
IL6 IMMUNOTHERAPEUTICS BACKGROUND [001] Interleukin 6
("IL6") is a pleiotropic cytokine that regulates host
immune responses, inflammation, hematopoiesis, and
oncogenesis. IL6 biology is mediated by a
multicomponent molecular system with two distinct
modes of signaling operative on overlapping but
non-identical cell populations. These are referred to
as cis-signaling (also known as "classical" signaling)
and trans-signaling. [002] In cis-signaling, IL6 binds
to cell surface IL6 receptor, the ligand binding part
of IL6R that is referred to as IL6Raor CD126
(previously called gp80). The cell-bound IL6|IL6Ra
complex in turn binds to non-ligand binding but signal
transducing membrane protein gpl30 (also known as
IL6ST, IL6Rb, or CD130), which induces gpl30
dimerization and initiation of signaling. Thus,
cis-signaling is restricted to the subset of cell
types that express cell-surface IL6Ra, which is
generally limited to, for example, mitogen-activated B
cells, T cell subsets, peripheral monocytes, and
certain tumors. The resultant ternary complex on the
cell surface assembles into a very stable hexamer with
a 2:2:2 ratio of IL6:IL6Ra:gpl30 (Boulanger et al.
(2003) Science 300:2101). [003] In trans-signaling,
soluble IL6Ra ("sIL6Ra") complexes with IL6 and the
resulting circulating sIL6xR complex can bind to and
activate any gpl30-expressing cell (but not cells also
expressing IL6Ra, Taga et al. (1989) Cell 58:573).
Many, perhaps all or nearly all, cells in the human
body express gpl30. Because gpl30 is ubiquitous,
trans-signaling can affect many cell types and thereby
sometimes cause disease. [004] The membrane protein
gpl30 also exists in soluble form ("sgpl30"), which
can bind sIL6xR complex in circulation. But, the
sIL6xR complex binds equally well to membrane and
soluble gpl30 (see Jones et al, (2005) J . Interferon
Cytokine Res. 25:241). Therefore, a molar excess of
sgpl30 can inhibit trans-signaling (by reducing the
amount of available sIL6xR complex in circulation),
which will not significantly affecting cis-signaling
because the affinity of sgpl30 is orders of magnitude
less, as compared to cell surface gpl30, for
cell-bound IL6|IL6Ra complex (see, e.g., Jostock et
al. (2001) Eur. J . Biochem. 268:160). Thus, it has
been suggested that spgl30 may be useful in inhibiting
IL6 activity (see, e.g., Jostock et al. (2001) Eur. J
. Biochem. 268:160). But, in addition to IL6, gpl30 is
a common signal-transducing protein for a family of
gpl30 cytokines. These include leukemia inhibitory
factor (LIF), ciliary neurotrophic factor (CNTF),
neuropoietin (NP), cardiotropin 



like cytokine (CLC), oncostatin M (OSM), IL-27, IL-31
and cardiotrophin-1 (CT-I). Hence,although sgpl30 can
inhibit trans-signaling, administering such a compound
to patients may have some unintended adverse effects.
[005] Increased production of IL6 has been implicated
in various disease processes, including Alzheimer's
disease, autoimmunity (e.g., rheumatoid arthritis,
SLE), inflammation, myocardial infarction, Paget's
disease, osteoporosis, solid tumors (e.g., colon
cancer, RCC prostatic and bladder cancers), certain
neurological cancers, B-cell malignancies, such as
Castleman's disease, some lymphoma subtypes, CLL, and,
in particular, multiple myeloma. In some instances,
IL-6 is implicated in proliferation pathways because
it acts with other factors, such as heparin-binding
epithelial growth factor and hepatocyte growth factor.
[006] Several IL6 and IL6Ra antibody antagonists are
known. For example, for IL6, Way et al. (US Patent
Application Publication No. 2007/0178098) disclose
antibodies against IL6 to sterically block IL6 or
sILbxR complex from binding to gpl30 (see also US
Patent No. 7,291,721). For example, for IL6Ra,
Kishimoto (US Patent No. 5,670,373) discloses
antibodies against IL6Rathat inhibit IL6 activity.
BRIEF DESCRIPTION OF THE FIGURES [007] Figures IA- 1C
show that multi-specific (Xceptor(tm)) fusion proteins
containing one of various different Hyper-IL6 binding
domains fused to a TNFR ectodomain bind to Hyper-IL6
specifically as measured by ELISA, and that these
multi-specific fusion proteins preferentially bind
Hyper-IL6 over IL6 and IL6R alone. Only two fusion
proteins tested bound IL6 and none bound sIL6R. [008]
Figure 2 shows that multi-specific fusion proteins
containing a TNFR ectodomain fused to one of various
different Hyper-IL6 binding domains bind to TNF-a as
measured by ELISA. [009] Figure 3 shows that
multi-specific fusion proteins containing one of
various different Hyper-IL6 binding domains fused to a
TNFR ectodomain can simultaneously bind to Hyper-IL6
and TNF-aas measured by ELISA. [010] Figure 4 shows
that multi-specific fusion proteins containing one of
various different Hyper-IL6 binding domains fused to a
TNFR ectodomain block gpl30 from binding to Hyper-IL6
as measured by ELISA. [011] Figures 5A and 5B show
that multi-specific fusion proteins containing one of
various different Hyper-IL6 binding domains fused to a
TNFR ectodomain block (A) IL6 or 



(B) Hyper-IL6 induced proliferation of TF-I
cells.[012] Figure 6 shows that multi-specific fusion
proteins containing one of various different Hyper-IL6
binding domains fused to a TNFR ectodomain block TNF-a
from binding to TNFR as measured by ELISA. [013]
Figure 7 shows that multi-specific fusion proteins
containing a TNFR ectodomain fused to one of various
different Hyper-IL6 binding domains block TNF-a
induced killing of L929 cells. [014] Figure 8 shows
that small modular immunopharmaceutical (SMIP(tm))
fusion proteins containing one of various different
Hyper-IL6 binding domains (referred to as
TRU(S6)-1004, 1007, 1008, 1013, 1018, 1019, 1029 and
1038) bind to Hyper-IL6 as measured by ELISA. [015]
Figure 9 shows that the SMIP fusion proteins referred
to as TRU(S6)-1063 - TRU(S6)-1066 bind to hyper-IL6 as
measured by ELISA. [016] Figure 10 shows that the SMIP
fusion protein TRU(S6)-1002 binds IL6:sIL6R complex as
measured by Biacore(r). [017] Figures 1IA & B show the
results of studies on the binding site of anti-IL6
binding domains disclosed herein. [018] Figure 12
shows that multi-specific fusion proteins containing a
TNFR ectodomain fused to an IL6 binding domain did not
bind to HepG2 cells. [019] Figure 13 shows that
multi-specific fusion proteins containing a TNFR
ectodomain fused to an IL6 binding domain blocked the
HIL6-induced SAA response in mice. [020] Figure 14
shows that multi-specific fusion proteins containing a
TNFR ectodomain fused to an IL6 binding domain blocked
the HIL6-induced sgpl30 response in mice. [021]
Figures 15A and B show the results of studies on the
ability of multi-specific fusion proteins containing a
TNFR ectodomain fused to an IL6 binding domain to
block the TNFa-induced SAA response in mice, at 2
hours and 24 hours post-administration, respectively.
DETAILED DESCRIPTION [022] The present disclosure
generally provides polypeptides containing a binding
region or domain specific for a complex of IL6 with
membrane or soluble IL6 receptor (IL6Ra) (the complex
is referred to herein as IL6xR when referring to
either membrane 



IL6Raor soluble IL6Ra (sIL6Ra), and sILbxR is used
when referring only to the complex of IL6 with sIL6Ra)
that preferentially inhibits IL6 trans-signaling over
IL6 cis-signaling by, forexample, competing with
membrane gpl30 for binding with sILbxR, augmenting
soluble gpl30 binding with sILbxR, having greater
affinity for an IL6xR complex than for either IL6 or
IL6Ra alone, or having any combination of these
properties. A binding domain specific for IL6xR would
also, in certain embodiments, not inhibit signaling of
gpl30 family cytokines other than IL6. In other
embodiments, such a polypeptide binding domain
specific for IL6xR complex may further be part of a
fusion protein in which it is fused to the aminoor
carboxy-terminus of a dimerization domain (e.g. , an
immunoglobulin constant region or sub-region thereof,
such as IgG CH2 and CH3 domains), as found in a small
modular immunopharmaceutical (SMIP(tm)) protein or a
reverse SMIP molecule (referred to herein as a PIMS
molecule), or the like. The present disclosure also
provides fusion proteins having multiple binding
domains that are mono-specific (and multivalent) or
multi-specific. For example, mono-specific,
multivalent fusion proteins can have at least two
binding domains that are specific for the same target,
such as an IL6xR complex as described herein.
Exemplary multi-specific fusion proteins having a
binding domain specific for an IL6xR as described
herein may contain at least one additional binding
region or domain that is specific for a target other
than IL6xR, such as TNFaor TGFb. [023] Furthermore,
this disclosure provides nucleic acid molecules that
encode such binding polypeptides or fusion proteins,
as well as vectors and host cells for recombinantly
producing such molecules, and compositions and methods
for using the binding polypeptides or fusion proteins
of this disclosure in a variety of diagnostic and
therapeutic applications, including the treatment as
well as the amelioration of at least one symptom of a
disease or disorder, such as a hyperproliferative
(e.g., myeloma), autoimmune, or inflammatory disease
(e.g., rheumatoid arthritis). The compounds and
compositions of this disclosure are also useful as
research tools for in vitro and cell-based assays to
study the biological activities of IL6 and related
molecules. [024] Prior to setting forth this
disclosure in more detail, it may be helpful to an
understanding thereof to provide definitions of
certain terms to be used herein. Additional
definitions are set forth throughout this disclosure.
[025] In the present description, any concentration
range, percentage range, ratio range, or integer range
is to be understood to include the value of any
integer within the recited range and, when
appropriate, fractions thereof (such as one tenth and
one hundredth 



of an integer), unless otherwise indicated. Also, any
number range recited herein relating to any physical
feature, such as polymer subunits, size or thickness,
are to be understood to include any integer within the
recited range, unless otherwise indicated. As used
herein, "about" or "consisting essentially of mean
20% of the indicated range, value, or structure,unless
otherwise indicated. As used herein, the terms
"include" and "comprise" are used synonymously. It
should be understood that the terms "a" and "an" as
used herein refer to "one or more" of the enumerated
components. The use of the alternative (e.g., "or")
should be understood to mean either one, both, or any
combination thereof of the alternatives. In addition,
it should be understood that the individual compounds,
or groups of compounds, derived from the various
combinations of the structures and substituents
described herein, are disclosed by the present
application to the same extent as if each compound or
group of compounds was set forth individually. Thus,
selection of particular structures or particular
substituents is within the scope of the present
invention. [026] A "binding domain" or "binding
region" according to the present disclosure may be,
for example, any protein, polypeptide, oligopeptide,
or peptide that possesses the ability to specifically
recognize and bind to a biological molecule (e.g.,
IL6, IL6R) or complex of more than one of the same or
different molecule or assembly or aggregate, whether
stable or transient (e.g., IL6xR complex). Such
biological molecules include proteins, polypeptides,
oligopeptides, peptides, amino acids, or derivatives
thereof; lipids, fatty acids, or derivatives thereof;
carbohydrates, saccharides, or derivatives thereof;
nucleotides, nucleosides, peptide nucleic acids,
nucleic acid molecules, or derivatives thereof;
glycoproteins, glycopeptides, glycolipids,
lipoproteins, proteolipids, or derivatives thereof;
other biological molecules that may be present in, for
example, a biological sample; or any combination
thereof. A binding region includes any naturally
occurring, synthetic, semi synthetic, or recombinantly
produced binding partner for a biological molecule or
other target of interest. A variety of assays are
known for identifying binding domains of the present
disclosure that specifically bind with a particular
target, including Western blot, ELISA, or Biacore(r)
analysis. [027] Terms understood by those in the art
as referring to antibody technology are each given the
meaning acquired in the art, unless expressly defined
herein. For example, the terms "VL" and "VH" refer to
the variable binding region derived from an antibody
light and heavy chain, respectively. The variable
binding regions are made up of discrete, well-defined
sub-regions known as "complementarity determining
regions" (CDRs) and "framework 



regions" (FRs). The terms "CL" and "CH" refer to an
"immunoglobulin constant region," i.e., a constant
region derived from an antibody light or heavy chain,
respectively, with the latter region understood to be
further divisible into CHI , CH , CH3 and CH4 constant
region domains, depending on the antibody isotype
(IgA, IgD, IgE, IgG, IgM) from which the region was
derived. A portion of the constant region domains
makes up the Fc region (the "fragment crystallizable"
region), which contains domains responsible for the
effector functions of animmunoglobulin, such as ADCC
(antibody-dependent cell-mediated cytotoxicity), ADCP
(antibody-dependent cell-mediated phagocytosis), CDC
(complement-dependent cytotoxicity) and complement
fixation, binding to Fc receptors, greater half-life
in vivo relative to a polypeptide lacking an Fc
region, protein A binding, and perhaps even placental
transfer (see Capon et al. (1989) Nature, 337:525).
Further, a polypeptide containing an Fc region allows
for dimerization or multimerization of the
polypeptide. A "hinge region," also referred to herein
as a "linker," is an amino acid sequence interposed
between and connecting the variable binding and
constant regions of a single chain of an antibody,
which is known in the art as providing flexibility in
the form of a hinge to antibodies or antibody-like
molecules. [028] The domain structure of
immunoglobulins is amenable to engineering, in that
the antigen binding domains and the domains conferring
effector functions may be exchanged between
immunoglobulin classes and subclasses. Immunoglobulin
structure and function are reviewed, for example, in
Harlow et al., Eds., Antibodies: A Laboratory Manual,
Chapter 14 (Cold Spring Harbor Laboratory, Cold Spring
Harbor, 1988). An extensive introduction as well as
detailed information about all aspects of recombinant
antibody technology can be found in the textbook
Recombinant Antibodies (John Wiley & Sons, NY, 1999).
A comprehensive collection of detailed antibody
engineering lab protocols can be found in R.
Kontermann and S. Dbel, Eds., The Antibody Engineering
Lab Manual (Springer Verlag, Heidelberg/New York,
2000). [029] "Derivative" as used herein refers to a
chemically or biologically modified version of a
compound that is structurally similar to a parent
compound and (actually or theoretically) derivable
from that parent compound. Generally, a "derivative"
differs from an "analogue" in that a parent compound
may be the starting material to generate a
"derivative," whereas the parent compound may not
necessarily be used as the starting material to
generate an "analogue." A derivative may have
different chemical or physical properties to the
parent compound. For example, a derivative may be more
hydrophilic or it may have altered reactivity {e.g., a
CDR having an amino acid change that alters its
affinity for a target) as 



compared to the parent compound. [030] The term
"biological sample" includes a blood sample, biopsy
specimen, tissue explant, organ culture, biological
fluid or any other tissue, cell or other preparation
from a subject or a biological source. A subject or
biological source may, for example, be a human or
non-human animal, a primary cell culture or culture
adapted cell line including genetically engineered
cell lines that may contain chromosomally integrated
or episomal recombinant nucleic acid sequences,
somatic cell hybrid cell lines, immortalized or
immortalizable cell lines, differentiated or
differentiatable cell lines, transformed cell lines,
orthe like. In further embodiments of this disclosure,
a subject or biological source may be suspected of
having or being at risk for having a disease, disorder
or condition, including a malignant disease, disorder
or condition or a B cell disorder. In certain
embodiments, a subject or biological source may be
suspected of having or being at risk for having, a
hyperproliferative, inflammatory, or autoimmune
disease, and in certain other embodiments of this
disclosure the subject or biological source may be
known to be free of a risk or presence of such
disease, disorder, or condition. IL6 Antagonists [031]
As noted above, the present disclosure provides
polypeptides containing a binding region or domain
specific for an IL6xR complex that has one or more of
the following properties: (1) greater affinity for an
IL6xR complex than for either IL6 or IL6Ra alone, (2)
competes with membrane or soluble gpl30 for binding
with a sILbxR complex, (3) preferentially inhibits IL6
trans-signaling over IL6 cis-signaling, or (4) does
not inhibit signaling of gpl30 family cytokines other
than IL6. In certain embodiments, a binding domain
specific for an IL6xR complex according to this
disclosure has the following properties: (1) greater
affinity for an IL6xR complex than for either IL6 or
IL6Ra alone, (2) competes with membrane gpl30 for
binding with a sILbxR complex, (3) preferentially
inhibits IL6 trans-signaling over IL6 cis-signaling,
and (4) does not inhibit signaling of gpl30 family
cytokines other than IL6. For example, a binding
region or domain specific for an IL6xR may be an
immunoglobulin variable binding domain or derivative
thereof, such as an antibody, Fab, scFv, or the like.
In the context of this disclosure, it should be
understood that a binding region or domain specific
for an IL6xR is not gpl30 as described herein. [032]
As used herein, "IL6xR complex" or "IL6xR" refers to a
complex of an IL6 with an IL6 receptor, wherein the
IL6 receptor (also known as, for example, IL6Ra,
IL6RA, IL6R1, and CD126) is either a membrane protein
(referred to herein as mIL6R or mIL6Ra) 



or a soluble form (referred to herein as sIL6R or
sIL6Ra) . The term "IL6R" encompasses both mIL6Ra and
sIL6Ra. In one embodiment, IL6xR comprises a complex
of IL6 and sIL6Ra. In certain embodiments, the IL6xR
complex is held together via one or more covalent
bonds. For example, the carboxy terminus of an IL6R
can be fused to the aminoterminus of an IL6 via a
peptide linker, to provide a complex known as
Hyper-IL6 (see, e.g. , Fischer et al. (1997) Nat.
Biotechnol. 15:142). A Hyper-IL6 linker can be
comprised of a cross-linking compound, a one to 50
amino acid sequence, or a combination thereof. A
Hyper-IL6 may further include a dimerization domain,
such as an immunoglobulin Fc domain or an
immunoglobulin constant domain sub-region. In certain
embodiments, theIL6xR complex is held together via
non-covalent interactions, such as by hydrogen
bonding, electrostatic interactions, Van der Waal's
forces, salt bridges, hydrophobic interactions, or the
like, or any combination thereof. For example, an IL6
and IL6R can naturally associate noncovalently (e.g.,
as found in nature, or as synthetic or recombinant
proteins) or each can be fused to a dimerization
domain, such as an immunoglobulin Fc domain, to
further enhance complex stability. [033] As used
herein, "gpl30" refers to a signal transduction
protein that binds to an IL6xR complex. The gpl30
protein can be in a membrane (mgpl30), soluble
(sgpl30), or any other functional form. Exemplary
gpl30 proteins have a sequence as set forth in GenBank
Accession No. NP 002175.2 or any soluble or derivative
form thereof ( , e.g., Narazaki et al. (1993) Blood
82:1 120 or Diamant et al. (1997) FEBS Lett. 412:379).
By way of illustration and not wishing to be bound by
theory, an mgpl30 protein can bind to either an
IL6/mILR or an IL6/sILR complex, whereas a sgpl30
primarily binds with an IL6/sILR complex (see Scheller
et al. (2006) Scand. J . Immunol. 63:321). Thus,
certain embodiments of binding domains, or fusion
proteins thereof, of the instant disclosure can
inhibit IL6xR complex trans-signaling by binding with
higher affinity to IL6xR than to either IL6 or IL6Ra
alone and by competing with sIL6xR complex binding to
gpl30, preferably mgpl30, or by augmenting or
enhancing sgpl30 binding with sIL6xR complex. A
binding domain of the instant disclosure "competes"
with gpl30 binding to a sIL6xR when (1) a binding
domain or fusion protein thereof prevents gpl30 from
binding a sIL6xR and the binding domain binds sIL6xR
with equal or higher affinity as compared to the
binding of gpl30 with sIL6xR, or (2) a binding domain
or fusion protein thereof enhances, augments, or
promotes sgpl30 binding to sIL6xR complex, thereby
reducing the amount of time sIL6xR complex is
available for binding with mgp 130. 



[034] Binding domains and fusion proteins thereof of
this disclosure can be "immunospecific" or capable of
binding to a desired degree, including "specifically
or selectively binding" a target while not
significantly binding other components present in a
test sample, if they bind a target molecule with an
affinity or K (i.e., an equilibrium association
constant of a particular binding interaction with
units of 1/M) of, for example, greater than or equal
to about 105 M 1, 106 M 1, 107 M 1, 108 M 1, 109 M 1,
10 10 M 1, 10 1 1 M 1, 10 12 M 1, or 10 13 M 1. "High
affinity" binding domains refers to those binding
domains with a K of at least 107 M 1, at least 108M 1,
at least 109 M 1, at least 10 10 M 1, at least 10 1 1
M 1, at least 10 12 M 1, at least 10 13 M 1, or
greater. Alternatively, affinity may be defined as an
equilibrium dissociation constant (Kd) of a particular
binding interaction with units of M (e.g., 10 5 M to
10 13 M). Affinities of binding domain polypeptides
and fusion proteinsaccording to the present disclosure
can be readily determined using conventional
techniques (see, e.g., Scatchard et al. (1949) Ann.
N.Y. Acad. Sci. 51:660; and U.S. Patent Nos.
5,283,173; 5,468,614, Biacore(r) analysis, or the
equivalent). [035] In one aspect, an IL6 antagonist
binding domain of this disclosure has an affinity for
the sIL6xR complex that is at least 2-fold to
1000-fold greater than for either IL6 or IL6Ra alone.
By binding to the sIL6xR complex, a binding domain of
this disclosure preferentially inhibits IL6
trans-signaling. In certain embodiments, the affinity
of a binding domain for the sIL6xR complex is about
the same as the affinity of gpl30 for sIL6xR complex -
with "about the same" meaning equal or up to about
2-fold higher affinity. In certain embodiments, the
affinity of the binding domain for the sIL6xR complex
is higher than at least 2-fold, at least 3-fold, at
least 4-fold, at least 5-fold, at least 6-fold, at
least 7- fold, at least 8-fold, at least 9-fold, at
least 10-fold, at least 15-fold, at least 20-fold, at
least 25-fold, at least 50-fold, at least 100-fold, at
least 1000-fold, or greater than the affinity of gpl30
for sIL6xR complex. For example, if the affinity of
gpl30 for a sIL6xR complex is about 2 nM (see, e.g.,
Gaillard et al. (1999) Eur. Cytokine Netw. 10:337),
then a binding domain having at least a 10-fold higher
affinity for the sIL6xR complex would have a
dissociation constant (IQ) of about 0.2 nM or less.
[036] In further embodiments, an IL6 antagonist
binding domain of this disclosure comprises a
polypeptide sequence that (a) binds to a sIL6xR
complex with an affinity at least 2-fold to 1000-fold
higher than either IL6 or IL6Ra alone and (b) competes
with gpl30 for binding to sIL6xR complex or enhances
gpl30 binding with sIL6xR complex. In further
embodiments, a polypeptide binding domain of this
disclosure that binds to a sIL6xR 



complex with an affinity at least 2-fold to 1000-fold
higher than for either IL6 or IL6Ra alone may also (i)
more significantly or preferentially inhibit IL6
trans-signaling over IL6 cis-signaling, (ii) not
inhibit signaling of gpl30 cytokine family members
other than IL6, (iii) preferentially inhibit IL6
trans-signaling over IL6 cis-signaling and not
detectably inhibit signaling of gpl30 family cytokines
other than IL6, (iv) may have two or more of these
properties, or (v) may have all of these properties.
[037] In certain embodiments, a polypeptide IL6
antagonist binding domain of this disclosure binds to
a sIL6xR complex with an affinity at least 2-fold to
1000-fold higher than for either IL6 or IL6Ra alone
and more significantly or preferentially inhibits IL6
transsignaling over IL6 cis-signaling. To
"preferentially inhibit IL6 trans-signaling over IL6
cissignaling" refers to altering trans-signaling to an
extent that sIL6xR activity is measurably decreased
while the decrease in IL6 cis-signaling is not
substantially altered (i.e., meaning inhibition is
minimal, non-existent, or not measurable). For
example, a biomarker for sIL6xRactivity (e.g., acute
phase expression of antichymotrypsin (ACT) in HepG2
cells) can be measured to detect trans-signaling
inhibition. A representative assay is described by
Jostock et al. (Eur. J . Biochem., 2001) - briefly,
HepG2 cells can be stimulated to overexpress ACT in
the presence of sILbxR (trans-signaling) or IL6
(cis-signaling), but adding spgl30 will inhibit the
overexpression of ACT induced by sILbxR while not
substantially affecting IL6 induced expression.
Similarly, a polypeptide binding domain of this
disclosure that preferentially inhibits IL6
trans-signaling over IL6 cis-signaling will inhibit
the overexpression of ACT induced by sILbxR (i.e.,
inhibit trans-signaling) while not substantially
affecting IL6 induced expression (i.e., not measurably
decrease cis-signaling). This and other assays known
in the art can be used to measure preferential
inhibition of IL6 trans-signaling over IL6
cis-signaling (see, e.g., other biomarkers described
in Sporri et al. (1999) Int. Immunol. 11:1053; Mihara
et al. (1995) Br. J . Rheum. 34:321; Chen et al.
(2004) Immun. 20:59). [038] In further embodiments,
signaling by gpl30 family cytokines other than IL6 is
substantially not inhibited by binding domain
polypeptides or fusion proteins thereof of this
disclosure. For example, trans-signaling by an IL6xR
complex via gpl30 will be inhibited, but signaling by
one or more other gpl30 family cytokines will be
minimally or unaffected, such as signaling via
leukemia inhibitory factor (LIF), ciliary neurotrophic
factor (CNTF), neuropoietin (NP), cardiotropin like
cytokine (CLC), oncostatin M (OSM), IL-27, IL-31,
cardiotrophin-1 (CT-I), or any combination thereof. 



[039] Additionally, the interaction of a binding
domain with a target molecule can be provided as a
measure of the kinetic association or dissociation of
that interaction. The kinetic association (ka), also
referred to herein as koN, is a measure of the rate at
which binding interaction will occur. In one
embodiment, the koN can be a measure of the likelihood
of an unbound binding domain binding to a target
molecule given the average time an unbound molecule is
in a cell surface area in which it can be bound and
given the concentration of unbound molecules on the
cell surface in this area. The ka (koN) has units of
1/M-sec. In certain embodiments, a koN value can be
greater than about 103/ M-sec, about 104/M-sec, about
105/M-sec, about 106/M-sec, about 107/M-sec, about
108/M-sec, about 109/M-sec, about 10 10/M-sec, or
greater. In the case where the binding domain is a
scFv, koN can range from less than about 104/M-sec to
about 107/M-sec (Ulrik et al. (2000) Cancer Res.
60:6434; Xavier and Willson (1998) Biophys. J .
74:2036). The koN for a binding domain can be measured
using methods known in the art, such as surface
plasmon resonance (Leonard et al. (2007) J . Immunol.
Methods 323:172).[040] The kinetic dissociation (kd),
also referred to herein as koFF, is a measure of the
rate of complex dissociation and, thus, the 'dwell
time' of the target molecule bound by a polypeptide
binding domain of this disclosure. The kd (koFF) has
units of 1/sec. It will be appreciated by those
skilled in the art that the preferred in vivo
half-life of a binding domain of this disclosure is on
the order of days or weeks, but while the binding
domain concentration may be low, the target may be
plentiful as both IL6 and sIL6 production can be quite
elevated in disease states {see, e.g., Lu et al.
(1993) Cytokine 5:578). Thus, in certain embodiments,
a binding domain of this disclosure has a koFF of
about 10 5/sec {e.g., about a day) or less. In certain
embodiments, the koFF can range from about l OVsec,
about 10 2/sec, about 10 3/sec, about 10 4/sec, about
10 5/sec, about 10 6/sec, about 10 7/sec, about 10
8/sec, about 10 9/sec, about 10 10/sec, or less {see
Graff et al. (2004) Protein Eng. Des. SeI. 17:293).
[041] Binding domains of this disclosure can be
generated as described herein or by a variety of
methods known in the art {see, e.g., US Patent Nos.
6,291,161; 6,291,158). Sources include antibody gene
sequences from various species (which can be formatted
as antibodies, sFvs, scFvs or Fabs, such as in a phage
library), including human, camelid (from camels,
dromedaries, or llamas; Hamers-Casterman et al. (1993)
Nature, 363:446 and Nguyen et al. (1998) J . MoI.
Biol, 275:413), shark (Roux et al. (1998) Proc. Natl.
Acad. Sci. (USA) 95:1 1804), fish (Nguyen et al.
(2002) Immunogenetics, 54:39), rodent, avian, ovine,
sequences that encode random peptide libraries or
sequences that encode an engineered 



diversity of amino acids in loop regions of
alternative non-antibody scaffolds, such as fibrinogen
domains {see, e.g., Weisel et al. (1985) Science
230:1388), Kunitz domains {see, e.g., US Patent No.
6,423,498), lipocalin domains {see, e.g., WO
2006/095164), V-like domains {see, e.g., US Patent
Application Publication No. 2007/0065431), C-type
lectin domains (Zelensky and Gready (2005) FEBS J .
272:6179), mAb 2 or Fcab(tm) {see, e.g., PCT Patent
Application Publication Nos. WO 2007/098934; WO
2006/072620), or the like. Additionally, traditional
strategies for hybridoma development using a synthetic
single chain IL6xR complex, such as a human IL6xR
complex or Hyper-IL6, as an immunogen in convenient
systems {e.g., mice, HuMAb mouse(r), TC mouse(tm),
KM-mouse(r), llamas, chicken, rats, hamsters, rabbits,
etc.) can be used to develop binding domains of this
disclosure. [042] In an illustrative example, binding
domains of this disclosure specific for an IL6xR
complex were identified in a Fab phage library of
fragments {see Hoet et al. (2005) Nature Biotechnol.
23:344) by screening for binding to a synthetic IL6xR
complex. The synthetic IL6xR complex used for this
screening comprises a structure of N-IL6R a(frag)-Ll-
IL6(frag)-L2-ID-C, wherein N is the amino-terminus and
C is the carboxy-terminus,ILbRa(frag) is a fragment of
full length IL6Ra, IL6(frag) is a fragment of IL6, Ll
and L2 are linkers, and ID is an intervening or
dimerization domain, such as an immunoglobulin Fc
domain. [043] More specifically, an IL6xR (which is a
form of Hyper IL6) used to identify the binding
domains specific for IL6xR complex has a structure,
from amino-terminus to carboxy-terminus, as follows:
(a) a central fragment of 212 amino acids from IL6Ra
that is missing the first 110 amino acids of the full
length protein and a carboxy-terminal portion that
will depend on the isoform used (see GenBank Accession
No. NP 000556.1, isoform 1 or NP 852004.1, isoform 2)
fused to (2) a linker of G3S that is in turn fused to
(3) a 175 amino acid carboxy-terminal fragment of IL6
(i.e., missing the first 27 amino acids of the full
length protein; GenBank Accession No. NP 000591 .1)
that is in turn fused to (4) a linker that is an IgG2A
hinge as set forth in SEQ ID NO:589, which is finally
fused to a dimerization domain comprised of an
immunoglobulin Gl (IgGl) Fc domain. In certain
embodiments, the dimerization domain comprised of an
IgGl Fc domain has one or more of the following amino
acids mutated (i.e., have a different amino acid at
that position): leucine at position 234 (L234),
leucine at position 235 (L235), glycine at position
237 (G237), glutamate at position 318 (E318), lysine
at position 320 (K320), lysine at position 322 (K322),
or any 



combination thereof (EU numbering). For example, any
one of these amino acids can be changed (mutated) to
alanine. In a further embodiment, an IgGl Fc domain
has each of L234, L235, G237, E318, K320, and K322
(according to EU numbering) mutated to an alanine
(i.e., L234A, L235A, G237A, E318A, K320A, and K322A,
respectively). [044] In one embodiment, an IL6xR
complex used to identify the IL6 antagonist binding
domains of this disclosure has an amino acid sequence
as set forth in SEQ ID NO:606. In certain embodiments,
there are provided polypeptides containing a binding
domain specific for an IL6xR complex, wherein the
IL6xR is a sIL6xR and has the amino acid sequence as
set forth in SEQ ID NO:606. In further embodiments,
polypeptides containing a binding domain specific for
an IL6xR complex (1) have greater affinity for a
sIL6xR complex than for either IL6 or IL6Ra alone,
wherein the sIL6xR has an amino acid sequence as set
forth in SEQ ID NO:606, (2) compete with membrane or
soluble gpl30 for binding with an sIL6xR complex
having an amino acid sequence as set forth in SEQ ID
NO:606, (3) preferentially inhibit IL6 trans-signaling
over IL6 cis-signaling, (4) do not inhibit signaling
of gpl30 family cytokines other than IL6, (5) have any
combination thereof of properties (1) - (4), or (6)
have all of the properties of (1) - (4). Other
exemplary IL6xR complexes that may be used to identify
binding domains of the instant disclosure or used as a
reference complex to measure any of the aforementioned
binding properties are described, forexample, in US
Patent Publication Nos. 2007/0172458; 2007/0031376;
and US Patent Nos. 7,198,781; 5,919,763. [045] In some
embodiments, IL6 antagonist binding domains of this
disclosure comprise VH and VL domains specific for an
IL6, IL6R, or an IL6xR complex as described herein,
and preferably human IL6, human IL6R, or human IL6xR
complex. In certain embodiments, the VH and VL domains
are rodent (e.g., mouse, rat), humanized, or human.
Examples of binding domains containing such VH and VL
domains are set forth in SEQ ID NOS:435-496 and
805-810, and 373-434 and 799-804, respectively. In
further embodiments, there are provided polypeptide
binding domains specific for an IL6xR complex that
bind to the IL6xR with a higher affinity than either
IL6 or IL6Ra alone, and compete with mgpl30 for
binding to the sIL6xR complex or enhance sgpl30
binding to sIL6xR, wherein the binding domain
comprises a sequence that is at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%,
at least 99%, at least 99.5% , or at least 100%
identical to an amino acid sequence of one or more
light chain variable regions (VL) or to one or more
heavy chain variable regions (VH), or both, as set 



forth in SEQ ID NOS:373-434 and 799-804, and 435-496
and 805-810, respectively, wherein each CDR has up to
three amino acid changes (i.e., many of the changes
will be in the framework region). [046] In further
embodiments, binding domains of this disclosure
comprise VH and VL domains specific for an IL6, IL6R,
or an IL6xR complex as set forth in SEQ ID NOS:435-
496 and 805-810, and 373-434 and 799-804,
respectively, which are at least 80%, at least 81%, at
least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99%, or at least
99.5% identical to the amino acid sequence of such VH
domain, VL domain, or both, wherein each CDR has from
zero to three amino acid changes. For example, the
amino acid sequence of a VH domain, VL domain, or both
of this disclosure can be at least 80%, at least 81%,
at least 82%, at least 83%, at least 84%, at least
85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or at
least 99.5% identical to the amino acid sequence of VH
domain (e.g., amino acids 512 to 631), VL domain
(e.g., amino acids 649 to 759), or both, respectively,
from the exemplary binding domain found in TRU(XTo)-
1002 (see SEQ ID NO:608), wherein each CDR has from
zero to three amino acid changes. [047] The terms
"identical" or "percent identity," in the context of
two or more polypeptide or nucleic acid molecule
sequences, means two or more sequences orsubsequences
that are the same or have a specified percentage of
amino acid residues or nucleotides that are the same
over a specified region (e.g., 60%, 65%, 70%, 75%,
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identity), when compared and aligned for
maximum correspondence over a comparison window, or
designated region, as measured using methods known in
the art, such as a sequence comparison algorithm, by
manual alignment, or by visual inspection. For
example, preferred algorithms suitable for determining
percent sequence identity and sequence similarity are
the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al. (1977) Nucleic Acids Res.
25:3389 and Altschul et al. (1990) J . MoI. Biol.
215:403, respectively. [048] In any of these or other
embodiments described herein, the VL and VH domains
may be arranged in either orientation and may be
separated by up to about a thirty amino acid linker as
disclosed herein or any other amino acid sequence
capable of providing a spacer function compatible with
interaction of the two sub-binding domains. In certain



embodiments, a linker joining the VH and VL domains
comprises an amino acid sequence as set forth in SEQ
ID NO:497-604 and 823-828, such as Linker 47 (SEQ ID
NO:543) or Linker 80 (SEQ ID NO:576). Multi-specific
binding domains will have at least two specific
subbinding domains, by analogy to camelid antibody
organization, or at least four specific subbinding
domains, by analogy to the more conventional mammalian
antibody organization of paired VHand VL chains. [049]
In further embodiments, binding domains specific for
IL6 antagonists of this disclosure may comprise one
(preferably CDR3) or more complementarity determining
region ("CDR"), or multiple copies of one or more such
CDRs, which have been obtained, derived, or designed
from variable regions of an anti-IL6, anti-IL6R, or
anti-IL6xR complex scFv or Fab fragment or from heavy
or light chain variable regions thereof. [050] CDRs
are defined in various ways in the art, including the
Kabat, Chothia, AbM, and contact definitions. The
Kabat definition is based on sequence variability and
is the most commonly used definition to predict CDR
regions (Johnson et al. (2000) Nucleic Acids Res.
28:214). The Chothia definition is based on the
location of the structural loop regions (Chothia et
al. (1986) J . MoI. Biol. 196:901; Chothia et al.
(1989) Nature 342:877). The AbM definition, a
compromise between the Kabat and Chothia definitions,
is an integral suite of programs for antibody
structure modeling produced by the Oxford Molecular
Group (Martin et al. (1989) Proc. Natl. Acad. Sci.
(USA) 86:9268; Rees et al, ABMTM, a computer program
for modeling variable regions of antibodies, Oxford,
UK; Oxford Molecular, Ltd.). An additional definition,
known as the contact definition, has been
recentlyintroduced (see MacCallum et al. (1996) J .
MoI. Biol. 5:732), which is based on an analysis of
available complex crystal structures. [051] By
convention, the CDR domains in the heavy chain are
referred to as Hl, H2, and H3, which are numbered
sequentially in order moving from the amino terminus
to the carboxy terminus. The CDR-Hl is about ten to 12
residues in length and starts four residues after a
Cys according to the Chothia and AbM definitions, or
five residues later according to the Kabat definition.
The Hl can be followed by a Trp, Trp-Val, Trp-Ile, or
Trp-Ala. The length of Hl is approximately ten to 12
residues according to the AbM definition, while the
Chothia definition excludes the last four residues.
The CDR-H2 starts 15 residues after the end of Hl
according to the Kabat and AbM definitions, which is
generally preceded by sequence Leu-Glu-Trp-Ile-Gly
(but a number of variations are known) and is
generally followed by sequence
Lys/Arg-Leu/Ile/Val/Phe/Thr/Ala-Thr/Ser/Ile/Ala. 



According to the Kabat definition, the length of H2 is
about 16 to 19 residues, while the AbM definition
predicts the length to be nine to 12 residues. The
CDR-H3 usually starts 33 residues after the end of H2,
is generally preceded by the amino acid sequence
Cys-Ala-Arg and followed by the amino acid GIy, and
has a length that ranges from three to about 25
residues. [052] By convention, the CDR regions in the
light chain are referred to as Ll, L2, and L3, which
are numbered sequentially in order moving from the
amino terminus to the carboxy terminus. The CDR-Ll
generally starts at about residue 24 and generally
follows a Cys. The residue after the CDR-Ll is always
Trp, which begins one of the following sequences:
Trp-Tyr-Gln, Trp-Leu-Gln, Trp-Phe-Gln, or Trp-Tyr-Leu.
The length of CDR-Ll is approximately 10 to 17
residues. The CDR-L2 starts about 16 residues after
the end of Ll and will generally follow residues
Ile-Tyr, Val-Tyr, Ile-Lys, or Ile-Phe. The CDR-L2 is
about seven residues in length. The CDR-L3 usually
starts 33 residues after the end of L2 and generally
follows a Cys, which is generally followed by the
sequence Phe-Gly-XXX-Gly and has a length of about
seven to 11 residues. [053] Thus, a binding domain of
this disclosure can comprise a single CDR3 from a
variable region of an anti-IL6, anti-IL6R, anti-IL6xR,
or it can comprise multiple CDRs that can be the same
or different. In certain embodiments, IL6 antagonist
binding domains of this disclosure comprise VH and VL
domains comprising framework regions and CDRl, CDR2
and CDR3 regions, wherein (a) the VH domain comprises
the amino acid sequence of a heavy chain CDR3 found in
any one of SEQ ID NOS:435-496 and 805-810; or (b) the
VL domain comprises the amino acid sequence of a light
chain CDR3 found in any one of SEQ ID NOS:373-434 and
799-804; or (c) the binding domain comprises a VH
amino acidsequence of (a) and a VL amino acid sequence
of (b); or the binding domain comprises a VH amino
acid sequence of (a) and a VL amino acid sequence of
(b) and wherein the VH and VL are found in the same
reference sequence. In further embodiments, binding
domains of this disclosure comprise VH and VL domains
specific for an IL6, IL6R, or IL6xR complex comprising
framework regions and CDRl, CDR2 and CDR3 regions,
wherein (a) the VH domain comprises the amino acid
sequence of a heavy chain CDRl, CDR2, and CDR3 found
in any one of SEQ ID NOS:435-496 and 805-810; or (b)
the VL domain comprises the amino acid sequence of a
light chain CDRl, CDR2, and CDR3 found in any one of
SEQ ID NOS:373-434 and 799-804; or (c) the binding
domain comprises a VH amino acid sequence of (a) and a
VL amino acid sequence of (b); or the binding domain
comprises a VH amino acid 



sequence of (a) and a VL amino acid sequence of (b),
wherein the VH and VL amino acid sequences are from
the same reference sequence. Exemplary IL6 antagonist
light and heavy chain variable domain CDRs are
provided in SEQ ID NOS:1-186 and 787-792, and 187-372
and 793-798, respectively. Amino acid sequences of IL6
antagonist light chain and heavy chain variable
regions are provided in SEQ ID NOS:373-434 and
799-804, and 435-496 and 805-810, respectively. [054]
In any of the embodiments described herein comprising
specific CDRs, an IL6 antagonist binding domain can
comprise (i) a VH domain having an amino acid sequence
that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identical to the amino acid
sequence of a VH domain found in any one of SEQ ID
NOS:435- 496 and 805-810, wherein each CDR has from
zero to three amino acid changes; or (ii) a VL domain
having an amino acid sequence that is at least 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identical to the amino acid sequence of a VL
domain found in any one of SEQ ID NOS:373-434 and
799-804, wherein each CDR has from zero to three amino
acid changes; or (iii) both a VH domain of (i) and a
VL domain of (ii); or both a VH domain of (i) and a VL
domain of (ii) wherein the VH and VL are from the same
reference sequence. [055] In certain embodiments, an
IL6 antagonist binding domain of this disclosure may
be an immunoglobulin-like domain, such as an
immunoglobulin scaffold. Immunoglobulin scaffolds
contemplated in this disclosure include a scFv, Fab, a
domain antibody, or a heavy chain-only antibody. In
further embodiments, there are provided anti- IL6 or
anti-IL6xR antibodies (e.g., non-human such as mouse
or rat, chimeric, humanized, human) or Fab fragments
or scFv fragments that have an amino acid sequence
that is at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the
amino acid sequence of a VH and VL domain set in any
one of SEQ ID NOS:435-496 and805-810, and 373-434 and
799-804, respectively, which may also have one or more
of the following properties: (1) greater affinity for
an IL6xR complex than for either IL6 or IL6Ra alone,
(2) competes with membrane or soluble gpl30 for
binding with a sILbxR complex or augments gpl30
binding with a sILbxR complex, (3) preferentially
inhibits IL6 transsignaling over IL6 cis-signaling, or
(4) does not inhibit signaling of gpl30 family
cytokines other than IL6. Such antibodies, Fabs, or
scFvs can be used in any of the methods described
herein. In certain embodiments, the present disclosure
provides polypeptides containing a binding domain that
is an IL6 antagonist (i.e., can inhibit IL6 cis- and
trans-signaling). In 



further embodiments, an IL6 antagonist according to
this disclosure does not inhibit signaling of gpl30
family cytokines other than IL6. Exemplary IL6
antagonists include binding domains specific for an
IL6, IL6R, or IL6xR, such as an immunoglobulin
variable binding domain or derivative thereof (e.g. ,
an antibody, Fab, scFv, or the like). [056]
Alternatively, binding domains of this disclosure may
be part of a scaffold other than an immunoglobulin.
Other scaffolds contemplated include an A domain
molecule, a fibronectin III domain, an anticalin, an
ankyrin-repeat engineered binding molecule, an
adnectin, a Kunitz domain, or a protein AZ domain
affibody. [057] As noted herein, variants and
derivatives of binding domains, such as light and
heavy variable regions and CDRs described herein, are
contemplated. In one example, insertion variants are
provided wherein one or more amino acid residues
supplement a specific binding agent amino acid
sequence. Insertions may be located at either or both
termini of the protein, or may be positioned within
internal regions of the specific binding agent amino
acid sequence. Variant products of this disclosure
also include mature specific binding agent products,
i.e., specific binding agent products wherein leader
or signal sequences are removed, and the resulting
protein having additional amino terminal residues. The
additional amino terminal residues may be derived from
another protein, or may include one or more residues
that are not identifiable as being derived from a
specific protein. Polypeptides with an additional
methionine residue at position - 1 are contemplated,
as are polypeptides of this disclosure with additional
methionine and lysine residues at positions -2 and -1.
Variants having additional Met, Met-Lys, or Lys
residues (or one or more basic residues in general)
are particularly useful for enhanced recombinant
protein production in bacterial host cells. [058] As
used herein, "amino acids" refer to a natural (those
occurring in nature) amino acid, a substituted natural
amino acid, a non-natural amino acid, a substituted
nonnatural amino acid, or any combination thereof. The
designations for natural amino acids are herein set
forth as either the standard one- or three-letter
code. Natural polar amino acidsinclude asparagine (Asp
or N) and glutamine (GIn or Q); as well as basic amino
acids such as arginine (Arg or R), lysine (Lys or K),
histidine (His or H), and derivatives thereof; and
acidic amino acids such as aspartic acid (Asp or D)
and glutamic acid (GIu or E), and derivatives thereof.
Natural hydrophobic amino acids include tryptophan
(Trp or W), phenylalanine (Phe or F), isoleucine (He
or I), leucine (Leu or L), methionine (Met or M),
valine (VaI or V), and derivatives thereof; as well as
other non-polar amino acids such as 



glycine (GIy or G), alanine (Ala or A), proline (Pro
or P), and derivatives thereof. Natural amino acids of
intermediate polarity include serine (Ser or S),
threonine (Thr or T), tyrosine (Tyr or Y), cysteine
(Cys or C), and derivatives thereof. Unless specified
otherwise, any amino acid described herein may be in
either the D- or L-configuration. [059] Substitution
variants include those fusion proteins wherein one or
more amino acid residues in an amino acid sequence are
removed and replaced with alternative residues. In
some embodiments, the substitutions are conservative
in nature; however, this disclosure embraces
substitutions that are also non-conservative. Amino
acids can be classified according to physical
properties and contribution to secondary and tertiary
protein structure. A conservative substitution is
recognized in the art as a substitution of one amino
acid for another amino acid that has similar
properties. Exemplary conservative substitutions are
set out in Table 1 (see WO 97/09433, page 10,
published March 13, 1997), immediately below. Table 1.
Conservative Substitutions I [060] Alternatively,
conservative amino acids can be grouped as described
in Lehninger (Biochemistry, Second Edition; Worth
Publishers, Inc. NY:NY (1975), pp.71-77) as set out in
Table 2, immediately below. Table 2. Conservative
Substitutions II[061] Variants or derivatives can also
have additional amino acid residues which arise from
use of specific expression systems. For example, use
of commercially available vectors that express a
desired polypeptide as part of a
glutathione-S-transferase (GST) fusion product
provides the desired polypeptide having an additional
glycine residue at position - 1 after cleavage of the
GST component from the desired polypeptide. Variants
which result from expression in other vector systems
are also contemplated, including those wherein
histidine tags are incorporated into the amino acid
sequence, generally at the carboxy and/or amino
terminus of the sequence. [062] Deletion variants are
also contemplated wherein one or more amino acid
residues in a binding domain of this disclosure are
removed. Deletions can be effected at one or both
termini of the fusion protein, or from removal of one
or more residues within the amino acid sequence. IL6
Antagonist Binding Domain Fusion Proteins [063] As set
forth herein, a polypeptide binding domain of this
disclosure may further be part of a fusion protein in
which it is fused to the amino-terminus,
carboxyterminus, 



or both ends of an intervening domain (e.g., an
immunoglobulin constant region or sub-region thereof).
Exemplary fusion proteins of this disclosure include
SMIP proteins, PIMS proteins, monospecific,
multivalent binding domain fusion proteins,
multi-specific binding domain fusion proteins, or the
like. The one or more binding domains may be joined to
an intervening domain via a linker known in the art or
as described herein. [064] As used herein, an
"intervening domain" refers to an amino acid sequence
that simply functions as a scaffold for one or more
binding domains so that the fusion protein will exist
primarily (e.g., 50% or more of a population of fusion
proteins) or substantially (e.g., 90% or more of a
population of fusion proteins) as a single chain
polypeptide in a composition. For example, certain
intervening domains can have a structural function
(e.g., spacing, flexibility, rigidity) or biological
function (e.g., an increased half-life in plasma,
suchas in human blood). Exemplary intervening domains
that can increase half-life of the fusion proteins of
this disclosure in plasma include albumin,
transferrin, a scaffold domain that binds a serum
protein, or the like, or fragments thereof. [065] In
preferred embodiments, an intervening domain of a
multi-specific fusion protein of this disclosure is a
"dimerization domain," which refers to an amino acid
sequence capable of promoting the association of at
least two single chain polypeptides or proteins via
non-covalent or covalent interactions, such as by
hydrogen bonding, electrostatic interactions, Van der
Waal's forces, disulfide bonds, salt bridges,
hydrophobic interactions, or the like, or any
combination thereof. Exemplary dimerization domains
include immunoglobulin heavy chain constant regions or
sub-regions (e.g., CH2CH3) . It should be understood
that a dimerization domain can also promote the
formation of higher order multimer complexes,
including trimers, tetramers, pentamers, hexamers,
septamers, octamers, etc. [066] A "constant
sub-region" is a term defined herein to refer to a
preferred peptide, polypeptide, or protein sequence
that corresponds to or is derived from part or all of
one or more immunoglobulin constant region domains,
but not all constant region domains found in a source
antibody. In some embodiments, the constant region
domains of a fusion protein of this disclosure lack or
have minimal effector functions of antibody-dependent
cellmediated cytotoxicity (ADCC), antibody-dependent
cell-mediated phagocytosis (ADCP), or complement
activation and complement-dependent cytotoxicity
(CDC), while retaining the ability to bind some Fc
receptors (such as FcRn binding) and retaining a
relatively long half life in vivo. In certain
embodiments, a binding domain of this disclosure is
fused to a human IgGl constant region or sub-region,
wherein the IgGl constant region or sub-region has one



or more of the following amino acids mutated: leucine
at position 234 (L234), leucine at position 235
(L235), glycine at position 237 (G237), glutamate at
position 318 (E318), lysine at position 320 (K320),
lysine at position 322 (K322), or any combination
thereof (EU numbering). [067] Methods are known in the
art for making mutations inside or outside an Fc
domain that can alter Fc interactions with Fc
receptors (CD 16, CD32, CD64, CD89, FceRl, FcRn) or
with the complement component CIq (see, e.g., US
Patent No. 5,624,821; Presta (2002) Curr. Pharma.
Biotechnol. 3:237). Particular embodiments of this
disclosure include compositions comprising
immunoglobulin or fusion proteins that have a constant
region or sub-region from human IgG wherein binding to
FcRn and protein A are preserved and wherein the Fc
domain no longer interacts or minimally interacts with
other Fc receptors or CIq. For example, a binding
domain of this disclosure can be fused to a human IgGl
constant region or sub-region wherein the asparagine
at position 297 (N297 under EUnumbering) has been
mutated to another amino acid to reduce or eliminate
glycosylation at this site and, therefore, abrogate
efficient Fc binding to FcgR and CIq. Another
exemplary mutation is a P331S, which knocks out CIq
binding but does not affect Fc binding. [068] In
further embodiments, an immunoglobulin Fc region may
have an altered glycosylation pattern relative to an
immunoglobulin referent sequence. For example, any of
a variety of genetic techniques may be employed to
alter one or more particular amino acid residues that
form a glycosylation site (see Co et al. (1993) MoI.
Immunol. 30:1361; Jacquemon et al. (2006) J . Thromb.
Haemost. 4:1047; Schuster et al. (2005) Cancer Res.
65:7934; Warnock et al. (2005) Biotechnol. Bioeng.
92:831). Alternatively, the host cells in which fusion
proteins of this disclosure are produced may be
engineered to produce an altered glycosylation
pattern. One method known in the art, for example,
provides altered glycosylation in the form of
bisected, non-fucosylated variants that increase ADCC.
The variants result from expression in a host cell
containing an oligosaccharide-modifying enzyme.
Alternatively, the Potelligent technology of
BioWa/Kyowa Hakko is contemplated to reduce the fucose
content of glycosylated molecules according to the
invention. In one known method, a CHO host cell for
recombinant immunoglobulin production is provided that
modifies the glycosylation pattern of the
immunoglobulin Fc region, through production of
GDP-fucose. [069] Alternatively, chemical techniques
are used to alter the glycosylation pattern of fusion
proteins of this disclosure. For example, a variety of
glycosidase and/or 



mannosidase inhibitors provide one or more of desired
effects of increasing ADCC activity, increasing Fc
receptor binding, and altering glycosylation pattern.
In certain embodiments, cells expressing a fusion
protein of the instant disclosure are grown in a
culture medium comprising a carbohydrate modifier at a
concentration that increases the ADCC of
immunoglycoprotein molecules produced by said host
cell, wherein said carbohydrate modifier is at a
concentration of less than 800 mM. In a preferred
embodiment, the cells expressing these multispecific
fusion proteins are grown in a culture medium
comprising castanospermine or kifunensine, more
preferably castanospermine at a concentration of 100-
800 mM, such as 100 mM, 200 mM, 300 mM, 400 mM, 500
mM, 600 mM, 700 mM, or 800 mM. Methods for altering
glycosylation with a carbohydrate modifier such as
castanospermine are provided in US Patent Application
Publication No. 2009/0041756 or PCT Publication No. WO
2008/052030. [070] In another embodiment, the
immunoglobulin Fc region may have amino acid
modifications that affect binding to effector cell Fc
receptors. These modifications can be made using any
technique known in the art, such as the approach
disclosed in Presta et al.(2001) Biochem. Soc. Trans.
50:487. In another approach, the Xencor XmAb
technology is available to engineer constant
sub-regions corresponding to Fc domains to enhance
cell killing effector function (see Lazar et al.
(2006) Proc. Natl Acad. Sci. (USA) 705:4005). Using
this approach, for example, one can generate constant
sub-regions with improved specificity and binding for
FCgR, thereby enhancing cell killing effector
function. [071] In still further embodiments, a
constant region or sub-region can optionally increase
plasma half-life or placental transfer in comparison
to a corresponding fusion protein lacking such an
intervening domain. In certain embodiments, the
extended plasma half-life of a fusion protein of this
disclosure is at least two, at least three, at least
four, at least five, at least ten, at least 12, at
least 18, at least 20, at least 24, at least 30, at
least 36, at least 40, at least 48 hours, at least
several days, at least a week, at least two weeks, at
least several weeks, at least a month, at least two
months, at least several months, or more in a human.
[072] A constant sub-region may include part or all of
any of the following domains: a CH domain, a CH3
domain (IgA, IgD, IgG, IgE, or IgM), and a CH4 domain
(IgE or IgM). A constant sub-region as defined herein,
therefore, refers to a polypeptide that corresponds to
a portion of an immunoglobulin constant region. The
constant sub-region may comprise a CH domain and a CH3
domain derived from the same, or different,
immunoglobulins, antibody isotypes, or allelic
variants {e.g., both are IgGl or one is IgGl 



and the other is IgG2). In some embodiments, the CH3
domain is truncated and comprises a carboxy-terminal
sequence noted in PCT Publication No. WO 2007/146968
as SEQ ID NOS:366-371, which sequences are hereby
incorporated by reference. In certain embodiments, a
constant sub-region comprises a CH domain and CH3
domain, which may optionally have an amino-terminal
linker, a carboxy-terminal linker, or a linker at both
ends. [073] A "linker" is a peptide that joins or
links other peptides or polypeptides, such as a linker
of about 2 to about 150 amino acids. In fusion
proteins of this disclosure, a linker can join an
intervening domain (e.g, an immunoglobulin-derived
constant sub-region) to a binding domain or a linker
can join two variable regions of a binding domain. For
example, a linker can be an amino acid sequence
obtained, derived, or designed from an antibody hinge
region sequence, a sequence linking a binding domain
to a receptor, or a sequence linking a binding domain
to a cell surface transmembrane region or membrane
anchor. In some embodiments, a linker can have at
least one cysteine capable of participating in at
least one disulfide bond under physiological
conditions or other standard peptide conditions (e.g.,
peptide purification conditions, conditions for
peptide storage). In certain embodiments, a linker
corresponding or similar to an immunoglobulin hinge
peptide retains a cysteine that corresponds to the
hinge cysteine disposed toward the amino-terminus of
that hinge. Infurther embodiments, a linker is from an
IgGl hinge and has one cysteine or two cysteines
corresponding to hinge cysteines. In certain
embodiments, one or more disulfide bonds are formed as
inter-chain disulfide bonds between intervening
domains. In other embodiments, fusion proteins of this
disclosure can have an intervening domain fused
directly to a binding domain (i.e., absent a linker or
hinge). In some embodiments, the intervening domain is
a dimerization domain. [074] Additionally, a binding
domain may comprise a V H and a V L domain, and these
variable region domains may be combined by a linker.
Exemplary variable region binding domain linkers
include those belonging to the (GlynSer) family, such
as (GIy3SeT)n(GIy4SeT)1, (Gly 3Ser)i(Gly 4Ser)n, (Gly
3Ser)n(Gly 4Ser)n, or (Gly 4Ser)n, wherein n is an
integer of 1 to 5 (see, e.g., Linkers 22, 29, 46, 89,
90, and 116 corresponding to SEQ ID NOS:518, 525, 542,
585, 586 and 603, respectively). In preferred
embodiments, these (GlynSer)-based linkers are used to
link variable domains and are not used to link a
binding domain to an intervening domain. [075] The
intervening or dimerization domain of fusion proteins
of this disclosure may be connected to one or more
distal or terminal binding domains by a peptide
linker. In 



addition to providing a spacing function, a linker can
provide flexibility or rigidity suitable for properly
orienting the one or more binding domains of a fusion
protein, both within the fusion protein and between or
among the fusion proteins and their target(s).
Further, a linker can support expression of a
full-length fusion protein and stability of the
purified protein both in vitro and in vivo following
administration to a subject in need thereof, such as a
human, and is preferably non-immunogenic or poorly
immunogenic in those same subjects. In certain
embodiments, a linker of a dimerization domain of
fusion proteins of this disclosure may comprise part
or all of a human immunoglobulin hinge. [076]
Exemplary linkers that can be used to join an
intervening domain (e.g., an immunoglobulin-derived
constant sub-region) to a binding domain or to join
two variable regions of a binding domain are set forth
in SEQ ID NOS:497-604 and 823-828. [077] Linkers
contemplated in this disclosure include, for example,
peptides derived from any interdomain region of an
immunoglobulin superfamily member (e.g., an antibody
hinge region) or a stalk region of C-type lectins, a
family of type II membrane proteins. These linkers
range in length from about two to about 150 amino
acids, or about two to about 40 amino acids, or about
eight to about 20 amino acids preferably about ten to
about 60 amino acids, more preferably about 10 to
about 30 amino acids, and most preferably about 15 to
about 25 amino acids. For example, Linker 1 (SEQ ID
NO:497) is two amino acids in length and Linker 116
(SEQ ID NO:603) is 36 amino acids in length.[078]
Beyond general length considerations, a linker
suitable for use in the fusion proteins of this
disclosure includes an antibody hinge region selected
from an IgG hinge, IgA hinge, IgD hinge, IgE hinge, or
variants thereof. In certain embodiments, a linker may
be an antibody hinge region (upper and core region)
selected from human IgGl, human IgG2, human IgG3,
human IgG4, or fragments or variants thereof. As used
herein, a linker that is an "immunoglobulin hinge
region" refers to the amino acids found between the
carboxyl end of CHl and the amino terminal end of CH2
(for IgG, IgA, and IgD) or the amino terminal end of
CH3 (for IgE and IgM). A "wild type immunoglobulin
hinge region," as used herein, refers to a naturally
occurring amino acid sequence interposed between and
connecting the CHl and CH2 regions (for IgG, IgA, and
IgD) or interposed between and connecting the CH2 and
CH3 regions (for IgE and IgM) found in the heavy chain
of an antibody. In preferred embodiments, the wild
type immunoglobulin hinge region sequences are human.
[079] According to crystallographic studies, an IgG
hinge domain can be functionally and structurally
subdivided into three regions: the upper hinge region,
the core or 



middle hinge region, and the lower hinge region (Shin
et al. (1992) Immunol. Rev. 130:87). Exemplary upper
hinge regions include EPKSCDKTHT (SEQ ID NO:830) as
found in IgGl, ERKCCVE (SEQ ID NO:831) as found in
IgG2, ELKTPLGDTT HT (SEQ ID NO:832) or EPKSCDTPPP (SEQ
ID NO:833) as found in IgG3, and ESKYGPP (SEQ ID
NO:834) as found in IgG4. Exemplary middle hinge
regions include CPPCP (SEQ ID NO:835) as found in IgGl
and IgG2, CPRCP (SEQ ID NO:836) as found in IgG3, and
CPSCP (SEQ ID NO:837) as found in IgG4. While IgGl,
IgG2, and IgG4 antibodies each appear to have a single
upper and middle hinge, IgG3 has four in tandem - one
of ELKTPLGDTT HTCPRCP (SEQ ID NO:838) and three of
EPKSCDTPPP CPRCP (SEQ ID NO:839). [080] IgA and IgD
antibodies appear to lack an IgG-like core region, and
IgD appears to have two upper hinge regions in tandem
{see SEQ ID NOS:840 and 841). Exemplary wild type
upper hinge regions found in IgAl and IgA2 antibodies
are set forth in SEQ ID NOS:842 and 843. [081] IgE and
IgM antibodies, in contrast, instead of a typical
hinge region have a CH2 region with hinge-like
properties. Exemplary wild-type CH2 upper hinge-like
sequences of IgE and IgM are set forth in SEQ ID
NO:844 (VCSRDFTPPT VKILQSSSDG GGHFPPTIQL LCLVSGYTPG
TINITWLEDG QVMDVDLSTA STTQEGELAS TQSELTLSQK HWLSDRTYTC
QVTYQGHTFE DSTKKCA) and SEQ ID NO:845 (VIAELPPKVS
VFVPPRDGFF GNPRKSKLIC QATGFSPRQI QVSWLREGKQ VGSGVTTDQV
QAEAKESGPT TYKVTSTLTI KESDWLGQSM FTCRVDHRGL TFQQNASSMC
VP), respectively.[082] An "altered wild type
immunoglobulin hinge region" or "altered
immunoglobulin hinge region" refers to (a) a wild type
immunoglobulin hinge region with up to 30% amino acid
changes (e.g., up to 25%, 20%, 15%, 10%, or 5% amino
acid substitutions or deletions), (b) a portion of a
wild type immunoglobulin hinge region that is at least
10 amino acids (e.g., at least 12, 13, 14 or 15 amino
acids) in length with up to 30% amino acid changes
(e.g., up to 25%, 20%, 15%, 10%, or 5% amino acid
substitutions or deletions), or (c) a portion of a
wild type immunoglobulin hinge region that comprises
the core hinge region (which portion may be 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, or 15, or at least 4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 amino acids in
length). In certain embodiments, one or more cysteine
residues in a wild type immunoglobulin hinge region,
such as an IgGl hinge comprising the upper and core
regions, may be substituted by one or more other amino
acid residues (e.g., one or more serine residues). An
altered immunoglobulin hinge region may 



alternatively or additionally have a proline residue
of a wild type immunoglobulin hinge region, such as an
IgGl hinge comprising the upper and core regions,
substituted by another amino acid residue (e.g., a
serine residue). [083] Alternative hinge and linker
sequences that can be used as connecting regions may
be crafted from portions of cell surface receptors
that connect IgV-like or IgClike domains. Regions
between IgV-like domains where the cell surface
receptor contains multiple IgV-like domains in tandem
and between IgC-like domains where the cell surface
receptor contains multiple tandem IgC-like regions
could also be used as connecting regions or linker
peptides. In certain embodiments, hinge and linker
sequences are from 5 to 60 amino acids long, and may
be primarily flexible, but may also provide more rigid
characteristics, may contain primarily a helical
structure with minimal b sheet structure. Preferably,
sequences are stable in plasma and serum and are
resistant to proteolytic cleavage. In some
embodiments, sequences may contain a naturally
occurring or added motif such as CPPC that confers the
capacity to form a disulfide bond or multiple
disulfide bonds to stabilize the C-terminus of the
molecule. In other embodiments, sequences may contain
one or more glycosylation sites. Examples of hinge and
linker sequences include interdomain regions between
IgV-like and IgC-like or between IgC-like or IgV-like
domains of CD2, CD4, CD22, CD33, CD48, CD58, CD66,
CD80, CD86, CD96, CD150, CD166, and CD244. Alternative
hinges may also be crafted from disulf de-containing
regions of Type II receptors from non-immunoglobulin
superfamily members, such as CD69, CD72, and CD161.
[084] In some embodiments, a hinge linker has a single
cysteine residue for formation of an interchain
disulfide bond. In other embodiments, a linker has two
cysteine residues for formation of interchain
disulfide bonds. In further embodiments, a hinge
linkeris derived from an immunoglobulin interdomain
region (e.g., an antibody hinge region) or a Type II
C-type lectin stalk region (derived from a Type II
membrane protein; see, e.g., exemplary lectin stalk
region sequences set forth in of PCT Application
Publication No. WO 2007/146968, such as SEQ ID NOS:1
11, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131,
133, 135, 149, 151, 153, 155, 157, 159, 161, 163, 165,
167, 169, 231, 233, 235, 237, 239, 241, 243, 245, 247,
249, 251, 253, 255, 257, 259, 261, 263, 265, 267, 269,
271, 273, 275, 277, 279, 281, 287, 289, 297, 305, 307,
309-31 1, 313-331, 346, 373-377, 380, or 381 from that
publication), which sequences are hereby incorporated
by reference. [085] In one aspect, fusion proteins of
this disclosure comprise a binding domain specific for
IL6, IL6R, or IL6xR in the form of a SMIP protein.
Methods for making SMIP 



proteins are described herein and are known in the art
(see U.S. Patent Publication Nos. 2003/0133939,
2003/01 18592, and 2005/0136049). In certain
embodiments, a fusion protein has a polypeptide
binding domain specific for an IL6xR complex that
binds to the IL6xR with a higher affinity than either
IL6 or IL6Raalone, and competes with gpl30 for binding
to the sIL6xR complex or enhances gpl30 binding with
sIL6xR, wherein, from amino-terminus to
carboxy-terminus, (a) the polypeptide binding domain
is fused to a first linker, (b) an immunoglobulin
heavy chain CH2 constant region or sub-region
polypeptide is fused to a second linker, and (c) an
immunoglobulin heavy chain CH3 constant region or
sub-region polypeptide is fused to the CH2 constant
region or sub-region polypeptide. Alternatively, a
SMIP protein structure can be illustrated as follows:
N-BD-L 1-CH2CH3-C, wherein N is the amino-terminus of
the fusion protein, BD is the anti-IL6xR complex
binding domain or scFv, Ll is a linker, CH2 and CH3
are immunoglobulin constant heavy regions 2 and 3, and
C is the carboxy-terminus of the fusion protein. In
some embodiments, the linker is a (Gly4Ser)n wherein n
is an integer of 1 to 6, such as 46 (SEQ ID NO:542),
or the linker is an IgGl, IgA or IgE hinge region, a
mutant IgGl hinge region having zero, one, or two
cysteine residues, such as Linker 47 (SEQ ID NO:543),
or Linker 80 (SEQ ID NO:576). In some embodiments, the
fusion protein will be fused, via linker or not, to a
domain other than an immunoglobulin constant region or
sub-region so that the fusion protein remains
primarily or substantially a single chain polypeptide
in a composition. [086] In further embodiments, a SMIP
fusion protein of this disclosure has a binding domain
that comprises a light chain variable region
containing CDRl, CDR2, and CDR3 sequences that are
each at least 80% to 100% identical to at least one
light chain variable region CDRl, CDR2, and CDR3 as
set forth in any one of SEQ ID NOS:373-434 and
799-804, respectively, wherein each CDR has from zero
to three amino acid changes, and comprises a heavy
chain variable region containing CDRl, CDR2, and CDR3
sequences thatare each at least 80% to 100% identical
to at least one heavy chain variable region CDRl,
CDR2, and CDR3 as set forth in any one of SEQ ID
NOS:435-496 and 805-810, respectively, wherein each
CDR has from zero to three amino acid changes. In
still further embodiments, a SMIP fusion protein of
this disclosure has an amino acid sequence at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to an amino acid sequence set
forth in any one of SEQ ID NOS:671-694, with or
without a leader peptide sequence. [087] In still
other embodiments, SMIP polypeptides can have a
binding region or 



domain that is an IL6 antagonist, wherein IL6 cis- and
trans-signaling is measurably inhibited. In certain
embodiments, an IL6 antagonist according to this
disclosure does not inhibit signaling of gpl30 family
cytokines other than IL6. [088] In further
embodiments, fusion proteins of this disclosure
comprise an IL6 antagonist binding domain in the form
of a PIMS protein wherein the binding domain is
disposed at the carboxy-terminus of the fusion
protein. Constructs and methods for making PIMS
proteins are described in PCT Publication No. WO
2009/023386. In general, a PIMS molecule is a
single-chain polypeptide comprising, in amino-terminal
to carboxy-terminal orientation, an intervening domain
(e.g., an immunoglobulin constant sub-region derived
from that includes a CH2 and CH3 domain from the same
(preferred) or different animal species,
immunoglobulin isotype and/or immunoglobulin
sub-class), a linker peptide (e.g., an immunoglobulin
hinge region), and a specific binding domain. In some
embodiments, a PIMS molecule further contains an
amino-terminally disposed immunoglobulin hinge region,
and the amino-terminal hinge region may be the same
as, or different than, the linker found between the
dimerization domain and the binding domain. In some
embodiments, an aminoterminally disposed linker
contains a naturally occurring or added motif (such as
CPPC) to promote the formation of at least one
disulfide bond to stabilize the amino-terminus of a
multimerized molecule. Thus, exemplary schematic
organizations of some PIMS molecules include
N-dimerization domain-linker-binding domain-C or
N-hinge linker-dimerization domain-linker-binding
domain-C. In some embodiments, the fusion protein will
have an intervening domain wherein the fusion protein
remains primarily or substantially as a single chain
polypeptide in a composition or is found primarily or
substantially as a dimer in a composition. [089] In
certain embodiments, a fusion protein has a IL6
antagonist polypeptide binding domain that binds an
IL6xR complex with a higher affinity than either IL6
or IL6Ra alone, and competes with gpl30 for binding to
the sIL6xR complex or enhances gpl30 binding to sIL6xR
complex, wherein, from carboxy-terminus to
amino-terminus, (a) thepolypeptide binding domain is
fused to a first linker, (b) the first linker is fused
to an immunoglobulin heavy chain CH3 constant region
or sub-region polypeptide, and (c) the CH3 constant
region or sub-region polypeptide is fused to an
immunoglobulin heavy chain CH2 constant region or
sub-region polypeptide, and (d) the CH2 constant
region or subregion polypeptide is fused to a second
linker. In further embodiments, a PIMS fusion protein
of this disclosure has a binding domain that comprises
a light chain variable region 



containing CDRl, CDR2, and CDR3 sequences that are
each at least 80% to 100% identical to at least one
light chain variable region CDRl, CDR2, and CDR3 as
set forth in any one of SEQ ID NOS:373-434 and
799-804, respectively, wherein each CDR has from zero
to three amino acid changes, and comprises a heavy
chain variable region containing CDRl, CDR2, and CDR3
sequences that are each at least 80% to 100% identical
to at least one heavy chain variable region CDRl,
CDR2, and CDR3 as set forth in any one of SEQ ID
NOS:435-496 and 805-810, respectively, wherein each
CDR has from zero to three amino acid changes. [090]
In other aspects, fusion proteins of this disclosure
comprise a binding domain specific for IL6 or IL6xR in
the form of a multi-functional binding protein, such
as a SCORPION(tm) protein. Methods for making
SCORPION(tm) proteins are described herein and are
known in the art (see PCT Application Publication No.
WO 2007/146968). For other exemplary multi-functional
fusion proteins, see, e.g., US Patent Application
Publication No. 2006/0051844 and US Patent No.
7,166,707. In certain embodiments, a mono-specific,
multivalent fusion protein comprises a first and
second binding domain, a first and second linker, and
a dimerization domain, wherein the dimerization domain
is fused at each end via a linker to an immunoglobulin
variable region binding domain, or derivative thereof,
that are each specific for an IL6xR as described
herein. Alternatively, a SCORPION(tm) protein
structure can be illustrated as follows:
N-BD1-ID-BD2-C, wherein BDl is the first binding
domain, ID is an intervening domain and BD2 is the
second binding domain. In some such constructs, the ID
comprises an immunoglobulin constant region or
sub-region disposed between the first and second
binding domains. In further embodiments, the fusion
protein will have an intervening domain wherein the
fusion protein remains primarily or substantially as a
single chain polypeptide in a composition. In some
constructs, the ID is dimerization domain. [091] In
particular embodiments, a fusion protein has at least
two polypeptide binding domains specific for an IL6xR
complex that bind to the IL6xR with a higher affinity
than either IL6 or IL6Ra alone, and compete with gpl30
for binding to the sIL6xR complex or enhances gpl30
binding to sIL6xR complex, wherein, from
amino-terminus to carboxyterminus, (a) a first
polypeptide binding domain is fused to a first linker,
(b) the first linker isfused to an immunoglobulin
heavy chain CH2 constant region or sub-region
polypeptide, (c) the CH2 constant region or sub-region
polypeptide is fused to an immunoglobulin heavy chain
CH3 constant region or sub-region polypeptide, (d) the
CH3 constant region or subregion polypeptide is fused
to a second linker, and (e) the second linker is fused
to a second 



polypeptide binding domain. In still further
embodiments, a SCORPION(tm) fusion protein of this
disclosure has at least two binding domains that
independently comprise a light chain variable region
containing CDRl, CDR2, and CDR3 sequences that are
each at least 80% to 100% identical to at least one
light chain variable region CDRl, CDR2, and CDR3 as
set forth in any one of SEQ ID NOS:373-434 and
799-804, respectively, wherein each CDR has from zero
to three amino acid changes, and comprises a heavy
chain variable region containing CDRl, CDR2, and CDR3
sequences that are each at least 80% to 100% identical
to at least one heavy chain variable region CDRl,
CDR2, and CDR3 as set forth in any one of SEQ ID
NOS:435-496 and 805-810, respectively, wherein each
CDR has from zero to three amino acid changes. In some
embodiments, the first linker is a (Gly4Ser)n linker
wherein n is an integer of 1 to 5, such as Linker 46
(SEQ ID NO:542). In other embodiments, the first or
second linker is an IgGl, IgA or IgE hinge region, or
a mutant IgGl hinge region having zero, one, or two
cysteine residues, such as any linker found in SEQ ID
NOS:497-604 and 823-828. [092] In still another
aspect, exemplary multi-specific fusion proteins
having an IL6 antagonist binding domain as described
herein may contain at least one additional binding
region or domain that is not an IL6 antagonist. In
certain embodiments, a multispecific fusion protein
comprises a first and second binding domain, a first
and second linker, and an intervening domain, wherein
one end of the intervening domain is fused via a
linker to a first binding domain from an
immunoglobulin variable region that is specific for an
IL6xR and at the other end fused via a linker to a
second binding domain that is a ligand binding
ectodomain of a receptor, such as an interleukin
receptor ectodomain, a growth factor receptor
ectodomain (e.g., TGFR), or a tumor necrosis factor
superfamily receptor (TNFSFR) ectodomain. In some
embodiments, less than the entire ectodomain is
employed. Specifically, domains within the ectodomain
that confer ligand binding are employed. It is
contemplated, for example, that a TNF-a antagonist
domain may be at the amino-terminus and the IL6
antagonist binding domain at the carboxy-terminus of a
fusion protein, or the IL6 antagonist binding domain
may be at the amino-terminus and the TNF-aantagonist
may be at the carboxy-terminus. As set forth herein,
the binding domains of this disclosure may be fused to
each end of an intervening domain (e.g., an
immunoglobulin constant region or subregion thereof,
such as an IgGl CH2CH3). Furthermore, the two or more
binding domainsmay be each joined to an intervening
domain via the same or different linker known in the
art or as described herein. 



[093] Exemplary structures of such multi-specific
fusion proteins, referred to herein as Xceptor
molecules, include N-BD-ID-ED-C, N-LD-ID-BD-C,
N-ED1-ID-LD2-C, wherein BD is an immunoglobulin-like
or immunoglobulin variable region binding domain, ID
is an intervening and ED is a ligand binding domain,
such as a receptor ectodomain, semaphorin domain, or
the like. In some constructs, the ID is dimerization
domain. In some constructs, the ID can comprise an
immunoglobulin constant region or sub-region disposed
between the first and second binding domains. In still
further embodiments, the fusion protein will have an
intervening domain wherein the fusion protein remains
primarily or substantially as a single chain
polypeptide in a composition. [094] In some
embodiments, a multi-specific fusion protein of this
disclosure has a TNF-a antagonist that comprises a
TNFRSF ectodomain or a sub-domain of a TNFRSF
ectodomain, such as a cysteine rich domain (CRD) 1,
CRD2, CRD3, a 50's TNF binding loop, 90' s TNF binding
loop, or any combination thereof. For example, a TNF-a
antagonist can comprise an ectodomain of TNFRSFlA as
set forth in SEQ ID NO:696 (with or without the native
leader peptide sequence included in this sequence) or
an ectodomain of TNFRSFlB as set forth in SEQ ID
NO:695 (with or without the native leader peptide
sequence included in this sequence). [095] In
particular embodiments, a fusion protein has (a) a
polypeptide binding domain specific for an IL6xR
complex that binds to the IL6xR with a higher affinity
than either IL6 or IL6Ra alone, and competes with
gpl30 for binding to the sIL6xR complex or enhances
gpl30 binding to sIL6xR complex, and (b) a polypeptide
binding domain comprising a TNFRSFlB ectodomain,
wherein, from amino-terminus to carboxy-terminus or
from carboxy-terminus to amino-terminus, (a) an
anti-IL6xR binding domain or TNFRSFlB ectodomain is
fused to a first linker, (b) the first linker is fused
to an immunoglobulin heavy chain CH2 constant region
or sub-region polypeptide, (c) the CH2 constant region
or subregion polypeptide is fused to an immunoglobulin
heavy chain CH3 constant region or subregion
polypeptide, (d) the CH3 constant region or sub-region
polypeptide is fused to a second linker, and (e) the
second linker is fused to an anti-IL6xR binding domain
or TNFRSFlB ectodomain. In certain embodiments, the
multi-specific Xceptor fusion protein of this
disclosure has an IL6xR binding domain that comprises
a light chain variable region containing CDRl, CDR2,
and CDR3 sequences that are each at least 80% to 100%
identical to at least one light chain variable region
CDRl, CDR2, and CDR3 as set forth in any one of 



SEQ ID NOS:373-434 and 799-804, respectively, wherein
each CDR has from zero to threeamino acid changes, and
comprises a heavy chain variable region containing
CDRl, CDR2, and CDR3 sequences that are each at least
80% to 100% identical to at least one heavy chain
variable region CDRl, CDR2, and CDR3 as set forth in
any one of SEQ ID NOS:435-496 and 805-810,
respectively, wherein each CDR has from zero to three
amino acid changes. In a related embodiment, the
TNFRSFlB ectodomain comprises an amino acid sequence
as set forth in SEQ ID NO:695 provided the native
leader peptide sequence is not included. In still
further embodiments, an Xceptor fusion protein of this
disclosure has an amino acid sequence at least 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
or 100% identical to a sequence set forth in any one
of SEQ ID NOS:607-668, with or without a leader
peptide sequence, wherein each CDR has from zero to
three amino acid changes. [096] Generally, such
constructs will have a type I receptor ectodomain at
the amino-terminus or a type II receptor ectodomain at
the carboxy-terminus of a multi-specific fusion
protein of this disclosure. An example of a construct
having a type I receptor ectodomain is a construct
having a TNF receptor superfamily (TNFRSF) ectodomain
at the amino-terminus and the IL6xR complex binding
domain at the carboxy-terminus. Unexpectedly, a type I
receptor ectodomain construct having a TNFRSF
ectodomain at the carboxy-terminus also worked (see
SEQ ID NOS:669 and 670). [097] In the case of a
polypeptide of this disclosure having multiple binding
domains, e.g., Binding Domain-1 (BDl) and Binding
Domain-2 (BD2), one of which is for example
anti-IL6xR, a low value of koFF will maximize
inhibitory activity and the concentration of a
polypeptide or fusion protein of this disclosure bound
at full valency, so the dosage range will broaden over
forms of polypeptide or fusion protein having BDl or
BD2 alone interacting (see Perelson (1980) Math.
Biosci. 49:87). It may also be of interest to select
binding domains with high values of koFF- For example,
a high koFF may be desired for a receptor in which a
short dwell time in the complex is preferred for
invoking the desired signaling phenotype (see Matsui
et al., (1994) Proc. Nat'l. Acad. Sci. (USA) 91:12862;
Lyons et al., (1996) Immunity 5:53). It will be
appreciated by those skilled in the art that koFF can
be independently controlled for BDl and BD2 for a
composition comprising two binding domains, e.g., a
SCORPION(tm) molecule, as described herein. For a
further nonlimiting example, it may be desirable for
one of binding domain to have a very low koFF and the
other binding domain to have a relatively high koFF-
This can allow a multispecific binding polypeptide to
have a long residence time on the cell surface bound
to target 



molecules corresponding to the low koFF BD while
serially engaging target molecules corresponding to
the high koFF BD. This can have the effect of
augmenting signaling when SCORPION(tm) protein
concentrations are low (see Kalergis et al., (2001)
Nature Immunol.2:229). It will be appreciated by those
skilled in the art that koFF can be modified by
engineering binding domains or by screening for
binding domains with the desired kinetic properties
(see Su et al. (2007) J . Immunol. Methods 322:94;
Steukers et al. (2006) J . Immunol. Methods 310:126;
Jermutus et al. (2001) Proc. Natl. Acad. Sci. (USA)
98:75). [098] To efficiently produce any of the
binding domain polypeptides or fusion proteins
described herein, a leader peptide is used to
facilitate secretion of expressed polypeptides and
fusion proteins. Using any of the conventional leader
peptides (signal sequences) is expected to direct
nascently expressed polypeptides or fusion proteins
into a secretory pathway and to result in cleavage of
the leader peptide from the mature polypeptide or
fusion protein at or near the junction between the
leader peptide and the polypeptide or fusion protein.
A particular leader peptide will be chosen based on
considerations known in the art, such as using
sequences encoded by polynucleotides that allow the
easy inclusion of restriction endonuclease cleavage
sites at the beginning or end of the coding sequence
for the leader peptide to facilitate molecular
engineering, provided that such introduced sequences
specify amino acids that either do not interfere
unacceptably with any desired processing of the leader
peptide from the nascently expressed protein or do not
interfere unacceptably with any desired function of a
polypeptide or fusion protein molecule if the leader
peptide is not cleaved during maturation of the
polypeptides or fusion proteins. Exemplary leader
peptides of this disclosure include natural leader
sequences or others, such as
H3N-MDFQVQIFSFLLISASVIMSRG(X) n-CO2H, wherein X is any
amino acid and n is zero to three (SEQ ID NO:785) or H
3N-MEAPAQLLFLLLLWLPDTTG-CO 2H (SEQ ID NO:786). [099]
In certain illustrative embodiments, such a protein is
glycosylated, the pattern of glycosylation being
dependent upon a variety of factors including the host
cell in which the protein is expressed (if prepared in
recombinant host cells) and the culture conditions.
[100] This disclosure also provides derivatives of the
binding domain of this disclosure or of fusion
proteins comprising such binding domain. Derivatives
include specific binding agent polypeptides bearing
modifications other than insertion, deletion, or
substitution of amino acid residues. Preferably, the
modifications are covalent in nature, and 



include for example, chemical bonding with polymers,
lipids, other organic, and inorganic moieties.
Derivatives of this disclosure may be prepared to
increase circulating half- life of a specific binding
agent polypeptide, or may be designed to improve
targeting capacity for the polypeptide to desired
cells, tissues, or organs.[101] In certain
embodiments, the in vivo half-life of the binding
domain polypeptide or fusion protein thereof of this
disclosure can be increased using methods known in the
art for increasing the half-life of large molecules.
For example, this disclosure embraces fusion proteins
that are covalently modified or derivatized to include
one or more water-soluble polymer attachments, such as
polyethylene glycol, polyoxyethylene glycol, or
polypropylene glycol {see, e.g., U.S. Patent Nos.
4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192
; 4,179,337). Still other useful polymers known in the
art include monomethoxypolyethylene glycol, dextran,
cellulose, and other carbohydrate-based polymers,
poly-(Nvinyl pyrrolidone)-polyethylene glycol,
propylene glycol homopolymers, a polypropylene
oxide/ethylene oxide co-polymer, polyoxyethylated
polyols {e.g., glycerol) and polyvinyl alcohol, as
well as mixtures of these polymers. Particularly
preferred are polyethylene glycol (PEG)-derivatized
proteins. Water-soluble polymers may be bonded at
specific positions, for example at the amino terminus
of the proteins and polypeptides according to this
disclosure, or randomly attached to one or more side
chains of the polypeptide. The use of PEG for
improving therapeutic capacities is described in US
Patent No. 6,133,426. [102] Such methods also include
creating fusion proteins wherein the binding domain is
fused to a protein that conveys a longer half life to
the binding domain fusion protein than that of the
binding domain alone. Such fusion proteins can include
proteins that themselves bind to proteins that have a
long half life, e.g., immunoglobulin, immunoglobulin
Fc domains, transferrin, streptococcal G protein, or
albumin. Such fusions of binding domains to stable
plasma proteins are disclosed, e.g., in US Patent Nos.
5,428,130; 5,1 16,964. [103] A particular embodiment
of this disclosure is an immunoglobulin or an Fc
fusion protein. Such a fusion protein can have a long
half-life, e.g., several hours, a day or more, or even
a week or more, especially if the Fc domain is capable
of interacting with FcRn, the neonatal Fc receptor.
The binding site for FcRn in an Fc domain is also the
site at which the bacterial proteins A and G bind. The
tight binding between these proteins can be used as a
means to purify antibodies or fusion proteins of this
disclosure by, for example, employing protein A or
protein G affinity chromatography during protein
purification. 



[104] Protein purification techniques are well known
to those of skill in the art. These techniques
involve, at one level, the crude fractionation of the
polypeptide and nonpolypeptide fractions. Further
purification using chromatographic and electrophoretic
techniques to achieve partial or complete purification
(or purification to homogeneity) is frequently
desired. Analytical methods particularly suited to the
preparation of a pure fusion protein are ion-exchange
chromatography, exclusion chromatography;
polyacrylamide gelelectrophoresis; and isoelectric
focusing. Particularly efficient methods of purifying
peptides are fast protein liquid chromatography and
HPLC. [105] Certain aspects of the present invention
concern the purification, and in particular
embodiments, the substantial purification, of a
polypeptide of this disclosure. The term "purified" as
used herein, is intended to refer to a composition,
isolatable from other components, wherein the fusion
protein is purified to any degree relative to its
naturally obtainable state. A purified protein
therefore also refers to such protein, isolated from
the environment in which it naturally occurs. [106]
Generally, "purified" will refer to a polypeptide
composition that has been subjected to fractionation
to remove various other components, and which
composition substantially retains its expressed
biological activity. Where the term "substantially
purified" is used, this designation refers to a
binding domain protein composition in which the
protein forms the major component of the composition,
such as constituting about 50%, about 60%, about 70%,
about 80%, about 90%, about 95%, about 99% or more of
the protein, by weight, in the composition. [107]
Various methods for quantifying the degree of
purification are known to those of skill in the art in
light of the present disclosure. These include, for
example, determining the specific binding activity of
an active fraction, or assessing the amount of protein
in a fraction by SDS/PAGE analysis. A preferred method
for assessing the purity of a protein fraction is to
calculate the binding activity of the fraction, to
compare it to the binding activity of the initial
extract, and to thus calculate the degree of
purification, herein assessed by a "-fold purification
number." The actual units used to represent the amount
of binding activity will, of course, be dependent upon
the particular assay technique chosen to follow the
purification and whether or not the expressed protein
exhibits a detectable binding activity. [108] Various
techniques suitable for use in protein purification
are well known to those of skill in the art. These
include, for example, precipitation with ammonium
sulfate, 



PEG, antibodies and the like, or by heat denaturation,
followed by centrifugation; chromatography steps such
as ion exchange, gel filtration, reverse phase,
hydroxylapatite and affinity chromatography;
isoelectric focusing; gel electrophoresis; and
combinations of these and other techniques. As is
generally known in the art, the order of conducting
various purification steps may be changed, or certain
steps may be omitted and still result in a suitable
method for the preparation of a substantially purified
protein.Polynucleotides, Expression Vectors, and Host
Cells [109] This disclosure provides polynucleotides
(isolated or purified or pure polynucleotides)
encoding the fusion proteins of this disclosure,
vectors (including cloning vectors and expression
vectors) comprising such polynucleotides, and cells
(e.g., host cells) transformed or transfected with a
polynucleotide or vector according to this disclosure.
[110] In certain embodiments, a polynucleotide (DNA or
RNA) encoding a binding domain of this disclosure, or
a fusion protein containing one or more such binding
domains is contemplated. Expression cassettes encoding
SMIP and Xceptor constructs are provided in the
examples appended hereto. [Ill] The present invention
also relates to vectors that include a polynucleotide
of this disclosure and, in particular, to recombinant
expression constructs. In one embodiment, this
disclosure contemplates a vector comprising a
polynucleotide encoding a binding domain of this
disclosure or a polypeptide comprising such a binding
domain, e.g., a SMIP, PIMS, SCORPION, Xceptor or other
mono, bi- or multi-functional fusion protein, along
with other polynucelotide sequences that cause or
facilitate transcription, translation, and processing
of such binding domain-encoding sequences. [112]
Appropriate cloning and expression vectors for use
with prokaryotic and eukaryotic hosts are described,
for example, in Sambrook et al., Molecular Cloning: A
Laboratory Manual, Second Edition, Cold Spring Harbor,
NY, (1989). Exemplary cloning/expression vectors
include cloning vectors, shuttle vectors, and
expression constructs, that may be based on plasmids,
phagemids, phasmids, cosmids, viruses, artificial
chromosomes, or any nucleic acid vehicle known in the
art suitable for amplification, transfer, and/or
expression of a polynucleotide contained therein [113]
As used herein, "vector" means a nucleic acid molecule
capable of transporting another nucleic acid to which
it has been linked. Exemplary vectors include
plasmids, yeast artificial chromosomes, and viral
genomes. Certain vectors can autonomously replicate in
a host cell, while other vectors can be integrated
into the genome 



of a host cell and thereby are replicated with the
host genome. In addition, certain vectors are referred
to herein as "recombinant expression vectors" (or
simply, "expression vectors"), which contain nucleic
acid sequences that are operatively linked to an
expression control sequence and, therefore, are
capable of directing the expression of those
sequences. [114] In certain embodiments, expression
constructs are derived from plasmid vectors.
Illustrative constructs include modified pNASS vector
(Clontech, Palo Alto, CA), which has nucleic acid
sequences encoding an ampicillin resistance gene, a
polyadenylation signal and a T7 promoter site; pDEF38
and pNEF38 (CMC ICOS Biologies, Inc.), whichhave a
CHEFl promoter; and pD18 (Lonza), which has a CMV
promoter. Other suitable mammalian expression vectors
are well known (see, e.g., Ausubel et al, 1995;
Sambrook et al., supra; see also, e.g., catalogs from
Invitrogen, San Diego, CA; Novagen, Madison, WI;
Pharmacia, Piscataway, NJ). Useful constructs may be
prepared that include a dihydrofolate reductase
(DHFR)-encoding sequence under suitable regulatory
control, for promoting enhanced production levels of
the fusion proteins, which levels result from gene
amplification following application of an appropriate
selection agent (e.g., methotrexate). [115] Generally,
recombinant expression vectors will include origins of
replication and selectable markers permitting
transformation of the host cell, and a promoter
derived from a highly-expressed gene to direct
transcription of a downstream structural sequence, as
described above. A vector in operable linkage with a
polynucleotide according to this disclosure yields a
cloning or expression construct. Exemplary
cloning/expression constructs contain at least one
expression control element, e.g., a promoter, operably
linked to a polynucleotide of this disclosure.
Additional expression control elements, such as
enhancers, factor-specific binding sites, terminators,
and ribosome binding sites are also contemplated in
the vectors and cloning/expression constructs
according to this disclosure. The heterologous
structural sequence of the polynucleotide according to
this disclosure is assembled in appropriate phase with
translation initiation and termination sequences.
Thus, for example, the fusion protein-encoding nucleic
acids as provided herein may be included in any one of
a variety of expression vector constructs as a
recombinant expression construct for expressing such a
protein in a host cell. [116] The appropriate DNA
sequence(s) may be inserted into a vector, for
example, by a variety of procedures. In general, a DNA
sequence is inserted into an appropriate restriction
endonuclease cleavage site(s) by procedures known in
the art. Standard techniques for cloning, DNA
isolation, amplification and purification, for
enzymatic 



reactions involving DNA ligase, DNA polymerase,
restriction endonucleases and the like, and various
separation techniques are contemplated. A number of
standard techniques are described, for example, in
Ausubel et al. (1993 Current Protocols in Molecular
Biology, Greene Publ. Assoc. Inc. & John Wiley & Sons,
Inc., Boston, MA); Sambrook et al. (1989 Molecular
Cloning, Second Ed., Cold Spring Harbor Laboratory,
Plainview, NY); Maniatis et al. (1982 Molecular
Cloning, Cold Spring Harbor Laboratory, Plainview,
NY); Glover (Ed.) (1985 DNA Cloning Vol. I and II, IRL
Press, Oxford, UK); Hames and Higgins (Eds.), (1985
Nucleic Acid Hybridization, IRL Press, Oxford, UK);
and elsewhere. [117] The DNA sequence in the
expression vector is operatively linked to at least
one appropriate expression control sequence (e.g., a
constitutive promoter or a regulatedpromoter) to
direct mRNA synthesis. Representative examples of such
expression control sequences include promoters of
eukaryotic cells or their viruses, as described above.
Promoter regions can be selected from any desired gene
using CAT (chloramphenicol transferase) vectors or
other vectors with selectable markers. Eukaryotic
promoters include CMV immediate early, HSV thymidine
kinase, early and late SV40, LTRs from retrovirus, and
mouse metallothionein-I. Selection of the appropriate
vector and promoter is well within the level of
ordinary skill in the art, and preparation of certain
particularly preferred recombinant expression
constructs comprising at least one promoter or
regulated promoter operably linked to a nucleic acid
encoding a protein or polypeptide according to this
disclosure is described herein. [118] Variants of the
polynucleotides of this disclosure are also
contemplated. Variant polynucleotides are at least
90%, and preferably 95%, 99%, or 99.9% identical to
one of the polynucleotides of defined sequence as
described herein, or that hybridizes to one of those
polynucleotides of defined sequence under stringent
hybridization conditions of 0.015M sodium chloride,
0.0015M sodium citrate at about 65-680C or 0.015M
sodium chloride, 0.0015M sodium citrate, and 50%
formamide at about 420C. The polynucleotide variants
retain the capacity to encode a binding domain or
fusion protein thereof having the functionality
described herein. [119] The term "stringent" is used
to refer to conditions that are commonly understood in
the art as stringent. Hybridization stringency is
principally determined by temperature, ionic strength,
and the concentration of denaturing agents such as
formamide. Examples of stringent conditions for
hybridization and washing are 0.015M sodium chloride,
0.0015M sodium citrate at about 65-680C or 0.015M
sodium chloride, 0.0015M sodium 



citrate, and 50% formamide at about 420C (see Sambrook
et al, Molecular Cloning: A Laboratory Manual, 2nd
Ed., Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y. 1989). [120] More stringent conditions
(such as higher temperature, lower ionic strength,
higher formamide, or other denaturing agent) may also
be used; however, the rate of hybridization will be
affected. In instances wherein hybridization of
deoxyoligonucleotides is concerned, additional
exemplary stringent hybridization conditions include
washing in 6x SSC, 0.05% sodium pyrophosphate at 37C
(for 14-base oligonucleotides), 48C (for 17-base
oligonucleotides), 55C (for 20-base oligonucleotides),
and 600C (for 23-base oligonucleotides) . [121] A
further aspect of this disclosure provides a host cell
transformed or transfected with, or otherwise
containing, any of the polynucleotides or
vector/expressionconstructs of this disclosure. The
polynucleotides or cloning/expression constructs of
this disclosure are introduced into suitable cells
using any method known in the art, including
transformation, transfection and transduction. Host
cells include the cells of a subject undergoing ex
vivo cell therapy including, for example, ex vivo gene
therapy. Eukaryotic host cells contemplated as an
aspect of this disclosure when harboring a
polynucleotide, vector, or protein according to this
disclosure include, in addition to a subject's own
cells (e.g., a human patient's own cells), VERO cells,
HeLa cells, Chinese hamster ovary (CHO) cell lines
(including modified CHO cells capable of modifying the
glycosylation pattern of expressed multivalent binding
molecules, see US Patent Application Publication No.
2003/01 15614), COS cells (such as COS-7), W138, BHK,
HepG2, 3T3, RIN, MDCK, A549, PC12, K562, HEK293 cells,
HepG2 cells, N cells, 3T3 cells, Spodopterafrugiperd a
cells {e.g., Sf9 cells), Saccharomyces cerevisiae
cells, and any other eukaryotic cell known in the art
to be useful in expressing, and optionally isolating,
a protein or peptide according to this disclosure.
Also contemplated are prokaryotic cells, including
Escherichia coli, Bacillus subtilis, Salmonella
typhimurium, a Streptomycete, or any prokaryotic cell
known in the art to be suitable for expressing, and
optionally isolating, a protein or peptide according
to this disclosure. In isolating protein or peptide
from prokaryotic cells, in particular, it is
contemplated that techniques known in the art for
extracting protein from inclusion bodies may be used.
The selection of an appropriate host is within the
scope of those skilled in the art from the teachings
herein. Host cells that glycosylate the fusion
proteins of this disclosure are contemplated. 



[122] The term "recombinant host cell" (or simply
"host cell") refers to a cell containing a recombinant
expression vector. It should be understood that such
terms are intended to refer not only to the particular
subject cell but to the progeny of such a cell.
Because certain modifications may occur in succeeding
generations due to either mutation or environmental
influences, such progeny may not, in fact, be
identical to the parent cell, but are still included
within the scope of the term "host cell" as used
herein. [123] A recombinant host cells can be cultured
in a conventional nutrient medium modified as
appropriate for activating promoters, selecting
transformants, or amplifying particular genes. The
culture conditions for particular host cells selected
for expression, such as temperature, pH and the like,
will be readily apparent to the ordinarily skilled
artisan. Various mammalian cell culture systems can
also be employed to express recombinant protein.
Examples of mammalian expression systems include the
COS-7 lines of monkey kidney fibroblasts, described by
Gluzman (1981) Cell 23:175, and other cell lines
capable of expressing a compatible vector, for
example, the C127, 3T3, CHO, HeLa and BHK cell
lines.Mammalian expression vectors will comprise an
origin of replication, a suitable promoter and,
optionally, enhancer, and also any necessary ribosome
binding sites, polyadenylation site, splice donor and
acceptor sites, transcriptional termination sequences,
and 5'-flanking nontranscribed sequences, for example,
as described herein regarding the preparation of
multivalent binding protein expression constructs. DNA
sequences derived from the SV40 splice, and
polyadenylation sites may be used to provide the
required nontranscribed genetic elements. Introduction
of the construct into the host cell can be effected by
a variety of methods with which those skilled in the
art will be familiar, including calcium phosphate
transfection, DEAE-Dextran-mediated transfection, or
electroporation (Davis et al. (1986) Basic Methods in
Molecular Biology). [124] In one embodiment, a host
cell is transduced by a recombinant viral construct
directing the expression of a protein or polypeptide
according to this disclosure. The transduced host cell
produces viral particles containing expressed protein
or polypeptide derived from portions of a host cell
membrane incorporated by the viral particles during
viral budding. Compositions and Methods of Use [125]
To treat human or non-human mammals suffering a
disease state associated with IL6 trans-signaling, a
binding domain of this disclosure is typically made
part of a larger protein, as discussed above, and then
administered to the subject in an amount that is 



effective to ameliorate symptoms of the disease state
following a course of one or more administrations.
Being polypeptides, the proteins of this disclosure
can be suspended or dissolved in a pharmaceutically
acceptable diluent, optionally including a stabilizer
of other pharmaceutically acceptable excipients, which
can be used for intravenous administration by
injection or infusion, as more fully discussed below.
[126] A pharmaceutically effective dose is that dose
required to prevent, inhibit the occurrence of, or
treat (alleviate a symptom to some extent, preferably
all symptoms of) a disease state. The pharmaceutically
effective dose depends on the type of disease, the
composition used, the route of administration, the
type of subject being treated, the physical
characteristics of the specific subject under
consideration for treatment, concurrent medication,
and other factors that those skilled in the medical
arts will recognize. For example, an amount between
0.1 mg/kg and 100 mg/kg body weight (which can be
administered as a single dose, daily, weekly, monthly,
or at any appropriate interval) of active ingredient
may be administered depending on the potency of a
binding domain polypeptide or protein fusion of this
disclosure.[127] In certain embodiments, cis-signaling
of IL6 is minimally or not inhibited, i.e., any
inhibition of cis-signaling is not substantial,
meaning that inhibition is non-existent, asymptomatic,
or not detectable. The extent of inhibition of IL6
trans-signaling can vary, but in general
trans-signaling is altered to an extent that has a
positive effect on symptoms of a disease state
mediated by or associated with such signaling. In
certain embodiments, inhibition of trans-signaling of
IL6 by binding domain polypeptides or fusion proteins
thereof of this disclosure can retard, stop, or
reverse disease progression. [128] Compositions of
this disclosure can be used to treat disease states in
human and non-human mammals that are mediated by IL6
signaling. Increased production of IL-6, and thus IL-6
signaling, has been implicated in various disease
processes, including Alzheimer's disease, autoimmunity
(e.g., rheumatoid arthritis, SLE), inflammation,
myocardial infarction, Paget's disease, osteoporosis,
solid tumors (e.g., colon cancer, RCC prostatic and
bladder cancers), certain neurological cancers, B-cell
malignancies (e.g., Castleman's disease, some lymphoma
subtypes, chronic lymphocytic leukemia, and, in
particular, malignant melanoma). In some instances,
IL-6 is implicated in proliferation pathways because
it acts with other factors, such as heparin-binding
epithelial growth factor and hepatocyte growth factor
(see, e.g., Grant et al. (2002) Oncogene 21:460;
Badache and Hynes (2001) Cancer Res. 61:383; Wang et
al. (2002) Oncogene 21:2584). Blocking IL-6 



signaling may thus be of benefit in many pathological
situations. IL-6 trans-signaling has been implicated
in malignancies, as well as autoimmune or inflammatory
conditions, including colon cancer, inflammatory bowel
disease, and rheumatoid arthritis. IL6 cissignaling
has been implicated in both malignancies and
autoimmune conditions including, in addition to the
foregoing, breast cancer. In general, it is thought
that trans-signaling may be more associated with
autoimmune or inflammatory conditions, and
cis-signaling with malignant conditions (see, e.g.,
Rabe et al. (2008) Blood 111:1021); Sansone et al.
(2007) J . Clin Invest. 117:3988). [129] Thus, agents
comprising the binding domain of this disclosure are
useful in treating autoimmune diseases including
rheumatoid arthritis, Sjogren's syndrome, multiple
sclerosis, systemic lupus erythematosus, Graves'
disease, Hashimoto's disease, and Castleman's disease,
acute and chronic inflammation, and osteoporosis and
other disorders involving loss of bone mass, and
cancers, including hormone-independent prostate
cancer, B-cell proliferative disorders such as B cell
non-Hodgkin's lymphoma, and cancers of the kidney,
breast, colon, lung, brain, or other tissues. [130] In
another aspect, compositions of fusion proteins are
provided by this disclosure. Pharmaceutical
compositions of this disclosure generally comprise one
or moretype of binding domain or fusion protein in
combination with a pharmaceutically acceptable
carrier, excipient, or diluent. Such carriers will be
nontoxic to recipients at the dosages and
concentrations employed. Pharmaceutically acceptable
carriers for therapeutic use are well known in the
pharmaceutical art, and are described, for example, in
Remington's Pharmaceutical Sciences, Mack Publishing
Co. (A.R. Gennaro (Ed.) 1985). For example, sterile
saline and phosphate buffered saline at physiological
pH may be used. Preservatives, stabilizers, dyes and
the like may be provided in the pharmaceutical
composition. For example, sodium benzoate, sorbic
acid, or esters of /?-hydroxybenzoic acid may be added
as preservatives. Id. at 1449. In addition,
antioxidants and suspending agents may be used. Id.
The compounds of the present invention may be used in
either the free base or salt forms, with both forms
being considered as being within the scope of the
present invention. [131] Pharmaceutical compositions
may also contain diluents such as buffers,
antioxidants such as ascorbic acid, low molecular
weight (less than about 10 residues) polypeptides,
proteins, amino acids, carbohydrates {e.g., glucose,
sucrose or dextrins), chelating agents {e.g., EDTA),
glutathione and other stabilizers and excipients.
Neutral buffered saline or saline mixed with
nonspecific serum albumin are exemplary appropriate 



diluents. Preferably, product is formulated as a
lyophilizate using appropriate excipient solutions
{e.g., sucrose) as diluents. [132] Also contemplated
is the administration of multi-specific fusion protein
compositions of this disclosure in combination with a
second agent. A second agent may be one accepted in
the art as a standard treatment for a particular
disease state, such as inflammation, autoimmunity, and
cancer. Exemplary second agents contemplated include
cytokines, growth factors, steroids, NSAIDs, DMARDs,
chemotherapeutics, radiotherapeutics, or other active
and ancillary agents, or any combination thereof.
[133] "Pharmaceutically acceptable salt" refers to a
salt of a binding domain polypeptide or fusion protein
of this disclosure that is pharmaceutically acceptable
and that possesses the desired pharmacological
activity of the parent compound. Such salts include
the following: (1) acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and
the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid,
cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic
acid, maleic acid, fumaric acid, tartaric acid, citric
acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid,
Achlorobenzenesulfonic acid, 2-naphthalenesulfonic
acid, 4-toluenesulfonic acid,camphorsulfonic acid,
4-methylbicyclo[2.2.2]-oct-2-ene-l-carboxylic acid,
glucoheptonic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid,
lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid,
muconic acid, and the like; or (2) salts formed when
an acidic proton present in the parent compound either
is replaced by a metal ion, e.g., an alkali metal ion,
an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine,
diethanolamine, triethanolamine, N-methylglucamine, or
the like. [134] In particular illustrative
embodiments, a polypeptide or fusion protein of this
disclosure is administered intravenously by, for
example, bolus injection or infusion. Routes of
administration in addition to intravenous include
oral, topical, parenteral (e.g., sublingually or
buccally), sublingual, rectal, vaginal, and
intranasal. The term parenteral as used herein
includes subcutaneous injections, intravenous,
intramuscular, intrasternal, intracavernous,
intrathecal, intrameatal, intraurethral injection or
infusion techniques. The pharmaceutical composition is
formulated so as to allow the active ingredients
contained therein to be 



bioavailable upon administration of the composition to
a patient. Compositions that will be administered to a
patient take the form of one or more dosage units,
where for example, a tablet may be a single dosage
unit, and a container of one or more compounds of this
disclosure in aerosol form may hold a plurality of
dosage units. [135] For oral administration, an
excipient and/or binder may be present, such as
sucrose, kaolin, glycerin, starch dextrans,
cyclodextrins, sodium alginate, carboxy
methylcellulose, and ethyl cellulose. Sweetening
agents, preservatives, dye/colorant, flavor enhancer,
or any combination thereof may optionally be present.
A coating shell may also optionally be employed [136]
In a composition intended to be administered by
injection, one or more of a surfactant, preservative,
wetting agent, dispersing agent, suspending agent,
buffer, stabilizer, isotonic agent, or any combination
thereof may optionally be included. [137] For nucleic
acid-based formulations, or for formulations
comprising expression products according to this
disclosure, about 0.01 mg/kg to about 100 mg/kg body
weight will be administered, for example, by the
intradermal, subcutaneous, intramuscular, or
intravenous route, or by any route known in the art to
be suitable under a given set of circumstances. A
preferred dosage, for example, is about 1 mg/kg to
about 20 mg/kg, with about 5 mg/kg to about 10 mg/kg
particularly preferred. It will be evident to those
skilled in the art that the number and frequency of
administration will be dependent upon the response of
the host.[138] The pharmaceutical compositions of this
disclosure may be in any form that allows for
administration to a patient, such as, for example, in
the form of a solid, liquid, or gas (aerosol). The
composition may be in the form of a liquid, e.g., an
elixir, syrup, solution, emulsion or suspension. The
liquid may be for oral administration or for delivery
by injection, as two examples. [139] A liquid
pharmaceutical composition as used herein, whether in
the form of a solution, suspension or other like form,
may include one or more of the following components:
sterile diluents such as water for injection, saline
solution, preferably physiological saline, Ringer's
solution, isotonic sodium chloride, fixed oils such as
synthetic mono or digylcerides that may serve as the
solvent or suspending medium, polyethylene glycols,
glycerin, propylene glycol or other solvents;
antibacterial agents such as benzyl alcohol or methyl
paraben; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or 



phosphates and agents for the adjustment of tonicity
such as sodium, chloride, or dextrose. The parenteral
preparation can be enclosed in ampoules, disposable
syringes or multiple dose vials made of glass or
plastic. Physiological saline is a preferred additive.
An injectable pharmaceutical composition is preferably
sterile. [140] It may also be desirable to include
other components in the preparation, such as delivery
vehicles including aluminum salts, water-in-oil
emulsions, biodegradable oil vehicles, oil-in-water
emulsions, biodegradable microcapsules, and liposomes.
Examples of adjuvants for use in such vehicles include
N-acetylmuramyl-L-alanine-D-isoglutamine (MDP),
lipopolysaccharides (LPS), glucan, IL- 12, GM-CSF,
g-interferon, and IL-1 5. [141] While any suitable
carrier known to those of ordinary skill in the art
may be employed in the pharmaceutical compositions of
this disclosure, the type of carrier will vary
depending on the mode of administration and whether a
sustained release is desired. For parenteral
administration, the carrier may comprise water,
saline, alcohol, a fat, a wax, a buffer, or any
combination thereof. For oral administration, any of
the above carriers or a solid carrier, such as
mannitol, lactose, starch, magnesium stearate, sodium
saccharine, talcum, cellulose, glucose, sucrose,
magnesium carbonate, or any combination thereof, may
be employed. [142] This disclosure contemplates a
dosage unit comprising a pharmaceutical composition of
this disclosure. Such dosage units include, for
example, a single-dose or a multi-dose vial or
syringe, including a two-compartment vial or syringe,
one comprising the pharmaceutical composition of this
disclosure in lyophilized form and the other a diluent
forreconstitution. A multi-dose dosage unit can also
be, e.g., a bag or tube for connection to an
intravenous infusion device. [143] This disclosure
also contemplates a kit comprising a pharmaceutical
composition of this disclosure in unit dose, or
multi-dose, container, e.g., a vial, and a set of
instructions for administering the composition to
patients suffering a disorder such as a disorder
described above. [144] All U.S. patents, U.S. patent
application publications, U.S. patent applications,
foreign patents, foreign patent applications,
non-patent publications, tables, sequences, webpages,
or the like referred to in this specification, are
incorporated herein by reference, in their entirety.
The following examples are intended to illustrate, but
not limit, the invention. EXAMPLES 



SMIP and Xceptor Sequences [145] Amino acid sequences
of exemplary SMIP and Xceptor (SEQ ID NOS:231- 292)
molecules having an anti-IL6xR binding domain are
provided in (SEQ ID NOS :67 1-694 and 607-668,
respectively, with the corresponding nucleotide
expression cassettes of the fusion proteins being
provide in SEQ ID NOS:761-784 and 697-758,
respectively (note the mature proteins will lack the
signal peptide sequence found in SEQ ID NOS :67 1-694
and 607-668). [146] Xceptors having a TNFRSFlB
ectodomain at the amino-terminus and an anti-IL6xR
binding domain at the carboxy terminus are referred to
herein as TRU(XTo)- 1001 to TRU(XTo)- 1062. The
Xceptors in the reverse orientation - that is, having
an anti-IL6xR binding domain at the amino-terminus and
a TNFRSFlB ectodomain at the carboxy terminus, are
referred to herein as TRU(X6T)-1008 and TRU(X6T)-1019.
The SMIP constructs having an anti-IL6xR binding
domain are referred to herein as TRU(S6)-1002,
TRU(S6)-1004, TRU(S6)-1007, TRU(S6)-1008, TRU(S6)-101
1, TRU(S6)-1013, TRU(S6)- 1014, TRU(S6)-1018,
TRU(S6)-1019, TRU(S6)-1022, TRU(S6)-1024 to
TRU(S6)-1026, TRU(S6)-1029, TRU(S6)-1038,
TRU(S6)-1040, TRU(S6)-1047, TRU(S6)-1051, TRU(S6)-
1052, TRU(S6)-1054, TRU(S6)-1056, and TRU(S6)-1059 to
TRU(S6)-1061. [147] A phage library of Fab binding
domains was screened for binding domains specific for
an IL6xR complex essentially as described by Hoet et
al. (2005) Nature Biotechnol. 23:344. The binding
domains were cloned by PCR amplification - briefly,
theVL and VH regions from the Fab library clones were
amplified using PCR SuperMix (Invitrogen, San Diego,
CA) and appropriate primers that create the G S linker
via overlap, with an initial anneal at 560C for 9
cycles, then 620C for an additional 20 cycles. The PCR
products were separated on an agarose gel and purified
using a Qiagen (Chatsworth, CA) PCR Purification
column. The second round sewing reaction involved
mixing a molar equivalent of VL and VH products with
Expand buffer and water, denatured at 95 0C for 5 sec,
then cooled slowly to room temperature. To amplify, a
mix of dNTPs were added with Expand enzyme and
incubated at 72 0C for 10 sec. The outside primers
were added (5' VH and 3' VL) and the mix was cycled 35
times with an anneal at 620C and a 45 min extension
reaction. The resulting 750 base pair product was gel
purified, digested with EcoRI and Notl, and cloned
into plasmid pD28 (for more details, see US Patent
Application Publication No. 2005/0136049 and PCT
Application Publication No. WO 2007/146968). Binding
activity was examined by ELISA as described in Hoet et
al. (2005). 



[148] Various SMIP and Xceptor fusion proteins
described herein were tested for anti-IL6xR activity,
anti-TNF activity, or both activities, as described
below. Abbreviations used in the following examples
include the following terms: PBS-T: PBS, pH 12-1 A and
0.1% Tween(r)20; Working buffer: PBS-T with 1% BSA;
Blocking buffer: PBS-T with 3% BSA. EXAMPLE 1
EXPRESSION OF FUSION PROTEINS [149] Expression of
certain of the fusion proteins disclosed herein in 293
cells was performed using the FreeStyle(tm) 293
Expression System (Invitrogen, Carlsbad, CA) according
to the manufacturer's instructions. [150] For each 30
ml transfection, 3 x 107 cells in 28 ml of
FreeStyle(tm) 293 Expression Medium were used. On the
day of transfection, a small aliquot of the cell
suspension was transferred to a microcentrifuge tube,
and the viability and the amount of cell clumping
determined using the trypan blue dye exclusion method.
The suspension was vigorously vortexed for 45 seconds
to break up cell clumps and total cell counts
determined using a Coulter Counter or a hemacytometer.
The viability of the cells was over 90%. A shaker
flask containing the required cells was placed in a
37C incubator on an orbital shaker. [151] For each
transfection sample, lipid-DNA complexes were prepared
as follows. 30 mg of plasmid DNA was diluted in
Opti-MEM(r) I to a total volume of 1ml and mixed
gently. 60 ml of 293fectin(tm) was diluted in
Opti-MEM(r) I to a total volume of 1 ml,mixed gently,
and incubated for 5 minutes at room temperature. After
the 5 minute incubation, the diluted DNA was added to
the diluted 293fectin(tm) to obtain a total volume of
2 ml and mixed gently. The resulting solution was
incubated for 20-30 minutes at room temperature to
allow DNA- 293fectin(tm) complexes to form. [152]
While the DNA-293fectin(tm) complexes were incubating,
the cell suspension was removed from the incubator and
the appropriate volume of cell suspension was placed
in a sterile, disposable 125 ml Erlenmeyer shaker
flasks. Fresh, pre-warmed FreeStyle(tm) 293 Expression
Medium was added up to a total volume of 28 ml for a
30 ml transfection. [153] After the DNA-293fectin(tm)
complex incubation was complete, 2 ml of
DNA-293fectin(tm) complex was added to the shaker
flasks. 2 ml of Opti-MEM(r) I was added to the
negative control flask, instead of DNA-293fectin(tm)
complex. Each flask contained a total volume of 30 ml,
with a final cell density of approximately 1 x 106
viable cells/ml. The cells were incubated in a 37C
incubator with a humidified atmosphere of 8% CO in air
on 



an orbital shaker rotating at 125 rpm. Cells were
harvested at approximately 7 days posttransfection and
assayed for recombinant protein expression. [154]
Fusion proteins having an IL6 antagonist binding
domain were expressed in 293 cells as described above.
EXAMPLE 2 XCEPTOR BINDING TO IL6 AND HYPER IL6 BY
ELISA [155] Hyper-IL6 (HIL6 or IL6xR), recombinant
human IL6 (rhIL6), and human soluble IL6R binding
activity was examined for Xceptors TRU(XTo)- 1002,
1019, 1025, 1042, 1058, and TRU(X6T)-1019 (SEQ ID
NO:608, 625, 631, 648, 664 and 670, respectively)
substantially as follows HIL6 and IL6 Binding [156]
Added to each well of a 96-well plate was 100 ml goat
anti-human IgG-Fc (Jackson ImmunoResearch, West Grove,
PA) from a 2 mg/ml solution in PBS, pH 12-1 A. The
plate was covered, and incubated overnight at 40C.
After washing four times with PBST, 250 ml Blocking
buffer (PBS-T with 3% BSA or 10% normal goat serum)
was added to each well, the plate was covered, and
incubated at room temperature for 2 hours (or at 40C
overnight). After washing the plate three times with
PBS-T, added in duplicate wells to the anti-human
IgG-Fc coated plate was 100 ml / well Xceptor TNFRSF
IB: :anti-HIL6 samples and human gpl30-Fc chimera (R&D
Systems, Minneapolis, MN) serially diluted three-fold
in Working buffer starting at 300 ng/ml, the plate was
covered, and incubated at roomtemperature for about 1
to 2 hours. After washing the plate five times with
PBS-T, added in duplicate wells was 100 ml/well human
Hyper IL-6 or recombinant human IL-6 from a 150 pM
solution in Working buffer, the plate was covered, and
incubated at room temperature for about 1 to 2 hours.
After washing the plate five times with PBS-T, 100
ml/well anti-human IL-6-biotin (R&D Systems) from a
150 ng/ml solution in Working buffer, the plate was
covered, and incubated at room temperature for about 1
to 2 hours. After washing the plate five times with
PBS-T, 100 ml per well horse radish
peroxidase-conjugated streptavidin (Zymed, San
Francisco, CA) diluted 1:4,000 in Working buffer was
added, the plate was covered, and incubated at room
temperature for 30 minutes. After washing the plate
six times with PBS-T, 100 ml per well
3,3,5,5-tetramentylbenzidine (TMB) substrate solution
(Pierce, Rockford, IL) was added for about 3 to 5
minutes and then the reaction was stopped with 50 ml
Stop buffer (IN H2SO ) per well. The absorbance of
each well was read at 450 nm. 



sIL6R Binding [157] Added to each well of a 96-well
plate was 100 ml goat anti-human IgG-Fc (ICN
Pharmaceuticals, Costa Mesa, CA) from a 2 mg/ml
solution in PBS, pH 7.2-7.4. The plates were covered,
and incubated overnight at 40C. After washing four
times with PBS-T, 250 ml Blocking buffer (PBS-T with
3% BSA or 10% normal goat serum) was added to each
well, the plate was covered, and incubated at room
temperature for 2 hours (or at 40C overnight). After
washing the plate three times with PBS-T, added in
duplicate wells to the anti-human IgG-Fc coated plate
was 100 ml/well Xceptor TNFRSFlB: :anti-HIL6 samples,
positive control anti-human IL-6R (R&D Systems,
Minneapolis, MN) and negative controls human IgG or
human gpl30-Fc chimera (R&D Systems), each serially
diluted three-fold in Working buffer starting at 300
ng/ml, the plate was covered, and incubated at room
temperature for about 1 to 2 hours. After washing the
plate five times with PBS-T, added in duplicate wells
was 100 ml/well recombinant human sIL-6R (R&D Systems)
from a 75 pM solution in Working buffer, the plate was
covered, and incubated at room temperature for about 1
to 2 hours. After washing the plate five times with
PBS-T, added 100 ml/well antihuman IL-6R-biotin (R&D
Systems) from a 100 ng/ml solution in Working buffer,
the plate was covered, and incubated at room
temperature for about 1 to 2 hours. After washing the
plate five times with PBS-T, 100 ml per well horse
radish peroxidase-conjugated streptavidin (Zymed, San
Francisco, CA) diluted 1:4,000 in Working buffer was
added, the plate was covered, and incubated at room
temperature for 30 minutes. After washing the plate
six times with PBS-T, 100 ml per well
3,3,5,5-tetramentylbenzidine (TMB) substrate solution
(Pierce, Rockford, IL) was added for about 3 to 5
minutes and then the reaction was stoppedwith 50 ml
Stop buffer (IN H SO ) per well. The absorbance of
each well was read at 450 nm. [158] The data in
Figures IA and IB demonstrate that all Xceptor fusion
proteins, whether the TNFRSFlB ectodomain was on the
amino- or carboxy terminus of the fusion protein
molecules, can bind HIL6. Furthermore, these assays
show that the Xceptor proteins have specificity for
the IL6xR complex because only two of the Xceptors
bind rhIL6 (Figure IB) and none bind sIL6R (Figure
1C). In related studies, the xceptor TRU(XT6)-1002 and
the SMIP TRU(S6)-1002 were found to cross-react with
IL6 from the non-human primate Mucaca mulatta. EXAMPLE
3 XCEPTOR BINDING TO TNF- aBY ELISA 



[159] TNF-a binding activity was examined for Xceptors
TRU(XTo)- 1002, 1042, 1058, 1019, and TRU(X6T)-1019
(SEQ ID NO:608, 648, 664, 625 and 670, respectively),
substantially as follows. [160] Added to each well of
a 96-well plate was 100 ml goat anti-human IgG-Fc (ICN
Pharmaceuticals, Costa Mesa, CA) from a 2 mg/ml
solution in PBS, pH 12-1 A. The plate was covered, and
incubated overnight at 40C. After washing four times
with PBS-T, 250 ml Blocking buffer was added to each
well, the plate was covered, and incubated at room
temperature for 2 hours (or at 40C overnight). After
washing the plate three times with PBST, added in
duplicate wells to the anti-human IgG-Fc coated plate
was 100 ml/well Xceptor TNFRSF IB: :anti-HIL6 samples,
positive controls Enbrel(r) (etanercept) and
recombinant human TNFR2 (TNFRSF IB)-Fc chimera (R&D
Systems, Minneapolis, MN), and negative controls human
IgG or human gpl30-Fc chimera (R&D Systems), each
serially diluted three fold in Working buffer starting
at 300 ng/ml, the plate was covered, and incubated at
room temperature for about 1 to 2 hours. After washing
the plate five times with PBS-T, added in duplicate
wells was 100 ml/well recombinant human TNF-a (R&D
Systems) from a 2 ng/ml solution in Working buffer,
the plate was covered, and incubated at room
temperature for about 1 to 2 hours. After washing the
plate five times with PBS-T, added 100 ml/well
antihuman TNF-a-biotin (R&D Systems) from a 200 ng/ml
solution in Working buffer, the plate was covered, and
incubated at room temperature for about 1 to 2 hours.
After washing the plate five times with PBS-T, 100 ml
per well horse radish peroxidase-conjugated
streptavidin (Jackson ImmunoResearch, West Grove, PA)
diluted 1:1,000 in Working buffer was added, the plate
was covered, and incubated at room temperature for 30
minutes. After washing theplate six times with PBS-T,
100 ml per well 3,3,5,5-tetramentylbenzidine (TMB)
substrate solution (Pierce, Rockford, IL) was added
for about 3 to 5 minutes and then the reaction was
stopped with 50 ml Stop buffer (IN H2SO ) per well.
The absorbance of each well was read at 450 nm. [161]
The data in Figure 2 shows that all Xceptor fusion
proteins tested can bind TNF-a, whether the TNFRSFlB
ectodomain was on the amino- or carboxy terminus of
the fusion protein. EXAMPLE 4 XCEPTOR DUAL LIGAND
BINDING BY ELISA [162] Concurrent binding to TNF-a and
to IL6xR complex was examined for Xceptor fusion
protein TRU(XT6)-1006 (SEQ ID NO:612), substantially
as follows. 



[163] Added to each well of a 96-well plate was 100 ml
human HIL-6 solution (5 mg/ml in PBS, pH 7.2-7.4). The
plate was covered, and incubated overnight at 40C.
After washing four times with PBS-T, then 250 ml
Blocking buffer was added to each well, the plate was
covered, and incubated at room temperature for 2 hours
(or at 40C overnight). After washing the plate three
times with PBS-T, added in duplicate wells to the
HIL-6 coated plate was 100 ml/well Xceptor TNFRSFIB:
:HIL6 samples serially diluted three-fold in Working
buffer starting at 300 ng/ml. Negative controls
included human gpl30-Fc chimera (R&D Systems,
Minneapolis, MN), Enbrel(r) (etanercept), and Working
buffer only. The plate was covered and incubated at
room temperature for 1.5 hours. After washing the
plate five times with PBS-T, 100 ml per well
recombinant human TNF-a (R&D Systems, Minneapolis, MN)
to 2 ng/ml in Working buffer was added, the plate was
covered, and incubated at room temperature for 1.5 hr.
After washing the plate five times with PBS-T, 100 ml
per well anti-human TNF-a-biotin (R&D Systems) to 200
ng/ml in Working buffer was added, the plate was
covered, and incubated at room temperature for 1.5 hr.
After washing the plate five times with PBS-T, 100 ml
per well horse radish peroxidase-conjugated
streptavidin (Jackson ImmunoResearch, West Grove, PA)
diluted 1:1000 in Working buffer was added, the plate
was covered, and incubated at room temperature for 30
minutes. After washing the plate six times with PBS-T,
100 ml per well 3,3,5,5-tetramentylbenzidine (TMB)
substrate solution (Pierce, Rockford, IL) was added
for 3-5 minutes and then the reaction was stopped with
50 ml Stop buffer (IN H SO ) per well. The absorbance
of each well was read at 450 nm.[164] The data in
Figure 3 demonstrates that Xceptor proteins can bind
two ligands simultaneously (in this case TNF-aand
Hyper IL6). EXAMPLE 5 XCEPTOR BLOCKING OF HYPER IL6
BINDING TO GP130 BY ELISA [165] Blocking of Hyper IL6
(IL6xR) binding to soluble gpl30 receptor by Xceptor
fusion proteins TRU(XTo)- 1004, 1006, 1007, 1008,
1013, and 1019 (SEQ ID NO:610, 612, 613, 614, 619 and
625, respectively), was examined substantially as
follows. [166] Added to each well of a 96-well plate
was 100 ml human gpl30-Fc chimera (R&D Systems,
Minneapolis, MN) from a 0.25 - 0.5 mg/ml solution in
PBS, pH 7.2-7.4. The plates were covered, and
incubated overnight at 40C. After washing four times
with PBS-T, 250 ml Blocking buffer (PBS-T with 3% BSA
or 10% normal goat serum) was added to each well, the
plate was covered, and incubated at room temperature
for 2 hours (or at 40C 



overnight). Serial five-fold dilutions in Working
buffer starting at 50 mg/ml were made of the following
samples: Xceptor TNFRSF IB::anti-HIL6 samples,
positive controls human gpl30- Fc chimera (R&D
Systems) and anti-human IL-6R (R&D Systems), and
negative controls anti-human IL-6 (R&D Systems), human
IgG or Enbrel(r) (etanercept). Equal volumes of the
serially diluted Xceptor samples were mixed with Hyper
IL-6 (final Hyper IL-6 concentration of 2.5 ng/ml) and
incubated at room temperature for 1 hour. After
washing the plate three times with PBS-T, added in
duplicate wells to the human gpl30-Fc coated plate was
100 ml/well of the serially dilutions of Xceptor/HIL6
mixtures, human gpl30-Fc chimera, anti-human IL-6R,
anti-human IL-6, human IgG, and Enbrel(r)
(etanercept), the plate was covered, and incubated at
room temperature for about 1.5 hours. After washing
the plate five times with PBS-T, 100 ml per well horse
radish peroxidase-conjugated anti-mouse IgG-Fc
(Pierce, Rockford, IL) diluted 1:10,000 in Working
buffer was added, the plate was covered, and incubated
at room temperature for 1 hour. After washing the
plate six times with PBS-T, 100 ml per well
3,3,5,5-tetramentylbenzidine (TMB) substrate solution
(Pierce) was added for about 5 to 15 minutes and then
the reaction was stopped with 50 ml Stop buffer (IN H
SO ) per well. The absorbance of each well was read at
450 nm. [167] The data in Figure 4 demonstrate that
Xceptor proteins comprising an anti- IL6xR binding
domain can block soluble gpl30 from binding to
HIL6.EXAMPLE 6 XCEPTOR BLOCKING OF IL6 AND HYPER IL6
INDUCED CELL PROLIFERATION [168] Blocking of IL6 or
Hyper IL6 (IL6xR) induced cell proliferation of TF-I
cells was examined for Xceptor fusion proteins
TRU(XT6)-101 1, 1014, 1025, 1026, 1002, and
TRU(X6T)-1019 (SEQ ID NO:617, 620, 631, 632, 608 and
670, respectively), substantially as follows. [169]
Added to each well of a 96-well fiat bottom plate were
0.3 xlO6 TF-I cells (human erythroleukemia cells) in
the fresh growth medium (10% FBS-RPMI 1640; 2mM
Lglutamine; 100 units/ml penicillin; 100 mg/ml
streptomycin; 10 mM HEPES; ImM sodium pyruvate; and
2ng/ml Hu GM-CSF) one day before use in proliferation
assay. The cells were then harvested and washed twice
with assay medium (same as growth medium except
without GM-CSF, cytokine-free), then resuspended at 1
x 105 cells/ml in assay medium. For blocking IL-6
activity, serial dilutions of a TNFSFRlB::anti-HIL-6
Xceptor of interest or antibody was pre-incubated with
a fixed concentration of recombinant human IL-6
(rhIL-6) (R&D Systems, Minneapolis, MN) or hyper IL-6
(HIL-6) in 96-well plates for 1 hour at 



370C, 5%CO2. Controls used included human IgG; human
gpl30-Fc chimera (R&D Systems); anti-hIL-6 antibody
(R&D Systems); and anti-hIL-6R antibody (R&D Systems).
After the pre-incubation period, 1x1 04I cells (in 100
ml) was added to each well. The final assay mixture,
in a total volume of 200 ml/well, containing TNFSFRlB:
:HIL-6, rhIL-6, or HIL-6 and cells was incubated at
370C, 5%CO2 for 72 hours. During the last 4-6 hours of
culture, 3H-thymidine (20 mCi/ml in assay medium, 25
ml/well) was added. The cells were harvested onto
UniFilter-96 GF/c plates and incorporated 3H-Thymidine
was determined using TopCount reader (Packard). The
data are presented as the Mean of cpm  SD of
triplicates. The percentage of blocking = 100 - (test
cpm - control cpm /maximum cpmcontrol cpm)* 100. [170]
The data in Figure 5A and Figure 5B demonstrate that
all Xceptor proteins, whether the TNFRSFlB ectodomain
was on the amino- or carboxy terminus of the fusion
protein molecules, can block cell proliferation
induced by IL6 and Hyper IL6, respectively. EXAMPLE 7
XCEPTOR BLOCKING OF TNF- aBINDING TO TNFR BY ELISA
[171] Blocking of TNF-a binding to TNF receptor by
Xceptor fusion proteins TRU(XTo)- 1004, 1006, 1007,
1008, 1013, and 1019 (SEQ ID NO:610, 612, 613, 614,
619 and 625, respectively), was examined substantially
as follows.[172] Added to each well of a 96-well plate
was 100 ml recombinant human TNFR2-Fc chimera (R&D
Systems, Minneapolis, MN) from a 0.25 - 0.5 mg/ml
solution in PBS, pH 1.2-1A. The plates were covered,
and incubated overnight at 40C. After washing four
times with PBS-T, 250 ml Blocking buffer (PBS-T with
3% BSA or 10% normal goat serum) was added to each
well, the plate was covered, and incubated at room
temperature for 2 hours (or at 40C overnight). Serial
five-fold dilutions in Working buffer starting at 50
to 250 mM were made of the following samples: Xceptor
TNFRSFlB ::anti-HIL6 samples, positive controls
Enbrel(r) (etanercept) and anti-TNF-a (R&D Systems),
and negative controls human gpl30-Fc chimera (R&D
Systems) and human IgG. Equal volumes of the serially
diluted Xceptor samples were mixed with TNFa (final
TNFa concentration of 2.5 ng/ml) and incubated at room
temperature for 1 hour. After washing the plate three
times with PBS-T, added in duplicate wells to the
recombinant human TNFR2-Fc coated plate was 100
ml/well of the serially dilutions of Xceptor/TNF a
mixture, Enbrel(r) (etanercept), anti-TNFa, human
gpl30-Fc chimera, and human IgG, the plate was
covered, and incubated at room temperature for about
1.5 hours. After washing the plate five times with
PBS-T, 100 



ml per well of anti-human TNFa-biotin (R&D Systems)
from a 200 ng/ml solution in Working buffer was added,
the plate was covered, and incubated at room
temperature for 1 to 2 hours. After washing the plate
five times with PBS-T, 100 ml per well horse radish
peroxidase-conjugated streptavidin (Jackson
ImmunoResearch, West Grove, PA) diluted 1:1,000 in
Working buffer was added, the plate was covered, and
incubated at room temperature for 30 minutes. After
washing the plate six times with PBS-T, 100 ml per
well 3,3,5,5-tetramentylbenzidine (TMB) substrate
solution (Pierce, Rockford, IL) was added for about 3
to 5 minutes and then the reaction was stopped with 50
ml Stop buffer (IN H SO ) per well. The absorbance of
each well was read at 450 nm. [173] The data in Figure
6 show that Xceptor proteins blocked TNF-a binding to
TNF receptor, which was approximately equivalent to
blocking by TNFR-Fc. EXAMPLE 8 XCEPTOR BLOCKING OF
TNF-aINDUCED CELL KILLING [174] Blocking of TNF-a
induced killing of L929 cells was examined for Xceptor
fusion proteins TRU(XT6)-101 1, 1014, 1025, 1026,
1002, and TRU(X6T)-1019 (SEQ ID NO:617, 620, 631, 632,
608 and 670, respectively), substantially as follows.
[175] A suspension of L929 mouse fibroblast cells
(ATCC, Manassas, VA) was prepared at a density of 2 x
105 cells/ml in culture medium (10% FBS-RPMI 1640; 2
mML-glutamine; 100 units/ml penicillin; 100 mg/ml
streptomycin; and 10 rnM HEPES), then 100 ml was added
to each well of a 96-well flat bottom black plate and
incubated overnight at 37C, 5% CO in a humidified
incubator. Xceptor TNFRSF IB: :anti-HIL6 samples
serially diluted in assay medium (same as culture
medium but supplemented with 2% FBS) were mixed with
an equal volume of recombinant human TNF-a (rhTNFa;
R&D Systems, Minneapolis, MN), and incubated at 37C,
5% CO in a humidified incubator for 1 hour. Positive
controls (i.e., those agents that block TNFa induced
killing of L929 cells) included Enbrel(r)
(etanercept), rhTNFR2-Fc chimera (R&D Systems,
Minneapolis, MN), and anti- TNFa antibody (R&D
Systems, Minneapolis, MN). Negative controls included
assay medium alone (no TNF-a added) and antibody hlgG
(with TNFa added). To analyze TNFa activity, culture
medium was removed from the L929 cells and then each
well received 50 ml of a TNFa/Xceptor or control
mixture, and 50 ml actinomycin D (Sigma-Aldrich, St.
Louis, MO) (from a freshly prepared working solution
of 4 mg/ml). The cells were then incubated for 24 hrs
at 37C, 5% CO in a humidified incubator. To measure
cell viability, added to each well was 100 ml ATPlite
1 Step Reagent (PerkinElmer, Waltham, MA) according to
the 



manufacturer's instructions, shaken for two minutes,
and then luminescence is measured using a TopCount
reader (Packard). [176] The data in Figure 7
demonstrate that all Xceptor proteins, whether the
TNFRSFlB ectodomain was on the amino- or carboxy
terminus of the fusion protein molecules, can block
TNF-ainduced cell killing in this assay. EXAMPLE 9
SMIP BINDING TO IL6 AND HYPER IL6 BY ELISA [177]
Hyper-IL6 (HIL6 or IL6xR), recombinant human IL6
(rhIL6), and human soluble IL6R binding activity was
examined for SMIP fusion proteins TRU(S6)-1004, 1007,
1008, 1013, 1018, 1019, 1029, and 1038 (SEQ ID NO:672,
673, 674, 676, 678, 679, 684 and 685, respectively),
using essentially the same assay as in Example 1
except that SMIP proteins instead of Xceptor proteins
were tested. [178] The data in Figure 8 demonstrate
that all SMIP proteins can bind HIL6.EXAMPLE 10
SPECIFICITY OF BINDING TO HYPER IL6 AND NOT OTHER
GP130 CYTOKINES [179] The effect of Xceptor fusion
proteins on induction of TF-I cell proliferation by
IL6 and the gpl30 cytokines IL-Il, leukemia inhibitory
factor (LIF), oncostatin M (OSM) and cardiotrophin-1
(CT-I) was examined substantially as follows. [180]
Added to each well of a 96-well fiat bottom plate was
0.3xl0 6 TF-I cells (human erythroleukemia cells) in
fresh growth medium (10% FBS-RPMI 1640, 2mM
Lglutamine, 100 units/ml penicillin, 100 mg/ml
streptomycin, 10 mM HEPES, ImM sodium pyruvate and
2ng/ml Hu GM-CSF) one day before use in the
proliferation assay. The cells were harvested and
washed twice with assay medium (same as growth medium
except without GM-CSF, cytokine-free), then
resuspended at 1 x 105 cells/ml in assay medium. For
examining blocking of LIF, OSM, and CT-I activity,
serial dilutions of a TNFSFRlB::anti- HIL-6 xceptors
TRU(XT6)-1002 (SEQ ID NO:608), TRU(XT6)-1019 (SEQ ID
NO:625), TRU(XT6)-1022 (SEQ ID NO:628), and
TRU(XT6)-1025 (SEQ ID NO:631) were preincubated with a
fixed concentration of each gpl30 cytokine
individually or hyper IL-6 (HIL- 6) in 96-well plates
for 1 hour at 370C, 5% CO . After the pre-incubation
period, IxIO4 cells (in 100 ml) were added to each
well. The final assay mixture, in a total volume of
200 ml/well, containing TNFSFRlB: :HIL-6, gpl30
cytokine or HIL-6 and cells, was incubated at 370C, 5%
CO for 72 hours. During the last 4-6 hours of culture,
3H-thymidine (20 mCi/ml in assay medium, 25 ml/well)
was added. The cells were harvested onto 



UniFilter-96 GF/c plates and incorporated 3H-Thymidine
was determined using TopCount reader (Packard). The
percentage of blocking = 100 - (test cpm - control cpm
/maximum cpm- control cpm)* 100. [181] The results
showed that the xceptor blocked IL6 activity but not
IL-1 1, LIF, OSM or CT-I (data not shown), and
therefore bound to hyper IL6 but not to the other
gpl30 cytokines tested. EXAMPLE 11 SMIP BINDING TO
HYPER IL6 BY ELISA [182] Hyper-IL6 (HIL6) binding
activity was examined for the humanized SMIP fusion
proteins referred to as TRU(S6)-1063 - TRU(S6)-1066
(light chain variable regions provided in SEQ ID NO:80
1-804, and heavy chain variable regions provided in
SEQ ID NO:807-810, respectively) substantially as
follows.[183] Added to each well of a 96-well plate
was lOOul of 1 mg/ml human hyper- IL6 (IL6R-IL6-mIgG)
in PBS, pH 7.2-7.4. The plate was covered and
incubated at 4 C overnight. After washing five times
with PBS-T, 250 ml Blocking buffer (PBS-T with 3% BSA)
was added to each well, the plate was covered, and
incubated at room temperature for 2 hours. [184]
Serial three fold dilutions in lOOul of Working Buffer
(1% BSA in PBS-T), starting at 300ng/ml, were made of
the SMIP fusion proteins and, as a negative control,
TNFR-Fc. The plate was covered and incubated at room
temperature for 1 hour. After washing five times with
PBS-T, lOOul of an HRP-conjugated goat anti-human-Fc
antibody (Pierce, Rockford, IL), diluted 1:1000, was
added to each well. The plate was covered and
incubated at room temperature for 1 hour. After
washing five times with PBS-T, 100 ml of Quant-Blu(tm)
substrate (Pierce, Rockford, IL) was added to each
well. The plate was incubated at room temperature for
10-30 minutes, and fluorescence measured at 325/420nm.
[185] The data shown in Fig. 9 demonstrate that all
SMIP fusion proteins tested can bind HIL6. EXAMPLE 12
BINDING AFFINITY OF VARIOUS IL6 ANTAGONIST FUSION
PROTEINS [186] Binding affinities and kinetic rate
constants of interaction of hyper-IL6 (HIL6; monomer
or dimer), and its components IL6 and sIL6R, with
different anti-HIL6 binding domains in scFv, SMIP,
Xceptor and reverse Xceptor formats were determined
using a Biacore (r) TlOO instrument (GE Healthcare,
Piscataway, NJ). 



[187] Anti-HIL6 SMIPS, Xceptors, and reverse Xceptors
were captured by a monoclonal mouse anti-human Fc,
which was covalently conjugated to a carboxylmethyl
dextran (CM4) surface via amines using
N-ethyl-N'-(3-dimethylaminopropyl)-carbodiimide
hydrochloride and iV-hydroxysuccinimide. The
unoccupied sites of the activated surface were blocked
by ethanolamine. The capturing antibody (referred to
as anti-hFc) binds to the CH2 domain of IgG Fc for all
sub-classes and showed no discernible dissociation
from the captured HIL6-binders during the course of
the assay. In every cycle, three different HIL6
binders were captured on flow cells 2, 3 and 4, while
flow cell 1 was used as the reference cell. For each
cycle, a single concentration of a single HIL6-related
molecule was injected for 150 seconds at 35
microliters per minute, and then allowed to dissociate
for 300 seconds. At the end of the cycle, the surface
was regenerated gently using 3M MgCl , which
dissociates protein bound to anti-hFc capture
antibody. Multiple cycles were performed tostudy
binding of monomeric or dimeric HIL6 at different
concentrations, in the range of 0 - 100 nM, for each
set of three HIL6 binders captured. HIL6 binders were
reproducibly captured every cycle with CV not
exceeding 2%. The experiment was performed at 250C.
Signal associated with binding to the reference cell
was used to subtract for bulk refractive changes and
blank (buffer-only) injections were used to correct
for drift and system noise. The kinetic parameters and
affinities were determined using BIAevaluation
software. Anti- HIL6 scFv molecules were analyzed in
the reverse orientation using a dimeric human
HIL6/mouse IgG Fc fusion protein captured by an
immobilized rabbit polyclonal anti-mouse IgG Fc
antibody on the surface and injecting different
concentrations of scFv over the surface. For the HIL6
components IL6 (eBioscience, catalog no. 14-8069) and
sIL6R, a single 100 nM injection was performed to
obtain a qualitative assessment of binding. Human
gpl30-human IgG Fc (R&D Systems) fusion protein was
also captured and interrogated as a HIL6 binder for
comparative purposes. Table 3 shows the results
obtained for anti-HIL6 binders in SMIP and scFv
formats. Table 3. Numbers Indicate KD (nM) ND Not
Done, + Binding Observed, - No Binding Observed[188]
Table 4 shows the results obtained for HIL6 binders in
Xceptor format with a . TNFRSFlB ectodomain at the
amino-terminus and an anti-HIL6xR binding domain at
the carboxy terminus (TRU(XTo)) or in the reverse
orientation (TRU(XoT)). Table 4. Numbers Indicate KD
(nM) 



ND Not Done, + Binding Observed, -No Binding Observed
| [189] These data show that anti-hyperIL6 binding
domains in various formats bound monomer and dimer
hyperlL b with a range of affinities (from about 2 nM
to about 3000 nM) and the highest affinity binders
approach the affinity of gpl30 for hyperlL b. Most
binding domains are selective for hyperlL b and do not
appreciably bind IL6 or sIL6R. However, binding
domains TRU(X6T)-1019 and TRU(XTo)- 1022 are capable
of tightly binding IL6 (at an affinity of about 0.44
nM to about 12 nM), while binding domain TRU(XTo)-
1025 binds receptor (qualitative data only). EXAMPLE
13 IL6 ANTAGONIST BINDING TO IL6:SIL6R COMPLEX [190]
Human IL6 (eBioscience, Catalog no. 14-8069) and
soluble IL6R (R&D Systems, Catalog no. 227-SR/CF) were
combined at 5OnM each in HEPES-buffered saline. We
estimate that approximately 3OnM IL6:sIL6R complex is
formed under these conditions.The complex was injected
over a TRU(S6)-1002 (SEQ ID NO:671) SMIP surface.
(TRU(S6)-1002 was captured as described above in
Example 12). IL6 and sIL6R were also injected alone at
50 nM to assess individual binding. The sensorgram is
shown in Figure 10, which is reference- and
blank-subtracted. [191] The data demonstrate that
TRU(S6)-1002 strongly binds IL6:sIL6R complex and also
weakly binds receptor at very high concentrations, but
does not detectably bind IL6 under these conditions.
EXAMPLE 14 VARIOUS IL6 ANTAGONISTBINDING DOMAINS IN
VARIOUS FORMATS [192] Binding of anti-IL6 binding
domains in antibody, SMIP, Xceptor and humanized
antibody format to IL6 and hyper-IL6 (HIL6) was
examined using Biacore(r) as described below. The
mouse monoclonal antibodies employed in these studies
were obtained from hybridomas AH64, AH65, BSF2-77,
CLB-8, CLB-12, CLB-16, HH61-08 and HH61-10, which are
all IL6 antagonist binding domains. [193] Anti-IL6
binding domains were captured using immobilized
anti-mouse Fc polyclonal antibody in the case of
anti-IL6 antibodies, or an anti-human Fc monoclonal in
the case of SMIPs, Xceptors, and humanized SMIPs. IL6
binding to the anti-IL6 binding domains was studied
using single cycle kinetics. Five sequential
injections of IL6 were made per cycle starting with
the lowest concentration of IL6 (6.4 pM) and
progressing to the highest concentration (4,000 pM).
The flow rate was 45 mL per minute and each injection
of 



IL6 lasted 7 minutes. At the end of the highest IL6
concentration injection, IL6 was allowed to dissociate
for 30 minutes. The data were fit to a one-to-one
binding single cycle kinetics model. HIL6 binding was
studied by injecting a single concentration of HIL6
(from 6.4 - 4,000 pM) per cycle for 7 minutes, and
then allowing the bound HIL6 to dissociate for either
30 seconds (0 to 800 pM) or one hour (0 and 4,000 pM).
These data were fit to a one-to-one binding model. All
analysis was performed using BIAevaluation software.
The kinetic rate constants and affinities are provided
in Table 5.Table 5 On Chip In Solution ka (M-1 s 1) k
(S-1) KD (pM) AH-65 mAb IL6 3.2 x 106 2.2 x l O5 7
TRU(SO)-1067 IL6 4.O x I O6 4.5 x l O5 11 TRU(SO)-1063
IL6 3.9 x 106 1.9 x l O4 5 1 TRU(S6)-1064 IL6 4.2 x
106 2.0 x l O4 48 AH-65 mAb hyperIL6 2.O x I O6 2.4 x
l O5 12 TRU(S6)-1067 hyperIL6 4.4 x 106 1.2 x l O4 27
TRU(S6)-1063 hyperIL6 3.6 x 106 1.8 x l O4 50
TRU(S6)-1064 hyperIL6 4.1 x l O6 1.9 x l O4 46 BSF2-77
mAb IL6 4.8 x 106 2.0 x l O3 410 TRU(S6)-1068 IL6 5.9
x 106 7.9 x l O3 1,350 TRU(XT6)-1068 IL6 1.2 x 106 4.6
x l O3 3,734 BSF2-77 mAb hyperIL6 2.2 x 106 9.6 x l O4
444 TRU(S6)-1068 hyperIL6 3.4 x 106 3.2 x l O3 977
TRU(XT6)-1068 hyperIL6 6.6 x 106 4.3 x l O3 645 AH-64
mAb IL6 2.9 x 106 7.0 x l O5 24 CLB-8 mAb IL6 2.3 x
106 5.0 x l O5 22 CLB- 14 mAb IL6 1.1 x 106 3.4 x l O4
315 CLB- 12 mAb IL6 1.3 x 106 7.7 x l O4 577 CLB- 16
mAb IL6 2.I x I O6 2.4 x l O4 112 HH6 1-08 mAb IL6 2.6
x 106 6.8 x l O4 268 HH61-10 mAb IL6 1.4 x 106 7.0 x l
O5 49 [194] The anti-IL6 binding domains in various
formats all bound IL6 with a range of affinities (from
about 7 pM to about 3,734 pM). Some of the binding
domains were also able to bind hyperlL b. Of these,
the binding domains from monoclonal antibodies AH65
and 



BSF2-77 were studied in detail and the affinity of
these binding domains in various formats to hyperlL b
ranged from about 12 pM to about 977 pM. In general,
the SMIP protein and bispecific xceptor formats have a
binding affinity that is within 10 times that of the
parent monoclonal antibodies. EXAMPLE 15 BINDING SITE
DETERMINATION OF ANTI-IL6 BINDING DOMAINS [195] IL-6
binds the gpl30 receptor through three conserved
epitopes, referred to as sites I, II and III. In order
for signaling via gpl30 to occur, a hexameric
signaling complexmust be formed. IL-6 first forms a
complex with IL6Ra by binding to site I . Site II is a
composite epitope formed by the binary complex of IL6
with IL6Ra, which reacts with gpl30. Finally, the
hexameric signaling complex is formed by interaction
of Site III with gpl30 (Boulanger et al. (2003)
Science 300:2101). The anti-IL6 antibodies AH65 and
CL-16 have been shown to act as site III binders,
while the anti-IL6 antibody CL- 12 interacts with site
II (Kalai et al. (1997) Eur. J . Biochem. 249:690).
The binding site of the TRU-1002 binding domain
disclosed herein was determined as follows. [196] To
each well of two 96-well plates was added lOOul of 1
ug/ml anti-human TNF-RII (R&D Systems, Minneapolis MN)
in PBS, pH 7.2-7.4. The plates were covered and
incubated overnight at 4 C. After washing five times
with PBS-T, 250 ml Blocking buffer (PBS-T with 3% BSA)
was added to each well, the plates covered, and
incubated at room temperature for 2 hours. [197] After
washing five times with PBS-T, lOOul of TRU(XTo)-
1002, at a concentration of 0.5mg/ml in Working Buffer
(WB; PBS-T with 1% BSA), was added to each well of one
plate. On the second plate, lOOul of 0.5mg/ml
TRU(XT6)-1019 was added to each well. The plates were
incubated at room temperature for 2 hours. [198] At
the same time, two new plates were blocked with 250ul
Super Block (Pierce, Rockford IL) and incubated at
room temperature for 1 hour. After washing five times
with PBS-T, the following molecules, serially diluted
two-fold in Working Buffer starting at 20 mg/ml
(lOOul/well), were added to both plates: MQ2-13A5
(LM-E13), AH65 (LM-A02), CL-16 (LM-S06), CL- 12
(LM-S02), CL- 14 (LM-S04) and S6-A2 (TRU(S6)- 1002).
Working Buffer only was included as a negative
control. An equal volume (10OuI) of human hyper-IL6 at
20 ng/ml in Working Buffer was then added to each
well, and the 200 mL mixed by pipeting up and down
three times. The plates were incubated at room
temperature for 1 hour. 



[199] After incubation, the 200ul mixture in each well
of one plate was transferred to the TRU(XTo)- 1002
plate, which had been washed five times. The same was
done for the second plate onto the TRU(XT6)-1019
plate. The plates were incubated for one hour at room
temperature. After washing five times with PBS-T,
lOOul of biotinylated anti-IL6R (150ng/ml) (R&D
Systems, Minneapolis MN) was added to each well and
the plates incubated at room temperature for 1 hour.
After washing, lOOul of streptavidin-HRP (Pierce,
Rockford IL), diluted 1:20,000 in Working Buffer, was
added to each well. The plates were incubated at room
temperature for 30 minutes. After washing five times
with PBS-T, lOOul of Quant-Blu substrate (Pierce,
Rockford, IL) was added to each well. The plate was
incubated at room temperature for 10-30 minutes, and
fluorescence measured at 325/420nm.[200] The results
are shown in Fig. H A and HB, and indicate that
TRU(XTo)- 1002 binds to Site III, while TRU(XT6)-1019
binds to Site II. EXAMPLE 16 SMIP AND XCEPTOR BINDING
TO IL6R ON LLVERCELLS [201] The ability of
TRU(S6)-1002, TRU(XT6)-1019 and the anti-IL6 antibody
hu-PMl to bind to IL6R on the liver-derived HepG2
cells was examined as follows. [202] HepG2 cells were
washed in FACS Buffer and adjusted to 2 x 106 cells/mL
in FACS Buffer (PBS + 3% FBS). To wells of a 96-well
plate were added 50 mL of this solution (105
cells/well). The plates were held at 370C until ready
to add diluted test molecules. Serial dilutions of the
test molecules were prepared in FACS Buffer to give a
2X working stock which was diluted to IX when added to
cells. The diluted test molecules were added to cells
(50 mL/well) and the cells incubated for 20 min on
ice. Whole IgG was used as a control. The cells were
then washed two times with FACS Buffer and resuspended
in phycoerythrin-conjugated goat anti-human antibody
(Jackson Labs; diluted 1:200 in FACS Buffer). After
being incubated for 20 min on ice in the dark, the
cells were washed two times with FACS buffer,
resuspended in 200ul PBS and read on a LSRII(tm) flow
cytometer (BD Biosciences, San Jose, CA). [203] As
shown in Fig. 12, TRU(S6)-1002 and TRU(XT6)-1019
showed essentially no binding to HepG2 (liver) cells.
EXAMPLE 17 SMIP AND XCEPTOR BLOCKING OF IL-6 AND TNF
ACTIVITY IN MLCE [204] The ability of SMIP and Xceptor
fusion proteins disclosed herein to block IL-6 or
TNF-induced production of serum amyloid A (SAA)
protein in mice was examined as 



described below. SAA is one of the major acute-phase
proteins in humans and mice. Prolonged elevation of
plasma SAA levels is found in chronic inflammation and
leads to amyloidosis which affects the liver, kidney
and spleen (Rienhoff et al. (1990) MoI. Biol. Med.
7:287). Both IL-6 and TNF have been shown to induce
SAA when administered alone (Benigni et al. (1996)
Blood 87:1851; Ramadori et al. (1988) Eur. J .
Immunol. 18:1259). fa) Blocking ofhvperIL-6 activity
[205] Female BALB/C mice were injected retro-orbitally
with 0.2 ml PBS, or Enbrel(r) (200 mg), TRU(S6)-1002
(200 mg) or TRU(XT6)-1002 (300 mg or 500 mg) in
PBS.One hour later, the mice were injected IP with 0.2
ml PBS or 2 mg human hyper-IL6 in PBS. Mouse serum was
collected at 2 hours and 24 hours after the IP
injection. The serum concentration of SAA was
determined by ELISA, and concentration of sgpl30 was
determined by a Luminex-based mouse soluble receptor
assay. [206] As shown in Figs. 13 and 14, TRU(S6)-1002
and TRU(XTo)- 1002 blocked hyperlL b-induced
expression of both sgpl30 and SAA. (b) Blocking of TNF
activity [207] Female BALB/C mice were injected
retro-orbitally with 0.2 ml PBS, or Enbrel(r) (200
mg), TRU(S6)-1002 (200 mg) or TRU(XT6)-1002 (300 mg)
in PBS. One hour later, the mice were injected IP with
0.2 ml PBS or 0.5 mg/mouse TNF-a in PBS. Mouse serum
was collected at 2 hours and 24 hours after the IP
injection. The serum concentration of SAA was
determined by ELISA, and concentration of sgpl30 was
determined by a Luminex-based mouse soluble receptor
assay. [208] As shown in Figs. 15A and B, xceptor
TRU(XTo)- 1002 blocked TNFa- induced expression of
SAA, with the level of SAA observed at 2 hours
post-injection being similar to that seen with
Enbrel(r). EXAMPLE 18 XCEPTOR ACTIVITY IN VIVO [209]
The therapeutic efficacy of fusion proteins described
herein is examined in animal models of disease as
described below. (a) Multiple Myeloma [210] The
activity of fusion proteins is examined in at least
one of two well characterized mouse models of multiple
myeloma, namely the 5T2 multiple myeloma (5T2MM) model
and the 5T33 multiple myeloma (5T33MM) model. In the
5T33 model, mice are treated with fusion proteins from
the time of injection of tumor cells (prophylactic 



mode). In the 5T2MM model, mice are treated from the
onset of the disease (therapeutic mode). The effect of
treatment on tumor development and angiogenesis is
assessed in both models, with bone studies also being
performed in the 5T2MM model. [211] The 5TMM murine
model of myeloma was initially developed by Radl et
al. (J. Immunol. (1979) 122:609; see also Radl et al.,
Am. J . Pathol. (1988) 132:593; Radl J . Immunol.
Today (1990) 11:234). Its clinical characteristics
resemble the human disease closely: the tumor cells
are located in the bone marrow, the serum paraprotein
concentrationis a measure of disease development,
neovascularization is increased in both the 5T2MM and
5T33MM models (Van Valckenborgh et al, Br J Cancer
(2002) 86:796), and in certain lines a clear
osteolytic bone disease develops. The 5T2MM model
includes moderate tumor growth and the development of
osteolytic bone lesions. These lesions are associated
with a decrease in cancellous bone volume, decreased
bone mineral density and increased numbers of
osteoclasts (Croucher et al. Blood (2001) 98:3534).
The 5T33MM model has a more rapid tumor take and, in
addition to the bone marrow, tumor cells also grow in
the liver (Vanderkerken et al. Br. J. Cancer (1997)
76:451). [212] The 5T2 and 5T33MM models have been
extensively characterized. Specific monoclonal
antibodies have been raised against the idiotype of
both 5T2 and 5T33MM allowing the detection, with great
sensitivity, of the serum paraprotein by ELISA, and
the specific staining of the tumor cells both by FACS
analysis and immunostaining of histological sections
(Vanderkerken et al., 1997). The sequence analysis of
the VH gene enables the detection of cells by RT-PCR
and Northern blot analysis (Zhu et al. Immunol. (1998)
93:162). The 5TMM models, which can be used for both
in vitro and in vivo experiments, generate a typical
MM disease and different methods are available to
assess tumor load in the bone marrow, serum
paraprotein concentrations, bone marrow angiogenesis
(by measuring the microvessel density) and osteolytic
bone lesions (by a combination of radiography,
densitometry and histomorphometry). The investigation
of these latter parameters allow the use of the 5TMM
models in a preclinical setting and study of the
growth and biology of the myeloma cells in a complete
syngeneic microenvironment. Both molecules targeting
the MM cells themselves and molecules targeting the
bone marrow microenvironment can be studied.
Specifically, while the 5T33MM model can be used to
study both the microenvironment and the MM cells
themselves, the 5T2MM model can also be used to study
the myeloma associated bone disease. [213] To study
the prophylactic efficacy of the fusion proteins
disclosed herein, 



C57BL/KaLwRij mice are injected with 2 x 106 5T33 MM
cells and with fusion protein on day 0. Mice are
sacrificed at day 28 and tumor development is assessed
by determining serum paraprotein concentration and the
percentage of tumor cells on isolated bone marrow
cells (determined by flow cytometry with anti-idiotype
antibodies or by cytosmears). The weight of spleen and
liver is determined and these organs are fixed in 4%
formaldehyde for further analysis. Bone samples are
fixed for further processing including CD31
immunostaining on paraffin sections and quantification
of microvessel density. [214] To study the therapeutic
efficacy of the fusion proteins disclosed herein, mice
are injected with 5T2MM cells on day 0, and fusion
protein is administered followingthe onset of disease,
as determined by the presence of detectable levels of
serum paraprotein. Mice are sacrificed approximately
five weeks following administration of fusion protein,
and tumor development is assessed as described above
for the prophylactic study. In addition, bone analysis
is performed using X-rays to determine the number of
bone lesions and trabecular bone area, and TRAP
staining to assess the number of osteoclasts. (b)
Rheumatoid Arthritis [215] The therapeutic efficacy of
the fusion proteins disclosed herein is examined in at
least one of two murine models of rheumatoid arthritis
(RA), namely the collagen induced arthritis (CIA) and
glucose-6-phosphate isomerase (G6PI) models. Each of
these models has been shown by others to be useful for
predicting efficacy of certain classes of therapeutic
drugs in RA (see, Holmdahl (2000) Arthritis Res.
2:169; Holmdahl (2006) Immunol. Lett. 103:86; Holmdahl
(2007) Methods MoI. Med. 136:185; McDevitt, H. (2000)
Arthritis Res. 2:85; Kamradt and Schubert (2005)
Arthritis Res. Ther. 7:20). (i) CIA Model [216] The
CIA model is the best characterized mouse model of
arthritis in terms of its pathogenesis and
immunological basis. In addition, it is the most
widely used model of RA and, although not perfect for
predicting the ability of drugs to inhibit disease in
patients, is considered by many to be the model of
choice when investigating potential new therapeutics
for RA (Jirholt et al. (2001) Arthritis Res. 3:87; Van
den Berg (2002) Curr. Rheumatol. Rep. 4:232; Rosloniec
(2003) Collagen-Induced Arthritis. In Current
Protocols in Immunology, eds. Coligan et al., John
Wiley & Sons, Inc, Hoboken, NJ). [217] In the CIA
model, arthritis is induced by immunization of male
DBA/1 mice with collagen II (CII) in Complete Freund's
Adjuvant (CFA). Specifically, mice are injected
intradermally/ subcutaneously with CII in CFA on Day
-21 and boosted with CII in 



Incomplete Freund's Adjuvant (IFA) on Day 0. Mice
develop clinical signs of arthritis within days of the
boost with CII/IFA. A subset of mice (0% to 10%)
immunized with CII/CFA develop signs of arthritis on
or around Day 0 without a boost and are excluded from
the experiments. In some CIA experiments, the boost is
omitted and mice are instead treated with Xceptor or
control starting 2 1 days after immunization with
CII/CFA (i.e. the day of first treatment is Day 0).
[218] Mice are treated with fusion protein, vehicle
(PBS), or negative or positive control in a
preventative and/or therapeutic regimen. Preventative
treatment starts on Day 0 and continues through the
peak of disease in control (untreated) mice.
Therapeutic treatment starts when the majority of mice
show mild signs of arthritis. Enbrel(r), which has
beenshown to have good efficacy in both the CIA and
G6PI-induced models of arthritis, is used as a
positive control. Data collected in every experiment
includes clinical scores and cumulative incidence of
arthritis. Clinical signs of arthritis in the CIA
model are scored using a scale from 0 to 4 as shown in
Table 6 below. Table 6 (ii) G6PI Model [219] In the
G6PI model, arthritis is induced by immunization of
DBA/ 1 mice with G6PI in adjuvant (Kamradt and
Schubert (2005) Arthritis Res. Ther. 7:20; Schubert et
al, (2004) J . Immunol. 172:4503; Bockermann et al.
(2005) Arthritis Res. Ther. 7:R1316; Iwanami et al.
(2008) Arthritis Rheum. 58:754; Matsumoto et al.,
(2008) Arthritis Res. Ther. 10:R66). G6PI is an enzyme
present in virtually all cells in the body and it is
not known why immunization induces a joint specific
disease. A number of agents, such as CTLA4-Ig, TNF
antagonists (e.g., Enbrel(r)) and anti-IL6 receptor
monoclonal antibody, have been shown to inhibit
development of arthritis in the G6PI model. [220] Male
DBA/1 mice are immunized with G6PI in Complete
Freund's Adjuvant (CFA) in order to induce arthritis.
Specifically, mice are injected intradermally /
subcutaneously with G6PI in CFA on Day 0 and develop
clinical signs of arthritis within days of the
immunization. As with the CIA model discussed above,
mice are treated with fusion protein, vehicle (PBS),
or negative or positive control in a preventative
and/or therapeutic regimen. Preventative treatment
starts on Day 0 and continues through the peak of
disease in control mice. Therapeutic treatment starts
when the majority of mice show mild signs of
arthritis. Enbrel(r), which has been shown to have
good efficacy in both the CIA and G6PI-induced models
of arthritis, is used as a positive control. Data
collected in every 



experiment includes clinical scores and cumulative
incidence of arthritis. Clinical signs of arthritis in
the G6PI model are scored using a scale similar to
that employed for the CIA model.(c) Polycystic Kidney
Disease [221] The efficacy of the fusion proteins
disclosed herein in the treatment of polycystic kidney
disease is tested in murine models as described in
Gattone et al., Nat. Med. (2003) 9:1323; Torres et al.
Nat. Med. (2004) 10:363; Wang et al. J . Am. Soc.
Nephrol. (2005) 16:846; and Wilson (2008) Curr. Top.
Dev. Biol. 84:31 1. [222] While this invention has
been described in conjunction with the specific
embodiments outlined above, it is evident that many
alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, the
embodiments of this disclosure as set forth above are
intended to be illustrative, not limiting. Various
changes may be made without departing from the spirit
and scope of this disclosure as defined in the
following claims. All publications referenced herein
are incorporated herein by reference as though fully
set forth. [223] SEQ ID NOS: 1-845 are set out in the
attached Sequence Listing. The codes for nucleotide
sequences used in the attached Sequence Listing,
including the symbol "n," conform to WIPO Standard
ST.25 (1998), Appendix 2, Table 1.CLAIMS We claim: 1.
An isolated polypeptide comprising a binding domain
specific for an IL6/IL6R (IL6xR) complex that (a)
binds to the IL6xR complex with a higher affinity than
either IL6 or IL6Ra alone, or binds to the IL6xR
complex alone and to IL6Ra alone with a higher
affinity than IL6 alone; and (b) augments soluble
gpl30 binding to the IL6xR complex, or competes with
membrane gpl30 for binding to the sILbxR complex,
wherein the binding domain preferentially inhibits IL6
trans-signaling over IL6 cissignaling and the
polypeptide is not a gpl30. 2. The polypeptide of
claim 1, wherein the binding domain binds to the IL6xR
complex alone and to IL6Ra alone with a higher
affinity than IL6 alone and augments soluble gpl30
binding to sILbxR. 3. The polypeptide of claim 1 or 2
wherein the binding domain does not inhibit signaling
of gpl30 family cytokines other than IL6. 



4. The polypeptide of any one of claims 1-3 wherein
the binding domain comprises a sequence that is at
least 80% identical to one or more light chain
variable regions or to one or more heavy chain
variable regions, or both, as listed in SEQ ID
NOS:373-496 and 799-810. 5. The polypeptide of any one
of claims 1-4 wherein the binding domain is an
antibody or antigen binding domain thereof, a Fab, or
a scFv. 6. The polypeptide of any one of claims 1-5
wherein the binding domain comprises a light chain
variable region containing CDRl, CDR2, and CDR3
sequences that are each at least 80% identical to at
least one light chain variable region CDRl, CDR2, and
CDR3 as set forth in SEQ ID NOS:373-434 and 799-804,
respectively. 7. The polypeptide of any one of claims
1-5 wherein the binding domain comprises a heavy chain
variable region containing CDRl, CDR2, and CDR3
sequences that are each at least 80% identical to at
least one heavy chain variable region CDRl , CDR2, and
CDR3 as set forth in SEQ ID NOS:435-496 and 805-810,
respectively.8. The polypeptide of any one of claims
1-5 wherein the binding domain comprises a light chain
variable region containing CDRl, CDR2, and CDR3
sequences that are each at least 80% identical to at
least one light chain variable region CDRl, CDR2, and
CDR3 as set forth in SEQ ID NOS:373-434 and 799-804,
respectively, and comprises a heavy chain variable
region containing CDRl, CDR2, and CDR3 sequences that
are each at least 80% identical to at least one heavy
chain variable region CDRl, CDR2, and CDR3 as set
forth in SEQ ID NOS:435-496 and 805-810, respectively.
9. The polypeptide of any one of claims 1-8 wherein
the IL6xR complex has an amino acid sequence as set
forth in SEQ ID NO:606. 10. A fusion protein,
comprising a polypeptide of any one of claims 1-9 that
is fused to (a) an immunoglobulin Fc domain or one or
more CH domains of an immunoglobulin Fc domain, or (b)
a serum protein binding protein. 11. The fusion
protein of claim 10 wherein the one or more CH domains
of an immunoglobulin Fc domain comprises a CH2
constant region and CH3 constant region, preferably
IgGl CH2 and CH3 domains. 12. A fusion protein,
comprising a polypeptide of any one of claims 1-9
wherein, from amino-terminus to carboxy-terminus, (a)
the polypeptide binding domain specific for IL6xR is
fused to a linker, (b) the linker is fused to an
immunoglobulin heavy chain CH2 constant region
polypeptide, and (c) the CH2 constant region
polypeptide is fused to an 



immunoglobulin heavy chain CH3 constant region
polypeptide. 13. A fusion protein, comprising a
polypeptide of any one of claims 1-9 wherein, from
carboxy-terminus to amino-terminus, (a) the
polypeptide binding domain specific for IL6xR is fused
to a first linker, (b) the first linker is fused to an
immunoglobulin heavy chain CH3 constant region
polypeptide, (c) the CH3 constant region polypeptide
is fused to an immunoglobulin heavy chain CH2 constant
region polypeptide, and (d) the CH2 constant region
polypeptide is fused to a second linker. 14. The
fusion protein of claim 12 or 13 wherein the linker is
an immunoglobulin hinge region polypeptide. 15. The
fusion protein of claim 12 or 13 wherein the linker is
selected from the group consisting of SEQ ID
NO:497-604 and 823-828.16. A multi-specific
single-chain binding fusion protein, comprising a
first binding domain covalently linked to a second
binding domain by an intervening domain, wherein
either the first or the second binding domain is
according to any one of claims 1-8. 17. The
multi-specific single-chain binding fusion protein of
claim 16 wherein the first binding domain is specific
for the IL6xR complex and the second binding domain is
a receptor ectodomain that is not an IL6 antagonist.
18. The multi-specific single-chain binding fusion
protein of claim 16 or 17 wherein the intervening
domain comprises an immunoglobulin constant region or
part of a constant region disposed between the first
and second binding domains. 19. The multi-specific
single-chain binding fusion protein of claim 18
wherein the immunoglobulin constant region is disposed
between a first and a second linker. 20. The
multi-specific single-chain binding fusion protein of
any one of claims 16-19 wherein the intervening domain
is a dimerization domain. 21. A polynucleotide
encoding a polypeptide or fusion protein of any of
claims 1-20. 22. An expression vector comprising a
polynucleotide of claim 2 1 operably linked to an
expression control sequence. 23. A recombinant host
cell containing an expression vector of claim 22. 24.
A composition comprising a polypeptide or fusion
protein of any of claims 1-20 and a pharmaceutically
acceptable carrier, diluent, or excipient. 25. A
method of treating a human or non-human mammal subject
suffering from an IL6-related disease, comprising
administering to the subject an effective amount of a 



polypeptide, fusion protein, or composition of any of
claims 1-21. 26. The method according to claim 25
wherein the disease is an inflammatory disease or
cancer. 


