gen, e.g., TNFa. The single antigen binding domains of the
modified SDAB molecule can be arranged in the following
order from N- to C-terminus: TNFa-binding single antigen
binding domain—(optionally a linking group, e.g., a peptidic
linker)—TNFa-binding single antigen binding domain—one
or more polymer molecules. In one embodiment, the single
antigen binding domains bind to the same epitope on the
target antigen (for example, the same or different single anti-
gen binding domains are used). In other embodiments, the
single antigen binding domains of the SDAB molecule bind
to different epitopes on the same or different targets. It will be
appreciated that any order or combination of two, three, four,
or more single antigen binding domains against one or more
targets is encompassed by the present invention.

[0008] In other embodiments, two, three, four or more of
the single domain molecules of the modified SDAB mol-
ecules are associated (e.g., fused), with or without a linking
group, as a genetic or a polypeptide fusion. The linking group
can be any linking group apparent to those of skill in the art.
For instance, the linking group can be a biocompatible poly-
mer with alength of 1 to 100 atoms. The linking group can be
a peptidic or non-peptidic linker. In one embodiment, the
linking group is a peptidic linker, e.g., it includes or consists
of polyglycine, polyserine, polylysine, polyglutamate, polyi-
soleucine, or polyarginine residues, or a combination thereof.
For example, the polyglycine or polyserine linking groups
can include at least five, seven, eight, nine, ten, twelve, fif-
teen, twenty, thirty, thirty-five, and forty glycine and serine
residues. Exemplary linking groups that can be used include
Gly-Ser repeats, for example, (Gly),-Ser (SEQ ID NO:7) or
(Gly),-Ser (SEQ ID NO: 8) repeats of at least one, two, three,
four, five, six, seven or more repeats. In some embodiments,
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the linking group has the following sequences: (Gly),-Ser-
(Gly);-Ser (SEQ ID NO: 9) or ((Gly),-Ser),, (SEQ ID NO:
10), where n is 4, 5, or 6. In one embodiment, the linking
group includes the following sequence: ((Gly),-Ser),, (SEQ
ID NO:10), where n=6. The modified SDAB molecule can
additionally include a linking group at the C-terminus of the
single antigen binding domain (e.g., referred to herein as
“C-terminal linking group”) to facilitate attachment of the
SDAB to another moiety (e.g., a carrier molecule, a non-
peptidic linker or moiety). Any of the linking groups
described herein can be used as a C-terminal linking group. In
one embodiment, one or more Gly-Ser repeats are used; for
example, one or more repeats of (Gly);-Ser or (Gly),-Ser
(SEQ ID NO: 8) are used.

[0009] In one embodiment, the modified SDAB molecule
(referred to herein as “SDAB-01") comprises, or consists of,
the amino acid sequence shown in FIG. 1 (SEQ ID NO:1), or
an amino acid sequence substantially identical thereto (e.g.,
an amino acid sequence at least 85%, 90%, 95% or more
identical to, or having up to 20, 15, 10, 5, 4,3, 2, 1 amino acid
changes (e.g., deletions, insertions or substitutions (e.g., con-
servative substitutions)) relative to the amino acid sequence
shown in FIG. 1). The nucleotide sequence encoding the two
single antigen binding domains of SEQ ID NO:1 is provided
as SEQ ID NO:6 (see Table 12). In other embodiments, the
modified SDAB comprises or consists of an amino acid
sequence encoded by SEQ ID NO:6, or a nucleotide sequence
substantially identical thereto (e.g., a nucleotide sequence at
least 85%, 90%, 95% or more identical to, or having up to 60,
45,30, 15,12, 9, 6, 3 nucleotide changes relative to the amino
acid sequence of SEQ 1D NO:6).

[0010] Examples of additional single domain molecules
include, but are not limited to, the amino acid sequences
disclosed in Table 19 of WO 2006/122786 (incorporated by
reference herein), and in Table 11 below.

[0011] In certain embodiments, at least one of the single
antigen binding domains of the modified SDAB molecule that
binds to TNFa. includes one, two, or three CDRs having the
amino acid sequence: DYWMY (SEQ ID NO:2) (CDR1),
EINTNGLITKYPDSVKG (SEQ ID NO:3) (CDR2) and/or
SPSGFN (SEQ ID NO:4) (CDR3), or having a CDR that
differs by fewer than 3, 2, or 1 amino acid substitutions (e.g.,
conservative substitutions) from one of said CDRs. In other
embodiments, the single antigen binding domain comprises a
variable region having the amino acid sequence from about
amino acids 1 to 115 of FIG. 1, or an amino acid sequence
substantially identical thereto (e.g., an amino acid sequence at
least 85%, 90%, 95% or more identical to, or having up to 20,
15, 10, 5, 4, 3, 2, 1 amino acid changes (e.g., deletions,
insertions or substitutions (e.g., conservative substitutions)
relative to the amino acid sequence shown in FIG. 1). In some
embodiments, the TNFa-binding SDAB molecule has one or
more biological activities of the TNFo-binding single
domain antibody molecule shown in FIG. 1. For example, the
TNFa-binding SDAB molecule binds to the same or a similar
epitope as the epitope recognized by the TNFa-binding
single domain molecule shown in FIG. 1 (e.g., binds to TNFa
in its trimeric form; binds to the TNFa site contacting the
TNF receptor; binds to an epitope in the TNFo. trimer com-
prising Gln at position 88 and Lys at position 90 on the first
TNF monomer (monomer A), and Glu at position 146 on the
second TNF monomer (monomer B), or an epitope as dis-
closed in WO 06/122786). In other embodiments, the TNFo.-
binding SDAB molecule binds to the N-terminus of TNFat. In
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other embodiment, the TNFa-binding SDAB molecule has
an activity (e.g., binding affinity, dissociation constant, bind-
ing specificity, TNFo-inhibitory activity) similar to any ofthe
TNFa-binding single domain molecule disclosed in WO
06/122786.

[0012] In other embodiments, the TNFa-binding SDAB
molecule comprises one or more of the SDAB molecules
disclosed in Table 11, also disclosed in WO 2006/122786,
incorporated by reference. For example, the TNFa-binding
SDAB molecule can be a monovalent, bivalent, or trivalent
TNFa-binding SDAB molecule disclosed in Table 9 of WO
2006/122786. Exemplary TNFa-binding SDAB molecules
include, but are not limited to, TNF1, TNF2, TNF3, and
humanized forms thereof (e.g., TNF29, TNF30, TNF31,
TNF32, TNF33). Additional examples of monovalent TNFa.-
binding SDAB molecules are disclosed in Table 8 of WO
2006/122786. Exemplary bivalent TNFo-binding SDAB
molecules include, but are not limited to, TNF55 and TNF56,
which comprise two TNF30 SDAB molecules linked via a
peptide linker to form a single fusion polypeptide (disclosed
in WO 2006/122786). Additional examples of bivalent
TNFa-binding SDAB molecules are disclosed in Table 11
herein, or in Table 19 of WO 2006/122786 as TNF4, TNFS,
TNF6, TNF7, TNFS).

[0013] In certain embodiments, the SDAB molecule is
modified to include one or more polymer molecules, such as
poly(ethyleneglycol) (PEG) or a derivative thereof. The PEG
molecule (e.g., a PEG monomer, polymer or a derivative
thereof) can be linear or branched. In one embodiment, the
SDARB is attached to one or more PEG molecules via a linker
moiety (e.g., a non-peptidic linker).

[0014] In some embodiments, the linker is a non-peptidic
linker. In one embodiment, the linker is represented by for-
mula (I):

@

Wl W2 z
}iY—X ey \ﬂ/ Semy” R
T I
O m

Wherein

[0015] W' and W? are each independently selected from a
bond or NR*';

Y is abond, C, _, alkylene substituted with 0-2 occurrences of
R? or a pyrrolidine-2,5-dione;

X is O, a bond or is absent;

Z is absent, O, NR?, S or a bond,;

R' and R? are each independently hydrogen or C,_¢ alkyl;
R? is absent or is one or more polymer moieties;

R?is selected from hydroxyl, C,_, alkyl, or C,_, alkoxy;
misOorl;

nis0, 1,2 or3;and

pis0,1,2,3, 0r4.
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[0016] In some embodiments, the one or more polymer
moieties of the SDAB molecule (e.g., R* of Formula (1))
include a poly(ethyleneglycol) (PEG) molecule (e.g., a PEG
monomer, polymer or a derivative thereof). In some embodi-
ments, the PEG molecule is a methoxypoly(ethyleneglycol)
(mPEG) monomer, polymer or a derivative thereof.

[0017] In some embodiments, the PEG molecule is
branched. In some embodiments, the PEG molecule is
selected from a moiety of formulas (a)-(h);

Wju

PEG,
PEG
(b)
% —O—PEG,
L —0—PEG
(c)
% —PEG,
—PEG
L—PEG
(d)
O—PEG,
0—PEG
O—PEG
—PEG, ©
‘é_l:_ PEG
—PEG
L—PEG
— PEG, ®
—PEG
0—
0—\
—PEG
L —PEG
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-continued
(g
—PEG, or
—PEG
O—PEG—
O—PEG—
—PEG
L—PEG
()
—— O—PEG;
—O—PEG
O—PEG—
O—PEG—
—O—PEG
—O—PEG

wherein each PEG molecule is independently a PEG mono-
mer, polymer, or a derivative thereof. In some embodiments,
each PEG molecule is an mPEG monomer, polymer, or a
derivative thereof.

[0018] Insomeembodiments,Y isabond. In some embodi-
ments, Y is pyrrolidine-2,5-dione. In some embodiments, Y is
C,_, alkylene substituted with 0-2 occurrences of R*. In some
embodiments, Y is C,_, alkylene substituted with 1 occur-
rence of R In some embodiments, Y is methylene substi-
tuted with 1 occurrence of R*. In some embodiments, R* is
hydroxyl.

[0019] Insomeembodiments, X isabond. In someembodi-
ments, X is oxygen (O). In some embodiments, X is absent.

[0020] Insome embodiments, R? is (a).
[0021] Insome embodiments, R?is (g).
[0022] In some embodiments, W' is a bond. In some

embodiments, W' is NR*.
[0023] In some embodiments, W? is a bond. In some
embodiments, W2 is NR*.

[0024] Insome embodiments, R' is hydrogen.

[0025] In some embodiments, Z is O, S or a bond.

[0026] In some embodiments, Z is O.

[0027] Insome embodiments, R? is hydrogen.

[0028] In some embodiments, m is 0. In some embodi-
ments, m is 1.

[0029] Insomeembodiments,nisO.Insomeembodiments,

nis 2. In some embodiments, n is 3.

[0030] Insomeembodiments, pis0.Insomeembodiments,
pis 3.
[0031] Insome embodiments, each PEG molecule is inde-

pendently a PEG monomer, polymer, or a derivative thereof.
In some embodiments, each PEG molecule is a methoxy PEG
derivative (mPEG) monomer, polymer, or a derivative
thereof. In some embodiments, each PEG molecule indepen-
dently has a molecular weight between 1 KDa and 100 KDa.
In some embodiments, each PEG molecule independently
has amolecular weight between 10 KDa and 50 KDa. In some
embodiments, each PEG molecule independently has a
molecular weight of 40 KDa. In some embodiments, each
PEG molecule independently has a molecular weight of
between 15 KDa and 35 KDa. In some embodiments, each
PEG molecule independently has a molecular weight of 30
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KDa. In some embodiments, each PEG molecule indepen-
dently has a molecular weight of 20 KDa. In some embodi-
ments, each PEG molecule independently has a molecular
weight of 17.5 KDa. In some embodiments, each PEG mol-
ecule independently has a molecular weight of 12.5 KDa. In
some embodiments, each PEG molecule independently has a
molecular weight of 10 KDa. In some embodiments, each
PEG molecule has a molecular weight of 7.5 KDa. In some
embodiments, each PEG molecule independently has a
molecular weight of 5 KDa.

[0032] In some embodiments, the modified SDAB mol-
ecule includes a linker of formula (I) linked to a PEG mol-
ecule and has a structure selected from:

PEG,

OH

PEG,

7&< \/\[(N\/\PEG

N/\/\PEG

[0033] In some embodiments, the modified SDAB mol-
ecule includes a linker of formula (I) linked to a PEG mol-
ecule and has a structure selected from:

N /\/\O
PEG,

PEG
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-continued
O
0
PEG,
PEG
(@]
—O—PEG,
(@] —O—PEG
O—PEG—
O—PEG—
—O—PEG
—O0—PEG
H
?%/\/N\”/O
OH 0 O—PEG,
O—PEG
0 0

O 0
N N NN o
H
PEG,
(@]
PEG

O
)J\ O—PEG or
N O—PEG
H
O—PEG

0—PEG
—|:O—PEG
O—PEG
O 0

/\)k 0—PEG,
><EEN g/\/\o J:O—PEG

—|:O—PEG

0 0-PEG
—|:O—PEG
O—PEG

wherein each PEG molecule is independently a PEG mono-
mer, polymer, or a derivative thereof. In some embodiments,
each PEG molecule is an mPEG monomer, polymer, or a
derivative thereof.
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[0034] In some embodiments, the linker of formula (I) is
linked to a PEG molecule represented by the following for-
mula:

O 0
N/\)l\g/\/\o

(mPEG 20 KDa).
0

(mPEG 20 KDa)

[0035] In some embodiments, the linker of formula (I) is
linked to a PEG molecule represented by the following for-
mula:

O o)
(mPEG 40 KDa).
it
0

[0036] In some embodiments, the linker of formula (I) is
linked to a PEG molecule represented by the following for-
mula:

O 0
N/\)kN/\/\O
"
0
0
0

[0037] The linker-PEG molecule can be associated with
(e.g., coupled to) the SDAB molecule, thereby forming a
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modified SDAB molecule. The single domain molecules of
the SDAB molecule can be arranged in the following order
from N- to C-terminus: TNFa-binding single domain mol-
ecule—TNFa-binding single domain molecule—PEG mol-
ecule (e.g., branched PEG molecule). In one embodiment, the
modified SDAB molecule is represented by the following
formula:

O o)
SDAB /\)l\
N g/\/\ 0
—|:(mPEG 20 KDa).
€]

(mPEG 20 KDa)

[0038] Inoneembodiment,the modified SDAB moleculeis
represented by the following formula:

O 0
(mPEG 40 KDa).
N N/\/
H
0

— O—(mPEG 7.5 KDa).
—O—(mPEG 7.5 KDa)
— (PEG 5 KDa)—
— (PEG 5 KDa)——
—O— (mPEG 7.5 KDa)
L—O—(mPEG 7.5 KDa)
[0039] Inoneembodiment,the modified SDAB moleculeis

represented by the following formula:

——O—(mPEG 7.5 KDa)

O 0
SDAB /\)k .
N g/\/\o L O— (mPEG 7.5 KDa)
O— (PEG 5 KDa)—
0

O—(PEG 5 KDa)—

—O— (mPEG 7.5 KDa)

L —O— (mPEG 7.5 KDa)



US 2012/0014975 Al

[0040] One exemplary embodiment of the modified SDAB
molecule is represented by the following formula:

O o}
SEQ ID NO: 1-Cys264—§ /\)k
N N/\/\O
o
0

[0041] The reactive group of the SDAB molecule is gener-
ally attached via a nucleophilic moiety attached to the SDAB
molecule. In some embodiments, the nucleophilic moiety is a
sulfur (e.g., asulfur from a cysteine residue). In other embodi-
ments, the nucleophilic moiety is a nitrogen (e.g., from a
terminal alpha-amino group or a nitrogen containing amino
acid side chain (e.g., an e-amino group from a lysine chain).
In other embodiments, the nucleophilic moiety is a C-termi-
nal group. The reactive group of the SDAB molecule is gen-
erally attached via an electrophilic moiety attached to the
linker. In some embodiments, the electrophilic moiety is a
carbonyl group (e.g., an activated ester or an aldehyde). In
some embodiments, the electrophilic moiety is a maleimide
group.

[0042] Inanotheraspect, the invention features a method of
making a modified SDAB molecule described herein. The
method includes: providing an SDAB molecule (e.g., obtain-
ing an SDAB molecule from a cell culture (e.g., a recombi-
nant cell culture)); and contacting the SDAB molecule (e.g.,
the single antigen binding domain, or a linker (e.g., a peptidic
linker attached thereto) with a linker moiety of formula (I)
wherein Y, X, W', W2 Z, R', R?, R?, m, n and p are as
described above, under conditions where at least one chemi-
cal bond is formed.

[0043] Insomeembodiments,Y is a bond. In some embodi-
ments, Y is pyrrolidine-2,5-dione. In some embodiments, Y is
C,_, alkylene substituted with 0-2 occurrences of R“. In some
embodiments, Y is C,_, alkylene substituted with 1 occur-
rence of R In some embodiments, Y is methylene substi-
tuted with 1 occurrence of R In some embodiments, R is
hydroxyl.

[0044] Insomeembodiments, X isabond. In some embodi-
ments, X is oxygen (O). In some embodiments, X is absent.

[0045] Insome embodiments, R* is (a).
[0046] Insome embodiments, R? is (g).
[0047] In some embodiments, W' is a bond. In some

embodiments, W' is NR*.
[0048] In some embodiments, W? is a bond. In some
embodiments, W? is NR*.

[0049] Insome embodiments, R* is hydrogen.

[0050] In some embodiments, Z is O, S or a bond.

[0051] In some embodiments, Z is O.

[0052] Insomeembodiments, R? is hydrogen.

[0053] In some embodiments, m is 0. In some embodi-
ments, m is 1.

[0054] Insomeembodiments,nisO.Insomeembodiments,

nis 2. In some embodiments, n is 3.

[0055] Insomeembodiments, p is 0. In some embodiments,
pis3.
[0056] Insomeembodiments, the SDAB moleculeis linked

via a cysteine residue.
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(mPEG 20 KDa).

(mPEG 20 KDa)

[0057] In some embodiments, the SDAB molecule is
reduced prior to treatment with a linker moiety of formula (I).
In some embodiments, the SDAB molecule is reduced to
eliminate disulfide bridges formed between cysteine resi-
dues.

[0058] In some embodiments, the linker of formula (I) is
linked to a PEG molecule represented by the following for-
mula:

O 0
N/\)I\I}\]I/\/\O

(mPEG 20 KDa).
o]

(mPEG 20 KDa)

[0059] Inoneembodiment,the modified SDAB moleculeis
represented by the following formula:

O 0
SDAB /\)l\
N g/\/\ o
—|:(mPEG 20 KDa).
e}

(mPEG 20 KDa)

[0060] Inanother aspect, the invention features a composi-
tion, e.g., a pharmaceutical composition, that includes a
modified SDAB molecule as described herein and a pharma-
ceutically acceptable carrier. The compositions can also
include a second agent, e.g., a second therapeutically or phar-
macologically active agent that is useful in treating a TNFa
associated disorder, e.g., inflammatory or autoimmune disor-
ders, including, but not limited to, rheumatoid arthritis (RA)
(e.g., moderate to severe rheumatoid arthritis), arthritic con-
ditions (e.g., psoriatic arthritis, polyarticular juvenile idio-
pathic arthritis (JIA), ankylosing spondylitis (AS), psoriasis,
ulcerative colitis, Crohn’s disease, inflammatory bowel dis-
ease, and/or multiple sclerosis.

[0061] In yet another aspect, the invention features a
method of ameliorating an inflammatory or autoimmune con-
dition in a subject. For example, a method of treating or
preventing in a subject (e.g., a human subject) a TNFa. asso-
ciated disorder, e.g., inflammatory or autoimmune disorders.
Examples of TNFa associated disorders include, but are not
limited to, rheumatoid arthritis (RA) (e.g., moderate to severe
rheumatoid arthritis), arthritic conditions (e.g., psoriatic
arthritis, polyarticular juvenile idiopathic arthritis (JIA)),
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ankylosing spondylitis (AS), psoriasis, ulcerative colitis,
Crohn’s disease, inflammatory bowel disease, and/or mul-
tiple sclerosis. The method includes administering to the sub-
ject, e.g., a human patient, a TNFo.-binding modified SDAB
molecule as described herein, alone or in combination with a
second therapeutically or pharmacologically active agent that
is useful in treating a TNFa associated disorder, in an amount
such that one or more of the symptoms of the TNFa. associ-
ated disorder are reduced.

[0062] Inone embodiment, the modified SDAB molecules
(e.g., the compositions containing the modified SDAB mol-
ecules) described herein are suitable for administration to a
subject, e.g., a human subject (e.g., a patient having a TNFa
associated disorder). The SDAB molecules can be adminis-
tered to the subject by injection (e.g., subcutaneous, intravas-
cular, intramuscular or intraperitoneal) or by inhalation.

[0063] In certain embodiments, the modified SDAB mol-
ecule and the second agent are administered in combination,
e.g., simultaneously or sequentially. In one embodiment, the
modified SDAB molecule and the second agent are adminis-
tered in the same composition, e.g., a pharmaceutical com-
position as described herein. In one embodiment, the second
agent is an anti-TNFo antibody molecule or TNFa binding
fragment thereof, wherein the second TNFa antibody binds
to a different epitope than the TNFa-binding modified SDAB
molecule described herein. Other non-limiting examples of
second agents that can be co-administered or co-formulated
with the TNFa-binding modified SDAB molecule include,
but are not limited to, a cytokine inhibitor, a growth factor
inhibitor, an immunosuppressant, an anti-inflammatory
agent, a metabolic inhibitor, an enzyme inhibitor, a cytotoxic
agent, and a cytostatic agent. In one embodiment, the addi-
tional agent is a standard treatment for arthritis, including, but
not limited to, non-steroidal anti-inflammatory agents
(NSAIDs); corticosteroids, including prednisolone, pred-
nisone, cortisone, and triamcinolone; and disease modifying
anti-rheumatic drugs (DMARD:s), such as methotrexate,
hydroxychloroquine (Plaquenil) and sulfasalazine, lefluno-
mide (Arava®), tumor necrosis factor inhibitors, including
etanercept (Enbrel®), infliximab (Remicade®) (with or with-
out methotrexate), and adalimumab (Humira®), anti-CD20
antibody (e.g., Rituxan®), soluble interleukin-1 receptor,
such as anakinra (Kineret®), gold, minocycline (Minocin®),
penicillamine, and cytotoxic agents, including azathioprine,
cyclophosphamide, and cyclosporine. Such combination
therapies may advantageously utilize lower dosages of the
administered therapeutic agents, thus avoiding possible tox-
icities or complications associated with the various mono-
therapies. Alternative combination of excipients and/or sec-
ond therapeutic agents can be identified and tested following
the guidance provided herein.

[0064] Inanotheraspect, the invention features a method of
evaluating a modified SDAB molecule, e.g., a modified
SDAB molecule as described herein. The method includes
administering a modified SDAB molecule as described herein
to a subject, e.g., a human subject (e.g., a patient having a
TNFa-associated disorder); and evaluating one or more phar-
macokinetic/pharmacodynamic (PK/PD) parameters of the
modified SDAB molecule. The SDAB molecules can be
administered to the subject by injection (e.g., subcutaneous,
intravascular, intramuscular or intraperitoneal) or by inhala-
tion.
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[0065] In a related aspect, the invention features a method
of evaluating or selecting a modified SDAB molecule (e.g., a
modified TNFa-binding SDAB molecule described herein).
The method includes:

[0066] providing a test value, e.g., a mean test value, for at
least one PK/PD parameter of SDAB molecule in a subject,
e.g., a human or animal subject; and

[0067] comparing the test value, e.g., mean test value, pro-
vided with at least one reference value, to thereby evaluate or
select the SDAB molecule.

[0068] In some embodiments, the step of providing a test
value includes obtaining a sample of the SDAB molecule,
e.g., a sample batch of an antibody cell culture and/or after
modification of the SDAB molecule, and testing for at least
one of the pharmacokinetic parameters described herein.
Methods disclosed herein can be useful from a process stand-
point, e.g., to monitor or ensure batch-to-batch consistency or
quality.

[0069] In certain embodiments, the method of evaluating
the modified SDAB molecule further includes: providing a
sample, e.g., a sample containing a modified SDAB mol-
ecule; and testing the sample in a capture detection assay, e.g.,
a protein detection or whole molecule detection assay
described herein in Example 11b. In one embodiment, the
sample is contacted with a target immobilized to a solid
support (e.g., a biotinylated target molecule associated with
bound streptavidin); the bound SDAB-target molecule com-
plex is detected using reagent, e.g., an antibody, that binds to
the protein moiety of the modified SDAB molecule. In such
assay format, the protein moiety of the modified SDAB mol-
ecule is detected. In other embodiments, the sample is con-
tacted with a target immobilized to a solid support (e.g., a
biotinylated target molecule associated with bound streptavi-
din); the bound SDAB-target molecule complex is detected
using reagent, e.g., an antibody, that binds to the polymer,
e.g., PEG, moiety of the modified SDAB molecule. In such
embodiments, the polymer (e.g., PEGylated) moiety of the
SDAB moleculeis detected. Preferably, detection of the poly-
mer (e.g., PEG) moiety captures the entire modified SDAB-
polymer conjugate, since the unconjugated SDAB molecule
is not detected.

[0070] The PK/PD parameter evaluated by the present
methods can be chosen from one or more of: an in vivo
concentration of the modified SDAB molecule (e.g., a con-
centration in blood, serum, plasma and/or tissue); clearance
of'the modified SDAB molecule (CL); volume distribution of
the modified SDAB molecule (V ,, or Vc¢); half-life of the
modified SDAB molecule (t, ,); bioavailability of the modi-
fied SDAB molecule; maximum blood, serum plasma, or
tissue concentration of the modified SDAB molecule; expo-
sure (AUC=area under the concentration-time curve) of the
modified SDAB molecule; tissue-to-serum, tissue-to-plasma,
or tissue-to-blood AUC or concentration ratio of the modified
SDAB molecule; urine concentrations of intact or degrada-
tion produce of the modified SDAB molecule; or free, bound,
and total target concentrations in serum, plasma, or tissues.
[0071] Inone embodiment, the one or more PK/PD param-
eters are evaluated at one, two, or more pre-determined time
intervals after administration of the modified SDAB molecule
to the subject. In one embodiment, at least one PK/PD param-
eter of the modified SDAB molecule is altered, e.g.,
improved, compared to a reference standard, e.g., the
unmodified SDAB molecule. For example, the modified
SDAB molecule has one or more of an increased half-life
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and/or bioavailability; different tissue distribution (e.g.,
localized to a different tissue or organ (e.g., the small or large
intestine), compared to the unmodified SDAB molecule. In
certain embodiments, the PK/PD parameters are used to pro-
vide a measure of efficacy value or suitability for treatment.
Other measures of efficacy including, but not limited, ame-
lioration of one or more symptoms, improved quality of life,
decrease in inflammatory markers, can additionally be per-
formed as part of the efficacy evaluation.

[0072] In some embodiments, the one or more PK/PD
parameters, efficacy value, or an indication of whether the
preselected efficacy standard is met, is/are recorded or memo-
rialized, e.g., in a computer readable medium. Such values or
indications of meeting pre-selected efficacy standard can be
listed on the product insert, a compendium (e.g., the U.S.
Pharmacopeia), or any other materials, e.g., labeling that may
be distributed, e.g., for commercial use, or for submission to
a U.S. or foreign regulatory agency.

[0073] In another aspect, the invention features a method
for detection, or a capture detection assay, e.g., a protein
detection or whole molecule detection assay described herein
in Example 11b. The method or assay includes: providing a
sample containing a modified SDAB molecule (e.g., obtain-
ing sample obtained from a subject at after administration of
an SDAB molecule); contacting the sample with a target (e.g.,
TNFa) immobilized to a solid support (e.g., a biotinylated
target molecule associated with bound streptavidin); detect-
ing the bound SDAB-target complex using reagent, e.g., an
antibody, that binds to the protein or polymer (e.g., PEG)
moiety of the modified SDAB molecule. In the assay format
where the reagent binds to the protein moiety of the SDAB
molecule, the protein moiety of the modified SDAB molecule
is detected. In assay formats where the reagent binds to the
PEG moiety of the modified SDAB molecule, the polymer
(e.g., PEGylated) moiety of the SDAB molecule is detected.
Preferably, detection of the PEG moiety captures the entire
modified SDAB-polymer conjugate, since the unconjugated
SDAB molecule is not detected.

[0074] In another aspect, the invention features a kit or an
article of manufacture that includes a device, a syringe, or a
vial containing the SDAB molecules or compositions
described herein. The kit or article may, optionally, include
instructions for use. In certain embodiments, the syringe or a
vial is composed of glass, plastic, or a polymeric material,
such as cyclic olefin polymer or copolymer. In other embodi-
ments, the formulation can be present in an injectable device
(e.g., an injectable syringe, e.g., a prefilled injectable
syringe). The syringe may be adapted for individual admin-
istration, e.g., as a single vial system including an autoinjec-
tor (e.g., a pen-injector device), and/or instructions for use. In
one embodiment, the injectable device is a prefilled pen or
other suitable autoinjectable device, optionally with instruc-
tion for use and administration.

[0075] In certain embodiments, the kit or article of manu-
facture (e.g., the prefilled pen or syringe with a single or
multiple dose unit) is provided to a subject, e.g., a patient or
a healthcare provider, prepackaged with instructions for
administration (e.g., self-administration) by injection (e.g.,
subcutaneous, intravascular, intramuscular, intraarticular, or
intraperitoneal).

[0076] In other embodiments, the invention features a
device for nasal, transdermal, intravenous administration of
the formulations described herein is provided. For example, a
transdermal patch for administration of the formulations
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described herein is provided. In yet other cases, an intrave-
nous bag for administration of the formulations described
herein is provided. In some embodiments, the intravenous
bag is provided with normal saline or 5% dextrose.

[0077] Inanother aspect, the invention features a method of
instructing a patient (e.g., a human patient) in need of a
modified SDAB molecule, e.g., a TNFa SDAB molecule,
how to administer the modified SDAB molecule or composi-
tion described herein. The method includes: (i) providing the
patient with at least one unit dose of the SDAB molecule
described herein; and (ii) instructing the patient to self-ad-
minister the at least one unit dose, e.g., by injection (e.g.,
subcutaneous, intravascular, intramuscular or intraperito-
neal). In one embodiment, the patient has a TNFa associated
disorder, e.g., inflammatory or autoimmune disorders as
described herein.

[0078] Inanother aspect, the invention features a method of
instructing a recipient on the administration of a modified
SDAB molecule described herein. The method includes
instructing the recipient (e.g., an end user, patient, physician,
retail or wholesale pharmacy, distributor, or pharmacy depart-
ment at a hospital, nursing home clinic or HMO) how the
formulation should be administered to a patient.

[0079] In another aspect, a method of distributing a modi-
fied SDAB molecule described herein is provided. The
method includes providing a recipient (e.g., an end user,
patient, physician, retail or wholesale pharmacy, distributor,
or pharmacy department at a hospital, nursing home clinic or
HMO) with a package containing sufficient unit dosages of
the SDAB molecule, to treat a patient for at least 6, 12, 24, or
36 months.

[0080] Inanother aspect, the invention features a method or
process of evaluating the quality of a package or lot of pack-
ages (e.g., to determine if it has expired) of a formulation
described herein containing a modified SDAB molecule
described herein The method includes evaluating whether the
package has expired. The expiration date is at least 6, 12, 24,
36, or 48 months, e.g., greater than 24 or 36 months, from a
preselected event, such as manufacturing, assaying, or pack-
aging. In some embodiments, a decision or step is taken as a
result of the analysis, e.g., the SDAB molecule in the package
is used or discarded, classified, selected, released or withheld,
shipped, moved to a new location, released into commerce,
sold, or offered for sale, withdrawn from commerce or no
longer offered for sale, depending on whether the product has
expired.

[0081] Inanother aspect, the invention features a method of
complying with a regulatory requirement, e.g., a post
approval requirement of a regulatory agency, e.g., the FDA.
The method includes providing an evaluation of an antibody
formulation for a parameter, as described herein. The post
approval requirement can include a measure of one more of
the above parameters. The method also includes, optionally,
determining whether the observed solution parameter meets a
preselected criteria or if the parameter is in a preselected
range; optionally, memorializing the value or result of the
analysis, or communicating with the agency, e.g., by trans-
mitting the value or result to the regulatory agency.

[0082] Inanother aspect, the invention features a method of
making a batch of a modified SDAB molecule, e.g., a TNFa
SDAB molecule, having a preselected property, e.g., meeting
a release specification, label requirement, or compendial
requirement, e.g., a property described herein. The method
includes providing a test sample containing the modified
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SDAB molecule; analyzing the test sample according to a
method described herein; determining if the test formulation
satisfies a preselected criteria, e.g., having a preselected rela-
tionship with a reference value, e.g., one or more reference
values disclosed herein, and selecting the test sample prepa-
ration to make a batch of product.

[0083] In another aspect, the invention features multiple
batches of a formulation of a modified SDAB molecule, e.g.,
a TNFa. SDAB molecule, wherein one or more parameters
(e.g., a value or solution parameter determined by a method
described herein), for each batch varies less than a preselected
range from a pre-selected desired reference value or criteria,
e.g., a range or criteria described herein. In some embodi-
ments, one or more parameters for one or more batches of
formulation, is determined and a batch or batches selected as
a result of the determination. Some embodiments include
comparing the results of the determination to a preselected
value or criteria, e.g., a reference standard. Other embodi-
ments include adjusting the dose of the batch to be adminis-
tered, e.g., based on the result of the determination of the
value or parameter.

[0084] All publications, patent applications, patents, and
other references mentioned herein are incorporated by refer-
ence in their entirety.

[0085] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, suitable methods and
materials are described below. In addition, the materials,
methods, and examples are illustrative only and not intended
to be limiting.

[0086] Other features and advantages of the invention will
be apparent from the detailed description, drawings, and from
the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0087] FIG. 1 is the amino acid sequence of SDAB-01
(SEQ ID NO:1). Bold CDRs correspond to the single antigen
binding domain building blocks, which each have the amino
acid sequence of amino acids 1-115 of SEQ ID NO:1. The
flexible linkers are shown in lower case. The engineered
C-terminal Cysteine supporting the site specific PEGylation
is shown in bold as well.

[0088] FIG. 2 is Poly Ethylene Glycol (PEG) used in mol-
ecule SDAB-01 (molecular weight 40,000; 2x20 kDa). The
PEG activated group is maleimide.

[0089] FIG. 3 is a schematic representation of SDAB-01.
[0090] FIG. 4A illustrates structures of a linear mPEG-
maleimide (Control 2), and two branched mPEG-maleimides
([SEQ ID NO:1]-PEG40 and SDAB-01). FIG. 4B is a scan
comparing the sizes of SDAB-01 and [SEQ ID NO:1]-
PEG40.

[0091] FIG. 5is a FACS (“fluorescence activated cell sort-
ing”) scan of cell surface staining of SDAB-01 on membrane
bound TNFa expressing CHO-TNF-D13 (pW2128) cells.
The cells were stained in sequence with SDAB-01, biotiny-
lated anti-PEG, and streptavidin-PE (gray fill) or mock
stained followed by streptavidin-PE (white fill).

[0092] FIG. 6 represents dose response curves of SDAB-01
in cytotoxicity assays with human or rhesus TNFo in com-
parison to un-PEGylated SDAB polypeptide Control 3 and a
Control 4.
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[0093] FIG. 7 represents TNFo. binding curves to SDAB-
01. Various concentrations of (a) human, (b) rhesus macaque,
(c) rat and (d) mouse ranging from 0.195 nM to 100 nM, and
(e) rabbit TNFo ranging from 0.195 to 400 nM were injected
over immobilized SDAB-01. Each data set is representative
of at least two independent experiments.

[0094] FIG. 8isa graph depicting the effect of SDAB-01 on
total white blood cell infiltrate in experiment 1 in the murine
air pouch model.

[0095] FIG.9isagraph depicting the effect of SDAB-01 on
neutrophil infiltration in experiment 1 in the murine air pouch
model.

[0096] FIG. 10 is a graph depicting the effect of SDAB-01
on total white blood cell infiltrate in experiment 2 in the
murine air pouch model.

[0097] FIG. 11 is a graph depicting the effect of SDAB-01
on neutrophil infiltration in experiment 2 in the murine air
pouch model.

[0098] FIG. 12 is a graph depicting the effect of SDAB-01
on total white blood cell infiltrate in experiment 3 in the
murine air pouch model.

[0099] FIG. 13 is a graph depicting the effect of SDAB-01
on neutrophil infiltration in experiment 3 in the murine air
pouch model.

[0100] FIG. 14 is a graph showing the body weight by week
in animals receiving treatment with SDAB-01 at 10,3, 1, 0.3,
0.1 mg/kg, control SDAB at 1 mg/kg, Infliximab at 10 and 3
mg/kg, control antibody at 10 mg/kg, or vehicle at 10 ml/kg
twice per week.

[0101] FIG. 15 a graph showing the mean disease severity
scores by week in animals receiving treatment with SDAB-01
at 10, 3, 1, 0.3, 0.1 mg/kg, control SDAB at 1 mg/kg, Inflix-
imab at 10 and 3 mg/kg, control antibody at 10 mg/kg, or
vehicle at 10 ml/kg twice per week.

[0102] FIG. 16 a graph showing disease severity at 7 weeks
post treatment in animals receiving SDAB-01 at 10,3, 1, 0.3,
0.1 mg/kg, control SDAB at 1 mg/kg, Infliximab at 10 and 3
mg/kg, control antibody at 10 mg/kg, or vehicle at 10 ml/kg
twice per week.

[0103] FIG. 17 is a graph showing microscopic group mean
severity scores at 7 weeks post treatment in animals receiving
SDAB-01 at 10, 3, 1, 0.3, 0.1 mg/kg, control SDAB at 1
mg/kg, Infliximab at 10 and 3 mg/kg, control antibody at 10
mg/kg, or vehicle at 10 ml/kg twice per week.

[0104] FIG. 18 is a graph showing the comparison of
microscopic group mean severity scores and disease severity
scores at 7 weeks post treatment in animals receiving SDAB-
01 at 10, 3, 1, 0.3, 0.1 mg/kg, control SDAB at 1 mg/kg,
Infliximab at 10 and 3 mg/kg, control antibody at 10 mg/kg, or
vehicle at 10 ml/kg twice per week.

[0105] FIG. 19 is a graph showing body weight by week in
animals receiving treatment with SDAB-01 at 10, 3, 1, 0.3,
0.1, 0.03 mg/kg, control SDAB at 1 mg/kg, Infliximab at 10
and 3 mg/kg, control antibody at 10 mg/kg, or vehicle at 10
ml/kg twice per week.

[0106] FIG. 20 is a graph showing mean disease severity
score by week in animals receiving treatment with SDAB-01
at 10, 3, 1, 0.3, 0.1, 0.03 mg/kg, control SDAB at 1 mg/kg,
Infliximab at 10 and 3 mg/kg, control antibody at 10 mg/kg, or
vehicle at 10 ml/kg twice per week.

[0107] FIG.21 is a graph showing disease severity scores at
7 weeks post treatment in animals receiving SDAB-01 at 10,
3,1,0.3, 0.1, 0.03 mg/kg, control SDAB at 1 mg/kg, Inflix-
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imab at 10 and 3 mg/kg, control antibody at 10 mg/kg, or
vehicle at 10 ml/kg twice per week.

[0108] FIG. 22 is a graph showing the microscopic group
mean severity scores post treatment with SDAB-01 at 10,3, 1,
0.3, 0.1, 0.03 mg/kg, control SDAB at 1 mg/kg, Infliximab at
10 and 3 mg/kg, control antibody at 10 mg/kg, or vehicle at 10
ml/kg twice per week.

[0109] FIG. 23 is a graph showing the comparison of
microscopic group mean severity scores and disease severity
scores at 7 weeks post treatment in animals receiving SDAB-
01at10,3,1,0.3,0.1, 0.03 mg/kg, control SDAB at 1 mg/kg,
Infliximab at 10 and 3 mg/kg, control antibody at 10 mg/kg, or
vehicle at 10 ml/kg twice per week.

[0110] FIG. 24 is a graph depicting mean (+SD) serum
concentration-time profiles of SDAB-01 in male cynomol-
gous monkeys after single IV or SC administration of 3
mg/kg.

[0111] FIG. 25 is a graph depicting mean (+SD) dose-
normalized serum concentrations of PEGylated TNFa SDAB
polypeptide after a single IV dose to mice, rats, or cynomol-
gous monkeys. TNFa SDAB polypeptide 2x20 kDa PEG
(filled circles), TNFa SDAB polypeptide 4x10 kDa PEG
(open circles), or TNFa. SDAB polypeptide 1x40 kDa PEG
(filled triangles) were administered a single IV bolus dose to
B6CBAF1/] mice (A; 2 mg/kg for the 2x20 kDa PEG conju-
gate and 3 mg/kg for the other two conjugates); Sprague-
Dawley rats (B; 2 mg/kg), or cynomolgous monkeys (C; 3
mg/kg). For the mouse and monkey PK studies (A and C),
unlabeled test articles were used, while for the rat PK studies
(B), 1251-1abeled test articles were used. Non-serial sampling
was used for mice (n=3 per time point) and serial sampling
was used for rat (n=5-7 per compound) and monkeys (n=3 per
compound). Serum concentrations were determined by the
specific immunoassays (mice and monkeys; in ng/mL) or
gamma-counting (rats; in ng eq./mL). In life duration was 14,
24, and 56-62 days for mice, rats, and monkeys, respectively.
Individual animal concentration values below the limit of
quantitation (LOQ) were treated as zero for the calculations
of'the mean and SD. Data show mean (+SD) dose-normalized
concentrations at each time point (i.e. for 1 mg/kg dose). Data
points with the mean serum concentrations of 0 ng/mL (i.e.
below the LOQ for all animals) are not shown on the loga-
rithmic scale.

[0112] FIG. 26 is a graph showing the mean tissue and
serum exposures (AUCO-168 hr) of 1251-labeled PEGylated
TNFa SDAB polypeptides after a single 0.3 mg/kg IV dose to
mice. BOCBAF1/] mice were administered a single 0.3 mg/kg
IV bolus dose of 125I-labeled TNFa SDAB molecule
branched 2x20 kDa PEG (black bars) or TNFa SDAB mol-
ecule linear 40 kDa PEG (gray bars). Serum and tissue
samples (n=8-12 per time point) were collected over the 7
days (168 hr) and radioactive equivalent (RE) concentrations
in tissue and serum were determined by gamma-counting.
AUCO0-168 hr (area under the concentration-time curve from
time 0 to 168 hr). in serum (in pgxeq./mL) and in each tissue
(ugxeq./g) were determined by non-compartmental analysis
using the sparse sampling method and the 95% confidence
interval (95% Cl, the error bars on the graph) was calculated
using the standard error of the mean. Star (*) indicates statis-
tically significant difference (p<0.05) in AUCO0-168 hr
between the two constructs.

[0113] FIG. 27 is a graph showing cation exchange high
performance liquid chromatography (CEX-HPLC) profiles
of PEGylated TNFa. SDAB polypeptides. The protein con-
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centration of each material was adjusted to 1.0 mg/ml with
formulation buffer and 10 pl. was injected onto a Dionex
ProPac WCX-10 column. Mobile phase A was 10 mM ammo-
nium formate, pH 4.0. Mobile phase B was 10 mM ammo-
nium formate, 500 mM sodium chloride, pH 4.0. Protein
conjugates were eluted at a flow rate of 0.75 mL/min with a
linear gradient of sodium chloride (0-40% B in 40 min).
Absorbance at 280 nm was monitored.

[0114] FIG. 28 is a graph showing size exclusion high
performance liquid chromatography with multi-angle light
scattering (SEC-MALS) profiles of PEGylated TNFo. SDAB
polypeptides. TNFa SDAB polypeptide 2x20 kDa PEG
(dashed line), TNFo. SDAB polypeptide 4x10 kDa PEG (dot-
ted line), or TNFo. SDAB polypeptide 1x40 kDa PEG (solid
line) were diluted to 2.0 mg/mL and 100 pl of each sample
was injected over a Superose 6 mobile phase column held at
30° C. Retention time (lines), total mass (filled circles), PEG
mass (open triangles), and protein mass (x) were determined
using ASTRA V v5.3.4.14 from Wyatt Technologies.

[0115] FIG. 29 is a graph showing the determination of
hydrodynamic radii (Rh) and root mean squared radii (RMS
orRg). TNFa SDAB polypeptide 2x20 kDa PEG (dashed line
and open squares), TNFa. SDAB polypeptide 4x10 kDa PEG
(green line and symbols), or TNFa SDAB polypeptide 1x40
kDa PEG (dotted line and open triangles) were diluted to 2.0
mg/mL and 100 pL. of each sample was injected over a Super-
ose 6 column mobile phase held at 30° C. Retention times
(solid lines and filled circles), Rh (A) and RMS (B) analysis
was performed using ASTRA V v5.3.4.14 from Wyatt Tech-
nologies.

[0116] FIG. 30 is a graph showing the ADCC activity of
Control 1, Control 2, Control 3, and a control IgG1 antibody
were compared with SDAB-01 using CSFE labeled CHO-
TNFD13 (pW2128) cells as targets and human NK cells as
effectors. % ADCC activity values are calculated as the % of
target cells that are 7AAD+. The values plotted are the %
7AAD#+ target cells with the test agents minus the %7AAD+
target cells in the presence of the effectors cell only. This plot
is representative of four individual ADCC assays performed
that demonstrated no ADCC activity for SDAB-01.

[0117] FIG. 31 is a graph showing the CDC activity of
Control 1, Control 2, Control 3, and a control IgG1 antibody
were compared with SDAB-01 on the CHO-TNF-D13
(pW2128) line in vitro in the presence of baby rabbit comple-
ment. Cytotoxicity was assessed by the uptake of 7AAD by
dead cells, values plotted are % of 7TAAD+ cells with the test
and control subtracted from % of 7AAD+ cells in the pres-
ence of complement only. The samples were run in duplicates
for adalimumab, infliximab and SDAB-01. This plot is rep-
resentative of three individual assays performed that demon-
strated no CDC activity for SDAB-01.

DETAILED DESCRIPTION

[0118] The invention relates to modified single domain
antigen binding molecules (also referred to herein as “SDAB
molecules.” The modified SDAB molecule can include one or
more single antigen binding domains that interact with, e.g.,
bind to, one or more targets. In one embodiment, one or more
of the single antigen binding domains of the modified SDAB
molecule bind to tumor necrosis factor-alpha (TNFa). The
SDAB molecule can be modified to increase its biological
properties in vivo. For example, the SDAB molecule can be
modified to improve one or more of: increased half life;
reduced immunogenicity; or improve at least one pharmaco-
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kinetic/pharmacodynamic (PK/PD) parameter, compared to
the unmodified SDAB molecule. In one embodiment, the
modified SDAB molecule includes one or more polymer mol-
ecules, such as poly(ethyleneglycol) (PEG) or a derivative
thereof. The modified SDAB molecules are useful, e.g., for
administration to a subject, e.g., a human. Methods of pre-
paring and using the modified SDAB molecules to treat or
prevent TNFa-associated disorders are also disclosed.
[0119] In order that the present invention may be more
readily understood, certain terms are first defined. Additional
definitions are set forth throughout the detailed description.
[0120] As usedherein, the articles “a” and “an” refer to one
or to more than one (e.g., to at least one) of the grammatical
object of the article.

[0121] The term “or” is used herein to mean, and is used
interchangeably with, the term “and/or,” unless context
clearly indicates otherwise.

[0122] The terms “proteins” and “polypeptides” are used
interchangeably herein.

[0123] “About” and “approximately” shall generally mean
an acceptable degree of error for the quantity measured given
the nature or precision of the measurements. Exemplary
degrees of error are within 20 percent (%), typically within
10%, and more typically within 5% of a given value or range
of values.

[0124] Inthe contextofnucleotide sequence, the term “sub-
stantially identical” is used herein to refer to a first nucleic
acid sequence that contains a sufficient or minimum number
of nucleotides that are identical to aligned nucleotides in a
second nucleic acid sequence such that the first and second
nucleotide sequences encode a polypeptide having common
functional activity, or encode a common structural polypep-
tide domain or a common functional polypeptide activity. For
example, nucleotide sequences having at least about 85%,
90%. 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identity to a reference sequence.

[0125] Also included as polypeptides of the present inven-
tion are fragments, derivatives, analogs, or variants of the
foregoing polypeptides, and any combination thereof. The
terms “fragment,” “variant,” “derivative” and “analog” when
referring to proteins of the present invention include any
polypeptides which retain at least some of the functional
properties of the corresponding native antibody or polypep-
tide. Fragments of polypeptides of the present invention
include proteolytic fragments, as well as deletion fragments,
in addition to specific antibody fragments discussed else-
where herein. Variants of the polypeptides of the present
invention include fragments as described above, and also
polypeptides with altered amino acid sequences due to amino
acid substitutions, deletions, or insertions. Variants may
occur naturally or be non-naturally occurring. Non-naturally
occurring variants may be produced using art-known
mutagenesis techniques. Variant polypeptides may comprise
conservative or non-conservative amino acid substitutions,
deletions or additions. Derivatives of the fragments of the
present invention are polypeptides which have been altered so
as to exhibit additional features not found on the native
polypeptide. Examples include fusion proteins. Variant
polypeptides may also be referred to herein as “polypeptide
analogs.” As used herein a “derivative” ofa polypeptide refers
to a subject polypeptide having one or more residues chemi-
cally derivatized by reaction of a functional side group. Also
included as “derivatives™ are those polypeptides which con-
tain one or more naturally occurring amino acid derivatives of
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the twenty standard amino acids. For example, 4-hydrox-
yproline may be substituted for proline; 5-hydroxylysine may
be substituted for lysine; 3-methylhistidine may be substi-
tuted for histidine; homoserine may be substituted for serine;
and ornithine may be substituted for lysine.

[0126] Theterm “functional variant” refers to polypeptides
that have a substantially identical amino acid sequence to the
naturally-occurring sequence, or are encoded by a substan-
tially identical nucleotide sequence, and are capable of hav-
ing one or more activities of the naturally-occurring
sequence.

[0127] Calculations of homology or sequence identity
between sequences (the terms are used interchangeably
herein) are performed as follows.

[0128] To determine the percent identity of two amino acid
sequences, or of two nucleic acid sequences, the sequences
are aligned for optimal comparison purposes (e.g., gaps can
be introduced in one or both of a first and a second amino acid
or nucleic acid sequence for optimal alignment and non-
homologous sequences can be disregarded for comparison
purposes). In a typical embodiment, the length of a reference
sequence aligned for comparison purposes is at least 30%, at
least 40%, at least 50% or 60%, or at least 70%, 80%, 90%, or
100% of the length of the reference sequence. The amino acid
residues or nucleotides at corresponding amino acid positions
or nucleotide positions are then compared. When a position in
the first sequence is occupied by the same amino acid residue
or nucleotide as the corresponding position in the second
sequence, then the molecules are identical at that position (as
used herein amino acid or nucleic acid “identity” is equivalent
to amino acid or nucleic acid “homology”).

[0129] The percent identity between the two sequences is a
function of the number of identical positions shared by the
sequences, taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal
alignment of the two sequences.

[0130] The comparison of sequences and determination of
percent identity between two sequences can be accomplished
using a mathematical algorithm. In one embodiment, the
percent identity between two amino acid sequences is deter-
mined using the Needleman and Wunsch ((1970)J. Mol. Biol.
48:444-453) algorithm which has been incorporated into the
GAP program in the GCG software package (available on the
worldwide web at gcg dot com), using either a Blossum 62
matrix or a PAM250 matrix, and a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length weight of 1, 2,3, 4, 5, or 6. In yet
another embodiment, the percent identity between two nucle-
otide sequences is determined using the GAP program in the
GCG software package (available on the worldwide web at
geg dot com), using a NWSgapdna.CMP matrix and a gap
weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3,
4, 5, or 6. One typical set of parameters (and the one that
should be used unless otherwise specified) are a Blossum 62
scoring matrix with a gap penalty of 12, a gap extend penalty
of'4, and a frameshift gap penalty of 5.

[0131] The percent identity between two amino acid or
nucleotide sequences can be determined using the algorithm
of E. Meyers and W. Miller ((1989) CABIOS, 4:11-17) which
has been incorporated into the ALIGN program (version 2.0),
using a PAM120 weight residue table, a gap length penalty of
12 and a gap penalty of 4.

[0132] The nucleic acid and protein sequences described
herein can be used as a “query sequence” to perform a search
against public databases to, for example, identify other family
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members or related sequences. Such searches can be per-
formed using the NBLAST and XBLAST programs (version
2.0) of Altschul, et al. (1990) J Mol. Biol. 215:403-10.
BLAST nucleotide searches can be performed with the
NBLAST program, score=100, wordlength=12 to obtain
nucleotide sequences homologous to a nucleic acid mol-
ecules featured in the invention. BLAST protein searches can
be performed with the XBLAST program, score=50,
wordlength=3 to obtain amino acid sequences homologous to
a protein (SEQ ID NO:1) molecule featured in the invention.
To obtain gapped alignments for comparison purposes,
Gapped BLAST can be utilized as described in Altschul et al.,
(1997) Nucleic Acids Res. 25:3389-3402. When utilizing
BLAST and Gapped BLAST programs, the default param-
eters of the respective programs (e.g., XBLAST and
NBLAST) can be used.

[0133] A “conservative amino acid substitution” is one in
which the amino acid residue is replaced with an amino acid
residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined in the
art. These families include amino acids with basic side chains
(e.g., lysine, arginine, histidine), acidic side chains (e.g.,
aspartic acid, glutamic acid), uncharged polar side chains
(e.g., glycine, asparagine, glutamine, serine, threonine,
tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryp-
tophan), beta-branched side chains (e.g., threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine, phenyla-
lanine, tryptophan, histidine).

[0134] Various aspects of the invention are described in
further detail below.

Single Domain Antigen Binding (SDAB) Molecules

[0135] Single domain antigen binding (SDAB) molecules
include molecules whose complementary determining
regions are part of a single domain polypeptide. Examples
include, but are not limited to, heavy chain variable domains,
binding molecules naturally devoid of light chains, Nanobod-
ies™, single domains derived from conventional 4-chain
antibodies, engineered domains and single domain scaffolds
other than those derived from antibodies. SDAB molecules
may be any of'the art, or any future single domain molecules.
SDAB molecules may be derived from any species including,
but not limited to mouse, human, camel, llama, fish, shark,
goat, rabbit, and bovine. This term also includes naturally
occurring single domain antibody molecules from species
other than Camelidae and sharks.

[0136] In one aspect, an SDAB molecule can be derived
from a variable region of the immunoglobulin found in fish,
such as, for example, that which is derived from the immu-
noglobulin isotype known as Novel Antigen Receptor (NAR)
found in the serum of shark. Methods of producing single
domain molecules derived from a variable region of NAR
(“IgNARs”) are described in WO 03/014161 and Streltsov
(2005) Protein Sci. 14:2901-2909.

[0137] According to another aspect, an SDAB molecule is
a naturally occurring single domain antigen binding molecule
known as heavy chain devoid of light chains. Such single
domain molecules are disclosed in WO 9404678 and Hamers-
Casterman, C. etal. (1993) Nature 363:446-448, for example.
For clarity reasons, this variable domain derived from a heavy
chain molecule naturally devoid of light chain is known
herein as a VHH or Nanobody™ to distinguish it from the
conventional VH of four chain immunoglobulins. Such a
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VHH molecule can be derived from Camelidae species, for
example in camel, llama, dromedary, alpaca and guanaco.
Other species besides Camelidae may produce heavy chain
molecules naturally devoid of light chain; such VHHs are
within the scope of the invention.

[0138] The SDAB molecules can be recombinant, CDR-
grafted, humanized, camelized, de-immunized and/or in vitro
generated (e.g., selected by phage display), as described in
more detail below.

[0139] The term “antigen-binding” is intended to include
the part of a polypeptide, e.g., a single domain molecule
described herein, that comprises determinants that form an
interface that binds to a target antigen, or an epitope thereof.
With respect to proteins (or protein mimetics), the antigen-
binding site typically includes one or more loops (of at least
four amino acids or amino acid mimics) that form an interface
that binds to the target antigen. Typically, the antigen-binding
site of the polypeptide, e.g., the single domain antibody mol-
ecule, includes at least one or two CDRs, or more typically at
least three, four, five, or six CDRs.

[0140] Theterm “immunoglobulin variable domain” is fre-
quently understood in the art as being identical or substan-
tially identical to a VL or a VH domain of human or animal
origin. It shall be recognized that immunoglobulin variable
domain may have evolved in certain species, e.g., sharks and
llama, to differ in amino acid sequence from human or mam-
malian VL or VH. However, these domains are primarily
involved in antigen binding. The term “immunoglobulin vari-
able domain” typically includes at least one or two CDRs, or
more typically at least three CDRs.

[0141] A “constant immunoglobulin domain” or “constant
region” is intended to include an immunoglobulin domain
that is identical to or substantially similar to a CL, CH1, CH2,
CH3, or CH4, domain of human or animal origin. See e.g.
Charles A Hasemann and J. Donald Capra, Immunoglobulins:
Structure and Function, in William E. Paul, ed., Fundamental
Immunology, Second Edition, 209, 210-218 (1989). The term
“Fc region” refers to the Fc portion of the constant immuno-
globulin domain that includes immunoglobulin domains CH2
and CH3 or immunoglobulin domains substantially similar to
these.

[0142] In certain embodiments, the SDAB molecule is a
monovalent, or a multispecific molecule (e.g., a bivalent,
trivalent, or tetravalent molecule). In other embodiments, the
SDAB molecule is a monospecific, bispecific, trispecific or
tetraspecific molecule. Whether a molecule is “monospe-
cific” or “multispecific,” e.g., “bispecific,” refers to the num-
ber of different epitopes with which a binding polypeptide
reacts. Multispecific molecules may be specific for different
epitopes of a target polypeptide described herein or may be
specific for a target polypeptide as well as for a heterologous
epitope, such as a heterologous polypeptide or solid support
material.

[0143] Asusedherein the term “valency” refers to the num-
ber of potential binding domains, e.g., antigen binding
domains, present in an SDAB molecule. Each binding
domain specifically binds one epitope. When an SDAB mol-
ecule comprises more than one binding domain, each binding
domain may specifically bind the same epitope, for an anti-
body with two binding domains, termed “bivalent monospe-
cific,” or to different epitopes, for an SDAB molecule with
two binding domains, termed “bivalent bispecific.” An SDAB
molecule may also be bispecific and bivalent for each speci-
ficity (termed “bispecific tetravalent molecules™). Bispecific
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bivalent molecules, and methods of making them, are
described, for instance in U.S. Pat. Nos. 5,731,168; 5,807,
706; 5,821,333; and U.S. Appl. Publ. Nos. 2003/020734 and
2002/0155537, the disclosures of all of which are incorpo-
rated by reference herein. Bispecific tetravalent molecules,
and methods of making them are described, for instance, in
WO 02/096948 and WO 00/44788, the disclosures of both of
which are incorporated by reference herein. See generally,
PCT publications WO 93/17715; WO 92/08802; WO
91/00360; WO 92/05793; Tutt et al., J. Immunol. 147:60-69
(1991); U.S. Pat. Nos. 4,474,893; 4,714,681; 4,925,648,
5,573,920, 5,601,819; Kostelny et al., J. Immunol. 148:1547-
1553 (1992).

[0144] In certain embodiments, the SDAB molecule is a
single chain fusion polypeptide comprising one or more
single domain molecules devoid of a complementary variable
domain or an immunoglobulin constant, e.g., Fc, region, that
binds to one or more target antigens. An exemplary target
antigen recognized by the antigen-binding polypeptides
includes tumor necrosis factor o (TNFa). In certain embodi-
ment, the antigen-binding single domain molecule is modi-
fied by associating, e.g., covalently attaching, the domain to a
PEG, e.g., a branched PEG molecule.

TNFa

[0145] Tumor necrosis factor alpha is known in the art to be
associated with inflammatory disorders such as rheumatoid
arthritis, Crohn’s disease, ulcerative colitis and multiple scle-
rosis. Both TNFa and the receptors (CD120a and CD120b)
have been studied in great detail. TNFa in its bioactive form
is a trimer. Several strategies to antagonize the action of
TNFa using anti-TNFa antibodies have been developed and
are currently commercially available, such as Remicade®
and Humira®. Antibody molecules against TNFo are known.
Numerous examples of TNFa-binding single domain antigen
binding molecules are disclosed in WO 2004/041862, WO
2004/041865, WO 2006/122786, the contents of all of which
are incorporated by reference herein in their entirety. Addi-
tional examples of single domain antigen binding molecules
are disclosed in US 2006/286066, US 2008/0260757, WO
06/003388, US05/0271663, US 06/0106203, the contents of
all of which are incorporated by reference herein in their
entirety. In other embodiments, mono-, bi-, tri- and other
multi-specific single domain antibodies against TNFou and a
PEG.

[0146] As used herein, the terms “TNE)” “TNFa”, and
“TNF-alpha” are interchangeable and carry the same mean-
ing.

[0147] Inspecific embodiments, the TNFa-binding SDAB
molecule comprises one or more of the SDAB molecules
disclosed in Table 11 herein and in WO 2006/122786. For
example, the TNFa-binding SDAB molecule can be a
monovalent, bivalent, trivalent TNFa-binding SDAB mol-
ecule disclosed in WO 2006/122786. Exemplary TNFo-bind-
ing SDAB molecules include, but are not limited to, TNF1,
TNF2, TNF3, humanized forms thereof (e.g., TNF29,
TNF30, TNF31, TNF32, TNF33). Additional examples of
monovalent TNFo-binding SDAB molecules are disclosed in
Table 8 of WO 2006/122786. Exemplary bivalent TNFa.-
binding SDAB molecules include, but are not limited to,
TNFS55 and TNF56, which comprise two TNF30 SDAB mol-
ecules linked via a peptide linker to form a single fusion
polypeptide (disclosed in WO 2006/122786). Additional
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examples of bivalent TNFa-binding SDAB molecules are
disclosed in Table 19 of WO 2006/122786 as TNF4, TNFS5,
TNF6, TNF7, TNFES).

[0148] In other embodiments, two or more of the single
antigen binding domains of the SDAB molecules are fused,
with or without a linking group, as a genetic or a polypeptide
fusion. The linking group can be any linking group apparent
to those of skill in the art. For instance, the linking group can
be a biocompatible polymer with a length of 1 to 100 atoms.
In one embodiment, the linking group includes or consists of
polyglycine, polyserine, polylysine, polyglutamate, polyiso-
leucine, or polyarginine residues, or a combination thereof.
For example, the polyglycine or polyserine linkers can
include at least five, seven eight, nine, ten, twelve, fifteen,
twenty, thirty, thirty-five and forty glycine and serine resi-
dues. Exemplary linkers that can be used include Gly-Ser
repeats, for example, (Gly),-Ser (SEQ ID NO:8) repeats of at
one, two, three, four, five, six, seven or more repeats. In some
embodiments, the linker has the following sequences: (Gly)
4-Ser-(Gly);-Ser (SEQ ID NO:9) or ((Gly),-Ser),, (SEQ ID
NO:10), wheren is 4, 5, or 6.

[0149] In one exemplary embodiment, an antigen-binding
polypeptide composed of a single chain polypeptide fusion of
two single domain antibody molecules (e.g., two camelid
variable regions) that bind to a target antigen, e.g., tumor
necrosis factor alpha (TNFa.), and a branched PEG molecule
was shown to have a dose dependent therapeutic effect on
established arthritis in a transgenic mouse model. SDAB-01
is a humanized, bivalent, bi-specific, TNFo-inhibiting fusion
protein. The antigen for this protein is tumor necrosis factor-
alpha (TNFa).

[0150] The complete amino acid sequence of the SDAB-01
polypeptide chain predicted from the DNA sequence of the
corresponding expression vector is shown in FIG. 1 (residues
are numbered starting with the NH,-terminus as Residue
Number 1 of SEQ ID NO:1). The last amino acid residue
encoded by the DNA sequence is C>°* and constitutes the
COOH-terminus of the protein. The predicted molecular
mass for disulfide-bonded SDAB-01 (with no posttransla-
tional modifications) is about 27000 Da. The molecular mass
observed for the predominant isoform by nanoelectrospray
ionization quadrupole time-of-flight mass spectrometry cor-
responds to 67000 Da confirming the absence of post-trans-
lational modifications. The specific biochemical characteris-
tics are as follows: 264 amino acids, 27,365 Da in molecular
weight, PI=8.67 and UV=Ec=1.83 at 280 nm.

[0151] In FIG. 1, complementarity determining regions
(CDR) are in bold. The amino acid linkers connecting these
binding domains are in lower case.

Preparation of SDAB Molecules

[0152] The SDAB molecules may be comprised of one or
more single domain molecules that are recombinant, CDR-
grafted, humanized, camelized, de-immunized, and/or in
vitro generated (e.g., selected by phage display). Techniques
for generating antibodies and SDAB molecules, and modify-
ing them recombinantly are known in the art and are
described in detail below.

[0153] Numerous methods known to those skilled in the art
are available for obtaining antibodies. For example, mono-
clonal antibodies may be produced by generation of hybrido-
mas in accordance with known methods. Hybridomas formed
in this manner are then screened using standard methods,
such as enzyme-linked immunosorbent assay (ELISA) and
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surface plasmon resonance (BIACORE™) analysis, to iden-
tify one or more hybridomas that produce a SDAB molecule
that specifically binds with a specified antigen. Any form of
the specified antigen may be used as the immunogen, e.g.,
recombinant antigen, naturally occurring forms, any variants
or fragments thereof, as well as antigenic peptide thereof.
[0154] One exemplary method of making antibodies and
SDAB molecules includes screening protein expression
libraries, e.g., phage or ribosome display libraries. Phage
display is described, for example, in Ladner et al., U.S. Pat.
No. 5,223,409; Smith (1985) Science 228:1315-1317; WO
92/18619; WO 91/17271; WO 92/20791; WO 92/15679; WO
93/01288; WO 92/01047; WO 92/09690; and WO 90/02809.
[0155] In addition to the use of display libraries, the speci-
fied antigen can be used to immunize a non-human animal,
e.g., a rodent, e.g., a mouse, hamster, or rat. In one embodi-
ment, the non-human animal includes at least a part of a
human immunoglobulin gene. For example, it is possible to
engineer mouse strains deficient in mouse antibody produc-
tion with large fragments of the human Ig loci. Using the
hybridoma technology, antigen-specific monoclonal antibod-
ies derived from the genes with the desired specificity may be
produced and selected. See, e.g., XENOMOUSE™, Green et
al. (1994) Nature Genetics 7:13-21, US 2003-0070185, WO
96/34096, published Oct. 31, 1996, and PCT Application No.
PCT/US96/05928, filed Apr. 29, 1996.

[0156] In another embodiment, an SDAB molecule is
obtained from the non-human animal, and then modified, e.g.,
humanized, deimmunized, chimeric, may be produced using
recombinant DNA technmiques known in the art. A variety of
approaches for making chimeric antibodies and SDAB mol-
ecules have been described. See e.g., Morrison et al., Proc.
Natl. Acad. Sci. U.S.A. 81:6851, 1985; Takeda et al., Nature
314:452,1985, Cabilly et al., U.S. Pat. No. 4,816,567; Boss et
al.,, U.S. Pat. No. 4,816,397; Tanaguchi et al., European Patent
Publication EP171496; FEuropean Patent Publication
0173494, United Kingdom Patent GB 2177096B. Human-
ized antibodies and SDAB molecules may also be produced,
for example, using transgenic mice that express human heavy
and light chain genes, but are incapable of expressing the
endogenous mouse immunoglobulin heavy and light chain
genes. Winter describes an exemplary CDR-grafting method
that may be used to prepare the humanized antibodies and
SDAB molecule described herein (U.S. Pat. No. 5,225,539).
All of the CDRs of a particular human antibody may be
replaced with at least a portion of a non-human CDR, or only
some of the CDRs may be replaced with non-human CDRs. It
is only necessary to replace the number of CDRs required for
binding of the humanized antibody and SDAB molecule to a
predetermined antigen.

[0157] Humanized antibodies can be generated by replac-
ing sequences of the Fv variable domain that are not directly
involved in antigen binding with equivalent sequences from
human Fv variable domains. Exemplary methods for gener-
ating humanized antibodies or fragments thereof are provided
by Morrison (1985) Science 229:1202-1207; by Oi et al.
(1986) BioTechniques 4:214; and by U.S. Pat. No. 5,585,089;
U.S. Pat. No. 5,693,761; U.S. Pat. No. 5,693,762; U.S. Pat.
No. 5,859,205, and U.S. Pat. No. 6,407,213. Those methods
include isolating, manipulating, and expressing the nucleic
acid sequences that encode all or part of immunoglobulin Fv
variable domains from at least one of a heavy or light chain.
Such nucleic acids may be obtained from a hybridoma pro-
ducing an SDAB molecule against a predetermined target, as
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described above, as well as from other sources. The recom-
binant DNA encoding the humanized SDAB molecule can
then be cloned into an appropriate expression vector.

[0158] In certain embodiments, a humanized SDAB mol-
ecule is optimized by the introduction of conservative substi-
tutions, consensus sequence substitutions, germline substitu-
tions and/or backmutations. Such altered immunoglobulin
molecules can be made by any of several techniques known in
the art, (e.g., Teng et al., Proc. Natl. Acad. Sci. U.S.4., 80:
7308-7312, 1983; Kozbor et al., Immunology Today, 4: 7279,
1983; Olssonetal., Meth. Enzymol., 92: 3-16, 1982), and may
be made according to the teachings of PCT Publication
W092/06193 or EP 0239400).

[0159] Techniques for humanizing SDAB molecules are
disclosed in WO 06/122786.

[0160] An SDAB molecule may also be modified by spe-
cific deletion of human T cell epitopes or “deimmunization”
by the methods disclosed in WO 98/52976 and WO 00/34317.
Briefly, the heavy and light chain variable domains of a SDAB
molecule can be analyzed for peptides that bind to MHC
Class 1I; these peptides represent potential T-cell epitopes (as
defined in WO 98/52976 and WO 00/34317). For detection of
potential T-cell epitopes, a computer modeling approach
termed “peptide threading” can be applied, and in addition a
database of human MHC class II binding peptides can be
searched for motifs present in the V,, and V; sequences, as
described in WO 98/52976 and WO 00/34317. These motifs
bind to any of the 18 major MHC class II DR allotypes, and
thus constitute potential T cell epitopes. Potential T-cell
epitopes detected can be eliminated by substituting small
numbers of amino acid residues in the variable domains, or by
single amino acid substitutions. Typically, conservative sub-
stitutions are made.

[0161] Often, but notexclusively, an amino acid common to
a position in human germline antibody sequences may be
used. Human germline sequences, e.g., are disclosed in Tom-
linson, et al. (1992) J. Mol. Biol. 227:776-798; Cook, G. P. et
al. (1995) Immunol. Today Vol. 16 (5): 237-242; Chothia, D.
etal. (1992)J. Mol. Biol. 227:799-817; and Tomlinson et al.
(1995) EMBO . 14:4628-4638. The V BASE directory pro-
vides a comprehensive directory of human immunoglobulin
variable region sequences (compiled by Tomlinson, I. A. et al.
MRC Centre for Protein Engineering, Cambridge, UK).
These sequences can be used as a source of human sequence,
e.g., for framework regions and CDRs. Consensus human
framework regions can also be used, e.g., as described in U.S.
Pat. No. 6,300,064.

Production of SDAB Molecules

[0162] The SDAB molecules can be produced by living
host cells that have been genetically engineered to produce
the protein. Methods of genetically engineering cells to pro-
duce proteins are well known in the art. See e.g. Ausabel etal.,
eds. (1990), Current Protocols in Molecular Biology (Wiley,
New York). Such methods include introducing nucleic acids
that encode and allow expression of the protein into living
host cells. These host cells can be bacterial cells, fungal cells,
or animal cells grown in culture. Bacterial host cells include,
but are not limited to, Escherichia coli cells. Examples of
suitable E. coli strains include: HB101, DH5a, GM2929,
IM109, KW251, NM538, NM539, and any E. coli strain that
fails to cleave foreign DNA. Fungal host cells that can be used
include, but are not limited to, Saccharomyces cerevisiae,
Pichia pastoris and Aspergillus cells. A few examples of
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animal cell lines that can be used are CHO, VERO, BHK,
HeLa, Cos, MDCK, 293, 3T3, and WI38. New animal cell
lines can be established using methods well know by those
skilled in the art (e.g., by transformation, viral infection,
and/or selection). Optionally, the protein can be secreted by
the host cells into the medium.

[0163] Insome embodiments, the SDAB molecules can be
produced in bacterial cells, e.g., E. coli cells. For example, if
the Fab is encoded by sequences in a phage display vector that
includes a suppressible stop codon between the display entity
and a bacteriophage protein (or fragment thereof), the vector
nucleic acid can be transferred into a bacterial cell that cannot
suppress a stop codon. In this case, the Fab is not fused to the
gene III protein and is secreted into the periplasm and/or
media.

[0164] The SDAB molecules can also be produced in
eukaryotic cells. In one embodiment, the antibodies (e.g.,
scFvs) are expressed in a yeast cell such as Pichia (see, e.g.,
Powers et al. (2001) J Immunol Methods. 251:123-35), Han-

seula, or Saccharomyces.

[0165] Inone embodiment, SDAB molecules are produced
in mammalian cells. Typical mammalian host cells for
expressing the clone antibodies or antigen-binding fragments
thereof include Chinese Hamster Ovary (CHO cells) (includ-
ing dhfr"CHO cells, described in Urlaub and Chasin (1980)
Proc. Natl. Acad. Sci. USA 77:4216-4220, used with a DHFR
selectable marker, e.g., as described in Kaufman and Sharp
(1982) Mol. Biol. 159:601-621), lymphocytic cell lines, e.g.,
NSO myeloma cells and SP2 cells, COS cells, and a cell from
a transgenic animal, e.g., a transgenic mammal. For example,
the cell is a mammary epithelial cell.

[0166] In addition to the nucleic acid sequences encoding
the SDAB molecule, the recombinant expression vectors may
carry additional sequences, such as sequences that regulate
replication of the vector in host cells (e.g., origins of replica-
tion) and selectable marker genes. The selectable marker
gene facilitates selection of host cells into which the vector
has been introduced (see e.g., U.S. Pat. Nos. 4,399,216,
4,634,665 and 5,179,017). For example, typically the select-
able marker gene confers resistance to drugs, such as G418,
hygromycin, or methotrexate, on a host cell into which the
vector has been introduced.

[0167] Inanexemplary system for recombinant expression
of the SDAB molecule, a recombinant expression vector
encoding both the antibody heavy chain and the antibody
light chain is introduced into dhfr"CHO cells by calcium
phosphate-mediated transfection. Within the recombinant
expression vector, the antibody heavy and light chain genes
are each operatively linked to enhancer/promoter regulatory
elements (e.g., derived from SV40, CMV, adenovirus and the
like, such as a CMV enhancer/AdAMLP promoter regulatory
element or an SV40 enhancer/AdMLP promoter regulatory
element) to drive high levels of transcription of the genes. The
recombinant expression vector also carries a DHFR gene,
which allows for selection of CHO cells that have been trans-
fected with the vector using methotrexate selection/amplifi-
cation. The selected transformant host cells can be cultured to
allow for expression of the antibody heavy and light chains
and intact antibody is recovered from the culture medium.
Standard molecular biology techniques can be used to pre-
pare the recombinant expression vector, transfect the host
cells, select for transformants, culture the host cells and
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recover the antibody molecule from the culture medium. For
example, some SDAB molecules can be isolated by affinity
chromatography.

[0168] SDAB molecules can also be produced by a trans-
genic animal. For example, U.S. Pat. No. 5,849,992 describes
amethod of expressing an antibody in the mammary gland of
a transgenic mammal. A transgene is constructed that
includes a milk-specific promoter and nucleic acids encoding
the antibody molecule and a signal sequence for secretion.
The milk produced by females of such transgenic mammals
includes, secreted-therein, the antibody of interest. The anti-
body molecule can be purified from the milk, or for some
applications, used directly.

[0169] The binding properties of the SDAB molecules may
be measured by any method, e.g., one of the following meth-
ods: BIACORE™ analysis, Enzyme Linked Immunosorbent
Assay (ELISA), x-ray crystallography, sequence analysis and
scanning mutagenesis.

[0170] The binding interaction of an SDAB molecule and a
target (e.g., TNFo)) can be analyzed using surface plasmon
resonance (SPR). SPR or Biomolecular Interaction Analysis
(BIA) detects biospecific interactions in real time, without
labeling any of the interactants. Changes in the mass at the
binding surface (indicative of a binding event) of the BIA chip
result in alterations of the refractive index of light near the
surface. The changes in the refractivity generate a detectable
signal, which are measured as an indication of real-time reac-
tions between biological molecules. Methods for using SPR
are described, for example, in U.S. Pat. No. 5,641,640;
Raether (1988) Surface Plasmons Springer Verlag; Sjolander
and Urbaniczky (1991) Aral. Chem. 63:2338-2345; Szabo et
al. (1995) Curr. Opin. Struct. Biol. 5:699-705 and on-line
resources provide by BIAcore International AB (Uppsala,
Sweden).

[0171] Information from SPR can be used to provide an
accurate and quantitative measure of the equilibrium disso-
ciation constant (K ), and kinetic parameters, including K_,
and K, for the binding of a molecule to a target. Such data
can be used to compare different molecules. Information
from SPR can also be used to develop structure-activity rela-
tionships (SAR). For example, the kinetic and equilibrium
binding parameters of different antibody molecule can be
evaluated. Variant amino acids at given positions can be iden-
tified that correlate with particular binding parameters, e.g.,
high affinity and slow K, This information can be combined
with structural modeling (e.g., using homology modeling,
energy minimization, or structure determination by x-ray
crystallography or NMR). As aresult, an understanding of the
physical interaction between the protein and its target can be
formulated and used to guide other design processes.

Modified SDAB Molecules

[0172] The SDAB molecules can have an amino acid
sequence that differs at least one amino acid position in one of
the framework regions from the amino acid sequence of a
naturally occurring domain, e.g., VH domain.

[0173] It shall be understood that the amino acid sequences
of some SDAB molecules, such as the humanized SDAB
molecules, can differ at least one amino acid position in at
least one of the framework regions from the amino acid
sequences of naturally occurring domain, e.g., a naturally
occurring VHI-I domains.

[0174] The invention also includes formulations of deriva-
tives of the SDAB molecules. Such derivatives can generally
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be obtained by modification, and in particular by chemical
and/or biological (e.g. enzymatical) modification, of the
SDAB molecules and/or of one or more of the amino acid
residues that form the SDAB molecules disclosed herein.

[0175] Examples of such modifications, as well as
examples of amino acid residues within the SDAB molecule
sequence that can be modified in such a manner (i.e. either on
the protein backbone or on a side chain), methods and tech-
niques that can be used to introduce such modifications and
the potential uses and advantages of such modifications will
be clear to the skilled person.

[0176] For example, such a modification may involve the
introduction (e.g. by covalent linking or in any other suitable
manner) of one or more functional groups, residues or moi-
eties into or onto the SDAB molecule, and in particular of one
or more functional groups, residues or moieties that confer
one or more desired properties or functionalities to the SDAB
molecules. Examples of such functional groups will be clear
to the skilled person.

[0177] For example, such modification may comprise the
introduction (e.g. by covalent binding or in any other suitable
manner) of one or more functional groups that increase the
half-life, the solubility and/or the absorption of the SDAB
molecule, that reduce the immunogenicity and/or the toxicity
of the SDAB molecule, that eliminate or attenuate any unde-
sirable side effects of the SDAB molecule, and/or that confer
other advantageous properties to and/or reduce the undesired
properties of the SDAB molecule; or any combination of two
or more of the foregoing. Examples of such functional groups
and of techniques for introducing them will be clear to the
skilled person, and can generally comprise all functional
groups and techniques mentioned in the general background
art cited hereinabove as well as the functional groups and
techniques known per se for the modification of pharmaceu-
tical proteins, and in particular for the modification of anti-
bodies or antibody fragments (including ScFvs and -148-
single domain antibodies), for which reference is for example
made to Remington’s Pharmaceutical Sciences, 16th ed.,
Mack Publishing Co., Easton, Pa. (1980). Such functional
groups may for example be linked directly (for example
covalently) to a SDAB molecules featured in the invention, or
optionally via a suitable linker or spacer, as will again be clear
to the skilled person.

Non-Peptidic Linkers

[0178] Inthe SDAB molecules described herein, the one or
more SDAB molecules and/or proteins and the one or more
acceptable polymers may be directly linked to each other
and/or may be linked to each other via one or more suitable
linkers.
[0179]
[0180] The terms “alkoxyl” or “alkoxy” as used herein
refers to an alkyl group, as defined below, having an oxygen
radical attached thereto. Representative alkoxyl groups
include methoxy, ethoxy, propyloxy, tert-butoxy and the like.
[0181] The term “alkyl” refers to the radical of saturated
aliphatic groups, including straight-chain alkyl groups, and
branched-chain alkyl groups. In preferred embodiments, a
straight chain or branched chain alkyl has 12 or fewer carbon
atoms in its backbone (unless otherwise noted) e.g., from
1-12, 1-8, 1-6, or 1-4. Exemplary alkyl moieties include
methyl, ethyl, propyl (e.g., isopropyl), butyl (e.g., isobutyl or
t-butyl)

Certain terms are defined herein.
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[0182] The term “alkylene” refers to a divalent alkyl, e.g.,
—CH,—, —CH,CH2—, and —CH,CH,CH,—.

[0183] Theterm “halo” or “halogen” refers to any radical of
fluorine, chlorine, bromine or iodine.

[0184] Inone embodiment, a linker moiety used to “link” a
suitable acceptable polymer to an SDAB molecule described
herein is represented by a moiety of formula (I):

@
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[0185] In some embodiments, the linker is represented by
the following formula:

O 0
N/\/”\E/\/\O

(mPEG 20 KDa)
0]

(mPEG 20 KDa).

[0186] When two or more linkers are used in the SDAB
molecules described herein, these linkers may be the same or
different. One of ordinary skill in the art would recognize and
understand the optimal linkers for use in the SDAB molecule
of the invention.

PEGylation

[0187] One widely used technique for increasing the half-
life and/or reducing immunogenicity of pharmaceutical pro-
teins comprises attachment of a suitable pharmacologically
acceptable polymer, such as poly(ethyleneglycol) (PEG) or
derivatives thereof (such as methoxypoly(ethyleneglycol) or
mPEG). Generally, any suitable form of PEGylation can be
used, such as the PEGylation used in the art for antibodies and
antibody fragments (including but not limited to (single)
domain antibodies and ScFvs); reference is made to for
example Chapman, Nat. Biotechnol., 54, 531-545 (2002); by
Veronese and Harris, Adv. Drug Deliv. Rev. 54, 453-456
(2003), by Harris and Chess, Nat. Rev. Drug. Discov., 2,
(2003) and in WO 04/060965. Various reagents for PEGyla-
tion of proteins are also commercially available, for example,
from NOF America Corporation (e.g., for PEG formula B).
Typically, site-directed PEGylation is used, in particular via a
cysteine-residue (see for example Yang et al., Protein Engi-
neering, 16, 10, 761-770 (2003). For example, for this pur-
pose, PEG may be attached to a cysteine residue that naturally
occurs in an SDAB molecule, an SDAB molecule may be
modified so as to suitably introduce one or more cysteine
residues for attachment of PEG. Additionally, a SDAB mol-
ecule described herein may be modified so as to suitably
introduce one or more cysteine residues for PEGylation, or an
amino acid sequence comprising one or more for PEGylation
may be fused to the N- and/or C-terminus of a SDAB mol-
ecule of the invention, all using techmques of protein engi-
neering.
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[0188] With regard to PEGylation, it should be noted that
generally, the invention also encompasses any SDAB mol-
ecule that has been PEGylated at one or more amino acid
positions, such as in such a way that said PEGylation either
(1) increases the half-life in vivo; (2) reduces immunogenic-
ity; (3) provides one or more further beneficial properties
known per se for PEGylation; (4) does not essentially affect
the affinity of the SDAB molecule (e.g. does not reduce said
affinity by more than 90%, by more than 50%, or by more than
10%, as determined by a suitable assay, such as those
described in the Examples below); and/or (4) does not affect
any of the other desired properties of the SDAB molecule.
Suitable PEG-groups and methods for attaching them, either
specifically or non-specifically, will be clear to the skilled
person.

[0189] A PEG used in the SDAB molecules and proteins
described herein can have a molecular weight of 1 KDa or
greater, such as 10 KDa and less than 200 KDa, such as 90
KDa. In some embodiments, a PEG used in the SDAB mol-
ecules and proteins described herein may have a molecular
weight in the range of 1 KDa to 100 KDa. Typically, for the
SDAB molecule, a PEG is used with a molecular weight of
more than 5000, such as more than 10,000 and less than
200,000, such as less than 100,000; for example in the range
of 20,000-80,000. In some embodiments, a PEG used in the
SDAB molecules and proteins described herein may have a
molecular weight in the range of 10 KDa to 50 KDa. In some
embodiments, a PEG used in the SDAB molecules and pro-
teins described herein may have a molecular weight in the
range of 15 KDa to 45 KDa. In some embodiments, a PEG
used in the SDAB molecules and proteins described herein
may have a molecular weight of 20 KDa. In some embodi-
ments, a PEG used in the SDAB molecules and proteins
described herein may have a molecular weight of 40 KDa. In
some embodiments, a PEG used in the SDAB molecules and
proteins described herein may have a molecular weight of 10
KDa.

[0190] In some embodiments, each PEG molecule is inde-
pendently a PEG monomer, polymer or a derivative thereof.
In some embodiments, each PEG is a methoxy PEG deriva-
tive (mPEG) monomer, polymer or a derivative thereof. In
some embodiments, each PEG molecule independently has a
molecular weight between 1 KDa and 100 KDa. In some
embodiments, each PEG molecule independently has a
molecular weight between 10 KDa and 50 KDa. In some
embodiments, each PEG molecule independently has a
molecular weight of 40 KDa. In some embodiments, each
PEG molecule independently has a molecular weight of
between 15 KDa and 35 KDa. In some embodiments, each
PEG molecule independently has a molecular weight of 30
KDa. In some embodiments, each PEG molecule indepen-
dently has a molecular weight of 20 KDa. In some embodi-
ments, each PEG molecule independently has a molecular
weight of 17.5 KDa. In some embodiments, each PEG mol-
ecule independently has a molecular weight of 12.5 KDa. In
some embodiments, each PEG molecule independently has a
molecular weight of 10 KDa. In some embodiments, each
PEG molecule has a molecular weight of 7.5 KDa. In some
embodiments, each PEG molecule independently has a
molecular weight of 5 KDa.

[0191] Another, usually less typical modification com-
prises N-linked or O-linked glycosylation, usually as part of
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co-translational and/or post-translational modification,
depending on the host cell used for expressing the SDAB
molecule.

[0192] In some embodiments, the PEG molecule is
branched. In some embodiments, the PEG molecule is
selected from a moiety of formulas (a)-(h);

(2)
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O-PEG— wherein each PEG molecule is independently a PEG mono-
mer, polymer or a derivative thereof. In some embodiments,
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each PEG molecule is an mPEG monomer, polymer or a
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(h) [0193] In some embodiments, the modified SDAB mol-
[ O-PEG ecule includes a linker of formula (I) linked to a PEG mol-
l —0-PEG ecule and has a structure selected from:
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wherein each PEG molecule is independently a PEG mono-
mer, polymer or a derivative thereof. In some embodiments,
each PEG molecule is an mPEG monomer, polymer or a
derivative thereof. In some embodiments, the modified
SDAB molecule includes a linker of formula (I) linked to a PEG
PEG molecule and has a structure selected from:
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[0195] In some embodiments, the linker of formula (I) is
linked to a PEG molecule represented by the following for-
mula:

O 0
(mPEG 40 KDa),
PPy
H
0

[0196] In some embodiments, the linker of formula (I) is
linked to a PEG molecule represented by the following for-
mula:

0 0
/\/lk ——O-(mPEG 7.5 KDa)
N E/\/\O — O-(mPEG 7.5 KDa)
O-(PEG 5 KDa)—
0

-continued

wherein each PEG molecule is independently a PEG mono-
mer, polymer or a derivative thereof. In some embodiments,
each PEG molecule is an mPEG monomer, polymer or a
derivative thereof.

[0194] In some embodiments, the linker of formula (I) is
linked to a PEG molecule represented by the following for-
mula:

O 0
N/\)]\g/\/\o

(mPEG 20 KDa)
0]

(mPEG 20 KDa).

O-(PEG 5 KDa)—

L—O-(mPEG 7.5 KDa)

L 0-(mPEG 7.5 KDa).

[0197] The linker-PEG molecule can be associated with
(e.g., coupled to) the SDAB molecule, thereby forming a
modified SDAB molecule. The single domain molecules of
the SDAB molecule can be arranged in the following order
from N- to C-terminus: TNFa-binding single domain mol-
ecule—TNFa-binding single domain molecule—PEG mol-
ecule (e.g., branched PEG molecule). In one embodiment, the
modified SDAB molecule is represented by the following
formula:

O 0
SDAB /\)J\
—|: (mPEG 20 KDa)
0 (mPEG 20 KDa).

[0198] Inoneembodiment,the modified SDAB moleculeis
represented by the following formula:

O o
(mPEG 40 KDa).
N N/\/
H
@]



US 2012/0014975 Al

[0199] Inoneembodiment,the modified SDAB moleculeis
represented by the following formula:
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0O o
SDAB /\)k ——O-(mPEG 7.5 KDa)
N 1}\11/\/\0 —O-(mPEG 7.5 KDa)
O-(PEG 5 KDa)——
0

O-(PEG 5 KDa)—

[0200] One exemplary embodiment of the modified SDAB
molecule is represented by the following formula:

SEQ ID NO:

—O-(mPEG 7.5 KDa)

L—O-(mPEG 7.5 KDa).

O 0
1-Cys264—S /\/\k
N N /\/\ 0
21
(mPEG 20 KDa)
o)

[0201] The reactive group of the SDAB molecule is gener-
ally attached via a nucleophilic moiety attached to the SDAB
molecule. In some embodiments, the nucleophilic moiety is a
sulfur (e.g., asulfur from a cysteine residue). In other embodi-
ments, the nucleophilic moiety is a nitrogen (e.g., from a
terminal alpha-amino group or a nitrogen containing amino
acid side chain (e.g., an e-amino group from a lysine chain).
In other embodiments, the nucleophilic moiety is a C-termi-
nal group. The reactive group of the SDAB molecule is gen-
erally attached via an electrophilic moiety attached to the
linker. In some embodiments, the electrophilic moiety is a
carbonyl group (e.g., an activated ester or an aldehyde). In
some embodiments, the electrophilic moiety is a maleimide

group.
Administration and Method of Treatment

[0202] SDAB molecules can be administered to a subject
(e.g., a human subject) alone or combination with a second
agent, e.g., a second therapeutically or pharmacologically
active agent, to treat or prevent (e.g., reduce or ameliorate one
or more symptoms associated with) a TNFa associated dis-
order, e.g., inflammatory or autoimmune disorders. The term
“treating” refers to administering a therapy in an amount,
manner, and/or mode effective to improve a condition, symp-
tom, or parameter associated with a disorder or to prevent
progression of a disorder, to either a statistically significant
degree or to a degree detectable to one skilled in the art. In the
case of therapeutic use, the treatment may improve, cure,
maintain, or decrease duration of, the disorder or condition in
the subject. In therapeutic uses, the subject may have a partial
or full manifestation of the symptoms. In a typical case,
treatment improves the disorder or condition of the subject to

(mPEG 20 KDa).

an extent detectable by a physician, or prevents worsening of
the disorder or condition. An effective amount, manner, or
mode can vary depending on the subject and may be tailored
to the subject.

[0203] Asused herein, the terms “subject” and “patient” are
used interchangeably. As used herein, the terms “subject” and
“subjects” refer to an animal, e.g., a mammal including a
non-primate (e.g., a cow, pig, horse, donkey, goat, camel, cat,
dog, guinea pig, rat, mouse, sheep) and a primate (e.g., a
monkey, such as a cynomolgous monkey, gorilla, chimpanzee
and a human).

[0204] Non-limiting examples of immune disorders that
can be treated include, but are not limited to, autoimmune
disorders, e.g., arthritis (including rheumatoid arthritis, juve-
nile rheumatoid arthritis, osteoarthritis, psoriatic arthritis,
lupus-associated arthritis or ankylosing spondylitis), sclero-
derma, systemic lupus erythematosis, Sjogren’s syndrome,
vasculitis, multiple sclerosis, autoimmune thyroiditis, derma-
titis (including atopic dermatitis and eczematous dermatitis),
myasthenia gravis, inflammatory bowel disease (IBD),
Crohn’s disease, colitis, diabetes mellitus (type I); inflamma-
tory conditions of, e.g., the skin (e.g., psoriasis); acute inflam-
matory conditions (e.g., endotoxemia, sepsis and septicemia,
toxic shock syndrome and infectious disease); transplant
rejection and allergy. In one embodiment, the TNFa. associ-
ated disorder is, an arthritic disorder, e.g., a disorder chosen
from one or more of rheumatoid arthritis, juvenile rheumatoid
arthritis (RA) (e.g., moderate to severe rheumatoid arthritis),
osteoarthritis, psoriatic arthritis, or ankylosing spondylitis,
polyarticular juvenile idiopathic arthritis (JIA); or psoriasis,
ulcerative colitis, Crohn’s disease, inflammatory bowel dis-
ease, and/or multiple sclerosis.
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[0205] In certain embodiments, the SDAB molecules (or
formulations) are administered in combination with a second
therapeutic agent. For example, for TNFa SDAB molecules,
the second agent may be an anti-TNFa antibody or TNFa
binding fragment thereof, wherein the second TNFa anti-
body has a different epitope specificity than the TNFa.-bind-
ing SDAB molecule of the formulation. Other non-limiting
examples of agents that can be co-formulated with TNFa.-
binding SDAB include, for example, a cytokine inhibitor, a
growth factor inhibitor, an immunosuppressant, an anti-in-
flammatory agent, a metabolic inhibitor, an enzyme inhibitor,
a cytotoxic agent, and a cytostatic agent. In one embodiment,
the additional agent is a standard treatment for arthritis,
including, but not limited to, non-steroidal anti-inflammatory
agents (NSAIDs); corticosteroids, including prednisolone,
prednisone, cortisone, and triamcinolone; and disease modi-
fying anti-rheumatic drugs (DMARD:s), such as methotrex-
ate, hydroxychloroquine (Plaquenil) and sulfasalazine,
leflunomide (Arava®), tumor necrosis factor inhibitors,
including etanercept (Enbrel®), infliximab (Remicade®)
(with or without methotrexate), and adalimumab (Humira®),
anti-CD20 antibody (e.g., Rituxan®), soluble interleukin-1
receptor, such as anakinra (Kineret), gold, minocycline (Mi-
nocin®), penicillamine, and cytotoxic agents, including aza-
thioprine, cyclophosphamide, and cyclosporine. Such com-
bination therapies may advantageously utilize lower dosages
ofthe administered therapeutic agents, thus avoiding possible
toxicities or complications associated with the various mono-
therapies.

[0206] The SDAB molecule can be administered in the
form of a liquid solution (e.g., injectable and infusible solu-
tions). Such compositions can be administered by a parenteral
mode (e.g., subcutaneous, intraperitoneal, or intramuscular
injection), or by inhalation. The phrases “parenteral admin-
istration” and “administered parenterally” as used herein
mean modes of administration other than enteral and topical
administration, usually by injection, and include, subcutane-
ous or intramuscular administration, as well as intravenous,
intracapsular, intraorbital, intracardiac, intradermal, intrap-
eritoneal, transtracheal, subcuticular, subcapsular, subarach-
noid, intraspinal, epidural, and intrasternal injection and infu-
sion. In one embodiment, the formulations described herein
are administered subcutaneously.

[0207] Pharmaceutical compositions or formulations are
sterile and stable under the conditions of manufacture and
storage. A pharmaceutical composition can also be tested to
insure it meets regulatory and industry standards for admin-
istration.

[0208] A pharmaceutical composition can be formulated as
a solution, microemulsion, dispersion, liposome, or other
ordered structure suitable to high protein concentration. Ster-
ile injectable solutions can be prepared by incorporating an
agent described herein in the required amount in an appropri-
ate solvent with one or a combination of ingredients enumer-
ated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating an agent
described herein into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from
those enumerated above. The proper fluidity of a solution can
be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prolonged
absorption of injectable compositions can be brought about
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by including in the composition an agent that delays absorp-
tion, for example, monostearate salts and gelatin.

Compositions/Formulations

[0209] A formulation of an SDAB molecule includes a
SDAB molecule, a compound that can serve as a cryopro-
tectant, and a buffer. The pH of the formulation is generally
pH 5.5-7.0. In some embodiments, a formulation is stored as
aliquid. In other embodiments, a formulation is prepared as a
liquid and then is dried, e.g., by lyophilization or spray-
drying, prior to storage. A dried formulation can be used as a
dry compound, e.g., as an aerosol or powder, or reconstituted
to its original or another concentration, e.g., using water, a
buffer, or other appropriate liquid.

[0210] The SDAB molecule purification process is
designed to permit transfer of an SDAB molecule into a
formulation suitable for long-term storage as a frozen liquid
and subsequently for freeze-drying (e.g., using a histidine/
sucrose formulation). The formulation is lyophilized with the
protein at a specific concentration. The lyophilized formula-
tion can then be reconstituted as needed with a suitable dilu-
ent (e.g., water) to resolubilize the original formulation com-
ponents to a desired concentration, generally the same or
higher concentration compared to the concentration prior to
lyophilization.

[0211] Thelyophilized formulation may be reconstituted to
produce a formulation that has a concentration that differs
from the original concentration (i.e., before lyophilization),
depending upon the amount of water or diluent added to the
lyophilate relative to the volume of liquid that was originally
freeze-dried. Suitable formulations can be identified by
assaying one or more parameters of antibody integrity.

Articles of Manufacture

[0212] The present application also provides an article of
manufacture that includes a formulation as described herein
and provides instructions for use of the formulation.

[0213] Formulations to be used for administration to a sub-
ject, e.g., as a pharmaceutical, must be sterile. This is accom-
plished using methods known in the art, e.g., by filtration
through sterile filtration membranes, prior to, or following,
formulation of a liquid or lyophilization and reconstitution.
Alternatively, when it will not damage structure, components
of the formulation can be sterilized by autoclaving and then
combined with filter or radiation sterilized components to
produce the formulation.

[0214] The pharmaceutical formulation can be adminis-
tered with a transcutaneous delivery device, such as a syringe,
including a hypodermic or multichamber syringe. In one
embodiment, the device is a prefilled syringe with attached or
integral needle. In other embodiments, the device is a pre-
filled syringe not having a needle attached. The needle can be
packaged with the prefilled syringe. In one embodiment, the
device is an auto-injection device, e.g., an auto-injector
syringe. In another embodiment the injection device is a
pen-injector. In yet another embodiment, the syringe is a
staked needle syringe, luer lock syringe, or luer slip syringe.
Other suitable delivery devices include stents, catheters,
microneedles, and implantable controlled release devices.
The composition can be administered intravenously with
standard IV equipment, including, e.g., IV tubings, with or
without in-line filters.
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[0215] Incertain embodiments, a syringe is suitable for use
with an autoinjector device. For example, the autoinjector
device can include a single vial system, such as a pen-injector
device for delivery of a solution. Such devices are commer-
cially available from manufacturers such as BD Pens, BD
Autojector®,  Humaject®, NovoPen®, B-D®Pen,
AutoPen®, and OptiPen®, GenotropinPen®, Genotronorm
Pen®, Humatro Pen®, Reco-Pen®, Roferon Pen®, Biojec-
tor®, Jject®, J-tip Needle-Free Injector®, DosePro®, Medi-
Ject®, e.g., as made or developed by Becton Dickensen
(Franklin Lakes, N.J.), Ypsomed (Burgdorf, Switzerland, on
the worldwide web at ypsomed dot com; Bioject, Portland,
Oreg.; National Medical Products, Weston Medical (Peter-
borough, UK), Medi-Ject Corp (Minneapolis, Minn.), and
Zogenix, Inc, Emeryville, Calif. Recognized devices com-
prising a dual vial system include those pen-injector systems
for reconstituting a lyophilized drug in a cartridge for delivery
of the reconstituted solution such as the HumatroPen®.
[0216] The article of manufacture can include a container
suitable for containing the formulation. A suitable container
can be, without limitation, a device, bottle, vial, syringe, test
tube, nebulizer (e.g., ultrasonic or vibrating mesh nebulizers),
i.v. solution bag, or inhaler (e.g., a metered dose inhaler
(MDI) or dry powder inhaler (DPI)). The container can be
formed of any suitable material such as glass, metal, or a
plastic such as polycarbonate, polystyrene, or polypropylene.
[0217] Ingeneral, the container is of a material that does not
adsorb significant amounts of protein from the formulation
and is not reactive with components of the formulation.
[0218] The articles of manufacture described herein can
further include a packaging material. The packaging material
provides, in addition to the information for use or adminis-
tration, e.g., information required by a regulatory agency
regarding conditions under which the product can be used.
For example, the packaging material can provide instructions
to the patient on how to inject a pre-filled syringe containing
the formulations described herein, or how to reconstitute the
lyophilized formulation in an aqueous diluent to form a solu-
tion within a specified period, e.g., over a period of 2-24 hours
or greater. The presently claimed formulations are useful for
human pharmaceutical product use.

[0219] In certain embodiments, the formulations can be
administered as nebulizers. Examples of nebulizers include,
in non-limiting examples, jet nebulizers, ultrasonic nebuliz-
ers, and vibrating mesh nebulizers. These classes use differ-
ent methods to create an aerosol from a liquid. In general, any
aerosol-generating device that can maintain the integrity of
the protein in these formulations is suitable for delivery of
formulations as described herein.

[0220] In other embodiments, the pharmaceutical compo-
sitions can be administered with medical devices. For
example, pharmaceutical compositions can be administered
with a needleless hypodermic injection device, such as the
devices disclosed in U.S. Pat. Nos. 5,399,163, 5,383,851,
5,312,335, 5,064,413, 4,941,880, 4,790,824, or 4,596,556.
Examples of well-known implants and modules include: U.S.
Pat. No. 4,487,603, which discloses an implantable micro-
infusion pump for dispensing medication at a controlled rate;
U.S. Pat. No. 4,486,194, which discloses a therapeutic device
for administering medicants through the skin; U.S. Pat. No.
4,447,233, which discloses a medication infusion pump for
delivering medication at a precise infusion rate; U.S. Pat. No.
4,447,224, which discloses a variable flow implantable infu-
sion apparatus for continuous drug delivery; U.S. Pat. No.
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4,439,196, which discloses an osmotic drug delivery system
having multi-chamber compartments; and U.S. Pat. No.
4,475,196, which discloses an osmotic drug delivery system.
The therapeutic composition can also be in the form of a
biodegradable or nonbiodegradable sustained release formu-
lation for subcutaneous or intramuscular administration. See,
e.g., U.S. Pat. Nos. 3,773,919 and 4,767,628 and PCT Appli-
cation No. WO 94/15587. Continuous administration can
also be achieved using an implantable or external pump. The
administration can also be conducted intermittently, e.g.,
single daily injection, or continuously at a low dose, e.g.,
sustained release formulation. The delivery device can be
modified to be optimally suited for administration of the
SDAB molecule. For example, a syringe can be siliconized to
an extent that is optimal for storage and delivery of the SDAB
molecule. Of course, many other such implants, delivery
systems, and modules are also known.

[0221] The invention also features a device for administer-
ing a first and second agent. The device can include, e.g., one
or more housings for storing pharmaceutical preparations,
and can be configured to deliver unit doses of the first and
second agent. The first and second agents can be stored in the
same or separate compartments. For example, the device can
combine the agents prior to administration. It is also possible
to use different devices to administer the first and second
agent.

[0222] The Examples that follow are set forth to aid in the
understanding of the inventions but are not intended to, and
should not be construed to, limit its scope in any way.

EXAMPLES
Example 1

Generation of anti-TNFo Building Blocks and Engi-
neering of SDAB-01

[0223] The SDAB-01 bivalent humanized SDAB polypep-
tide was constructed via genetic fusion of two identical TNFau
antigen binding domains (amino acids 1-115 of SEQ ID NO:
1) through a flexible 30 amino acid linker composed of 6
repeats of 4 glycines and 1 serine. To prepare for site specific
PEGylation, a free cysteine was engineered at the C-terminus
following a three glycine amino acid linker (FIG. 1). The
protein was produced in a CHO mammalian expression sys-
tem and purified by protein A affinity capture. The C-terminal
cysteine was then reduced by dithiothreitol treatment and
reacted to the maleimide function of an activated 2x20 kDa
branched PEG (FIG. 2). The final product was further purified
from free PEG and a small proportion of unPEGylated pro-
tein and characterized.

[0224] SDAB-01 thereby comprises a genetic fusion oftwo
identical humanized anti-TNFa specific SDAB molecules
having the amino acid sequence of amino acids 1-115 of SEQ
ID NO:1 separated by a 30 amino acid flexible linker and a
C-terminal cysteine site specifically PEGylated (2x20 PEG)
with maleimide derivatized 40 kDa (2x20 kDa) branched
polyethylene glycol (FIG. 3). FIG. 4A illustrates a linear and
two branched mPEG-maleimides, including SDAB-01. FIG.
4B is a scan comparing the sizes of SDAB-01 and [SEQ ID
NO:1]-PEG40.

[0225] Analytical analyses indicated that the PEGylation
efficiency between the linear 40K mPEG-maleimide and the
branched 40K mPEG-maleimide SDAB was comparable.
Anti-TNFo. SDAB molecule PEGylated with either linear or



US 2012/0014975 Al

branched 40K mPEG-maleimide showed comparable bioac-
tivity. The apparent charge and shape appears to be most
comparable between the two branched 40K mPEG-maleim-
ide materials (branched PEG formula A and branched PEG
formula B).

[0226] The construction of SDAB-01 as a bivalent format
oftwo identical TNFo antigen binding domains (amino acids
1-115 of SEQ ID NO:1) through a length optimized flexible
linker improved its potency by about fifty fold in the cell
based TNFa neutralization assay as compared to its monova-
lent format. The site specific PEGylation of the engineered
C-terminal cysteine gave the drug candidate the desired phar-
macokinetic profile with extended in-vivo half-life without
affecting its potency.

Example 2

Binding Characterization of SDAB-01 to Membrane
Bound TNFa by Flow Cytometry

[0227] SDAB-01 has been demonstrated by flow cytometry
to bind to a recombinant Chinese hamster ovary (CHO) cell
line expressing human TNFo. on its cell surface. A 13 amino
acid deletion was introduced into the human TNFa coding
region by site directed mutagenesis to reduce the proteolytic
cleavage resulting in the release of TNFa into the media. A
stable CHO line was generated using this construct. Expres-
sion of TNFa on the cell surface was demonstrated by flow
cytometry using a specific anti-human TNFo antibody.
SDAB-01 was used to stain the cell line pW2128 CHO-TNF-
D13 followed by a secondary stain with a biotinylated anti-
PEG antibody and then detected with a tertiary stain with
streptavidin-PE demonstrating effecting cell surface binding
(FIG. 5)

Example 3
Affinity of SDAB-01 on Human or Rhesus TNF

[0228] Detailed characterization of anti-TNFa SDAB-01
binding to human and rhesus TNFo was carried out using
surface plasmon resonance on a Biacore instrument. Biotiny-
lated SDAB-01 was captured onto a streptavidin sensor chip
surface and various concentrations of human or rhesus TNFa
were tested in this experiment. TNFa protein was injected
and allowed to associate for 1.5 minutes at 100 ul./min and to
dissociate for 20 minutes. Rate constants and Kd were deter-
mined by global fit using a 1:1 binding model in Biaevalua-
tion software v4.1. Data shown for the rate constants are the
mean and standard deviation from at least 2 independent
experiments. The Kd was calculated from the mean of the on
and off rates. Affinity of SDAB-01 on human or rhesus TNFa.
is shown in Table 1.

TABLE 1
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Example 4

Characterization of SDAB-01 in Cell-Based Cyto-
toxicity Assays

[0229] Evaluation of Bioactivity of SDAB-01 in1.929 Cell-
Based Cytotoxicity Assays Using Human or Rhesus TNFauin
Comparison with a Control 4 SDAB molecule and Un-PE-
Gylated SDAB molecule Control 3. The ability of SDAB-01
to neutralize the cytotoxicity of TNFa (0.5 ng/ml) was evalu-
ated in a cell-based dose-response assay. SDAB-01 and Con-
trol 3, which is the un-PEGylated TNFa SDAB molecule,
were assayed in the same experiment. The dose response
curves are shown in FIG. 6 and the EC50 results are summa-
rized in Table 2.

TABLE 2

Bioactivities of SDAB Control 4, SDAB-01
and un-PEGylated Control 3

Control 4 SDAB-01 Control 3

EC50, pM EC50, pM EC50, pM
EC50, pM (SD) (SD) (SD)
Human TNFa 22.56 35.01 31.75
(0.08) (0.12) 0.21)
Rhesus TNFa 11.38 18.09 17.35
(0.15) 0.07) (0.18)

[0230] These results show that SDAB-01 is able to neutral-
ize both human and rhesus TNFa. in 1.929 cell-based assay.
The results also indicate that PEGylation does not have a
significant effect on SDAB-01’s neutralization activity.

Example 5

Comparison of TNFa SDAB-01 Binding Kinetics to
Different Species of TNFau

[0231] The objective of this study was to investigate the
binding rates and equilibrium dissociation constant between
SDAB-01 and different species of TNFa including human,
rhesus macaque, rat, mouse, and rabbit to understand how the
binding affinity compares between these different species that
may be used for efficacy, pharmacokinetic and toxicology
models. A Biacore instrument was used to measure kinetic
binding in real time by surface plasmon resonance. Rate
constants were directly measured and the equilibrium disso-
ciation constants were derived from the binding rates using
Biacore evaluation software v4.1.

[0232] For evaluation of TNFo binding, SDAB-01 was
immobilized on a sensor chip surface at densities between 60
to 75 RU. Human and rhesus TNFo bound similarly to
SDAB-01 with fast on rates and very slow off rates (FIG.

Affinity of SDAB-01 on human or rhesus TNFa determined by Biacore

human TNFa rhesus macaque TNFa
Konx 106  Koffx 107° Konx 10  Koffx 107>
(1/Ms) (1/s) Kd (pM) (1/Ms) (1/s) Kd (pM)
SDAB-01 7.76 £1.62 147+ 0.45 18.9 4.19+0.413 141+2.53 33.7
CONTROL 2 7.36 £1.31 14.8+0.961 20.7 421 £0.056 13.5+2.53 33.7
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7a,b). Binding to SDAB-01 was dependent on the concentra-
tion of human and rhesus TNFo. and reached saturation. At
the highest concentrations, the binding reached equilibrium.
In contrast to the high affinity binding of SDAB-01 to human
and rhesus TNFq, there was negligible binding of rat and
mouse TNFa to SDAB-01 (FIG. 7¢,d). A very low signal for
binding was observed for rat and mouse TNFa binding at the
highest concentration tested, 100 nM, and reached less than 5
RY binding response (FIG. 7). The apparent fast off rates and
lack of saturation at the highest concentrations tested, up to
100 nM are an indication of weak binding. An equilibrium
dissociation constant was not possible to calculate for rat or
mouse TNFa, due to the lack of saturation and binding rates
that were too fast to measure. This suggests that although
there is some negligible binding, rat and mouse TNFa., bind
SDAB-01 extremely weakly. No binding of rabbit TNFa was
observed to SDAB-01, even at 400 nM of rabbit TNFa., the
highest concentration tested (FIG. 7). These data indicate that
SDAB-01 will bind to rhesus TNFa. similarly to human, but
will not engage the TNFa ligand in mouse, rat, or rabbits.
[0233]
between human and rhesus TNFa binding to SDAB-01 were
calculated from the binding shown in FIG. 7 using a 1:1
binding model (Table 3). Human and rhesus TNFa had very
similar on and off rates, resulting in nearly identical Kd values
01 19.5+4.17 and 34.1+7.23 uM, respectively.

The association and dissociation rate constants

TABLE 3

Bindin affinities of SDAB+1 to Human and Rhesus TNFa

ka (M-1s-1) kd (s-1) Kd (pM)
Human 7.8 +/- 1.6E+06 14.7 +/- 045E-05  19.5 +/- 4.17
TNFa
Rhesus 4.19 +/- 041E+06  14.1 +/- 2.53E-05  34.1+/- 7.23
macaque
TNFa

Example 6

Lack of Complement Dependent Cytotoxicity and
Antibody Dependent Cellular Cytotoxicity for
SDAB-01

[0234] SDAB-01 exhibits high neutralization potency for
human and monkey TNFa. Both CDC and ADCC are Fc
mediated effector functions. CDC can occur when Clq the
first protein in the alternative complement cascade binds to
the CH2 domain of the Fc region on two or more IgG mol-
ecules. This triggers downstream complement pathway com-
ponents that ultimately result in the formation of a membrane
attack complex on the surface of the cell leading to its lysis.
ADCC can trigger killing of the target cells through interac-
tion between the Fc regions of the anti-TNFa antibodies
bound to TNFa on the cell surface and FcyRs expressed on
immune effectors cells such as NK cells, monocytes, mac-
rophages, and neutrophils. The aim of this study was to test
for CDC and ADCC activity by SDAB-01, and to compare it
to anti-TNFa antibody control 1 and anti-TNFa antibody
control 2, anti-TNFa antibody control 3. Antibody controls 1
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and 2 have a human IgG1 Fc and can therefore have effector
functions. Antibody control 3 and SDAB-01, lack an Fc
region.

[0235] The analysis demonstrated that SDAB-01, and anti-
body control 3 did not have any CDC and ADCC activity, as
compared with antibody controls 1 and 2 (FIGS. 30 & 31).
The Fc region of an antibody is required for a molecule to
mediate CDC and ADCC activity, and Antibody control 3 and
SDAB-01 lack a Fc region. SDAB-01 therefore can poten-
tially bind and neutralize TNFa on the cell surface without
causing any effector function activity that could be cytotoxic.

Example 7
Effect of SDAB-01 on Neutrophil Infiltration

[0236] The purpose of these in vivo studies was to evaluate
the ability of different doses of SDAB-01 to decrease cellular
infiltration induced by recombinant human TNFa in the
murine air pouch model.

[0237] Tessier et al. (Jour of Immunol. 159:3595-3602,
1997) have previously shown that injection of TNFa into a
mouse air pouch induces an accumulation of leukocytes into
the pouch. SDAB-01 was designed to bind and neutralize the
effects of TNFa. To test whether SDAB-01 would have an
effect on cellular accumulation in an in vivo model, SDAB-01
was administered to mice prior to injection of TNFa. into the
air pouch. Cells were harvested from the pouch and differen-
tially counted 6 hours after the TNFo administration.

[0238] The pouch fluid was collected at the end of each
experiment (6 hours after administration of TNFo) and cell
counts were determined on the Cell Dyne. The results of
experiment 1 are shown in FIG. 8 and FIG. 9.

[0239] SDAB-01 dosed at 0.18 mg/kg significantly
decreased cellular infiltration into the air pouch induced by 10
ng of recombinant human TNFa. Neutrophil accumulation
was also significantly inhibited with 0.18 mg/kg SDAB-01.
Lymphocyte and monocyte infiltration were a minor compo-
nent of the cellular infiltration at the 6 hour time point and this
was unaffected by SDAB-01 in this study.

[0240] Experiment 2 was carried out using the same proto-
col as experiment 1 and the results are shown in FIG. 10 and
FIG. 11. The results were consistent with those observed in
Experiment 1 except that in this experiment, neutrophil infil-
tration was significantly inhibited by both the 0.18 mg/kg and
the 0.09 mg/kg doses of SDAB-01. Total cellular infiltration
was significantly decreased by SDAB-01 0.09 mg/kg only,
whereas no significant decrease was observed with monocyte
or lymphocyte infiltration.

[0241] In experiment 3, SDAB-01 was administered at the
same doses as previously performed. A significant decrease in
total white blood cell infiltration was observed at the 0.09
mg/kg dose and neutrophil infiltration was observed with
both doses of SDAB-01 as shown in FIG. 12 and FIG. 13.
Lymphocytes were significantly decreased in the 0.09 mg/kg
dose, but not the 0.18 mg/kg group. There was no effect on
monocyte infiltration at any dose tested.

[0242] In summary, a significant inhibition of neutrophil
infiltration was observed with both concentrations of SDAB-
01 compared to the control group except in one study in which
the 0.09 mg/kg dose gave a positive trend that was not sig-
nificant (Table 4).
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TABLE 4
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Summary of Murine Air Pouch Experiments Using SDAB-01

Total WBC Neutrophils Lymphocytes Monocytes
0.18 0.09 0.18 0.09 0.18 0.09 0.18 0.09
Experiment mg/kg mgkg mgks mgkg mgkeg mgkg mgkg mgkg
1 + +/— + +/= - - - -

2
3

+/-
+-

+
+

+
+

+
+

+

+ significant decrease (p = 0.05) in cellular infiltration compared to vehicle control.
+/— lower trend of infiltration, but not significant.
- no significant difference compared to vehicle control.

[0243] Administration of doses as low as 0.09 mg/kg of
SDAB-01 significantly decreased cellular infiltration and
neutrophil infiltration induced by 10 ng of recombinant
human TNFa. There was little to no effect on lymphocyte and
monocyte infiltration by any of the doses tested. These data
indicate that SDAB-01 can consistently block the infiltration
of neutrophils caused by recombinant human TNFa stimula-
tion.

Example 8

Efficacy of SDAB-01 in Tg197 Human TNFa Trans-
genic Mouse Model of Arthritis

[0244] The therapeutic effect of SDAB-01 was assessed in
the TNFa transgenic mouse model of rheumatoid arthritis. In
this model, TNFa transgenic mice develop chronic pol-
yarthritis with 100% incidence at 4-7 weeks of age. The
disease is dependent on the over-expression of human TNFa.
The effects of various treatment doses (10, 3, 1,0.3,0.1, 0.03
mg/kg) of SDAB-01 were studied in a therapeutic dosing
regimen. Animals were randomly assigned to groups when
100% of the mice showed signs of disease. Once assigned to
groups, treatment with SDAB-01, anti-TNFa Antibody con-
trol 2, control antibody or vehicle was initiated and continued
twice weekly for 7 weeks. All animals were scored weekly in
ablinded fashion for visual signs of disease symptoms. At the
end of the study, hind paws were harvested, processed, and
evaluated microscopically for indicators of disease.

[0245] In experiment 1, treatment with SDAB-01 at doses
0f 10, 3, and 1 mg/kg showed a significant effect by prevent-
ing further development of arthritis in a dose-dependent man-
ner in comparison to the vehicle-treated group. Treatment
with the higher doses of SDAB-01 (10, 3, 1 mg/kg) displayed
significant amelioration of histopathological scores com-
pared to both control groups. Therefore, the minimum thera-
peutic dose that showed an amelioration of arthritis compared
to the control-treated groups assessed clinically and by
microscope was 1 mg/kg SDAB-01.

[0246] In experiment 2, treatment with SDAB-01 at doses
0f 10, 3 and 1 mg/kg displayed a therapeutic effect on estab-
lished arthritis with regression of both clinical and histo-
pathological scores. Therefore, the minimum therapeutic
dose that showed an amelioration of arthritis compared to the
control-treated group assessed clinically and microscopically
was 1 mg/kg.

[0247] In summary, anti-TNFa treatment with SDAB-01
displayed a dose dependent therapeutic effect on established
arthritis, evidenced by prevention of disease exacerbation and
regression of both clinical and histopathological scores. This

treatment result was a direct consequence of specific antago-
nism towards human TNFa, since control antibody treatment
recapitulated the pathology evident with vehicle treatment, in
the Tg197 mouse arthritis model.

Experimental Design

[0248] SDAB-01 and anti-tetanus toxin (control) antibody
were prepared at Pfizer by standard methodologies. Inflix-
imab (Remicade®©, anti-TNFo antibody, Lot No. 7HD98016)
was purchased from Med World Pharmacy (Catalog No.
NDC 57894-030-01).

[0249] Male Tgl197 mice, homozygous for the human TNF-
globin hybrid transgene (maintained on a CBAxC57BL/6
genetic background) were crossed with (CBAxC57BL/6) F1
females. The heterozygous transgenic offspring were used in
the studies. When 100% of the mice demonstrated signs of
arthritis, all the mice were randomly assigned to treatment
groups. On the day that the animals were assigned to a treat-
ment group, the mice began receiving doses of PF-05230905,
control antibody (anti-tetanus toxin antibody), Infliximab, or
vehicle control (10 mM L-histidine, 5% sucrose buffer, Lot
No. C-51683, D-20216) via intraperitoneal injections. The
doses given and dosing frequency are described in each
experiment’s subsection. Both hind paws of each mouse were
evaluated for the progression of disease at defined intervals as
follows:

[0250] No arthritis, (normal appearance and flexion).

[0251] 0.5 Onset of arthritis (mild joint swelling).
[0252] 1 Mild arthritis (joint distortion).
[0253] 1.5 As above with finger deformation, less

strength on flexion.
[0254] 2 Moderate arthritis (severe swelling, joint defor-
mation, no strength on flexion).
[0255] 2.5 As above with finger deformation in paws.
[0256] 3 Heavy arthritis (ankylosis detected on flexion
and severely impaired movement).
[0257] Each mouse was then assigned a mean score
between 0-3. To monitor disease progression, 4 littermates of
the Tg197 mice who also had arthritis were sacrificed at 6
weeks of age, at the treatment starting point. At the end of the
studies, all mice were sacrificed and histopathological analy-
sis of the ankle joints was performed. The scores from the
experimental mice were compared to the 4 littermates. The
histopathological score was evaluated in a blinded fashion
microscopically from 0-4 as follows:
[0258] 0 No detectable pathology
[0259] 1 Hyperplasia of the synovial membrane and
presence of polymorphonuclear infiltrates
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[0260] 2 Pannus and fibrous tissue formation and focal
subchondrial bone erosion

[0261] 3 Cartilage destruction and bone erosion
[0262] 4 Extensive cartilage destruction and bone ero-
sion.

Experiment 1

[0263] Inexperiment 1, efficacy of various doses of SDAB-
01 was evaluated in the therapeutic TNFa transgenic murine
model of rheumatoid arthritis. The mice were monitored bi-
weekly for signs of arthritis. When 100% of the mice showed
signs of disease, all animals were randomly assigned to a
treatment group. Heterozygous Tg197 mice were divided into
groups of 8 mice each. Treatment began with SDAB-01 (10,
3,1,0.3,0.1 mg/kg), control antibody (10 mg/kg), Infliximab
(10, 3 mg/kg) or vehicle (Histidine/sucrose buffer, 10 mL/kg)
bi-weekly. Treatment continued for 7 weeks and macroscopic
changes in joint morphology (arthritic scores) and the average
weight of each animal were recorded weekly. Following
euthanasia with CO2, sera were harvested and two hind paws
of each animal were processed for histological assessment.

[0264] In experiment 1, administration of SDAB-01
showed a very significant effect by improving the body
weight loss (FIG. 14) and preventing disease progression
(FIG. 15) compared to the vehicle-treated group. Infliximab
was identical to the SDAB-01 (10, 3, 1 mg/kg) doses in
stabilizing the clinical scores.

[0265] The severity of disease assessed on the last day of
scoring is shown in FIG. 16. The number of animals with
reduced disease symptoms was greatest in the groups that
were treated with SDAB-01 (10, 3, 1 mg/kg) and Infliximab
(10 mg/kg) in comparison with the vehicle or control anti-
body.

[0266] One hematoxylin and eosin-stained section from
each of the two hind paws from each mouse was evaluated
microscopically in a blinded fashion. Treatment with SDAB-
01 (10, 3, 1 mg/kg) on established arthritis displayed efficacy
by preventing disease exacerbation and gradually leading to
regression of histopathological scores. This treatment result
was a direct consequence of specific antagonism towards
human TNFa, since control antibody treatment recapitulated
the pathology evident with vehicle treatment (FIG. 17, FIG.
18).

Experiment 2

[0267] Inexperiment 2, the effect of treatment with SDAB-
01at10,3,1,0.3,and 0.1 mg/kg twice per week was repeated,
and SDAB-01 at 0.03 mg/kg twice per week and Infliximab at
10 and 3 mg/kg twice per week were included. Doses of
SDAB-01 (10, 3, 1, 0.3, 0.1, and 0.03) showed a significant
effect by improving the body weight loss (FI1G. 19). However,
only doses 0f 10, 3, and 1 mg/kg were successful at preventing
disease progression (FIG. 20) compared to the vehicle-treated
group. Treatment with SDAB-01 (0.3 mg/kg), or Infliximab
(3 mg/kg) resulted in a moderate, but not-significant improve-
ment in clinical evaluation compared to either the vehicle- or
control antibody-treated groups.

[0268] The severity of disease assessed on the last day of
scoring is shown in FIG. 21. The number of animals with
reduced disease symptoms was greatest in the groups that
were treated with SDAB-01 (10, 3, 1 mg/kg) and Infliximab
(10 mg/kg) in comparison with vehicle control.
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[0269] One hematoxylin and eosin-stained section from
each of the two hind paws from each mouse was evaluated in
a blinded fashion microscopically. Treatment with SDAB-01
(10, 3, 1 mg/kg) displayed efficacy on established arthritis by
preventing disease exacerbation and gradually leading to
regression of histopathological scores (FIG. 22). This treat-
ment result was a direct consequence of specific antagonism
towards human TNFa, since human control antibody treat-
ment recapitulated the pathology evident with vehicle treat-
ment. As the scores of the vehicle-treated group and the
control antibody-treated group did not differ significantly, the
3 higher doses of SDAB-01 (10, 3, and 1 mg/kg) were effec-
tive as evidenced by a significant reduction in the histopatho-
logical scores compared to both control groups (FIG. 23).
Hence the minimum effective dose assessed clinically and
microscopically was 1 mg/kg SDAB-01.

[0270] Treatment with the 3 higher doses of SDAB-01 (10,
3 and 1 mg/kg) resulted in improved histopathological scores.
These scores were significantly lower than the scores of the
control littermates that were harvested at the start of the study.
[0271] Atthe MED of 1 mg/kg, the mean observed steady-
state (end-bleed) serum SDAB-01 concentration was 4.81
ng/mL, which was within a 2-fold difference compared with
the predicted steady-state (end-bleed) serum concentration of
7.70 pg/mL based on the pharmacokinetic profile of SDAB-
01 after a single 1 mg/kg IP dose to Tg197 mice. The mean
steady-state (end-bleed) serum SDAB-01 concentrations
were 0.21, 42.1, and 120 pg/mlL in the 0.3, 3, and 10 mg/kg
dose groups, respectively. For the 0.03 and 0.1 mg/kg dose
groups, all but one animal had serum SDAB-01 concentra-
tions that were less than the limit of quantitation of 0.049

pg/mL..

Example 9

PEGylation of Bivalent SDAB Molecules Expressed

in Pichia pastoris

[0272] Dithiotreitol (DTT) was added to the neutralized
fractions to reduce potential disulfide bridges formed
between the carboxy terminal cysteines of the SDAB mol-
ecules. A final concentration of 10 mM DTT and incubation
overnight at 4° C. was found to be optimal. The reduction was
evaluated by analytical size exclusion chromatography
(SEC). Therefore 25 ml of the reduced SDAB molecule was
added to 75 ml Dulbecco’s PBS (D-PBS) and injected on a
Sup75 10/300 GL column equilibrated in D-PBS.

[0273] Non-reduced SDAB molecule and DTT were
removed by preparative SEC on a Hiload 26/60 Superdex 75
preparation grade column equilibrated in D-PBS.

[0274] The concentration of the reduced SDAB molecule
was determined by measuring the absorbance at 280 nm. A
Uvikon 943 Double Beam US/VIS spectrophotometer was
used. The absorption was measured in a wavelength scan of
245-330 nm. Two precision cells made of Quartz Suprasil
were used. First the absorption of the blank was measured at
280 nm by placing two cells filled by 900 ul D-PBS. The
sample was diluted (1/10) by adding 100 pl of the sample to
the first cell and mixing it before reading. The absorption of
the sample was measured at 280 nm. The concentration was
calculated with the following formula:

[0275] To PEGylate a SDAB molecule, a 5x molar excess
of freshly made 1 mM PEG40 solution was added to the
reduced SDAB molecule solution.
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[0276] The SDAB molecule-PEG mixture was incubated
for 1 hour at RT with gentle agitation and then transferred to
4° C. The PEGylation was evaluated via analytical SEC.
Thereafter, 25 ul of the SDAB molecule was added to the 75
wl D-PBS and injected on a Sup75HR 10/300 column equili-
brated in D-PBS. PEGylated SDAB molecule eluted in the
range of the exclusion volume of the column (>75 KDa).
[0277] The PEGylated and non-PEGylated SDAB mol-
ecules were separated via cation exchange chromatography
(CEX-Buffer A was 25 mM citric acid and Buffer B was 1M
NaCl in PBS). The sample was diluted to a conductivity of 5
mS/cm and the pH was adjusted to 4.0. The column was
equilibrated and after sample application was washed exten-
sively with Buffer A. PEGylated SDAB molecule was eluted
with a 3 CV gradient.

[0278] The collected SDAB molecule was buffer
exchanged into D-PBS by SEC on a Hiload 26/60 Superdex
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keys (n=3 per group: monkeys SAN 1-3 for IV, monkeys SAN
4-6 for SC) at 3 mg/kg (based on protein content). Serum
samples for PK analysis were collected from each animal
prior to dosing (0 hour), and from 0.083 to 1536 hours post-
dose. Additional serum samples were taken prior to dosing (0
hour) and at 336, 672, 1008, and 1536 hours post-dose to
evaluate the formation of anti-SDAB-01 antibodies. The
serum SDAB-01 concentrations were determined using a
qualified enzyme-linked immunosorbent assay (ELISA) and
the results were used to determine the pharmacokinetic
parameters for SDAB-01. The presence of anti-SDAB-01
antibodies was determined using a qualified ELISA.

[0283] The mean serum concentration-time profiles of
SDAB-01 in male cynomolgous monkeys after IV or SC
administration are illustrated in FIG. 24. The mean pharma-
cokinetic parameters of SDAB-01 after IV or SC administra-
tion in monkeys are summarized in Table 5.

TABLE 5

Mean (+SD) Pharmacokinetic Parameters of SDAB-01 in Male
Cynomolgous Monkeys After Single IV or SC Administration of
3 mg/kg (Based on Protein Content, n = 3 per Treatment Group)

CL Vd,, tip AUC, mee T
Route (mL/hr/kg) (mL/kg) (hr) (ug - hr/mL) (ng/mL) (hr)
v 0.234 £0.028 51.5 £8.15 147 £784 12919 = 1453 854 +£2.58 NA
SC NA NA 123 +11.5 8958 x 526 31.7£2.72 720

“Concentration at 5 min for SANs | and 3; Concentration at 0.5 hr for SAN 2 after [V administration.
NA. Not Applicable

75 prep grade column equilibrated in D-PBS. The SDAB
molecule was subsequently made LPS-free via passage over
an anion exchange column. This column, was sanitized in 1M
NaOH and afterwards equilibrated in endotoxin free D-PBS.

Biotinylation

[0279] To biotinylate a SDAB molecule, a 5x molar excess
of biotin from a 10 mM stock solution was added to the
reduced SDAB molecule. The biotin SDAB molecule mix-
ture was incubated for 1 h at RT with gentle agitation and then
stored at 4° C.

[0280] The purity of biotinylated SDAB molecule was con-
trolled via analytical SEC. 25 pl of biotinylated SDAB mol-
ecule was subsequently added to 75 pl of D-PBS and injected
on a Sup75HR 10/300 column equilibrated in D-PBS. The
resulting chromatogram showed that the SDAB molecule
biotin needed no further purification: no dimerization of
SDAB molecule via an oxidation of free sulthydryls could be
detected. A buffer change to D-PBS was done by a passage
over a desalting column Sephadex G25 fine column.

[0281] The SDAB molecule-biotin was made LPS-free by
passage over an anion exchange column. The column was
sanitized overnight in 1M NaOH and then equilibrated in
D-PBS.

Example 10a

Pharmacokinetics of SDAB-01 in Male Cynomol-
gous Monkeys Following Single Intravenous and
Subcutaneous Administration

[0282] In the first study, SDAB-01 was administered by
single IV or SC bolus injection to male cynomolgous mon-

[0284] SDAB-01 was absorbed well from the injection site
after SC administration of 3 mg/kg. After a single SC dose of
3 mg/kg in three male cynomolgous monkeys, the mean
maximum serum concentration (C,,,.) of 31.7+2.72 pg/mlL
was observed at 72 hours post-dosing, indicating that absorp-
tion of SDAB-01 after SC injection was a slow process. The
terminal half-life ranged from 110 to 131 hours in three
monkeys, with a mean value of 123 hours (approximately 5
days). The relatively short t, ,, observed after SC administra-
tion might be due to the formation of anti-SDAB-01 antibod-
ies.

[0285] Two monkeys from the SC treatment group positive
for anti-SDAB-01 antibodies. The mean AUC from three
monkeys was 8958 pg-hr/mL. The bioavailability after SC
administration in monkeys cannot be accurately determined
from this study due to the formation of anti-SDAB-01 anti-
body in both IV and SC treated monkeys. However, an esti-
mate could be obtained by using the AUC,,,, ratio between SC
and IV administration, which was found to be approximately
69.3%. This value should be used with caution since it may
under- or over-estimate the bioavailability of SDAB-01 in
monkeys.

[0286] Overall, anti-SDAB-01 antibody formation was
detected in 50% (3/6) animals dosed with anti-SDAB-01. The
incidence of anti-SDAB-01 antibodies was 33.3% (1/3) for
animals in the 3 mg/kg IV group and 66.7% (2/3) for animals
in the 3 mg/kg SC group. Antibodies (log titers 2.19-2.52)
were detected at 1008 and 1536 hours after dosing for mon-
key SAN 1 (IV treatment group) and monkey SAN 5 (SC
treatment group). Antibodies (log titer of 1.71) were detected
at 1536 hours after dosing for monkey SAN 4 (SC treatment
group). Because all pre-dose samples were negative, these
animals were considered to have an immune response to
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SDAB-01. It should be noted that circulating levels of SDAB-
01 may have interfered with the detection of anti-SDAB-01
antibodies.
[0287] The half-life of SDAB-01 was shorter in monkeys
that were positive for anti-SDAB-01 antibody formation, sug-
gesting that the formation of anti-SDAB-01 antibodies had an
impact on the pharmacokinetics of SDAB-01 in monkeys.
[0288] In the second study, male and female cynomolgous
monkeys (n=12 per group) were administered a single 5
mg/kg IV 100 mg/kg IV, and 100 mg/kg SC dose of SDAB-01
and serum concentration were measured using a qualified
ELISA. After a 5 or 100 mg/kg IV dose of SDAB-01, the
mean AUC,_,, CL, and t, ,, values were 24,600 and 395,000
pg-h/ml, 0.210 and 0.263, mL/hr/kg, and 149 and 144 hours,
respectively. Systemic exposure (Cmax, AUC,,,, and AUC,,_
168) increased with increasing dose in an approximately dose-
proportional manner. After a single 100 mg/kg SC dose, the
mean Tmax, AUC,_, and t, ,, values were 150 hours, 352,000
pgh/ml, and 165 hours, respectively. The bioavailability
after SC administration (estimated using mean AUC,,_, val-
ues after 100 mg/kg IV and SC doses) was 89%. The inci-
dence of anti-SDAB-01 antibodies was 4 of 12 (33.3%), 1 of
12 (8.3%), and 1 of 12 (8.3%) animals in the 5 mg/kg (IV),
100 mg/kg (IV), and 100 mg/kg (SC) dose groups, respec-
tively.
Example 10b
Comparison of Serum Pharmacokinetics of SDAB-
01 (TNFa SDAB Molecule 2x20 PEG), TNFa
SDAB Molecule 4x10 PEG, and TNFa. SDAB Mol-
ecule Linear 1x40 PEG

[0289] Serum PK profiles of TNFa SDAB molecule
branched 2x20 kDa PEG, TNFa. SDAB molecule branched
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4x10 kDa PEG and TNFa. SDAB molecule linear 1x40 kDa
PEG constructs were examined in B6CBAF1/] mice, Spra-
gue-Dawley rats and cynomolgous monkeys following a
single IV administration of 2 or 3 mg/kg (based on protein
content). Serum concentrations were determined using either
specific ELISA (mice and monkeys) or gamma-counting
(rats).

[0290] In all 3 species examined, the branched 2x20 kDa
PEG construct had significantly higher exposure (AUC) com-
pared to the linear 1x40 kDa PEG construct (p<0.05) (FIG. 25
and Tables 6-8). Specifically, the relative increase in mean
dose-normalized AUCO-c for the branched 2x20 kDa PEG
construct relative to the linear 1x40 kDa PEG construct was
~94, 102, and 136% in mice, rats, and monkeys, respectively.
Accordingly, the total body clearance (CL) of the branched
2x20 kDa PEG construct was lower and elimination half-life
(t1/2) of the branched 2x20 kDa PEG appeared longer com-
pared to the linear 1x40 kDa PEG construct. Specifically, the
relative decrease in mean CL value for the branched 2x20
kDa PEG construct was ~48, 50, and 66% in mice, rats, and
monkeys, respectively and the relative increase in mean t1/2
values was 43, 26, 54% in mice, rats, and monkeys, respec-
tively.

[0291] The branched 4x10 kDa PEG construct also had
higher mean serum AUCO- and lower CL, compared to the
linear 1x40 kDa PEG construct in rats and monkeys, but not
in mice (Tables 6-8). In rats and monkeys, the magnitude of
change in PK parameters for the branched 4x10 kDa PEG
constructrelative to the linear construct were less pronounced
(43-51% increase in AUCO-o0 and 35-45% decrease in CL),
compared to those for the branched 2x20 kDa PEG construct.

TABLE 6

Pharmacokinetic parameters of PEGylated TNFa

SDAB molecules after a single IV dose to BGCBAF1/J mice.

AUCq ./ AUC,,./

Cs uin Dose(ug - hr/  Dose(pg - hr/ CL Vd,, tyo
Construct (mg/kg) (ug/mL) mL)/(mg/kg) mL)/(mg/kg) (mL/hr/kg) (mL/kg) (hr)
TNFa SDAB 55 2179 2121 =61 * 0.46 40 66
molecule
branched 2x20
kDa PEG
TNFo SDAB 80 1193 1174 + 23 0.84 58 56
molecule
branched 4x10
kDa PEG
TNFa SDAB 89 1126 1122 £ 22 0.89 46 46
molecule
linear 1x40
kDa PEG

Male B6CBAF1/] mice were administered a single IV bolus dose of the indicated test article. Serum samples were taken
at 5 min to 14 days post dose once from each mouse (n = 3 per time point), and serum concentrations were determined by
the specific ELISA. PK parameters were determined by non-compartmental analysis using the sparse sampling method and
statistical analysis of AUClast/Dose values was performed using ANOVA with Dunnett’s post test, with the linear 1x40

PEG group as the control.

Star (*) indicates statistically significant differences (p < 0.05) relative to the linear PEG group.

CS min = Concentration at 5 min, the first sampling time point after IV administration.

CL = Total body clearance based on serum concentration.

Vdss = Volume of distribution at steady-state.

t/2 = Elimination half-life.

AUC0-00 = Area under the concentration-time curve from time 0 to infinity.
AUClast = Area under the concentration-time curve from time 0 up to sampling time at which a quantifiable concentration

is found.
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TABLE 7
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Pharmacokinetic parameters (mean = SD) of 125I-labeled PEGylated TNFa
SDAB molecules after a single IV dose to Sprague-Dawley rats

AUC, ./

Dose Cs puin AUCq_, Dose (pg eq. - hr/ CL Vd,, tyo
Compound (mg/kg) (ugeq/mL)  (ugeq. - hr/ml) mL)/(mg/kg) (mL/hr/kg) (mL/kg) (hr)
TNFa SDAB 2 46 £4.9 2025 £ 214 1013 = 107 1.0+0.12 * 53+55*% 4435
molecule
branched 2x20
kDa PEG
TNFa SDAB 2 44 £2.2 1514 £ 78 757 =39 1.3 +0.07 * 63£4.1 4282
molecule
branched 4x10
kDa PEG
TNFa SDAB 2 39£2.6 1001 = 62 500 =31 2.0+0.13 65+2.2 35£5.7
molecule
linear 1x40
kDa PEG

Male Sprague-Dawley rats were given a single IV bolus dose of the indicated 125I-labeled test article, serum samples were taken at 5 min to 24 days
post dose, and radioactive equivalent (RE) concentrations in serum were determined by gamma-counting. PK parameters were calculated for each
individual animal (n =7 for 2X20 and 4x 10 kDa PEG constructs and n =5 for the 1x40 kDa PEG construct) by non-compartmental analysis. Statistical
analyses of AUC0-c0, AUCO-c0/Dose, CL, Vdss, and t'/2 values were performed using ANOVA with Dunnett’s post test, with the linear 1 x40 kDa PEG

group as the control.
Star (*) indicates statistically significant differences relative to the linear PEG (p < 0.05).

TABLE 8

Pharmacokinetic parameters (mean = SD) of PEGylated TNFa
SDAB molecules after a sin ge IV dose to ¢ porgul ous manke s

AUC,_./

Dose Cs pmin AUCy_,, Dose (ug - hr/ CL Vd,, tim
Construct (mg/kg)  (pg/mL) (pg - hr/mL) mL)/(mg/kg) (mL/hr/kg) (mL/kg) (hr)
TNFa SDAB 3 82+64 13293 £820*% 4431 +£273*  0.23+0.01%* 57+48*% 188x19*
molecule
branched 2x20
kDa PEG
TNFa SDAB 3 76 £3.2 8055736 * 2685£245*  037+0.03%* 79 =12 153 £30 *
molecule
branched 4x10
kDa PEG
TNFa SDAB 3 111 £26 5637 = 263 1879 = 88 0.67 £0.10 78 =13 122 12
molecule
linear 1x40
kDa PEG

Male cynomolgous monkeys were administered a single I'V bolus dose of the indicated test article, serum samples were taken at 5 min to 62, 57, and
56 days for the 2x20, 4x10, and 1x40 kDa PEG constructs, respectively, and serum concentrations were determined by ELISA. PK parameters were
calculated for each individual animal (n = 3 per construct) by non-compartmental analysis. Data points with the sharp concentration drop were not
used for PK calculations (for one of the 3 monkey dosed with the 2x20 kDa PEG construct). Statistical analyses of AUC_,,, AUC /Dose, CL, Vdg,
and t;» values were performed using ANOVA with Dunnett’s post test, with the linear 1x40 kDa PEG group as the control.

Star (*) indicates statistically significant differences relative to the linear PEG group (p < 0.05).

[0292] Additional studies were performed for SDAB-01
construct only:

[0293] First, mouse and monkey serum samples were ana-
lyzed using two different immunoassay formats: immunoas-
say that measures whole molecule versus protein portion of
the molecule. The Protein Detection Assay captured the
PEGylated drug conjugate through the protein portion by
utilizing a biotinylated target molecule. The polyclonal anti-
drug antibody detector also bound the protein portion of the
molecule, and thus assay detected free and PEGylated pro-
tein. The whole molecule assay detection assay used the same
capture mode as the Protein Detection assay, but detection
occurred through the PEG moiety via a monoclonal rabbit
anti-PEG antibody. This detector antibody is specific for the
methoxy group of the PEG molecule. The assay format did

not significantly impact PK profiles and calculated param-
eters in mouse and monkey animal models

[0294] Second, pharmacokinetic profiles of SDAB-01
were examined after a single SC or IP dose to mice. After a
single 2 mg/kg SC dose or 3 mg/kg IP dose to male
B6CBAF1/] mice, the Tmax was 24 hours; the t1/2 values
were 52.4 hours (approximately 2.2 days) and 57.7 hours
(approximately 2.4 days), respectively. The bioavailability
after IP or SC administration was 68.7% and 56.6%, respec-
tively. After a single 0.3 mg/kg IP dose to male Tg197 mice,
the Tmax, t1/2, and AUCO-c values were 6 hours, 24.6 hours,
and 165 pg-h/ml, respectively. Increase in the IP dose to 1
mg/kg, resulted in an approximately dose-proportional
increase in exposure (AUC0-00=528 pg-h/mL), with Tmax (6
hours) and t1/2 (21.4 hours) values comparable to those
observed at 0.3 mg/kg.
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Example 10c
Biodistribution of SDAB-01 (TNFo. SDAB Molecule
2x20 PEG) and TNFa. SDAB Molecule LINEAR
1x40 PEG
[0295] Biodistribution of TNFa SDAB molecule branched
2x20 kDa PEG and TNFo SDAB molecule linear 1x40 kDa
PEG constructs were examined over 7 days (168 hr) in
B6CBAF1/] mice following a single IV dose of 0.3 mg/kg
(based on protein content) of 1251-labeled test articles.
Radioactive equivalent (RE) serum and tissue concentrations
were determined using gamma-counting, serum and tissue
exposures (AUCO-168 hr) and tissue-to-serum (1/S) AUC
ratios were calculated.
[0296] Similar to the observation in the earlier study in
B6CBAF1/] mice with non-radiolabeled PEG conjugates, the
branched 2x20 kDa PEG construct had ~80% higher AUCO-
168 hr (p<0.05), compared to the linear 1x40 kDa construct
(FIG. 26). The branched construct also had significantly
higher exposures in some but not all tissues examined (FIG.
26). Specifically, the increase in AUCO0-168 hr for the
branched 2x20 kDa PEG construct relative to the linear 1x40
kDa PEG construct was 72, 115, 43, 55, and 80% in heart,
lung, muscle, skin, and stomach, respectively. T/S AUC ratios
(Table 9) and T/S concentration ratios (data not shown) were
approximately similar between the two constructs for these
tissues.
[0297] In contrast to serum, heart, lung, muscle, skin, and
stomach, the AUCO0-168 hr in fat, kidney, liver, and spleen
were similar for the two constructs, leading to lower T/S AUC
ratios (Table 9) and T/S concentration ratios (data not shown)
for the branched 2x20 kDa PEG construct.
[0298] For both TNFa SDAB molecule Linear 1x40 PEG
and SDAB-01, approximately 60% of total administered
radioactivity was excreted in urine within 1 week (168 hours)
after dosing, with most of the radioactivity excreted in urine
(approximately 70%) attributed to free iodine.

TABLE 9

Tissue-to-serum (T/S) AUC ratios of 2°I-labeled PEGylated TNFa
Nanobodies after a single 0.3 mg/kg IV dose to BECBAF1/J mice

TNFa TNFa
Nanobody ™__branched Nanobody ™_linear
Tissue 2 x 20 kDa PEG 1 x 40 kDa PEG
fat 0.01 0.02
heart 0.04 0.04
kidney 0.03 0.07
liver 0.02 0.04
lung 0.10 0.08
muscle 0.01 0.01
skin 0.06 0.07
spleen 0.02 0.04
stomach 0.04 0.05

B6CBAF1/J mice were administered a single 0.3 mg/kg IV bolus dose of 15 labeled TNFor
SDAB molecule branched 2 x 20 kDa PEG (black bars) or TNFo SDAB molecule linear 40
kDa PEG (gray bars). Serum and tissue samples (n = 8 — 12 per time point) were collected
over the 7 days (168 hr) and radioactive equivalent (RE) concentrations in tissue and serum
were determined by gamma-counting, as described in the text. AUC .65 5, for serum (in pg
x eq./mL) and each tissue (ug x eq./g) were determined by non-compartmental analysis
using the sparse sampling method and the tissue-to-serum (T/S) AUC ratios (AUCq. 165 1,
dissue/ AUC 168 hr, serum) Was calculated.

Example 11

Biophysical Analyses of SDAB Molecules and Con-
trol Molecules

[0299] To investigate potential reasons for differential PK
profiles of three TNFa SDAB molecule 40 kDa PEG conju-
gates, additional biophysical analyses were conducted.
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[0300] The CEX-HPLC was performed to monitor the
charge heterogeneity of the three constructs. The representa-
tive chromatographic profiles are presented in FIG. 27. A
significant amount of charge heterogeneity was observed for
all PEGylated TNFa SDAB molecule conjugates. The main
peak of the linear PEG conjugate eluted at a later retention
time when compared to the two branched conjugates (2x20
kDa and 4x10kDa), suggesting the linear conjugate has more
exposed positive charges on the surface compared to the
branched conjugates. The retention time of the main peak for
the two branched conjugates (2x20 kDa and 4x10 kDa) was
similar. By comparison, the unconjugated protein eluted
much later than all of the PEGylated conjugates tested, indi-
cating it has even greater positive surfaces charge density. The
theoretical isoelectric point of the unconjugated protein is
greater than 9; therefore the protein is predicted to have a net
positive charge in the CEX running buffers, which are at pH
4.0.

[0301] Size and mass distributions were determined using
SE-HPLC with Multi-Angle Light Scattering (MALS) moni-
tored by UV absorbance, differential refractometry (dRI),
and on-line quasi-elastic light-scattering (QELS). Since the
PEG on the TNFa. SDAB molecule-PEG conjugates does not
absorb at 280 nm, it is possible to determine the distributions
of protein and PEG in the conjugate using SEC-MALS with
UV and dRI detection. The calculated protein and PEG mass
distributions were consistent with each other for all 3 conju-
gates (Table 10 and FIG. 28).

[0302] The branched 4x10 kDa PEG conjugate had a
noticeably later elution volume on the SEC-MALS than the
branched 2x20 kDa and linear 1x40 kDa PEG conjugates,
indicating that the branched 4x10 kDa PEG conjugate is
hydrodynamically smaller compared to the other two conju-
gates (FIG. 29). The smaller hydrodynamic radius (Rh,
defined as the radius of a sphere with the same diffusion
coefficient as the sample being measured) of the 4x10 kDa
branched PEG conjugate was confirmed by QELS measure-
ments (Table 10).

[0303] Using the angular dependency of the scattered light
measured by MALS, the distribution of root mean squared
(RMS) radii can be determined. The RMS radius (also
referred to as radius of gyration, Rg) is a measurement of the
root mean square distance that all parts of the molecule are
from the center of its mass at any given time and provides
information about the average volume a molecule occupies.
Both the branched 2x20kDa and the branched 4x10kDa PEG
conjugates had smaller Rg (RMS radii) than the linear PEG
conjugate (Table 10 and FIG. 29).

[0304] Finally, conformational information can be
obtained by calculating the RMS/Rh(Rg/Rh) ratio: the larger
the value of the ratio, the more elongated or extended the
molecule is. The RMS/R” ratio was 1.77, 1.45, and 1.37 for
the linear 1x40 kDa PEG, branched 2x20 kDa, and branched
4x10 kDa PEG conjugates, respectively, indicating that the
conjugate with the linear 1x40 kDa PEG had a more extended
conformation than the more compact conjugates containing
the branched PEGs (Table 10). It should be noted that SE-
HPLC method used to analyze the PEGylated conjugates is
not suitable for side-by-side analysis of the unconjugated
proteins.
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TABLE 10 TABLE 10-continued

Calculated Weight Averaged Mass and Sizes of PEGylated
Calculated Weight Averaged Mass and Sizes of PEGylated TNFa SDAB molecule from SEC-MALS Analysis

TNFa SDAB molecule from SEC-MALS Analysis

Total PEG  Protein
Molar  Molar Molar RMS(Rg) Rh

Total PEG  Protein Mass Mass Mass Radius  Radius RMS/
(kDa) (kDa) (kDa) (nm) (nm) Rh
Molar  Molar  Molar RMS(Rg) Rh
Mass  Mass  Mass  Radius  Radius RMS/ TNFa SDAB 61.78 3629 2549 7 51 137
molecule
(Da)  (kDa) (kDa)  (m)  (om) Rh branched 4x10
kDa PEG
TNFa SDAB 64.86 39.01 25.85 9.9 5.6 1.77
molecule [0305] All samples were diluted to 2.0 mg/mL and 100 pL
linear 1x40 of each sample was injected over a Superose 6 column (400
\Da PEG mM NaCl. 20 mM NaPO,, pH 7.2 at 0.5 mL/min) held at 30°
C. Molar masses, Rh, and RMS were determined using
TNFo SDAB 64.54 3897 2557 8 55 145 ASTRA V v5.3.4.14 from Wyatt Technologies.
molecule [0306] All three SDAB PEG conjugates and the unPEGy-

lated protein had Z92% bioactivity, relative to the PEGylated
reference material in the cell-based bioassay (based on TNFa
kDa PEG induced apoptosis in U937 cells), suggesting that the PEGy-
lation did not alter the activity of the protein.

branched 2x20

TABLE 11

Protein sequences

SEQ ID
Name NO Sequence
GS9 12 GGGGSGGGS
GS30 13  GGGGSGGGGSGGGGSGGGGSGGGGESGGGES
TNF1-GS9- 14 QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYWMYWVRQAPGKGLE
TNF1 WVSEINTNGLITKYPDSVKGRFTISRDNAKNTLYLOMNSLKPEDTA
(TNF4 ) LYYCARSPSGFNRGQGTQVTVS SGGGGSGGGSQVQLVESGGGLVQP

GGSLRLSCAASGFTFSDYWMYWVRQAPGKGLEWVSEINTNGLITKY
PDSVKGRFTISRDNAKNTLYLQMNSLKPEDTALYYCARSPSGFNRG

QGTQVTVSS
TNF2-GS9- 15 QVQLVESGGGLVQAGGSLRLSCAASGRTFSEPSGYTYTIGWFRQAP
TNF2 (TNF5) GKEREFVARIYWSSGLTYYADSVKGRFTISRDIAKNTVDLLMNSLK

PEDTAVYYCAARDGIPTSRSVGSYNYWGQGTQVTVSSGGGGSGGGS
QVOLVESGGGLVQAGGSLRLSCAASGRTFSEPSGYTYTIGWFRQAP
GKEREFVARIYWSSGLTYYADSVKGRFTISRDIAKNTVDLLMNSLK
PEDTAVYYCAARDGIPTSRSVGSYNYWGQGTQVTVSS

TNF3-GS9- 16 EVQLVESGGGLVQAGGSLSLSCSASGRSLSNYYMGWFRQAPGKERE

TNF3 (TNFé6) LLGNISWRGYN1YYKDSVKGRFTISRDDAKNTIYLOQMNRLKPEDTA
VYYCAASILPLSDDPGWNTYWGQGTQVTVSSGGGGSGGGSEVQLVE
SGGGLVQAGGSLSLSCSASGRSLSNYYMGWFRQAPGKERELLGNIS
WRGYNIYYKDSVKGRFTISRDDAKNT IYLOMNRLKPEDTAVYYCAA
SILPLSDDPGWNTYWGQGTQVTVSS

TNF1-GS30- 17 QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYWMYWVRQAPGKGLE

TNF1 (TNF7) WVSEINTNGLITKYPDSVKGRFTISRDNAKNTLYLQMNSLKPEDTA
LYYCARSPSGFNRGQGTQVTVS SGGGGSGGGGS GGGGSGGGGS GGG
GSGGGGSQVQLVESGGGLVQPGGSLRLSCAASGFTFSDYWMYWVRQ
APGKGLEWVSE1INTNGLITKYPDSVKGRFTISRDNAKNTLYLQMNS
LKPEDTALYYCARSPSGFNRGQGTQVTVSS

TNF2-GS30- 18  QVOLVESGGGLVQAGGSLRLSCAASGRTFSEPSGYTYTIGWFRQAP

TNF2 (TNF8) GKEREFVARIYWS SGLTYYADSVKGRFTISRD1AKNTVDLLMNSLK
PEDTAVYYCAARDGI PTSRSVGSYNYWGQGTQVTVSSGGGGSGGGE
SGGGGSGGEGGSGGGESGAGGSOVOLY ESGGGLVOAGGSLRLSCAAS
GRTFSEPSGYTYTIGWFRQAPGKEREFVARIYWSSGLTYYADSVKG
RFTISRDIAKNTVDLLMNS LKPEDTAVYYCAARDGIPTSRSVGSYN
YWGQGTQUTVSS
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TABLE 1l-continued
Protein sequences
SEQ ID
Name NO Sequence
TNF3-GS30- 19 EVQLVESGGGLVQAGGSLSLSCSASGRSLSNYYMGWFRQAPGKERE
TNF2 (TNF9) LLGNISWRGYNIYYKDSVKGRFTISRDDAKNTIYLOMNRLKPEDTA

VYYCAASILPLSDDPGWNTYWGQGTQVTVSSGGGGSGGGGSGGGGS
GGGGSGGGGSGGGGSEVQLVESGGGLVQAGGSLSLSCSASGRSLSN
YYMGWFRQAPGKERELLGNISWRGYN1YYKDSVKGRFTISRDDAKN
TIYLOMNRLKPEDTAVYYCAASILPLSDDPGWNTYWGQGTQVTVSS

TNF30-30GS- 11 EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYWMYWVRQAPGKGLE
TNF30-C WVSEINTNGLITKYPDSVKGRFTISRDNAKNTLYLQMNSLRPEDTA
(TNF55) VYYCARSPSGFNRGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSGGG

GSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGFTFSDYWMYWVRQ
APGKGLEWVSEINTNGLITKYPDSVKGRFTISRDNAKNTLYLQMNS
LRPEDTAVYYCARSPSGFNRGQGTLVTVSC

TNF30-30GS- 1 EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYWMYWVRQAPGKGLE
TNF30-gggC WVSEINTNGLITKYPDSVKGRFTISRDNAKNTLYLQMNSLRPEDTA
(TNF56) VYYCARSPSGFNRGQGTLVTVSSGGGGSGGGGSGGGGSGGGGS GGG

GSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGFTFSDYWMYWVRQ
APGKGLEWVSEINTNGLITKYPDSVKGRFTISRDNAKNTLYLQMNS
LRPEDTAVYYCARSPSGFNRGQGTLVTVSSgggC

TABLE 12

cDNA se ugnces

SEQ

iD
Name NO Sequence
TNF30- 5 Atgagatttccttcaatttttactgetgttttattcgcagecatccteecgecattage
30GS- tgcteccagtcaacactacaacagaagatgaaacggcacaaattccggctgaagetyg
TNF30-C tcatcggttactcagatttagaaggggatttcgatgttgctgttttgecattttece
(TNF55) aacagcacaaataacgggttattgtttataaatactactattgccagcattgctge

taaagaagaaggggtatctctcecgagaaaagagaggtgcagetggtggagtetggtyg
gaggcttggttcaaccgggtggcagectgegtttatectgegeagectetggttte
acctttagtgattactggatgtattgggttegtcaggetecagggaaaggectega
atgggtgtcggaaattaatactaatggtcttatcacaaaatacccggacagegtta
agggccgtttcaccatctecegegataacgctaaaaacacgctgtatetgcaaatyg
aacagcctgegtectgaagacacggecgtatattactgtgegegeteteegagegy
ttttaaccgeggecaggggacecttgteacegtetectecaggeggtggaggeageyg
gtggcgggggtageggeggtggaggcageggtggegggggateeggeggtggagge
agcggtggegggggtagegaggtgcagetggtggagtctggtggaggettggttea
accgggtggcagectgegtttatectgegeagectetggtttecacctttagtgatt
actggatgtattgggttegtcaggctecagggaaaggectegaatgggtgteggaa
attaatactaatggtcttatcacaaaatacceggacagegttaagggecgtttcac
catctecegegataacgctaaaaacacgetgtatetgeaaatgaacagectgegte
ctgaagacacggecgtatattactgtgegegetetecgageggttttaacegegge
caggggacccttgttacegtetectgetaataa

TNF30- 6 atgagatttccttcaatttttactgctgttttattcgcagcatcctecgecattage
30GS- tgctccagtcaacactacaacagaagatgaaacggcacaaattccggcectgaagetg
TNF30- tcatcggttactcagatttagaaggggatttcgatgttgctgttttgecattttece
gggcC aacagcacaaataacgggttattgtttataaatactactattgccagcattgetge
(TNF56) taaagaagaaggggtatctctcgagaaaagagaggtgcagctggtggagtctggtg

gaggcttggttcaaccgggtggcagectgegtttatectgegeagectetggttte
acctttagtgattactggatgtattgggttegtcaggetecagggaaaggectega
atgggtgtcggaaattaatactaatggtcttatcacaaaatacccggacagegtta
agggccgtttcaccatctecegegataacgctaaaaacacgctgtatetgcaaatyg
aacagcctgegtectgaagacacggecgtatattactgtgegegetetecegagegy
ttttaaccgeggecaggggacecttgteacegtetectecaggeggtggaggeageyg
gtggcgggggtageggeggtggaggcageggtggegggggateeggeggtggagge
agcggtggegggggtagegaggtgcagetggtggagtctggtggaggettggttea
accgggtggcagectgegtttatectgegeagectetggtttecacetttagtgatt
actggatgtattgggttegtcaggctecagggaaaggectegaatgggtgteggaa
attaatactaatggtcttatcacaaaatacceggacagegttaagggecgtttcac
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TABLE 12-continued

cDNA se upnces

SEQ
D
Name NO Sequence

catctccegegataacgctaaaaacacgctgtatcetgcaaatgaacagectgegte
ctgaagacacggccgtatattactgtgegegetceteccgageggttttaacegegge
caggggacccttgtcaccgtetectecaggtggaggttgetaataa

EQUIVALENTS

[0307] All references cited herein are incorporated herein
by reference in their entirety and for all purposes to the same
extent as if each individual publication or patent or patent
application was specifically and individually indicated to be
incorporated by reference in its entirety for all purposes.

[0308] The presentinvention is not to belimited in scope by
the specific embodiments described herein. Indeed, various
modifications featured in the invention, in addition to those
described herein, will become apparent to those skilled in the
art from the foregoing description and accompanying figures.
Such modifications are intended to fall within the scope ofthe
appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 19

<210> SEQ ID NO 1

<211> LENGTH: 264

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SDAB-01

<400> SEQUENCE: 1

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln
1 5 10

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe
20 25

Trp Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Ser Glu Ile Asn Thr Asn Gly Leu Ile Thr Lys Tyr Pro
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn
65 70 75

Leu Gln Met Asn Ser Leu Arg Pro Glu Asp Thr Ala Val
85 90

Ala Arg Ser Pro Ser Gly Phe Asn Arg Gly Gln Gly Thr
100 105

Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
115 120 125

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
130 135 140

Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val
145 150 155

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr
165 170

Tyr Trp Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly
180 185

Val Ser Glu Ile Asn Thr Asn Gly Leu Ile Thr Lys Tyr

Pro Gly Gly
15

Ser Asp Tyr
30

Glu Trp Val

Asp Ser Val

Thr Leu Tyr

80

Tyr Tyr Cys
95

Leu Val Thr
110

Gly Gly Gly

Gly Gly Gly

Gln Pro Gly
160

Phe Ser Asp
175

Leu Glu Trp
190

Pro Asp Ser
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-continued

195 200 205

Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu
210 215 220

Tyr Leu Gln Met Asn Ser Leu Arg Pro Glu Asp Thr Ala Val Tyr Tyr
225 230 235 240

Cys Ala Arg Ser Pro Ser Gly Phe Asn Arg Gly Gln Gly Thr Leu Val
245 250 255

Thr Val Ser Ser Gly Gly Gly Cys
260

<210> SEQ ID NO 2

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CDRL1

<400> SEQUENCE: 2

Asp Tyr Trp Met Tyr
1 5

<210> SEQ ID NO 3

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CDR2

<400> SEQUENCE: 3

Glu Ile Asn Thr Asn Gly Leu Ile Thr Lys Tyr Pro Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 4

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: CDR3

<400> SEQUENCE: 4

Ser Pro Ser Gly Phe Asn
1 5

<210> SEQ ID NO 5

<211> LENGTH: 1041

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: TNF55 nucleotide

<400> SEQUENCE: 5

atgagatttc cttcaatttt tactgctgtt ttattcgecag catcctcege attagetget 60
ccagtcaaca ctacaacaga agatgaaacg gcacaaattc cggctgaage tgtcatcggt 120
tactcagatt tagaagggga tttcgatgtt getgttttge cattttccaa cagcacaaat 180
aacgggttat tgtttataaa tactactatt gccagcattg ctgctaaaga agaaggggta 240

tctctegaga aaagagaggt gcagetggtg gagtetggtyg gaggettggt tcaaccegggt 300

ggcagcectge gtttatcetg cgcagectet ggtttcacct ttagtgatta ctggatgtat 360
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-continued
tgggttcegte aggctccagg gaaaggectce gaatgggtgt cggaaattaa tactaatggt 420
cttatcacaa aatacccgga cagcgttaag ggccgtttca ccatctceceg cgataacget 480
aaaaacacgc tgtatctgca aatgaacagc ctgcgtcecctg aagacacggce cgtatattac 540
tgtgcgeget ctcecgagegg ttttaaccge ggccagggga cccttgtcac cgtctectcea 600

ggcggtggag gcageggtgg cgggggtage ggeggtggag gcageggtgg cgggggatce 660

ggcggtggag gcageggtgg cgggggtage gaggtgcage tggtggagte tggtggagge 720

ttggttcaac cgggtggcag cctgegttta tectgegecag cctetggttt cacctttagt 780
gattactgga tgtattgggt tcgtcagget ccagggaaag gectcgaatg ggtgtceggaa 840
attaatacta atggtcttat cacaaaatac ccggacageg ttaagggeceg tttcaccate 900
tccecgegata acgctaaaaa cacgetgtat ctgcaaatga acagectgeg tectgaagac 960

acggccgtat attactgtgc gcgctctceccg agecggtttta accgcecggcca ggggaccctt 1020

gttaccgtect cctgctaata a 1041

<210> SEQ ID NO 6

<211> LENGTH: 1053

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: TNF56 nucleotide

<400> SEQUENCE: 6

atgagatttc cttcaatttt tactgctgtt ttattcgcag catcctcege attagcetget 60
ccagtcaaca ctacaacaga agatgaaacg gcacaaattc cggctgaage tgtcatcggt 120
tactcagatt tagaagggga tttcgatgtt gectgttttge cattttccaa cagcacaaat 180
aacgggttat tgtttataaa tactactatt gccagcattg ctgctaaaga agaaggggta 240
tctetegaga aaagagaggt gcagetggtg gagtetggtg gaggettggt tcaaccgggt 300
ggcagcctge gtttatectg cgecagectet ggtttcacct ttagtgatta ctggatgtat 360
tgggttegte aggctccagg gaaaggcecte gaatgggtgt cggaaattaa tactaatggt 420
cttatcacaa aatacccgga cagcgttaag ggecgttteca ccatctcceg cgataacget 480
aaaaacacgc tgtatctgca aatgaacagce ctgegtectg aagacacgge cgtatattac 540
tgtgegeget ctecgagegg ttttaaccge ggecagggga ccecttgtcac cgtctectca 600

ggcggtggag gcageggtgg cgggggtage ggcggtggag gcagceggtgg cgggggatce 660

ggcggtggag gcageggtgg cgggggtage gaggtgcage tggtggagte tggtggagge 720

ttggttcaac cgggtggcag cctgegttta tcctgegecag cctetggttt cacctttagt 780
gattactgga tgtattgggt tcgtcaggct ccagggaaag gcctcgaatg ggtgtcggaa 840
attaatacta atggtcttat cacaaaatac ccggacageg ttaagggecg tttcaccatce 900
tccecgegata acgctaaaaa cacgctgtat ctgcaaatga acagectgeg tcctgaagac 960

acggccgtat attactgtge gegetctecg ageggtttta accgeggceca ggggaccctt 1020

gtcaccgtet cctecaggtgg aggttgetaa taa 1053

<210> SEQ ID NO 7

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: linker 1

<400> SEQUENCE: 7

Gly Gly Gly sSer
1

<210> SEQ ID NO 8

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: linker 2

<400> SEQUENCE: 8

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 9

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: LINKER 3

<400> SEQUENCE: 9

Gly Gly Gly Gly Ser Gly Gly Gly Ser
1 5

<210> SEQ ID NO 10

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: LINKER 4

<400> SEQUENCE: 10

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 11

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: LINKER 5

<400> SEQUENCE: 11

Gly Gly Gly Gly Ser Gly Gly Gly Ser
1 5

<210> SEQ ID NO 12

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: LINKER 6

<400> SEQUENCE: 12

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
1 5 10 15

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
20 25 30
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<210>
<211>
<212>
<213>
<220>
<223>
<400>

Gln Va
1

Ser Le

Trp Me

Ser Gl
50

Gly Ar
65

Gln Me

Arg Se

Ser Se

Glu Se

13
Cys Al
145
Arg GL

Asn GIL

Ile Se

SEQ ID NO 13

LENGTH: 238

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: TNF4

SEQUENCE: 13

1 Gln Leu Val Glu Ser Gly Gly

u Arg Leu Ser Cys Ala Ala Ser
20 25

t Tyr Trp Val Arg Gln Ala Pro
35 40

u Asn Thr Asn Gly Leu Ile Thr
55

g Phe Thr Ile Ser Arg Asp Asn
70

t Asn Ser Leu Lys Pro Glu Asp
85

r Pro Ser Gly Phe Asn Arg Gly
100 105

r Gly Gly Gly Gly Ser Gly Gly
115 120

r Gly Gly Gly Leu Val Gln Pro
0 135

a Ala Ser Gly Phe Thr Phe Ser
150

n Ala Pro Gly Lys Gly Leu Glu
165

y Leu Ile Thr Lys Tyr Pro Asp
180 185

r Arg Asp Asn Ala Lys Asn Thr
195 200

Leu Lys Pro Glu Asp Thr Ala Leu Tyr

21

Gly Ph
225

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gln Va
1

Ser Le

Ser Gl

Glu Ar
50

[} 215

e Asn Arg Gly Gln Gly Thr Gln
230

SEQ ID NO 14

LENGTH: 267

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: TNF5

SEQUENCE: 14

1 Gln Leu Val Glu Ser Gly Gly
5

u Arg Leu Ser Cys Ala Ala Ser
20 25

y Tyr Thr Tyr Thr Ile Gly Trp
35 40

g Glu Phe Val Ala Arg Ile Tyr
55

Gly

10

Gly

Gly

Lys

Ala

Thr

90

Gln

Gly

Gly

Asp

Trp

170

Ser

Leu

Tyr

Val

Gly

Gly

Phe

Trp

Leu

Phe

Lys

Tyr

Lys

75

Ala

Gly

Ser

Gly

Tyr

155

Val

val

Tyr

Cys

Thr
235

Leu

Arg

Arg

Ser

Val

Thr

Gly

Pro

60

Asn

Leu

Thr

Gln

Ser

140

Trp

Ser

Lys

Leu

Ala

220

Val

Val

Thr

Gln

Ser
60

Gln

Phe

Leu

Asp

Thr

Tyr

Gln

Val

125

Leu

Met

Glu

Gly

Gln

205

Arg

Ser

Gln

Phe

Ala

45

Gly

Pro

Ser

30

Glu

Ser

Leu

Tyr

Val

110

Gln

Arg

Ile

Arg

190

Met

Ser

Ser

Ala
Ser
30

Pro

Leu

Gly

15

Asp

Trp

Val

Tyr

Cys

95

Thr

Leu

Leu

Trp

Asn

175

Phe

Asn

Pro

Gly

Glu

Gly

Thr

Gly

Tyr

Val

Lys

Leu

80

Ala

Val

Val

Ser

Val

160

Thr

Thr

Ser

Ser

Gly

Pro

Lys

Tyr
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-continued

Tyr Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Ile Ala
65 70 75 80

Lys Asn Thr Val Asp Leu Leu Met Asn Ser Leu Lys Pro Glu Asp Thr
85 90 95

Ala Val Tyr Tyr Cys Ala Ala Arg Asp Gly Ile Pro Thr Ser Arg Ser
100 105 110

Val Gly Ser Tyr Asn Tyr Trp Gly Gln Gly Thr Gln Val Thr Val Ser
115 120 125

Ser Gly Gly Gly Gly Ser Gly Gly Gly Ser Gln Val Gln Leu Val Glu
130 135 140

Ser Gly Gly Gly Leu Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys
145 150 155 160

Ala Ala Ser Gly Arg Thr Phe Ser Glu Pro Ser Gly Tyr Thr Tyr Thr
165 170 175

Ile Gly Trp Phe Arg Gln Ala Pro Gly Lys Glu Arg Glu Phe Val Ala
180 185 190

Arg Ile Tyr Trp Ser Ser Gly Leu Thr Tyr Tyr Ala Asp Ser Val Lys
195 200 205

Gly Arg Phe Thr Ile Ser Arg Asp Ile Ala Lys Asn Thr Val Asp Leu
210 215 220

Leu Met Asn Ser Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala
225 230 235 240

Ala Arg Asp Gly Ile Pro Thr Ser Arg Ser Val Gly Ser Tyr Asn Tyr
245 250 255

Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser
260 265

<210> SEQ ID NO 15

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: TNF6

<400> SEQUENCE: 15

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Ala Gly Gly
1 5 10 15

Ser Leu Ser Leu Ser Cys Ser Ala Ser Gly Arg Ser Leu Ser Asn Tyr
20 25 30

Tyr Met Gly Trp Phe Arg Gln Ala Pro Gly Lys Glu Arg Glu Leu Leu
35 40 45

Gly Asn Ile Ser Trp Arg Gly Tyr Asn Tyr Tyr Lys Asp Ser Val Lys
50 55 60

Gly Arg Phe Thr Ile Ser Arg Asp Asp Ala Lys Asn Thr Ile Tyr Leu
65 70 75 80

Gln Met Asn Arg Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys Ala
85 90 95

Ala Ser Ile Leu Pro Leu Ser Asp Asp Pro Gly Trp Asn Thr Tyr Trp
100 105 110

Gly Gln Gly Thr Gln Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly
115 120 125

Gly Gly Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln
130 135 140
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-continued

Ala Gly Gly Ser Leu Ser Leu Ser Cys Ser Ala Ser Gly Arg Ser Leu
145 150 155 160

Ser Asn Tyr Tyr Met Gly Trp Phe Arg Gln Ala Pro Gly Lys Glu Arg
165 170 175

Glu Leu Leu Gly Asn Ile Ser Trp Arg Gly Tyr Asn Ile Tyr Tyr Lys
180 185 190

Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ala Lys Asn
195 200 205

Thr Ile Tyr Leu Gln Met Asn Arg Leu Lys Pro Glu Asp Thr Ala Val
210 215 220

Tyr Tyr Cys Ala Ala Ser Ile Leu Pro Leu Ser Asp Asp Pro Gly Trp
225 230 235 240

Asn Thr Tyr Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser
245 250

<210> SEQ ID NO 16

<211> LENGTH: 259

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: TNF7

<400> SEQUENCE: 16

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp Tyr
Trp Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Glu Ile Asn Thr Asn Gly Leu Ile Thr Lys Tyr Pro Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Lys Pro Glu Asp Thr Ala Leu Tyr Tyr Cys
85 90 95

Ala Arg Ser Pro Ser Gly Phe Asn Arg Gly Gln Gly Thr Gln Val Thr
100 105 110

Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly
115 120 125

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
130 135 140

Ser Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly
145 150 155 160

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp
165 170 175

Tyr Trp Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp
180 185 190

Val Ser Glu Asn Thr Asn Gly Leu Ile Thr Lys Tyr Pro Asp Ser Val
195 200 205

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
210 215 220

Leu Gln Met Asn Ser Leu Lys Pro Glu Asp Thr Ala Leu Tyr Tyr Cys
225 230 235 240
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-continued

Ala Arg Ser Pro Ser Gly Phe Asn Arg Gly Gln Gly Thr Gln Val Thr
245 250 255

Val Ser Ser

<210> SEQ ID NO 17

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: TNF8

<400> SEQUENCE: 17

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Ala Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Arg Thr Phe Ser Glu Pro
20 25 30

Ser Gly Tyr Thr Tyr Thr Ile Gly Trp Phe Arg Gln Ala Pro Gly Lys
35 40 45

Glu Arg Glu Phe Val Ala Arg Ile Tyr Trp Ser Ser Gly Leu Thr Tyr
50 55 60

Tyr Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Ala Lys
65 70 75 80

Asn Thr Val Asp Leu Leu Met Asn Ser Leu Lys Pro Glu Asp Thr Ala

Val Tyr Tyr Cys Ala Ala Arg Asp Gly Ile Pro Thr Ser Arg Ser Val
100 105 110

Gly Ser Tyr Asn Tyr Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser
115 120 125

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
130 135 140

Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln Val
145 150 155 160

Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Ala Gly Gly Ser Leu
165 170 175

Arg Leu Ser Cys Ala Ala Ser Gly Arg Thr Phe Ser Glu Pro Ser Gly
180 185 190

Tyr Thr Tyr Thr Ile Gly Trp Phe Arg Gln Ala Pro Gly Lys Glu Arg
195 200 205

Glu Phe Val Ala Arg Ile Tyr Trp Ser Ser Gly Leu Thr Tyr Tyr Ala
210 215 220

Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Ile Ala Lys Asn
225 230 235 240

Thr Val Asp Leu Leu Met Asn Ser Leu Lys Pro Glu Asp Thr Ala Val
245 250 255

Tyr Tyr Cys Ala Ala Arg Asp Gly Ile Pro Thr Ser Arg Ser Val Gly
260 265 270

Ser Tyr Asn Tyr Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser
275 280 285

<210> SEQ ID NO 18

<211> LENGTH: 275

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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-continued

<223> OTHER INFORMATION: TNF9
<400> SEQUENCE: 18

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Ala Gly Gly
1 5 10 15

Ser Leu Ser Leu Ser Cys Ser Ala Ser Gly Arg Ser Leu Ser Asn Tyr
20 25 30

Tyr Met Gly Trp Phe Arg Gln Ala Pro Gly Lys Glu Arg Glu Leu Leu
35 40 45

Gly Asn Ile Ser Trp Arg Gly Tyr Asn Ile Tyr Tyr Lys Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asp Ala Lys Asn Thr Ile Tyr
65 70 75 80

Leu Gln Met Asn Arg Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Ala Ser Ile Leu Pro Leu Ser Asp Asp Pro Gly Trp Asn Thr Tyr
100 105 110

Trp Gly Gln Gly Thr Gln Val Thr Val Ser Ser Gly Gly Gly Gly Ser
115 120 125

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
130 135 140

Gly Gly Gly sSer Gly Gly Gly Gly Ser Glu Val Gln Leu Val Glu Ser
145 150 155 160

Gly Gly Gly Leu Val Gln Ala Gly Gly Ser Leu Ser Leu Ser Cys Ser
165 170 175

Ala Ser Gly Arg Ser Leu Ser Asn Tyr Tyr Met Gly Trp Phe Arg Gln
180 185 190

Ala Pro Gly Lys Glu Arg Glu Leu Leu Gly Asn Ile Ser Trp Arg Gly
195 200 205

Tyr Asn Tyr Tyr Lys Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg
210 215 220

Asp Asp Ala Lys Asn Thr Ile Tyr Leu Gln Met Asn Arg Leu Lys Pro
225 230 235 240

Glu Asp Thr Ala Val Tyr Tyr Cys Ala Ala Ser Ile Leu Pro Leu Ser
245 250 255

Asp Asp Pro Gly Trp Asn Thr Tyr Trp Gly Gln Gly Thr Gln Val Thr
260 265 270

Val Ser Ser
275

<210> SEQ ID NO 19

<211> LENGTH: 260

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: TNF55

<400> SEQUENCE: 19

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asp Tyr
20 25 30

Trp Met Tyr Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
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-continued

Glu
50

Ser Ile Asn Thr Asn Gly Leu Ile Thr Lys Tyr Pro

60
Phe Thr

Ile Ala

75

Lys Ser Asn Asn

65

Gly Arg Arg Asp Lys

Gln Met Ser Leu Pro Glu Thr Ala Val

85

Leu Asn Arg Asp

90

Ala Pro Ser Phe Asn Gln Thr

100

Arg Ser Gly Arg

105

Gly Gly

Val Ser

125

Ser
120

Ser
115

Ser Gly Gly Gly Gly Gly Gly Gly Gly

Gly Ser

140

Ser
135

Ser
130

Gly Gly Gly Gly Gly Gly Gly Gly Gly

Glu Val Gln Val

150

Ser Leu Glu Ser Leu Val

145

Gly Gly Gly

155

Ala Ala Ser Phe Thr

170

Leu Ser

165

Gly Ser Leu Arg Cys Gly

Met Val Gln Ala

185

Tyr Trp Tyr Pro

180

Trp Arg Gly Lys Gly

Val Glu

195

Ser Ile Asn Thr Asn Gly Leu Ile Thr

200

Lys Tyr

205
Val Phe

Thr Ile

215

Ala
220

Lys Ser Asn

210

Gly Arg Arg Asp Lys

Gln Met Ser Leu Pro Glu Thr Ala

230

Tyr Leu Asn

225

Arg Asp

235

Ala Pro Ser Phe Asn Gln

245

Cys Arg Ser Gly Arg

250

Gly Gly

Thr Val Ser Cys

260

Asp

Thr

Tyr

Leu

110

Gly

Gly

Gln

Phe

Leu

190

Pro

Asn

Val

Thr

Ser Val

Leu Tyr

80

Tyr
95

Cys

Val Thr

Gly Gly

Gly Gly

Pro Gly

160

Ser
175

Asp

Glu Trp

Asp Ser

Thr Leu

Tyr Tyr

240
Leu Val
255

We claim:
1. A modified single domain antigen binding molecule,
comprising:
(i) one or more single antigen binding domains that bind to
one or more targets,
(i1) a non-peptidic linker; and
(iii) one or more polymer molecules,

wherein the non-peptidic linker is a moiety of formula (I):

wherein
w! anii W2 are each independently selected from a bond or
NR";

Y isabond, C, , alkylene substituted with 0-2 occurrences

of R* or a pyrrolidine-2,5-dione;

X is O, a bond or is absent;

Z is O, NR?, S or a bond,;

R! and R? are each independently hydrogen or C,_ alkyl;

R? is absent or is one or more polymer moieties.

R“ is selected from hydroxyl, C,_, alkyl or C,_, alkoxy;

misOorl;

nis0, 1,2 or3;

pis0,1,2,3 0r4.

2. The modified single domain antigen binding molecule of
claim 1, wherein the one or more polymer molecules com-
prise a poly(ethyleneglycol (PEG) monomer or a derivative
thereof.

3. The modified single domain antigen binding molecule of
claim 2, wherein the PEG polymer molecule is branched and
the PEG monomer is methoxypoly(ethyleneglycol) (mPEG)
or a derivative thereof.

4. The modified single domain antigen binding molecule of
claim 3, wherein the PEG polymer molecule is a branched
PEG polymer molecule selected from the group consisting of
formulas (a)-(h):
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PEG

PEG,

O-PEG

O-PEG,

PEG
PEG

PEG,

O-PEG

O-PEG

IR A

O-PEG,

—PEG

—PEG

-

—PEG

L —PEG,

—PEG

—PEG

—PEG

L—PEG,

—PEG
—PEG

O-PEG—

4

O-PEG—

—PEG

— PEG,

or

(@)

d

Jan. 19,2012

-continued
—O-PEG ®
—O-PEG
O-PEG—
O-PEG—
—O-PEG
—O-PEG;

5. The modified single domain antigen binding molecule of
claim 2, wherein each PEG polymer moiety independently
has a molecular weight between 1 KDa and 100 KDa.

6. The modified single domain antigen binding molecule of
claim 5, wherein each PEG polymer moiety independently
has a molecular weight between 10 KDa and 50 KDa.

7. The modified single domain antigen binding molecule of
claim 5, wherein each PEG polymer moiety independently
has a molecular weight selected from the group consisting of
10 KDa, 20 KDa, 30 KDa, 40 KDa and 50 KDa.

8. The modified single domain antigen binding molecule of
claim 5, wherein the linker and the PEG polymer molecule
have a structure selected from the group consisting of:

O O
N/\/\O
H
PEG
PEG,
O
}51\0
PEG,
O
— O—PEG
O —O—PEG
—kO—PEG—
O—PEG—
——O—PEG
L 0—PEG,
H
}Q{\/N\ﬂ/o
OH (6] O—PEG
O—PEG,
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-continued
0 0

O—PEG

wg/\/\o J:O—EPG
—|:O—PEG
0—PEG

—tO—PEG

0—PEG,

0 o}
N/\)kN/\/\O
H
PEG
€]

PEG,

OH (6]
Jk O—PEG
N O FO—EPG
H
O—PEG
O

SEQ ID NO:

O 0
1-Cys264—S /\)J\
N N/\/\O
H
o]

9. The modified single domain antigen binding molecule of
claim 8, wherein the linker and the PEG polymer molecule
are represented by the following formula:

O 0
N/\)]\g/\/\o

(mPEG 20 KDa)
0]

(mPEG 20 KDa).

10. The modified single domain antigen binding molecule
of claim 1, wherein at least one of said single antigen binding
domains binds to human TNFa.

Jan. 19,2012

11. The modified single domain antigen binding molecule
of claim 1, which is monovalent, bivalent or trivalent.

12. The modified single domain antigen binding molecule
of claim 1, which is monospecific, bispecific, or trispecific.

13. The modified single domain antigen binding molecule
of’claim 1, wherein one or more of said single antigen binding
domains is CDR-grafted, humanized, camelized, de-immu-
nized, or selected by phage display.

14. The modified single domain antigen binding molecule
of claim 1, which is a single chain fusion polypeptide com-
prising in the following order from N- to C-terminus: Anti-
TNFa single antigen binding domain—(optionally, a pep-
tidic linker)—anti-TNFo. single antigen binding domain—
non-peptidic linker—one or more polymer molecules.

15. The modified single domain antigen binding molecule
of claim 1, wherein the one or more of said single antigen
binding domains comprise the amino acid sequence shown in
FIG. 2 or an amino acid sequence at least 85% identical
thereto.

16. The modified single domain antigen binding molecule
of claim 14, wherein the one or more of said single antigen
binding domains comprise three CDRs having the amino
sequence: DYWMY (CDR1), EINTNGLITKYPDSVKG
(CDR2) and SPSGFN (CDR3), or having a CDR that differs
by 1 amino acid substitution from one of said CDRs.

17. The modified single domain antigen binding molecule
of claim 14, wherein said peptidic linker comprises at least
one, two, three, four, five, six, seven or more repeats of (Gly)
5-Ser or (Gly),-Ser (SEQ ID NO:8).

18. The modified single domain antigen binding molecule
of claim 17, which is represented by the following structure:

(mPEG 20 KDa)

(mPEG 20 KDa).

19. A pharmaceutical composition comprising the modi-
fied single domain antigen binding molecule according to
claim 1 and a pharmaceutically acceptable carrier.

20. The pharmaceutical composition of claim 19, further
comprising a second agent chosen from one or more of a
cytokine inhibitor, a growth factor inhibitor, an immunosup-
pressant, an anti-inflammatory agent, a metabolic inhibitor,
an enzyme inhibitor, a cytotoxic agent, or a cytostatic agent.

21. A method of ameliorating an inflammatory or an
autoimmune condition in a subject, comprising administering
to the subject the modified single domain antigen binding
molecule according to claim 1, in an amount such that one or
more of the symptoms of the TNFa associated disorder are
reduced.
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22. The method of claim 21, further comprising adminis-
tering a second agent in combination with the modified single
domain antigen binding molecule, wherein said second agent
is chosen from one or more of a cytokine inhibitor, a growth
factor inhibitor, an immunosuppressant, an anti-inflamma-
tory agent, a metabolic inhibitor, an enzyme inhibitor, a cyto-
toxic agent, or a cytostatic agent.

23. The method of claim 21, wherein the TNFa.-associated
disorder is chosen from one or more of rheumatoid arthritis
(RA), arthritic conditions, psoriatic arthritis, polyarticular
juvenile idiopathic arthritis (JIA), ankylosing spondylitis
(AS), psoriasis, ulcerative colitis, Crohn’s disease, inflamma-
tory bowel disease, or multiple sclerosis.

24. The method of claim 23, wherein the modified single
domain antigen binding molecule or the second agent is
administered to the subject by subcutaneous, intravascular,
intramuscular or intraperitoneal injection or by inhalation.

25. A method of evaluating a modified single domain anti-
gen binding molecule of claim 1, comprising:

administering the modified SDAB molecule according to

claim 1 to a subject; and

evaluating one or more pharmacokinetic/pharmacody-

namic (PK/PD) parameters of the modified SDAB mol-
ecule.

26. A method of evaluating or selecting a modified single
domain antigen binding molecule of claim 1, comprising:

providing a test value for at least one PK/PD parameter of

the modified SDAB molecule according to claim 1 to a
subject; in a subject; and

comparing the test value provided with at least one refer-

ence value, to thereby evaluate or select the modified
SDAB molecule.

27. The method of claim 25, further comprising: providing
a sample containing the modified SDAB molecule; and test-
ing the sample in a capture detection assay.

28. The method according to claim 25, wherein the PK/PD
parameter evaluated is chosen from one or more of: an in vivo
concentration of the modified SDAB molecule (e.g., a con-
centration in blood, serum, plasma and/or tissue); clearance
of the modified SDAB molecule (CL); steady-volume distri-
bution of the modified SDAB molecule (V ,); half-life of the
modified SDAB molecule (t, ,); bioavailability of the modi-
fied SDAB molecule; dose normalized maximum blood,
serum or plasma concentration of the modified SDAB mol-

Jan. 19,2012

ecule; dose normalized exposure of the modified SDAB mol-
ecule; or tissue-to-serum ratio of the modified SDAB mol-
ecule.

29. A capture detection assay for evaluating a modified
single domain binding molecule of claim 1, comprising: pro-
viding a target immobilized to a solid support; and a reagent
that binds to the protein or polymer moiety of the modified
single domain antigen binding molecule for detecting the
bound modified single domain antigen binding molecule-
target complex.

30. A kit or an article of manufacture that includes a device,
a syringe or a vial containing the modified single domain
binding molecule of claim 1, and, optionally, including
instructions for use.

31. A method of making a modified single domain binding
molecule of claim 1 comprising:

providing a single domain binding molecule;

contacting the single domain binding molecule with a non-

peptidic linker of formula (I):

@

wl W2 z
><Y—X ey Y Semy” DR
\ﬂ/ I

O m
wherein

w! anfl W? are each independently selected from a bond or
NR";

Y isabond, C, _, alkylene substituted with 0-2 occurrences
of R? or a pyrrolidine-2,5-dione;

X is O, a bond or is absent;

Z is O, NR?, S or a bond;

R! and R? are each independently hydrogen or C, ¢ alkyl;

R? is absent or is one or more polymer moieties.

R is selected from hydroxyl, C,_, alkyl or C,_, alkoxy;

misOorl;

nis0,1,2or3;

pis0,1,2,3 or4,

under conditions where at least one chemical bond is
formed.
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