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(7) ABSTRACT

The present disclosure is directed towards modifying bind-
ing molecules in order to minimize pre-existing binding
interactions, including binding molecules engineered to
minimize or mitigate background reactivity in a sample
matrix caused by drug non-specific binding interactions.

Specification includes a Sequence Listing.

Minimizing Pre-existing Reactivity in Samples Using Alternate
Forms of Labeled Drug in a Bridging Immunogenicity Assay.

Bio- & Ru-labeled

Dupliumab
1003
: _—
- |
0 i ! ! - ! -
0 5 10 15

Bio- & Ru-labeled
REGN-B (G1-CH3)

100 -
D .
&
o .
s 10+
g
=
2

0




Patent Application Publication  Jan. 16,2020 Sheet 1 of 10 US 2020/0018754 A1

o 31
o S2
4 33
* S4
¢ S5

v 56

100 -
Y v
75—
o
:g 50—
2
€ 95
g‘% 1 0 v *
v v oo o . OF
O % v
e B 3;{}““"15% “““““ gg “““““ & <> “““““ AS
i f | | | E i
AS) e ™ N a1, ™ G
‘fb' s 4 ¢
,@@ %@ Q?% ,@‘fgg ggg X\ég éﬁ% <</<:§\
R N & &




Patent Application Publication  Jan. 16,2020 Sheet 2 of 10 US 2020/0018754 A1

REGN-E

O
(CH2)(1445P ) =2
N (CH2)( L445F ) &%
@2\ " &
QY O
\i‘v

FiG. 2

“A=={CH2J(CH3 g
~={CH2){CH3 1951

REGN-B




US 2020/0018754 A1

Jan. 16, 2020 Sheet 3 of 10

Patent Application Publication

9C'ONQI D38
G0 ONQIDIS
¥2ONQ D38

¢ "Oid
al

Gbp dune]

NOSTSTSHD LAHNHIYIHWASOSANOBO MUSHAALIMSATA4890807
HOdSTSTISHOLAHNHIVIHWASOSIANODDOMYSHAALTINSATA4E90SAT
AOdSISTSHOLAHNHIVIHWASOSAANODDOMESHOALTINSATA489050]T

AddLINANNIdOONSIMIAYIASAAIDNATILISADNN LNIIDISdd TLAADITHIDONYNSILNT|SSld T
@maix}zzwa@@zmmgw\/fgm&\i@xﬁoiw\/@zf@immm&&,_;\,,@&mmﬂ_@wxﬁxm_,_‘xm&iq
AddLIMANNIdDONSIMIAYIASHAIONATOLTISADNY B SddTLAADIHdDONYNSILINIIdYdT

y6)0; uBLuny
7906; uewny
196} uBwny

#5)6f ueluny
7661 uetiny
L06) uBwny



US 2020/0018754 A1

Jan. 16, 2020 Sheet 4 of 10

Patent Application Publication

%@a%w@%mv CY
alke|d U0 uiplaeidallg

(iuaby aumden)
O-NOIY peajejiugolg

Alanoeayx bunsixse-aid

(vav) Apoguuy
Brup-nuy oyinads-Bnuy

(uaby uonnoslacy)

a-NOIY
pajege| - wniuayiny

(jusby aumden
‘qewnjdnQ)

A-NOIY pajejhupolg «

¥ "Old

Alaoeay
Buiisixe-aid
asuoadg Bnip-uonN
jo Buibpug oN

Alnnoesy
Buiisixs-aid
oyadg Bnup
~-UoN Buibpug

buibpug
opads-bnig




Patent Application Publication  Jan. 16,2020 Sheet 5 of 10 US 2020/0018754 A1

c

O

0.

5

)

i

: o
& E
i
% -2
3 Ao
14 o
o 2
-]
¥ o
= &
O
il N
oy &
8 e °
~ )
5 g &
5
@ -3
<
o g
f=
& =
o &
o
0 -
<
£ Lo
{ o

o ™ o
—

100

asion/jeubis



Patent Application Publication  Jan. 16,2020 Sheet 6 of 10 US 2020/0018754 A1

=
o
Q.
5
®
s
: -
5 -3
i
¢ e
3 T
14 o
o8 K
O
¥ -
= &
O
Ll e
o o
- 0
sg Ne' $3
0 | M~ :
bt ! %.2
&N :
t : -8 "
-~ :
w -
3 : B
< g o
2 ; -
[= :
o : -8
- |
7 i -
{ H
0 ; o

-
—

100

asion/jeubis



Patent Application Publication  Jan. 16,2020 Sheet 7 of 10 US 2020/0018754 A1

Minimizing Pre-existing Reactivity in Samples Using Alternate
Forms of Labeled Drug in a Bridging Immunogenicity Assay.
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MODIFYING BINDING MOLECULES TO
MINIMIZE PRE-EXISITING INTERACTIONS

RELATED APPLICATIONS

[0001] This application claims priority to, and the benefit
of, U.S. Provisional Application No. 62/695,988, filed on
Jul. 10, 2018, the contents of which is incorporated herein by
reference in its entirety.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing
which has been submitted in ASCII format via EFS-Web and
is hereby incorporated by reference in its entirety. Said
ASCII copy, created on Jul. 8, 2019, is named “REGE-004_
SeqList.txt” and is 32,813 bytes in size.

FIELD OF THE DISCLOSURE

[0003] The present disclosure is directed towards modi-
fying binding molecules in order to minimize pre-existing
binding interactions, including binding molecules engi-
neered to minimize or mitigate background reactivity in a
sample matrix caused by drug non-specific binding interac-
tions.

BACKGROUND

[0004] Biologic therapy is a valuable tool for eliminating,
supplementing, or replacing elements of a subject’s immune
system to treat disease. Foreign biological material has a
potential to induce an immune response from the subject
being treated. This immune response can be triggered by the
administration of a biologic therapeutic. However, a subject
may have elements of their serum proteins that produce a
signal prior to introduction of a biologic thus creating a high
background or noise level when tested in an anti-drug
antibody (ADA) assay.

[0005] A standard assay employed during the develop-
ment and surveillance of a biologic therapeutic is the anti-
drug antibody (ADA) assay. This assay is used to detect
whether a subject’s immune system has produced antibodies
against an administered biologic. In order to have an effec-
tive assay the signal to noise ratio has to be such that
meaningful data can be obtained and analyzed. In certain
subjects, there already exists a high background (noise) even
without the administration of any biologic such that detec-
tion of true treatment-emergent ADA is obfuscated due to
the background signal and an effective ADA assay is attenu-
ated.

[0006] The compositions and methods of the present
invention provide a path towards reducing or eliminating the
drug non-specific. pre-existing background reactivity pres-
ent in some human serum or plasma samples that is observed
in some ADA assays. It should also be understood that this
drug non-specific binding may or may not interfere with the
ability of a therapeutic to be active or remain in circulation.

SUMMARY

[0007] The present disclosure is directed to binding mol-
ecules engineered to mitigate drug non-specific pre-existing
background reactivity in a subject sample either prior to or
following the administration of the same. The instant inven-
tion is directed towards modifying binding molecules in
order to minimize pre-existing binding interactions, includ-
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ing binding molecules engineered to minimize or mitigate
background reactivity in a sample matrix caused by drug
non-specific binding interactions.

[0008] The present disclosure further provides binding
molecules specific for one or more particular targets. In one
aspect, the disclosure is directed to binding molecules spe-
cific for IL4Ra (Interleukin 4 alpha) or IL13R (Interleukin
13). In another aspect, the disclosure provides binding
molecules directed to 1gG4 antibodies, or fragments thereof.
A binding molecule as understood herein is a molecule that
specifically interacts with a particular target. Examples of
such binding molecules include, but are not limited to,
antibodies (including monoclonal antibodies) and fragments
thereof, engineered antibodies, fusion proteins, and other
like antigen-binding molecules well-known to those skilled
in the art. In one aspect, the target is 1L4Ra. In another
aspect of the present invention a non-naturally occurring
binding molecule comprising a C-terminal heavy chain
sequence LSPG (SEQ ID NO: 21) or an antigen-binding
portion thereof is disclosed which is engineered to minimize
or mitigate background reactivity in a sample matrix caused
by drug non-specific binding interactions.

[0009] The instant disclosure provides a non-naturally
occurring binding molecule, comprising a C-terminal heavy
chain sequence SEQ ID NO: 21, or antigen-binding portion
thereof, wherein said binding molecule mitigates interaction
with pre-existing serum proteins and as such reduces high
background signal during ADA analysis.

[0010] In certain embodiments of the present invention,
the binding molecule comprises a CH domain sequence
selected from the group consisting of SEQ ID NO: 5, SEQ
ID NO: 6, SEQ ID NO: 7, and SEQ ID NO: 8, or an
antigen-binding portion thereof. In certain embodiments, the
binding molecule comprises a CH domain sequence selected
from the group consisting of SEQ ID NO: 7 and SEQ ID
NO: 8, or an antigen-binding portion thereof. In certain
embodiments, the binding molecule comprises a CH domain
comprising the amino acid sequence of SEQ ID NO: 7.
[0011] In certain embodiments of the present invention,
the binding molecule comprises a truncated CH domain
(REGN-E), wherein the sequence is SEQ ID NO: 22.
[0012] In certain embodiments of the non-naturally occur-
ring binding molecule of the disclosure, the binding mol-
ecule comprises a V,; CDR1 region comprising the amino
acid sequence SEQ ID NO: 9; a V,, CDR2 region compris-
ing the amino acid sequence of SEQ ID NO: 10; a V,, CDR3
region comprising the amino acid sequence of SEQ ID NO:
11; a V; CDR1 region comprising the amino acid sequence
of SEQ IDNO: 12; a2V, CDR2 region comprising the amino
acid sequence of LGS; a V; CDR3 region comprising the
amino acid sequence of SEQ ID NO: 14, and a C,,3 domain
selected from the group consisting of: SEQ ID NO: 5, SEQ
ID NO: 6, and SEQ ID NO: 7.

[0013] In certain embodiments of the invention, the bind-
ing molecule comprises a V,; CDR1 region comprising the
amino acid sequence SEQ ID NO: 9; a V, CDR2 region
comprising the amino acid sequence of SEQ ID NO: 10; a
V;; CDR3 region comprising the amino acid sequence of
SEQ ID NO: 11; a V, CDRI1 region comprising the amino
acid sequence of SEQ ID NO: 12; a V, CDR2 region
comprising the amino acid sequence of LGS; a V, CDR3
region comprising the amino acid sequence of SEQ 1D NO:
14, and a C,,3 domain comprising the amino acid sequence
of SEQ ID NO: 21.
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[0014] The disclosure provides a non-naturally occurring
binding molecule, wherein the binding molecule comprises
a V CDR1 region comprising the amino acid sequence
SEQ ID NO: 9; a V; CDR2 region comprising the amino
acid sequence of SEQ ID NO: 10; a V,, CDR3 region
comprising the amino acid sequence of SEQ ID NO: 11; a
V, CDRI1 region comprising the amino acid sequence of
SEQ ID NO: 12; a V, CDR2 region comprising the amino
acid sequence of LGS; a V, CDR3 region comprising the
amino acid sequence of SEQ ID NO: 14, and a C,,3 domain
comprising the amino acid sequence of SEQ ID NO: 5, or
SEQ ID NO: 6, or SEQ ID NO: 7, or SEQ ID NO: 21, or
SEQ 1D NO: 22.

[0015] In certain embodiments of the present invention,
the binding molecule comprises a heavy chain variable
region comprising the amino acid sequence of SEQ ID NO:
15, and a light chain variable region comprising the amino
acid sequence of SEQ ID NO: 16.

[0016] Incertain embodiments of the instant invention, the
binding molecule comprises an Ig(G4 C,1 region comprising
the amino acid sequence of SEQ ID NO: 1.

[0017] In certain embodiments of the invention, the bind-
ing molecule comprises an IgG4 C,,2 region comprising the
amino acid sequence of SEQ ID NO: 2.

[0018] In certain embodiments of the non-naturally occur-
ring binding molecule of the disclosure, the binding mol-
ecule comprises a hinge region. In certain embodiments, the
hinge region comprises the sequence of APEFLG (SEQ 1D
NO: 17).

[0019] In certain embodiments of the non-naturally occur-
ring binding molecule of the disclosure, the binding mol-
ecule comprises an IgG4 constant region comprising the
amino acid sequence of SEQ ID NO: 8.

[0020] The disclosure provides an assay comprising (a) a
solid support, wherein a first component is operably-linked
to the solid support; (b) at least one capture agent, wherein
a second component is operably-linked to the at least one
capture agent, wherein the capture agent comprises a first
non-naturally occurring binding molecule such as a mono-
clonal antibody, wherein the first non-naturally occurring
binding molecule such as a monoclonal antibody comprises
a sequence encoding a V; CDRI region, a sequence encod-
ing a V,; CDR2 region, a sequence encoding a V; CDR3
region, a sequence encoding a V, CDRI1 region, a sequence
encoding a V, CDR2 region, a sequence encoding a V,
CDR3 region, and a sequence encoding a heavy chain
constant region, wherein the heavy chain constant region
comprises the sequence SEQ 1D NO: 21, and (c) at least one
detection agent, wherein a detectable label is operably-
linked to the detection agent, wherein the detection agent
comprises a second non-naturally occurring binding mol-
ecule such as a monoclonal antibody, wherein the sequence
encoding the detection agent comprises the sequence encod-
ing a V; CDR1 region, the sequence encoding a V,; CDR2
region, the sequence encoding a V,, CDR3 region, the
sequence encoding the V; CDRI region, the sequence
encoding a V; CDR2 region, the sequence encoding a V,
CDR3 region of the first non-naturally occurring binding
molecule of (b), and wherein the first component and the
second component selectively bind to one another.

[0021] In certain embodiments of the assays disclosed, the
first non-naturally occurring binding molecule comprises a
sequence encoding a heavy chain variable region and a
sequence encoding a light chain variable region and wherein
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the second non-naturally occurring binding molecule com-
prises the sequence encoding a heavy chain variable region
and the sequence encoding a light chain variable region of
the first non-naturally occurring binding molecule.

[0022] In certain embodiments of the assays disclosed, the
first non-naturally occurring binding molecule comprises a
sequence encoding a heavy chain constant region compris-
ing SEQ 1D NO: 7.

[0023] In certain embodiments of the assays disclosed, the
first non-naturally occurring binding molecule comprises a
V;; CDR1 region comprising the amino acid sequence SEQ
ID NO: 9; a V,; CDR2 region comprising the amino acid
sequence of SEQ ID NO: 10; a V,; CDR3 region comprising
the amino acid sequence of SEQ ID NO: 11; a V, CDRI
region comprising the amino acid sequence of SEQ ID NO:
12; a V, CDR2 region comprising the amino acid sequence
of LGS; a V, CDR3 region comprising the amino acid
sequence of SEQ ID NO: 14.

[0024] In certain embodiments of the assays disclosed, the
first non-naturally occurring binding molecule comprises a
heavy chain variable region comprising the amino acid
sequence SEQ 1D NO: 15, and a light chain variable region
comprising the amino acid sequence SEQ ID NO: 16.
[0025] In one embodiment of the present invention, the
C,3 domain of an IgG4 antibody such as dupilumab is
switched for an IgG1 C,,3 domain. In still a further embodi-
ment, the C,;3 domain of an 1gG4 antibody like dupilumab
is truncated. In one aspect, the truncation occurs at Serine
444.

[0026] In certain embodiments of the assays disclosed, the
detection agent comprises dupilumab. In certain embodi-
ments, the second non-naturally occurring binding molecule
comprises dupilumab.

[0027] In certain embodiments of the assays disclosed, the
first component comprises streptavidin. In certain embodi-
ments, the second component comprises biotin.

[0028] The disclosure provides an assay comprising (a) a
solid support, wherein a first component is operably-linked
to the solid support; (b) at least one capture agent, wherein
a second component is operably-linked to the at least one
capture agent and wherein the capture agent comprises the
non-naturally occurting binding molecule of the disclosure
or a composition of the disclosure; and (c) at least one
detection agent, wherein a detectable label is operably-
linked to the detection agent and wherein the detection agent
comprises dupilumab; wherein the first component and the
second component selectively bind to one another. In certain
embodiments, the first component comprises streptavidin. In
certain embodiments, the second component comprises bio-
tin. In certain embodiments, a binding molecule that does
not specifically bind to a sequence of a variable region of
dupilumab, does not bind the at least one capture agent. In
certain embodiments, a binding molecule that specifically
binds to a sequence of a variable region of dupilumab, binds
to the at least one capture agent and to the at least one
detection agent.

[0029] The disclosure provides a method of determining a
level of immunogenicity of a biologic therapy in a subject,
comprising (a) contacting a biological sample from the
subject with the assay of the disclosure under conditions
suitable to allow binding of at least one binding molecule in
the biological sample with the at least one capture agent and
to the at least one detection agent, wherein the subject has
been administered the binding molecule therapy prior to the
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contacting step, (b) detecting a signal from the at least one
detection agent, and (c) identifying the level of immunoge-
nicity of the subject as high when the signal from (b) is
above a threshold value or (d) identifying the level of
immunogenicity of the subject as low when the signal from
(b) is below the threshold value.

[0030] Certain embodiments of the present invention are
directed toward methods for determining a level of immu-
nogenicity of a biologic therapy, wherein the biologic
therapy comprises a binding molecule described herein. In
one aspect, the biologic comprises dupilumab.

[0031] In particular embodiments of the present invention,
methods for determining a level of immunogenicity of a
biologic therapy are disclosed, wherein the threshold 1s a
predetermined value. In certain aspects, the threshold is a
safety threshold.

[0032] Incertain embodiments of the instant invention, the
amount of the biologic therapy is a therapeutically-effective
dose, wherein a therapeutically-effective dose is an amount
of therapeutic agent, e.g. a binding molecule of the present
invention, that when administered to a subject is of sufficient
quantity to achieve an intended purpose.

[0033] In some embodiments of the present invention, the
level of immunogenicity is a baseline level. In certain
aspects, the level of immunogenicity is a subsequent or post
treatment level.

[0034] In other embodiments of the present invention, the
subject is a participant in a clinical trial. In one aspect, the
subject is a patient undergoing a medical treatment. In
another aspect, the medical treatment is beginning and the
level of immunogenicity is a baseline level. In yet another
aspect, the medical treatment is ongoing and the level of
immunogenicity is a subsequent level. In still another aspect,
the medical treatment is ending and the level of immuno-
genicity is a final level. In another aspect, the subject is a
healthy individual.

[0035] In still other embodiments of the instant invention,
the subject has an inflammatory disease or disorder, an
autoimmune disease or disorder, an allergic disease or
disorder, an immune disease or disorder, or a benign pro-
liferative disease or disorder. In one aspect, the subject has
atopic dermatitis, asthma, allergic rhinitis, allergic conjunc-
tivitis, eosinophilic esophagitis, nasal polyps, ABPA (Aller-
gic bronchopulmonary aspergillosis), Bullous Pemphigoid,
Chronic Obstructive pulmonary disease (COPD), HFE
(Hand and foot eczema), Prurigo Nodularis, or any Type 2
inflammatory response or a combination thereof. The sub-
ject can have any disease or medical condition.

[0036] The present disclosure provides a non-naturally
occurring monoclonal antibody comprising a C-terminal
heavy chain sequence comprising a sequence selected from
the group consisting of SEQ ID NO: 7 and SEQ ID NO: 13,
or an antigen-binding portion thereof. A C-terminal heavy
chain sequence can be a C,,3 domain sequence. A C-terminal
heavy chain sequence can comprise SEQ ID NO: 7. A
C-terminal heavy chain sequence can comprise SEQ ID NO:
13. A C-terminal heavy chain sequence can comprise a CH
domain sequence comprising SEQ ID NO: 8. A C-terminal
heavy chain sequence can comprise a CH domain sequence
comprising SEQ ID NO: 22.

[0037] A non-naturally occurring monoclonal antibody
comprising a C,3 domain consisting of a sequence selected
from the group consisting of SEQ ID NO: 7 and SEQ ID
NO: 13, or an antigen-binding portion thereof.
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[0038] A non-naturally occurring monoclonal antibody
comprising C-terminal heavy chain sequence consisting of a
sequence selected from the group consisting of SEQ ID NO:
8 and SEQ ID NO: 22, or an antigen-binding portion thereof.

[0039] A non-naturally occurring monoclonal antibody,
wherein the antibody comprises a V,; CDRI region com-
prising the amino acid sequence SEQ ID NO: 9; a V,, CDR2
region comprising the amino acid sequence of SEQ ID NO:
10; a V; CDR3 region comprising the amino acid sequence
of SEQIDNO: 11; aV, CDRI region comprising the amino
acid sequence of SEQ ID NO: 12; a V, CDR2 region
comprising the amino acid sequence of LGS; a V, CDR3
region comprising the amino acid sequence of SEQ ID NO:
14, and a C,,3 domain consisting of an amino acid sequence
selected from the group consisting of SEQ ID NO: 5, SEQ
ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 13, or an
antigen-binding portion thereof.

[0040] The preceding antibodies can further comprises a
V,; CDRI region comprising the amino acid sequence SEQ
ID NO: 9; a V; CDR2 region comprising the amino acid
sequence of SEQ ID NO: 10; a V,; CDR3 region comprising
the amino acid sequence of SEQ ID NO: 11; a V, CDRI
region comprising the amino acid sequence of SEQ ID NO:
12; a V; CDR2 region comprising the amino acid sequence
of LGS; a V, CDR3 region comprising the amino acid
sequence of SEQ ID NO: 14.

[0041] The present disclosure provides a non-naturally
occurring monoclonal antibody, wherein the antibody com-
prises a V, CDRI region comprising the amino acid
sequence SEQ ID NO: 9; a V,, CDR2 region comprising the
amino acid sequence of SEQ ID NO: 10; a V, CDR3 region
comprising the amino acid sequence of SEQ 1D NO: 11; a
V,; CDRI1 region comprising the amino acid sequence of
SEQ ID NO: 12; a V, CDR2 region comprising the amino
acid sequence of L.GS; a V,; CDR3 region comprising the
amino acid sequence of SEQ ID NO: 14, and a C,,3 domain
comprising the amino acid sequence selected from the group
consisting of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO:
7 and SEQ ID NO: 13, or an antigen-binding portion thereof.

[0042] The preceding antibodies can comprise a heavy
chain variable region comprising the amino acid sequence of
SEQ ID NO: 15, and a light chain variable region compris-
ing the amino acid sequence of SEQ ID NO: 16, or an
antigen-binding portion thereof. The preceding antibodies
can comprise an IgG4 C,l region comprising the amino
acid sequence of SEQ ID NO: 1. The preceding antibodies
can comprise an IgG4 C,2 region comprising the amino
acid sequence of SEQ ID NO: 2. An IgG4 C,2 region can
comprise a hinge region. A hinge region can comprise the
sequence of APEFLG (SEQ ID NO: 17).

[0043] The antibodies of the present disclosure can miti-
gate high background signal during an immunogenicity
analysis.

[0044] The present disclosure provides an assay compris-
ing: (a) a solid support, wherein a first component is
operably-linked to the solid support; (b) at least one capture
agent, wherein a second component is operably-linked to the
at least one capture agent, wherein the capture agent com-
prises a first non-naturally occurring monoclonal antibody of
the present disclosure, and (c) at least one detection agent,
wherein a detectable label is operably-linked to the detection
agent, wherein the detection agent comprises a second
non-naturally occurring monoclonal antibody of the present
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disclosure, and wherein the first component and the second
component selectively bind to one another.

[0045] A detection agent can comprise dupilumab. A
second non-naturally occurring monoclonal antibody can
comprise dupilumab. A first component can comprise
streptavidin. A second component can comprise biotin.
[0046] The present disclosure provides an assay compris-
ing: (a) a solid support, wherein a first component is
operably-linked to the solid support; (b) at least one capture
agent, wherein a second component is operably-linked to the
at least one capture agent and wherein the capture agent
comprises the non-naturally occurring monoclonal antibody
of the present disclosure; and (¢) at least one detection agent,
wherein a detectable label is operably-linked to the detection
agent and wherein the detection agent comprises dupilumab;
wherein the first component and the second component
selectively bind to one another. A first component can
comprise streptavidin.

[0047] A second component can comprise biotin.

[0048] In some aspects, an at least one capture agent does
not bind an antibody that does not specifically bind to a
sequence of a variable region of dupilumab. In some aspects,
an at least one capture agent and the at least one detection
agent binds to an antibody that specifically binds to a
sequence of a variable region of dupilumab.

[0049] The present disclosure provides a method of deter-
mining a level of immunogenicity of a monoclonal antibody
therapy in a subject, comprising: (a) contacting a biological
sample from the subject with the any assay of the present
disclosure under conditions suitable to allow binding of at
least one antibody in the biological sample with the at least
one capture agent and to the at least one detection agent,
wherein the subject has been administered the monoclonal
antibody therapy prior to the contacting step; (b) detecting a
signal from the at least one detection agent; and (c) identi-
fying the level of immunogenicity of the subject as high
when the signal from (b) is above a threshold value; or (d)
identifying the level of immunogenicity of the subject as low
when the signal from (b) is below the threshold value.

[0050] A monoclonal antibody therapy can comprise an
antibody of the present disclosure.

[0051] A monoclonal antibody therapy can comprise dupi-
lumab. A threshold can be a predetermined value. A thresh-
old can be a safety threshold. An amount of the monoclonal
antibody therapy can be a therapeutically-effective dose. A
level of immunogenicity can be a baseline level. A level of
immunogenicity can be a subsequent level.

[0052] A subject can be a participant in a clinical trial. A
subject can be a patient undergoing a medical treatment. A
medical treatment can be beginning and a level of immu-
nogenicity can be a baseline level. A medical treatment can
be ongoing and a level of immunogenicity can be a subse-
quent level. A medical treatment can be ending and a level
of immunogenicity can be a final level. A subject can be a
healthy individual. A subject can have an inflammatory
disease or disorder, an autoimmune disease or disorder, an
allergic disease or disorder, an immune disease or disorder,
or a benign proliferative disease or disorder. A subject can
have atopic dermatitis, asthma, allergic rhinitis, allergic
conjunctivitis, eosinophilic esophagitis, nasal polyps or a
combination thereof.

[0053] Any of the above aspects can be combined with
any other aspect.
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[0054] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. In the Specification, the singular forms
also include the plural unless the context clearly dictates
otherwise; as examples, the terms “a,” “an,” and “the” are
understood to be singular or plural and the term “or” is
understood to be inclusive. By way of example, “an ele-
ment” means one or more element. Throughout the speci-
fication the word “comprising,” or variations such as “com-
prises” or “comprising,” will be understood to imply the
inclusion of a stated element, integer or step. or group of
elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or
steps. About can be understood as within 10%, 9%, 8%, 7%,
6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of
the stated value. Unless otherwise clear from the context, all
numerical values provided herein are modified by the term
“about.”

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 is a plot characterizing the specificity of
pre-existing reactivity in baseline patient samples using
competitive antibody constructs in an anti-drug antibody
(ADA) assay. On the y-axis, percent inhibition from 0 to 100
in increments of 25. On the X-axis, the specific competitive
antibody construct used in the bridging assay, listed from left
to right: dupilumab, REGN-A, wt IgG4, wt IgG1, wt IgG2,
wt [gG3, REGN-B and REGN-C. The six patient samples
(S1-S6) are represented, in order, as a circle, a square, a
triangle point up, an asterisk, a diamond, and a triangle point
down. Antibody reagents mentioned in the graph were used
at 200 pg/ml as competitive inhibitors in the ADA confir-
mation assay format. High percent inhibition in the assay
indicates that the given competitor was able to inhibit the
pre-existing signals in these samples, suggesting that the
competitor molecule contains a region to which the pre-
existing reactivity binds. Lower percent inhibitions indicate
that the competitor molecule does not contain a region to
which the pre-existing reactivity can bind.

[0056] FIG. 2 is a drawing showing a diagrammatic rep-
resentation of the three key constructs and their structural
differences in comparison to dupilumab. REGN-B,
REGN-C and REGN-E are molecular analogues of dupil-
umab. All three constructs are IgG4k constructs that have the
same specificity and similar affinity for anti-IL4R as dupi-
lumahb and also possess the same CPPC hinge region muta-
tion sequence present in dupilumab.

[0057] FIG. 3 is a drawing showing a diagrammatic rep-
resentation of the amino acid sequence alignment and com-
parison of the C,;3 domain of the wild type IgG4, IgG1 and
1g(GG2 subtypes. The Leucine at position 445 is the third from
the C terminal end of the C,,3 domain sequence, as indicated
by the arrow.

[0058] FIG. 4 is one embodiment illustrating a diagram-
matic representation of a drug specific bridging (panel A,
ADA assay #1), non-drug specific bridging due to pre-
existing reactivity in the current ADA assay (panel B) and no
non-drug specific bridging due to use of REGN-C as the
capture agent (panel C, ADA assay #2). Streptavidin on the
plate is shown as a gray cross, the biotin moiety as a small
black square and the Ruthenium label as a star. The bioti-
nylated REGN-D (dupilumab) capture agent (black forked
structure) is shown in panels A and B, while in panel C,
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biotinylated REGN-C is shown (black and white checkered
forked structure). Pre-existing reactivity is represented in
panels B and C as a smaller dashed outlined forked structure.
[0059] FIG. 5A is a plot showing assay signals from a
subset of patient baseline samples using the original ADA
assay (assay #1) which is diagrammed in panel A of FIG. 4
and uses biotinylated REGN-D as the capture agent. On the
y-axis, Signal/Noise ratio in log scale from 0 to 100. On the
x-axis, individual patient samples ordered by Signal/Noise
ratio. The Cutpoint is given as a dashed line.

[0060] FIG. 5B is a plot showing assay signals of the same
patient baseline samples using a revised ADA assay (assay
#2), which is diagrammed in panel C of FIG. 4 and uses
biotinylated REGN-C as the capture agent. On the y-axis,
Signal/Noise ratio in log scale from 0 to 100. On the x-axis,
individual patient samples in the same order as depicted in
FIG. 5A. The Cutpoint is given as a dashed line.

[0061] FIG. 6A is a plot showing assay signal from a
subset of patient baseline samples using a drug specific
bridging anti-drug antibody (ADA) assay, similar to that
described in FIG. 4, with intact dupliumab employed as the
capture and detection reagents.

[0062] FIG. 6B is a plot showing assay signal from the
same subset of patient baseline samples tested in FIG. 6A,
using a revised bridging ADA assay with REGN-B (FIG. 2,
a human IgG4 mAb where the entire C;3 of I1gG4 was
switched to an IgGl C,3 domain) as the capture and
detection reagents.

[0063] FIG. 6C is a plot showing assay signal from the
same subset of patient baseline samples tested in FIG. 6A,
using a revised bridging ADA assay with REGN-E (FIG. 2,
a human IgG4 mAb where the C,;3 domain is truncated with
a stop codon after Serine 444) as the capture and detection
reagents.

[0064] FIG. 7 is a series of plots characterizing the speci-
ficity of pre-existing reactivity in baseline patient samples
using competitive antibody constructs in an anti-drug anti-
body (ADA) assay. On the y-axis, percent inhibition from 0
to 100 in increments of 25. On the X-axis, the specific
competitive antibody construct used in the bridging assay,
listed from left to right: dupilumab, REGN-F and REGN-F
(L445P) in the top plot or dupilumab, REGN-G and
REGN-G (I445P) in the bottom plot. The six patient
samples (S1-S6) are represented, in order, as a circle, a
square, a triangle point up, an asterisk, a diamond, and a
triangle point down. Antibody reagents mentioned in the
graph were used at 200 pg/ml as competitive inhibitors in
the ADA confirmation assay format. High percent inhibition
in the assay indicates that the given competitor was able to
inhibit the pre-existing signals in these samples, suggesting
that the competitor molecule contains a region to which the
pre-existing reactivity binds. Lower percent inhibitions indi-
cate that the competitor molecule does not contain a region
to which the pre-existing reactivity can bind.

[0065] FIG. 8 is a series of plots showing assay signal
from a subset of patient baseline samples using a drug
specific bridging anti-drug antibody (ADA) assay, similar to
that described in FIG. 4, with either REGN-F used both as
the capture and detection reagents (top) or with REGN-F
(L445P) used as the capture reagent in combination with
REGN-F as the detection reagent.

[0066] FIG. 9 is a series of plots showing assay signal
from a subset of patient baseline samples using a drug
specific bridging anti-drug antibody (ADA) assay, similar to
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that described in FIG. 4, with either REGN-G used both as
the capture and detection reagents (top) or with REGN-G
used as the capture reagent in combination with REGN-G
(L445P) as the detection reagent.

DETAILED DESCRIPTION

[0067] Tt should be appreciated that this disclosure is not
limited to the compositions and methods described herein as
well as the experimental conditions described, as such may
vary. It is also to be understood that the terminology used
herein is for the purpose of describing certain embodiments
only, and is not intended to be limiting, since the scope of the
present disclosure will be limited only by the appended
claims.

[0068] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. Although any compositions, methods
and materials similar or equivalent to those described herein
can be used in the practice or testing of the present invention.
All publications mentioned are incorporated herein by ref-
erence in their entirety.

[0069] The term “human IL4R” (hIL-4R), as used herein,
is intended to refer to a human cytokine receptor that
specifically binds interleukin-4 (1L.-4), 1L-4Ra (SEQ ID
NO: 18). The term “human interleukin-13” (hIL-13) refers
to a cytokine that specifically binds IL.-13 receptor, and
“hIL-13/hIL-13R1 complex” refers to the complex formed
by hIL-13 binding to hIL-13R1 complex, which complex
binds hIL-4 receptor to initiate biological activity.

[0070] The term “binding molecule,” as used herein is
intended to refer to molecules that specifically interact with
and bind to a particular target. The target can comprise a
biologic or small (chemical) molecule. The target molecule
may define an antigen or antigenic moiety. Examples of a
binding molecule include, but are not limited to, antibodies
(including monoclonal antibodies, bispecific antibodies, as
well as antibody fragments), fusion proteins, and other
antigen-binding molecule known to those skilled in the art.
[0071] The term “antibody,” as used herein, is an example
of a binding molecule and refers to as an immunoglobulin
that typically comprises four polypeptide chains, two heavy
(H) chains and two light (L) chains inter-connected by
disulfide bonds. Each heavy chain comprises a heavy chain
variable region (HCVR or V;) and a heavy chain constant
region. The heavy chain constant region comprises three
domains, C,l, C.2 and C,3. Each light chain comprises a
light chain variable region (LCVR or V;) and a light chain
constant region. The light chain constant region comprises
one domain (CL1). The V,; and V; regions can be further
subdivided into regions of hypervariability, termed comple-
mentarity determining regions (CDR), interspersed with
regions that are more conserved, termed framework regions
(FR). Each V, and V; is composed of three CDRs and four
FRs, arranged from amino-terminus to carboxy-terminus in
the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4. Antibodies can include antibodies in the 1gG1, 1gG2,
1gG3 or IgG4 subclasses. Antibodies can also comprise a
combination of regions from different subclasses. 1gG4
antibodies can include, but are not limited to, dupilumab and
cemiplimab.

[0072] Other examples of “binding molecules™ include,
but are not limited to, bi-specific antibodies, tri-specific
antibodies, tetra-specific antibodies and penta-specific anti-
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bodies. In some aspects, the bi-specific antibodies, tri-
specific antibodies, tetra-specific antibodies and penta-spe-
cific antibodies can comprise an Fc portion of an antibody.
In some aspects, the bi-specific antibodies, tri-specific anti-
bodies, tetra-specific antibodies, penta-specific antibodies
can comprise an IgG4 backbone. Another example of a
“binding molecule” is an antibody-drug conjugate (ADC).
In some aspects, an ADC can comprise an 1gG4 backbone.
Another example of a “binding molecule” is a Bi-specific
T-cell engager (BiTE). In some aspects the BiTE can com-
prise an IgG4 backbone. Another example of a “binding
molecule” is a TRAP fusion protein. In some aspects, the
TRAP fusion protein has an IgG4 backbone. Another
example of a “binding molecule” is a fynomer.

[0073] The term “antigen-binding portion” of an antibody
(or simply “antibody portion” or “antibody fragment™), as
used herein, refers to one or more fragments of an antibody
that retain the ability to specifically bind to an antigen (e.g.,
hIL-4Rc). It has been shown that the antigen-binding func-
tion of an antibody can be performed by fragments of a
full-length antibody. Examples of binding fragments encom-
passed within the term “antigen-binding portion” of an
antibody include (i) a Fab fragment, a monovalent fragment
comprising the V;, V, C;1 and C,1 domains; (i1) a F(ab')2
fragment, a bivalent fragment comprising two F(ab)' frag-
ments linked by a disulfide bridge at the hinge region; (iii)
a Fe fragment comprising the V,; and C,;1 domains; (iv) a
Fv fragment comprising the V; and V,; domains of a single
arm of an antibody, (v) a dAb fragment (Ward et al. (1989)
Nature 241:544-546), which comprises a V,; domain; and
(vi) a CDR. Furthermore, although the two domains of the
Fv fragment, V; and V,, are coded for by separate genes,
they can be joined, using recombinant methods, by a syn-
thetic linker that enables them to be made as a single
contiguous chain in which the V; and V,, regions pair to
form monovalent molecules (known as single chain Fv
(scFv); see e.g., Bird et al. (1988) Science 242:423-426; and
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-
5883. Such single chain antibodies are also intended to be
encompassed within the term “antigen-binding portion” of
an antibody. Other forms of single chain antibodies, such as
diabodies, are also encompassed (see e.g., Holliger et al.
(1993) Proc. Natl. Acad Sci. USA 90:6444-6448).

[0074] A “neutralizing” or “blocking” antibody, as used
herein, is intended to refer to an antibody whose binding to
hIL-4Ra. results in inhibition of the biological activity of
hIL-4 and/or hIL-13. This inhibition of the biological activ-
ity of hIL.-4 and/or IL-13 can be assessed by measuring one
or more indicators of hil.-4 and/or hIL-13 biological activity
known to the art, such as hiL-4- and/or IL-13-induced
cellular activation and hIL-4 binding to hIL-4Ra (see
examples below).

[0075] A “CDR” or complementarity determining region
is a region of hypervariability interspersed within regions
that are more conserved, termed “framework regions” (FR).
In different embodiments of the anti-hIL-4Ro. antibody or
fragment of the disclosure, the FRs may be identical to the
human germline sequences or may be naturally or artificially
modified.

[0076] The term “epitope” is an antigenic determinant that
interacts with a specific antigen binding site in the variable
region of an antibody molecule known as a paratope. A
single antigen may have more than one epitope. Epitopes
may be either conformational or linear. A conformational
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epitope is produced by spatially juxtaposed amino acids
from different segments of the linear polypeptide chain. A
linear epitope is one produced by adjacent amino acid
residues in a polypeptide chain. In certain circumstance, an
epitope may include moieties of saccharides, phosphoryl
groups, or sulfonyl groups on the antigen.

[0077] The term “immunogenicity” refers to the ability of
an antigen or immunogen to induce an immune response in
the body of a human or an animal. Protein therapeutics have
the ability to provoke adverse immune responses that can
interfere with drug pharmacokinetics and efficacy. This
immune response can take the form of the production of
anti-drug antibodies (ADAs).

[0078] The term “substantial identity” or “substantially
identical,” when referring to a nucleic acid or fragment
thereof, indicates that, when optimally aligned with appro-
priate nucleotide insertions or deletions with another nucleic
acid (or its complementary strand), there is nucleotide
sequence identity in at least about 95%, and more preferably
at least about 96%, 97%, 98% or 99% of the nucleotide
bases, as measured by any well-known algorithm of
sequence identity, such as FASTA, BLAST or Gap, as
discussed below.

[0079] As applied to polypeptides, the term “substantial
similarity” or “substantially similar”” means that two peptide
sequences, when optimally aligned, such as by the programs
GAP or BESTFIT using default gap weights, share at least
95% sequence identity, even more preferably at least 98% or
99% sequence identity. Typically, residue positions which
are not identical differ by conservative amino acid substi-
tutions. A “conservative amino acid substitution” is one in
which an amino acid residue is substituted by another amino
acid residue having a side chain (R group) with similar
chemical properties (e.g., charge or hydrophobicity). In
general, a conservative amino acid substitution will not
substantially change the functional propetrties of a protein. In
cases where two or more amino acid sequences differ from
each other by conservative substitutions, the percent
sequence identity or degree of similarity may be adjusted
upwards to correct for the conservative nature of the sub-
stitution. Means for making this adjustment are well-known
to those of skill in the art. See, e.g., Pearson (1994) Methods
Mol. Biol. 24: 307-331, herein incorporated by reference.
Examples of groups of amino acids that have side chains
with similar chemical properties include (1) aliphatic side
chains: glycine, alanine, valine, leucine and isoleucine; (2)
aliphatic-hydroxyl side chains: serine and threonine; (3)
amide-containing side chains: asparagine and glutamine; (4)
aromatic side chains: phenylalanine, tyrosine, and trypto-
phan; (5) basic side chains: lysine, arginine, and histidine;
(6) acidic side chains: aspartate and glutamate, and (7)
sulfur-containing side chains are cysteine and methionine. In
certain embodiments, conservative amino acids substitution
groups are: valine-leucine-isoleucine, phenylalanine-tyro-
sine, lysine-arginine, alanine-valine, glutamate-aspartate,
and asparagine-glutamine. Alternatively, a conservative
replacement is any change having a positive value in the
PAM250 log-likelihood matrix disclosed in Gonnet et al.
(1992) Science 256: 1443 45, herein incorporated by refer-
ence. A “moderately conservative” replacement is any
change having a nonnegative value in the PAM250 log-
likelihood matrix.

[0080] Sequence similarity for polypeptides, which is also
referred to as sequence identity, is typically measured using
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sequence analysis software. Protein analysis software
matches similar sequences using measures of similarity
assigned to various substitutions, deletions and other modi-
fications, including conservative amino acid substitutions.
For instance, GCG software contains programs such as Gap
and Bestfit which can be used with default parameters to
determine sequence homology or sequence identity between
closely related polypeptides, such as homologous polypep-
tides from different species of organisms or between a wild
type protein and a mutant thereof. See, e.g., GCG Version
6.1. Polypeptide sequences also can be compared using
FASTA using default or recommended parameters, a pro-
gram in GCG Version 6.1. FASTA (e.g.. FASTA2 and
FASTA3) provides alignments and percent sequence identity
of the regions of the best overlap between the query and
search sequences (Pearson (2000) supra). Another algorithm
when comparing a sequence of the disclosure to a database
containing a large number of sequences from different
organisms is the computer program BLAST, especially
BLASTP or TBLASTN, using default parameters. See, e.g.,
Altschul et al. (1990) J. Mol. Biol. 215:403-410 and Altschul
et al. (1997) Nucleic Acids Res. 25:3389-402, each of which
is herein incorporated by reference.

[0081] Methods for generating human antibodies include
those described in, for example, U.S. Pat. No. 6,596,541,
Green et al. (1994) Nature Genetics 7:13-21), U.S. Pat. Nos.
5,545,807, 6,787,637.

[0082] Rodents can be immunized by any method known
in the art (see, for example, Harlow and Lane (1988)
Antibodies: A Laboratory Manual 1988 Cold Spring Harbor
Laboratory; Malik and Lillehoj (1994) Antibody Tech-
niques, Academic Press, CA). Antibodies of the disclosure
are typically prepared with the use of VELOCIMMUNE®
technology (U.S. Pat. No. 6,596,541). A transgenic mouse in
which the endogenous immunoglobulin heavy and light
chain variable regions are replaced with the corresponding
human variable regions is challenged with the antigen of
interest, and lymphatic cells (such as B-cells) are recovered
from the mice that express antibodies. The lymphatic cells
may be fused with a myeloma cell line to prepare immortal
hybridoma cell lines, and such hybridoma cell lines are
screened and selected to identify hybridoma cell lines that
produce antibodies specific to the antigen of interest. DNA
encoding the variable regions of the heavy chain and light
chain may be isolated and linked to desirable isotypic
constant regions of the heavy chain and light chain. Such an
antibody protein may be produced in a cell, such as a CHO
cell. Alternatively, DNA encoding the antigen-specific chi-
meric antibodies or the variable regions of the light and
heavy chains may be isolated directly from antigen-specific
lymphocytes.

[0083] The DNA encoding the variable regions of the
heavy and light chains of the antibody may be isolated and
operably linked to DNA encoding the human heavy and light
chain constant regions. The DNA may be then expressed in
a cell capable of expressing the fully human antibody. In a
specific embodiment, the cell is a CHO cell.

[0084] Antibodies may be therapeutically useful in block-
ing a ligand-receptor interaction or inhibiting receptor com-
ponent interaction, rather than by killing cells through
fixation of complement (complement-dependent cytotoxic-
ity) (CDC) and participation antibody-dependent cell-medi-
ated cytotoxicity (ADCC). The constant region of an anti-
body is important in the ability of an antibody to fix

Jan. 16, 2020

complement and mediate cell-dependent cytotoxicity. Thus,
the isotype of an antibody may be selected on the basis of
whether it is desirable for the antibody to mediate cytotox-
icity.

[0085] Human immunoglobulins can exist in two forms
that are associated with hinge heterogeneity. In one form, an
immunoglobulin molecule comprises a stable four-chain
construct of approximately 150-160 kDa in which the
dimers are held together by an interchain heavy chain
disulfide bond. In a second form, the dimers are not linked
via interchain disulfide bonds and a molecule of about 75-80
kDa is formed composed of a covalently coupled light and
heavy chain (half-antibody). These forms have been
extremely difficult to separate, even after affinity purifica-
tion. The frequency of appearance of the second form in
various intact IgG isotypes is due to, but not limited to,
structural differences associated with the hinge region iso-
type of the antibody. In fact, a single amino acid substitution
in the hinge region of the human IgG4 hinge can signifi-
cantly reduce the appearance of the second form (Angal et
al. (1993) Molecular Immunology 30: 105) to levels typi-
cally observed using a human IgG1l hinge. The instant
disclosure encompasses antibodies having one or more
mutations in the hinge, C,2 or C,3 region that may be
desirable, for example, in production, to improve the yield
of the desired antibody form.

[0086] Initially, high affinity chimeric antibodies are iso-
lated having a human variable region and a mouse constant
region. As described below, the antibodies are characterized
and selected for desirable characteristics, including binding
affinity to hIL-4Ra, ability to block hIL-4 binding to hiL-
4Ra, and/or selectivity for the human protein. The mouse
constant regions are replaced with desired human constant
regions to generate the fully human antibodies of the dis-
closure, for example wild-type or modified IgG4 or IgGl
(for example, SEQ ID NO: 4, 19, 20 and 23). While the
constant region selected may vary according to specific use,
high affinity antigen-binding and target specificity charac-
teristics reside in the variable region.

[0087] Immunogenicity Assays

[0088] The present disclosure provides a non-naturally
occurring binding molecule such as a monoclonal antibody,
or antigen-binding portion thereof, comprising a C-terminal
heavy chain sequence LSPG (SEQ ID NO: 21). In certain
embodiments, the C-terminal heavy chain is a human C,3
domain. In certain embodiments, the human antibody is of
the IgG4 class. In certain embodiments, the heavy chain
sequence comprises SEQ ID NO: 7. In certain embodiments,
the heavy chain sequence comprises SEQ ID NO: 8.
[0089] The disclosure provides immunogenicity assays
comprising an anti-IL-4Ra binding molecule such as an
antibody or antigen-binding fragments thereof of the present
disclosure. Immunogenicity assays of the disclosure can
take the form of anti-drug antibody (ADA) assays. ADA
assays of the disclosure may be ADA bridging assays or
direct enzyme-linked immunosorbent (ELISA) assays. In an
ADA bridging assay, a biotinylated form of the binding
molecule in question is bound to streptavidin on a plate.
Binding molecules like antibodies present in the sample then
bind to both the biotinylated binding molecule and a labeled
form of the same binding molecule, forming a bridging
interaction with a detectable signal from the label. Suitable
labels will be known to one ordinarily skilled in the art.
Exemplary labels comprise Ruthenium, horseradish peroxi-
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dase, alkaline phosphatase and fluorophores. The ADA
bridging assay may include titration of the sample perform-
ing the bridging reaction to generate a standard curve, and
the use of a cold, unlabeled competitor antibody to inhibit
the reaction.

[0090] FIG. 4 illustrates a drug specific bridging ADA
assay in Panel A; in Panel B, a non-drug specific bridging
assay due to pre-existing reactivity in the current ADA
assay; and no non-drug specific bridging ADA assay due to
use of REGN-C as the capture agent seen in Panel C.
Pre-existing reactivity is represented in panels B and C as a
smaller dashed outlined forked structure. It should be under-
stood that for the disclosed embodiment assay reagent
molecular analogs REGN-A, B, C, D and E are interchange-
able thus permitting a skilled artisan to design various
permutations of the assay as described. In one aspect, in
order to reduce background a skilled artisan could combine
REGN-D with any of the following reagents to form novel
combinations: REGN-B, REGN-C or REGN-E (D+B, D+C,
D+E or flipped such that B+D, C+D or E+D) such that the
order of alignment is “capture agent”+“detection agent.” In
another aspect a skilled artisan could make the following
pairs in order to reduce background signal: B+B, C+C or
E+E.

[0091] In certain embodiments of the present disclosure,
levels of immunogenicity (or ADA) are determined using
binding molecules such antibodies (or antigen-binding por-
tions thereof). In certain embodiments, the levels of immu-
nogenicity are evaluated for dupilumab using an IgG4
antibody. One issue that typically needs to be addressed in
these immunogenicity studies is the high background signal
which is often associated with the IgG4 antibody used. In
order to mitigate this high background, the present disclo-
sure provides IgG4 antibodies comprising a heavy chain
sequence of either SEQ ID NO: 21, SEQ ID NO: 22, SEQ
ID NO: 7 or SEQ ID NO: 8 resulting in a lower background
signal.

[0092] In certain embodiments of the present disclosure, a
binding molecule such as an antibody, or antigen-binding
portion thereof, comprises (1) one or more V, chain
sequences selected from the group consisting of SEQ ID
NO: 12, LGS, SEQ ID NO: 14 and combinations thereof, (2)
one or more V,, chain sequences selected from the group
consisting of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11 and combinations thereof, and (3) a C.3 or CH sequence
selected from the group consisting of SEQ ID NO: 21, SEQ
1D NO: 22, SEQ ID NO: 7 and SEQ ID NO: 8, wherein the
binding molecule exhibits reduced background reactivity in
an immunogenicity (ADA) assay compared to a binding
molecule comprising (1) one or more V, chain sequences
selected from the group consisting of SEQ ID NO: 12, LGS,
SEQ ID NO: 14 and combinations thereof, (2) one or more
V; chain sequences selected from the group consisting of
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11 and
combinations thereof, and (3) a C,3 or CH sequence not
selected from the group consisting of SEQ ID NO: 21, SEQ
ID NO: 22, SEQ ID NO: 7 and SEQ ID NO: 8. In certain
embodiments, the CH domain sequence of (3) can include
SEQ ID NO: 5 and SEQ ID NO: 6.

[0093] In one embodiment of the present invention, the
C;3 domain of an IgG4 antibody such as dupliumab is
switched for an IgG1 C.3 domain resulting in a lower
background signal (FIG. 6B). In still a further embodiment,
the C53 domain of an IgG4 antibody like dupliumab is
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truncated. In one aspect, the truncation occurs at Serine 444
resulting in a lower background signal (FIG. 6C).

[0094] In some aspects, the present disclosure provides a
binding molecule comprising (1) one or more V, chain
sequences selected from the group consisting of SEQ ID
NO: 12, LGS, SEQ ID NO: 14 and combinations thereof, (2)
one or more V,,; chain sequences selected from the group
consisting of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11 and combinations thereof, and (3) a C,;3 or CH sequence
selected from the group consisting of SEQ ID NO: 21, SEQ
ID NO: 22, SEQ ID NO:13, SEQ ID NO: 7 and SEQ ID NO:
8.

[0095] In some aspects, the present disclosure provides a
binding molecule comprising (1) one or more V, chain
sequences selected from the group consisting of SEQ ID
NO: 12, LGS, SEQ ID NO: 14 and combinations thereof, (2)
one or more V,, chain sequences selected from the group
consisting of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11 and combinations thereof, and (3) a C3 or CH sequence,
wherein the C,;3 or CH sequence comprises a one or more
sequences selected from the group consisting of SEQ ID
NO: 21, SEQ ID NO: 22, SEQ ID NO:13, SEQ ID NO: 7
and SEQ ID NO: 8.

[0096] In some aspects, the present disclosure provides a
binding molecule comprising (1) one or more V, chain
sequences selected from the group consisting of SEQ ID
NO: 12, LGS, SEQ ID NO: 14 and combinations thereof, (2)
one or more V,, chain sequences selected from the group
consisting of SEQ 1D NO: 9, SEQ ID NO: 10, SEQ ID NO:
11 and combinations thereof, and (3) a C,3 sequence,
wherein the C,,3 sequence comprises one or more sequences
selected from the group consisting of SEQ ID NO: 7, SEQ
ID NO:13, or SEQ ID NO: 21.

[0097] In some aspects, the present disclosure provides a
binding molecule comprising (1) one or more V, chain
sequences selected from the group consisting of SEQ ID
NO: 12, LGS, SEQ ID NO: 14 and combinations thereof, (2)
one or more V,, chain sequences selected from the group
consisting of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11 and combinations thereof, and (3) a CH sequence,
wherein the CH sequence comprises one or more sequetices
selected from the group consisting of SEQ ID NO: 8, SEQ
ID NO: 21 and SEQ ID NO: 22.

[0098] In some aspects, the present disclosure provides a
binding molecule comprising a CH sequence, wherein the
CH sequence comprises one or more sequences selected
from the group consisting of SEQ ID NO: 8, SEQ ID NO:
21 and SEQ ID NO: 22.

[0099] In some aspects, the present disclosure provides a
binding molecule comprising a C,3 sequence, wherein the
C;3 sequence comprises one or more sequences selected
from the group consisting of SEQ 1D NO: 7, SEQ ID NO:13,
or SEQ ID NO: 21.

[0100] In some aspects, the present disclosure provides a
binding molecule comprising an IgG4 CH domain compris-
ing a Proline to Leucine amino acid substitution at position
445.

[0101] In some aspects, the present disclosure provides a
binding molecule comprising SEQ ID NO: 1, SEQ ID NO:
2 and SEQ ID NO: 5.

[0102] In some aspects, the present disclosure provides a
binding molecule comprising SEQ ID NO: 1, SEQ ID NO:
2 and SEQ ID NO: 6.
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[0103] In some aspects, the present disclosure provides a
binding molecule comprising (1) one or more V, chain
sequences selected from the group consisting of SEQ ID
NO: 12, LGS, SEQ ID NO: 14 and combinations thereof, (2)
one or more V,, chain sequences selected from the group
consisting of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO:
11 and combinations thereof, and (3) a CH sequence com-
prising SEQ ID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 5.
[0104] In some aspects, the present disclosure provides a
binding molecule comprising (1) one or more V, chain
sequences selected from the group consisting of SEQ ID
NO: 12, LGS, SEQ ID NO: 14 and combinations thereof, (2)
one or more V,, chain sequences selected from the group
consisting of SEQ 1D NO: 9, SEQ ID NO: 10, SEQ ID NO:
11 and combinations thereof, and (3) a CH sequence com-
prising SEQ ID NO: 1, SEQ 1D NO: 2 and SEQ ID NO: 6.
[0105] In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 99% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 98% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 97% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 96% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 95% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 94% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 93% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 92% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 91% sequence identity to SEQ
ID NO: 7. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 90% sequence identity to SEQ
ID NO: 7.

[0106] In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 99% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 98% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 97% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 96% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 95% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
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sequence with at least about 94% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 93% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 92% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 91% sequence identity to SEQ
ID NO: 8. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 90% sequence identity to SEQ
ID NO: 8.

[0107] In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 99% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 98% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 913% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 96% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 95% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 94% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 93% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 92% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 91% sequence identity to SEQ
ID NO: 13. In some aspects, the present disclosure provides
a binding molecule comprising at least one polypeptide
sequence with at least about 90% sequence identity to SEQ
ID NO: 13.

[0108] In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 99% sequence identity to SEQ
ID NO: 7, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21. In some aspects, the present
disclosure provides a binding molecule comprising at least
one polypeptide sequence with at least about 98% sequence
identity to SEQ ID NO: 7, wherein the at least one poly-
peptide sequence comprises SEQ ID NO: 21. In some
aspects, the present disclosure provides a binding molecule
comprising at least one polypeptide sequence with at least
about 97% sequerce identity to SEQ ID NO: 7, wherein the
at least one polypeptide sequence comprises SEQ 1D NO:
21. In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 96% sequence identity to SEQ
ID NO: 7, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21. In some aspects, the present
disclosure provides a binding molecule comprising at least
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one polypeptide sequence with at least about 95% sequence
identity to SEQ ID NO: 7, wherein the at least one poly-
peptide sequence comprises SEQ ID NO: 21. In some
aspects, the present disclosure provides a binding molecule
comprising at least one polypeptide sequence with at least
about 94% sequence identity to SEQ ID NO: 7, wherein the
at least one polypeptide sequence comprises SEQ ID NO:
21. In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 93% sequence identity to SEQ
ID NO: 7, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21. In some aspects, the present
disclosure provides a binding molecule comprising at least
one polypeptide sequence with at least about 92% sequence
identity to SEQ ID NO: 7, wherein the at least one poly-
peptide sequence comprises SEQ 1D NO: 21. In some
aspects, the present disclosure provides a binding molecule
comprising at least one polypeptide sequence with at least
about 91% sequence identity to SEQ ID NO: 7, wherein the
at least one polypeptide sequence comprises SEQ 1D NO:
21. In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 90% sequence identity to SEQ
ID NO: 7, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21.

[0109] In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 99% sequence identity to SEQ
ID NO: 8, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21. In some aspects, the present
disclosure provides a binding molecule comprising at least
one polypeptide sequence with at least about 98% sequence
identity to SEQ ID NO: 8, wherein the at least one poly-
peptide sequence comprises SEQ 1D NO: 21. In some
aspects, the present disclosure provides a binding molecule
comprising at least one polypeptide sequence with at least
about 97% sequence identity to SEQ ID NO: &, wherein the
at least one polypeptide sequence comprises SEQ 1D NO:
21. In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 96% sequence identity to SEQ
ID NO: 8, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21. In some aspects, the present
disclosure provides a binding molecule comprising at least
one polypeptide sequence with at least about 95% sequence
identity to SEQ ID NO: 8, wherein the at least one poly-
peptide sequence comprises SEQ ID NO: 21. In some
aspects, the present disclosure provides a binding molecule
comprising at least one polypeptide sequence with at least
about 94% sequence identity to SEQ ID NO: 8, wherein the
at least one polypeptide sequence comprises SEQ ID NO:
21. In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 93% sequence identity to SEQ
ID NO: 8, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21. In some aspects, the present
disclosure provides a binding molecule comprising at least
one polypeptide sequence with at least about 92% sequence
identity to SEQ ID NO: 8, wherein the at least one poly-
peptide sequence comprises SEQ 1D NO: 21. In some
aspects, the present disclosure provides a binding molecule
comprising at least one polypeptide sequence with at least
about 91% sequence identity to SEQ ID NO: 8, wherein the
at least one polypeptide sequence comprises SEQ 1D NO:
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21. In some aspects, the present disclosure provides a
binding molecule comprising at least one polypeptide
sequence with at least about 90% sequence identity to SEQ
ID NO: 8, wherein the at least one polypeptide sequence
comprises SEQ ID NO: 21.

[0110] In some aspects, any binding molecule of the
present disclosure can exhibit reduced background reactivity
in an immunogenicity (ADA) assay compared to a binding
molecule comprising a CH sequence comprising SEQ 1D
NO: 3. In some aspects, any binding molecule of the present
disclosure can exhibit reduced background reactivity in an
immunogenicity (ADA) assay compared to a binding mol-
ecule comprising a CH sequence comprising SEQ ID NO: 4.

[0111]

[0112] The disclosure provides therapeutic compositions
comprising the anti-IL-4Ra binding molecules of the pres-
ent disclosure. The administration of therapeutic composi-
tions in accordance with the disclosure will be administered
with suitable carriers, excipients, and other agents that are
incorporated into formulations to provide improved transfer,
delivery, tolerance, and the like. A multitude of appropriate
formulations can be found in the formulary known to all
pharmaceutical chemists: Remington’s Pharmaceutical Sci-
ences, Mack Publishing Company, Faston, Pa. These for-
mulations include, for example, powders, pastes, ointments,
jellies, waxes, oils, lipids, lipid (cationic or anionic) con-
taining vesicles (such as LIPOFECTIN™), DNA conju-
gates, anhydrous absorption pastes, oil-in-water and water-
in-oil emulsions, emulsions carbowax (polyethylene glycols
of various molecular weights), semi-solid gels, and semi-
solid mixtures containing carbowax. See also Powell et al.
“Compendium of excipients for parenteral formulations”
PDA (1998) J Pharm Sci Technol 52:238-311.

[0113] The dose may vary depending upon the age and the
size of a subject to be administered, target disease, condi-
tions, route of administration, and the like. When the binding
molecule of the present disclosure is used for treating
various conditions and diseases associated with IL-4Ra, in
an adult patient, it is advantageous to intravenously admin-
ister the binding molecule of the present disclosure normally
at a single dose of about 0.01 to about 20 mg/kg body
weight, more typically about 0.02 to about 7, about 0.03 to
about 5, or about 0.05 to about 3 mg/kg body weight. In
some aspects, when the binding molecule of the present
disclosure is used for treating various conditions and dis-
eases associated with 1L-4Ra, the dosing regimen can be
300 mg once every two weeks (Q2W) and can be extended
up to every four weeks (Q4W). Depending on the severity
of the condition, the frequency and the duration of the
treatment can be adjusted.

[0114] Various delivery systems are known and can be
used to administer the pharmaceutical composition of the
disclosure, e.g., encapsulation in liposomes, microparticles,
microcapsules, recombinant cells capable of expressing the
mutant viruses, receptor mediated endocytosis (see, e.g., Wu
et al. (1987) J. Biol. Chem. 262:4429-4432). Methods of
introduction include, but are not limited to, intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. The composition may
be administered by any convenient route, for example by
infusion or bolus injection, by absorption through epithelial
or mucocutaneous linings (e.g., oral mucosa, rectal and

Therapeutic Administration and Formulations
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intestinal mucosa, etc.) and may be administered together
with other biologically active agents. Administration can be
systemic or local.

[0115] The pharmaceutical composition can be also deliv-
ered in a vesicle, for example a liposome (see Langer (1990)
Science 249:1527-1533; Treat et al. (1989) in Liposomes in
the Therapy of Infectious Disease and Cancer, Lopez Ber-
estein and Fidler (eds.), Liss, New York, pp. 353-365;
Lopez-Berestein, ibid., pp. 317-327.

[0116] In certain embodiments, the pharmaceutical com-
position can be delivered in a controlled release system. In
one embodiment, a pump may be used (see Langer, supra;
Sefton (1987) CRC Crit. Ref. Biomed. Eng. 14:201). In
another embodiment, polymeric materials can be used (see
Medical Applications of Controlled Release, Langer and
Wise (eds.), CRC Pres., Boca Raton, Fla. (1974). In yet
another embodiment, a controlled release system can be
placed in proximity of the composition’s target, thus requir-
ing only a fraction of the systemic dose (see, e.g., Goodson,
in Medical Applications of Controlled Release, supra, vol. 2,
pp. 115-138, 1984). Other controlled release systems are
discussed in the review by Langer (1990) Science 249:1527-
1533.

[0117] The injectable preparations may include dosage
forms for intravenous, subcutaneous, intracutaneous and
intramuscular injections, drip infusions, etc. These inject-
able preparations may be prepared by methods publicly
known. For example, the injectable preparations may be
prepared, e.g., by dissolving, suspending or emulsifying the
antibody or its salt described above in a sterile aqueous
medium or an oily medium conventionally used for injec-
tions. As the aqueous medium for injections, there are, for
example, physiological saline, an isotonic solution contain-
ing glucose and other auxiliary agents, etc., which may be
used in combination with an appropriate solubilizing agent
such as an alcohol (e.g., ethanol), a polyalcohol (e.g.,
propylene glycol, polyethylene glycol), a nonionic surfac-
tant [e.g., polysorbate 80, HCO-50 (polyoxyethylene (50
mol) adduct of hydrogenated castor oil)], etc. As the oily
medium, there are employed, e.g., sesame oil, soybean oil,
etc., which may be used in combination with a solubilizing
agent such as benzyl benzoate, benzyl alcohol, etc. The
injection thus prepared is preferably filled in an appropriate
ampoule.

[0118] Advantageously, the pharmaceutical compositions
for oral or parenteral use described above are prepared into
dosage forms in a unit dose suited to fit a dose of the active
ingredients. Such dosage forms in a unit dose include, for
example, tablets, pills, capsules, injections (ampoules), sup-
positories, etc. The amount of the aforesaid binding mol-
ecule contained is generally about 5 to 500 mg per dosage
form in a unit dose; especially in the form of injection, in
certain embodiments the aforesaid binding molecule is con-
tained in about 5 to 100 mg and in about 10 to 250 mg for
the other dosage forms.

[0119] Single and combination therapies. The binding
molecules of the disclosure are useful for treating diseases
and disorders which are improved, inhibited or ameliorated
by reducing IL-4 activity. These disorders include those
characterized by abnormal or excess expression of IL-4, or
by an abnormal host response to 11.-4 production.

[0120] The disclosure encompasses combination therapies
in which the anti-IL-4Ra binding molecule (e.g., antibody
or antibody fragment) is administered in combination with a
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second therapeutic agent. Co-administration and combina-
tion therapy are not limited to simultaneous administration,
but include treatment regimens in which an anti-IL-4Ra.
binding molecule is administered at least once during a
course of treatment that involves administering at least one
other therapeutic agent to the patient. A second therapeutic
agent may be another I[-4 antagonist, such as another
binding molecule, or a soluble cytokine receptor, an IgE
antagonist, an anti-asthma medication (corticosteroids, non-
steroidal agents, f-agonists, leukotriene antagonists, xan-
thines, fluticasone, salmeterol, albuterol) which may be
delivered by inhalation or other appropriate means. In a
specific embodiment, the anti-IL-4Rc binding molecule
such as a binding molecule of the disclosure may be admin-
istered with an IL.-1 antagonist, such as rilonacept, or an
1L-13 antagonist. In some aspects, an anti-IL-4Ra binding
molecule such as a binding molecule of the present disclo-
sure may be administered in combination with a binding
molecule that target cytokines and/or receptors in the Type
1 or Type 2 inflammatory response. The second agent may
include one or more leukotriene receptor antagonists to treat
disorders such as allergic inflammatory diseases, e.g.,
asthma and allergies. Examples of leukotriene receptor
antagonists include but are not limited to montelukast,
pranlukast, and zafirlukast. The second agent may include a
cytokine inhibitor such as one or more of a TNF (etanercept,
ENBREL™), 11-9, IL-5 or 1L-17 antagonist.

[0121] Therapeutic Uses

[0122] The disclosure provides compositions and methods
for treating a disease or disorder in a subject in need thereof,
comprising administering to the subject a therapeutically
effective amount of a binding molecule of the present
disclosure.

[0123] The disclosure provides compositions and methods
for treating a disease or disorder in a subject in need thereof,
comprising administering to the subject a therapeutically
effective amount of a composition of the disclosure.
[0124] In certain embodiments of the present disclosure,
the disease or disorder is an Type 1 or Type 2 inflammatory
disease or disorder.

[0125] In certain embodiments of the instant disclosure,
the disease or disorder is an autoimmune disease or disorder.
[0126] In certain embodiments of the present disclosure,
the disease or disorder is an allergic disease or disorder.
[0127] In certain embodiments of the disclosure, the dis-
ease or disorder is an immune disease or disorder.

[0128] In certain embodiments of the instant disclosure,
the disease or disorder is a benign proliferative disease or
disorder. In certain embodiments of the instant disclosure,
the disease or disorder is a malignant proliferative disease or
disorder.

[0129] In certain embodiments of the present disclosure,
the disease or disorder is atopic dermatitis, asthma, allergic
rhinitis, allergic conjunctivitis, eosinophilic esophagitis,
nasal polyps or a combination thereof.

[0130] Incertain embodiments of the disclosure, a binding
molecule of the present invention is administered systemi-
cally. In one aspect, the binding molecule is administered
intravenously or subcutaneously. In another aspect, the
binding molecule is administered by an injection or an
infusion. In still another aspect, the binding molecule is
administered by a subcutaneous injection.

[0131] In certain embodiments of the present disclosure,
the binding molecule is administered systemically. In one
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aspect, the binding molecule is administered by a subcuta-
neous injection. In another aspect, a therapeutically effective
dose comprises a subcutaneous injection of about 75 mg,
150 mg, 300 mg or 600 mg. In yet another aspect, the
therapeutically effective dose comprises at least one subcu-
taneous injection, at least two subcutaneous injections, at
least three subcutaneous injections, or at least four subcu-
taneous injections of about 75 mg, 150 mg, 300 mg or 600
mg. In still another aspect, the therapeutically effective dose
comprises a subcutaneous injection of about 75 mg, 150 mg,
300 mg or 600 mg once every week, once every two weeks,
once every four weeks or chronically administered as a
maintenance dose to control disease symptoms.

[0132] In certain embodiments of the disclosure, the bind-
ing molecule is administered systemically. In one aspect, the
binding molecule is administered by a subcutaneous injec-
tion. In another aspect, the therapeutically effective dose
comprises an initial dose of about 600 mg. In still another
aspect, the initial dose comprises a pair of injections of 300
mg each, administered at two distinct injection sites. In yet
another aspect, including those wherein the therapeutically
effective dose comprises an initial dose, the therapeutically
effective dose further comprises a maintenance dose of
about 300 mg. In another aspect, maintenance dose is
administered every other week.

[0133] In certain embodiments of the methods of the
disclosure, the binding molecule is administered systemi-
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cally. In one aspect, the binding molecule is administered
intravenously at a dose of about 1.0 mg/kg, 3.0 mg/kg, 8.0
mg/kg, or 12.0 mg/kg.

[0134] In certain embodiments of the disclosure, the bind-
ing molecule is administered in combination with a second
therapeutic agent. In one aspect, the second therapeutic
agent comprises an immunosuppressant. In one aspect, the
second therapeutic agent comprises an agonistic antibody. In
one aspect, the second therapeutic agent comprises an
immunoactivator. In another aspect, the second therapeutic
agent comprises an IL-1 f-inhibitor, an IL-5 inhibitor, an
1L-9 inhibitor, an IL-3 inhibitor, an IL-13 inhibitor, an IL-17
inhibitor, an IL.-25 inhibitor, a TNFa. inhibitor, an eotixin-3
inhibitor, an IgE inhibitor, a prostaglandin D2 inhibitor, an
immunosuppressant, a corticosteroid, a glucocorticoid, a
proton pump inhibitor, a non-steroidal anti-inflammatory
drug (NSAID), or a combination thereof.

[0135] In certain embodiments of the disclosure, the bind-
ing molecule is administered in combination with a second
therapeutic agent. In one aspect, the second therapeutic
agent comprises a corticosteroid. In a particular aspect, the
corticosteroid is a topical corticosteroid.

[0136] It should be appreciated that the compositions,
formulations, kits, methods of the present disclosure is not
limited to any one disease and/or medical condition. The
compositions, formulations, kits and methods of the present
disclosure can be applied to any disease and/or medical
condition in which a patient exhibits pre-existing reactivity
to therapeutic antibodies.

TABLE 1

Exemplary sequences of the disclosure.

SEQ
D
Name Sequence NO:
IgG4 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVH 1
Cyl TFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRV
IgG4 APEFLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSQEDPEVQFNWYVDG 2
Cr2 VEVHNAKTKPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPS
SIEKTISKAK
IgG4 GQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEW 3
Cu3 ESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNV
FSCSVMHEALHNHY TQKSLSLSLGK
IgG4 Cy ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVH 4
TFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY
GPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQ
FNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCK
VSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYP
SDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVEFSC
SYMHEALHNHYTQKSLSLSLGK
IgGl Cy3 GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY 5
KTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS
LSPGK
IgG2 Cy3 GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDISVEWESNGQPENNY 6
KTTPPMLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALHNHYTQKSL
SLSPGK
IgG4 Cy3 GQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY 7
L »P KTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLS

LSPGK
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TABLE 1-continued

Exemplary sequences of the disclosure.

SEQ
D

Name Sequence NO:

IgGa Cy ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHT 8

L >P FPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGP
PCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNW
YVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSPGK

Heavy GFTFRDYA 9

Chain

CDR1

Heavy ISGSGGNT 10

Chain

CDR2

Heavy AKDRLSITIRPRYYGL 11

Chain

CDR3

Light QSLLYSIGYNY 12

Chain

CDR1

Light LGS NA

Chain

CDR2

Light MQALQTPYT 14

Chain

CDR3

Heavy EVQLVESGGGLEQPGGSLRLSCAGSGFTFRDYAMTWVRQAPGKGLEWVSST 15

chain SGSGGNTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKDRL

variable SITIRPRYYGLDVWGQGTTVTVS

region

Light chain DIVMTQSPLSLPVTPGEPASISCRSSQSLLYSIGYNYLDWYLQKSGQSPQLLI 16

variable YLGSNRASGVPDRFSGSGSGTDFTLKISRVEAEDVGFYYCMQALQTPYTFG

region QGTKLEIK

Hinge APEFLG 17

region of

IgG4 Cp2

IL4RQ MKVLQEPTCVSDYMSISTCEWKMNGP TNCS TELRLLYQLVFLLSEAHTCIPE 18
NNGGAGCVCHLLMDDVVSADNYTLDLWAGQQLLWKGSFKPSEHVKPRAP
GNLTVHTNVSDTLLLTWSNPYPPDNYLYNHLTYAVNIWSENDPADFRIYNV
TYLEPSLRIAASTLKSGISYRARVRAWAQCYNTTWSEWSPSTKWHNSYREP
FEQH

IgGl Cpy ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT 19
FPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVK
FNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKV
SNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSD
IAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSV
MHEALHNHYTQKSLSLSPGK

IgG4 Cy ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHT 20

FPAVLOSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGP
PCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNW
YVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLSLGK

Jan. 16, 2020
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Exemplary sequences of the disclosure.
SEQ
D

Name Sequence NO:

IgG4 LSPG 21

region of

Cy3

truncated ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHT 22

IgG4 Cy FPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGP
PCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNW
YVDGVEVHNAKTKPREEQFNS TYRVV SVLTVLHODWLNGKEYKCKVSNK
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLY SRLTVDKSRWQEGNVFSCSVMHE
ALHNHYTQKSLSLS

IgG2 Cyy ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHT 23
FPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCC
VECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFN
WYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSN
KGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

truncated GQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY 13

IgG4 Cy3 KTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHY TQKSLS

LS

EXAMPLES

Example 1: Replacement of the IgG4 C,3 Constant
Regions Reduces Pre-Existing Immunoreactivity in
Some Patient Samples

[0137] Competitive inhibition studies were conducted to
characterize the high pre-existing reactivity signals observed
in some samples. Antibody reagents commercially obtained
or monoclonal antibodies specifically constructed for this
purpose were used in these studies. A list antibody constructs
or reagents that helped elucidate the specificity of this
pre-existing reactivity is provided in Table 2.

TABLE 2

Antibody/Reagent Name Properties

Isotype

Fc Hinge Region Constructs

Dupilumab [gG4k CPPC (Fc hinge sequence)
REGN-A [gG4k CPPC (Fc hinge sequence)
not specific to [L-4R.
REGN-B, C and E [gG4k CPPC (Fc hinge sequence)
Commercial IgG4 wild type  1gGdk CPSC (Fc hinge sequence)
(WT) wt IgG4 Fc
Commercially Available Isotype Antibodies

Human IgG1 IgGlk

Human IgG2 [gG2h

Human IgG3 [gG3k

Dupilumab & Bioengineered Antibodies

REGN-D (Dupilumab) [gG4K CPPC (Fc hinge sequence)

REGN-B IgG4k  Cy2-IgG4-Cpp3-IgGl

REGN-C IgG4k  Cy2-IgGa-Cy3 1445 > P

REGN-E [gG4k  Cpy2-IgG4-Cy3 truncated @
444

[0138] These antibody constructs were used at 200 pg/ml

as competitive inhibitors in the anti-drug antibody (ADA)

confirmation assay format. The format of the assay is shown
in FIG. 4 and the results of the assay are shown in FIG. 1
(FIG. 1 and FIG. 4). High percent inhibition in the assay
indicates that the given competitor was able to inhibit the
pre-existing reactivity signals in these samples, suggesting
that the competitor molecule contains a region to which the
pre-existing reactivity binds. Lower percent inhibitions indi-
cate that the competitor molecule does not contain a region
to which the pre-existing reactivity can bind. The reagents
listed in Table 1 above can be broadly grouped into three
categories, 1gGG4 backbone/Fc Hinge region constructs,
commercially available isotype antibodies and dupilumab
bioengineered constructs. Initial experiments examined
whether this high assay reactivity was directed towards the
CDR or the 1gG4 backbone of dupilumab. REGN-A is a
human monoclonal antibody that has the same IgG4 back-
bone as dupilumab, but a different CDR sequence and it does
not bind to 1L-4Re.

[0139] As shown in FIG. 1, competitive inhibition experi-
ments using both dupilumab and REGN-A demonstrated
significant inhibition of the high assay signals in the six
baseline samples from the patients examined. As the CDR
region sequences of these two antibodies are different, this
inhibition result suggests that the high signal reactivity is not
targeted to the CDR portion of dupilumab but rather to some
common antibody backbone sequences. Both dupilumab and
REGN-A contain an IgG1 “CPPC” hinge region sequence
that stabilizes the antibody hinge region in these IgG4
molecules. In order to determine if the pre-existing immu-
noreactivity is targeting this CPPC mutation, a commercial
IgG4x antibody which has the wild type (wt) CPSC
sequence at the hinge region was examined in the competi-
tive inhibition experiment. As can be seen in FI1G. 1, the wild
type IgG4 antibody also showed significant inhibition simi-
lar to dupilumab and REGN-A. This result suggests that the
high baseline assay signal is not directed to the CPPC hinge
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region mutation in dupilumab but is most likely directed
against the wild type constant regions of the IgG4 molecule.
These results indicate that the high signals observed at
baseline are not specific to dupilumab.

[0140] Additional experiments were conducted to deter-
mine whether this high assay pre-existing reactivity was
directed towards the constant region sequences that would
be common amongst the different IgG subtypes. Using the
same competitive inhibition approach, the impact of three
commercially obtained human IgGlxk, IgG2xk, IgG3k anti-
bodies on this pre-existing response was examined. None of
these antibodies inhibited the high baseline signals in these
samples (See FIG. 1). This suggested that the pre-existing
reactivity was most likely associated with a region that is
unique to the IgG4 constant region sequences and that was
not shared by any of the IgG subtypes tested.

[0141] A human monoclonal antibody (REGN-B) was
constructed which was similar to dupilumab except that the
IgG4 C,3 domain was replaced by an IgG1 C,3 domain
(See FIG. 2). This antibody was examined in the competition
studies to determine if the pre-existing reactivity was tar-
geted to the C,3 domain of dupilumab. REGN-B did not
significantly inhibit the high signals in the samples (see FIG.
1), suggesting that the pre-existing reactivity is most likely
targeting some region within the C,3 domain of the IgG4
molecule.

[0142] To further identify the area that may be associated
with these high signals within the C,3 domain of dupil-
umab, an amino acid sequence alignment of the C,,3 domain
of IgG4, IgG1 and 1gG2 antibodies was conducted (see FIG.
3). Differences at six individual amino acid positions
between the IgG4 and IgG1 C,,3 domain sequences and five
individual amino acid positions between the IgG4 and 1gG2
C;3 domain sequences were noted (See FIG. 3).

[0143] In IgG4 construct with a leucine (L) to proline (P)
substitution at position 445 was available and was examined
in the competitive inhibition assay. This construct did not
show significant inhibition of these high assay signals. This
indicated that the pre-existing reactivity was probably spe-
cific to the 1445 region of dupilumab. Additional samples
with high assay signal were examined in the competitive
inhibition assay using this construct with L to P substitution
at position 445 and similar low levels of inhibition were
observed. This appeared to confirm that the pre-existing
reactivity is specifically targeting the region around [.445.
Therefore a change from Leucine (in wt IgG4) to Proline
(present at the same position in wt IgG1, IgG2 and 1gG3) in
dupilumab abrogates this pre-existing response that leads to
the high signals in the ADA assay.

[0144] An IgG4 construct with a leucine (L) to proline (P)
substitution at position 445 was available and was examined
in the competitive inhibition assay. This construct did not
show significant inhibition of these high assay signals. This
indicated that the pre-existing reactivity was probably spe-
cific to the 1445 region of dupilumab. Additional samples
with high assay signal were examined in the competitive
inhibition assay using this construct with L to P substitution
at position 445 and similar low levels of inhibition were
observed. This appeared to confirm that the pre-existing
reactivity is specifically targeting the region around [.445.
Therefore a change from Leucine (in wt IgG4) to Proline
(present at the same position in wt IgG1, 1gG2 and 1gG3) in
dupilumab abrogates this pre-existing response that leads to
the high signals in the ADA assay.

Jan. 16, 2020

[0145] A second dupilumab based human monoclonal
antibody construct (REGN-C), was generated. This con-
struct is identical to dupilumab except for the insertion of a
point mutation at the 445 residue in the antibody sequence,
where a Leucine is changed to Proline (abbreviated as L>P).
REGN-C could not significantly inhibit the high signals in
the baseline samples that were tested (see FIG. 1 and FIG.
2). This confirmed that the pre-existing reactivity is specifi-
cally targeting the region around [.445 in dupilumab and
suggested that using this bioengineered dupilumab in the
ADA assay eliminates most if not all of the high level
background signal observed in the current ADA assay.
[0146] Further experiments were performed using two
additional antibodies, REGN-F and REGN-G, to demon-
strate that the modification of the 445 residue in the antibody
sequence from Leucine to Proline abrogates pre-existing
reactivity. As shown in FIG. 7, competitive inhibition
experiments using Dupilumab, REGN-F and REGN-G dem-
onstrated significant inhibition of the high assay signals in
the six baseline samples, thus showing the Dupilumab,
REGN-F and REGN-G exhibit a high level of pre-existing
reactivity. However, a substitution of Leucine for Proline at
position 445 of REGN-F and REGN-G; herein referred to as
REGN-F (1.445P) and REGN-G (L.445P) respectively, abro-
gated this pre-existing reactivity, as REGN-F and REGN-G
were unable to inhibit the high assay signals. REGN-F,
REGN-F (L445P), REGN-G and REGN-G (L.445P) were
also tested as reagents in a drug specific bridging anti-drug
antibody assay, similar to that described in FIG. 4. As shown
in FIGS. 8 and 9, when REGN-F and REGN-G were used
both as the capture and detection reagents demonstrated high
assay signal indicative of high pre-existing reactivity. In
contrast, when REGN-F (L445P) was used as the capture
reagent in combination with REGN-F as the detection
reagent (FIG. 8), or when REGN-G was used as the capture
reagent in combination with REGN-G (L445P) as the detec-
tion reagent (FIG. 9), the assay signal was significantly
reduced, demonstrating that the 1.445P substitutions abro-
gate the pre-existing reactivity. REGN-F and REGN-G
comprise distinct variable domains which are also different
from the variable domains of the antibodies tested in the
results shown in FIG. 1. Thus, the results shown in FIGS.
7-9 demonstrate that the pre-existing reactivity is indepen-
dent of the variable domains and the CDRs, and instead is
specific to the region around 1.445. Moreover, it demon-
strates that the [L445P substitution can be generally applied
to IgG4 antibodies regardless of the identity of their CDRs
to reduce pre-existing reactivity.

[0147] A region in the dupilumab sequence to which at
least most of the pre-existing reactivity is targeted has been
identified. The high signals in the ADA assay appear to have
been generated due to some matrix constituent in these
serum samples that can bridge between the labeled dupil-
umab molecules in the assay by binding at or near [.445 in
the C;,3 domain. This indicates that this pre-existing reac-
tivity is not dupilumab drug specific but can bind to any
1gGG4 molecule. Furthermore, the results suggest that using
this modified version of dupilumab with the L445P mutation
in the ADA assay eliminates most if not all of the high level
background signal.

Example 2: Development of a Modified Anti-Drug
Antibody (ADA) Assay that Reduces Background
Immunoreactivity in Patient Samples
[0148] A modified ADA assay was developed which uses
of a biotinylated REGN-C (with the 1.445P mutation) as the
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capture agent. FIG. 4 illustrates the difference in the assay
design between the current ADA assay and the modified
ADA assay using REGN-C. For the purpose of clarity, the
current ADA assay will be considered as “ADA assay #1”
and the modified ADA assay will be referred to as “ADA
assay #2.” FIG. 5 shows a comparative analysis of the ADA
screen signals obtained using the current ADA assay #1
versus ADA Assay #2, from all the patient baseline samples.
Panel 5A shows a plot of the signal to noise ratio generated
by these high ADA signal baseline samples in the current
ADA screen assay (Assay #1), whereas Panel 5B shows a
plot of the signal to noise ratio generated by the exact same
samples in the ADA Assay #2. The assay format of ADA
assay #2 significantly reduces the high signals observed in
the current ADA screen assay. Some samples still demon-
strate reactivity in ADA assay #2, but the number of screen
positives falls more in line with the expected false positive
rate for a screen assay and the signal response level for those
positive samples is generally much lower than that observed
using the current ADA assay. The observed drop of these
high assay signals to near baseline values in most cases in
ADA assay #2, should allow for the improved detection of
treatment emergent and drug specific ADAs in a patient
population.

Jan. 16, 2020

INCORPORATION BY REFERENCE

[0149] Every document cited herein, including any cross
referenced or related patent or application is hereby incor-
porated herein by reference in its entirety unless expressly
excluded or otherwise limited. The citation of any document
is not an admission that it is prior art with respect to any
disclosure disclosed or claimed herein or that it alone, or in
any combination with any other reference or references,
teaches, suggests or discloses any such disclosure. Further,
to the extent that any meaning or definition of a term in this
document conflicts with any meaning or definition of the
same term in a document incorporated by reference, the
meaning or definition assigned to that term in this document
shall govern.

Other Embodiments

[0150] While certain embodiments of the disclosure have
been illustrated and described, various other changes and
modifications can be made without departing from the spirit
and scope of the disclosure. The scope of the appended
claims includes all such changes and modifications that are
within the scope of this disclosure.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26

<210> SEQ ID NO 1

<211> LENGTH: 98

<212> TYPE: PRT

<213> ORGANISM: Homo sgapiens

<400> SEQUENCE: 1

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 95

Arg Val

<210> SEQ ID NO 2

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

«<400> SEQUENCE: 2

Ala Pro Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
20 25 30

Val Val Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyzr
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-continued
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35 40

Val Asp Gly Val Glu Val His Asn
50 55

Gln Phe Asn Ser Thr Tyr Arg Val
65 70

Gln Asp Trp Leu Asn Gly Lys Glu
85

Gly Leu Pro Ser Ser Ile Glu Lys
100

<210> SEQ ID NO 3

<211l> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Gly Gln Pro Arg Glu Pro Gln Val
1 5

Glu Met Thr Lys Asn Gln Val Ser
20

Tyr Pro Ser Asp Ile Ala Val Glu
35 40

Asn Asn Tyr Lys Thr Thr Pro Pro
50 55

Phe Leu Tyr Ser Arg Leu Thr Val
65 70

Asn Val Phe Ser Cys Ser Val Met
85

Thr Gln Lys Ser Leu Ser Leu Ser
100

<210> SEQ ID NO 4

<211> LENGTH: 327

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Ala Ser Thr Lys Gly Pro Ser Val
1 5

Ser Thr Ser Glu Ser Thr Ala Ala
20

Phe Pro Glu Pro Val Thr Val Ser
35 40

Gly Val His Thr Phe Pro Ala Val
50 55

Leu Ser Ser Val Val Thr Val Pro
65 70

Tyr Thr Cys Asn Val Asp His Lys
85

Arg Val Glu Ser Lys Tyr Gly Pro
100

Glu Phe Leu Gly Gly Pro Ser Val
115 120

Asp Thr Leu Met Ile Ser Arg Thr

Ala

Val

Tyr

Thr
105

Tyr

Leu

25

Trp

Val

Asp

His

Leu
105

Phe

Leu

25

Trp

Leu

Ser

Pro

Pro

105

Phe

Pro

Lys

Ser

Lys

20

Ile

Thr

10

Thr

Glu

Leu

Lys

Glu

90

Gly

Pro

10

Gly

Asn

Gln

Ser

Ser
90
Cys

Leu

Glu

Thr
Val
75

Cys

Ser

Leu

Cys

Ser

Asp

Ser

75

Ala

Lys

Leu

Cys

Ser

Ser

Ser

75

Asn

Pro

Phe

Val

Lys
60
Leu

Lys

Lys

Pro

Leu

Asn

Ser

60

Arg

Leu

Ala

Leu

Gly

Ser

60

Leu

Thr

Ser

Pro

Thr

45

Pro

Thr

Val

Ala

Pro

Val

Gly

45

Asp

Trp

His

Pro

Val

Ala

45

Gly

Gly

Lys

Cys

Pro
125

Cys

Arg

Val

Ser

Lys
110

Ser

Lys

30

Gln

Gly

Gln

Asn

Cys

Lys

30

Leu

Leu

Thr

Val

Pro
110

Lys

Val

Glu

Leu

Asn
95

Gln

15

Gly

Pro

Ser

Glu

His
95

Ser

15

Asp

Thr

Tyr

Lys

Asp

95

Ala

Pro

Val

Glu
His
80

Lys

Glu

Phe

Glu

Phe

Gly

80

Tyr

Arg

Tyr

Ser

Ser

Thr

80

Lys

Pro

Lys

Val
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-continued

130 135 140

Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
210 215 220

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225 230 235 240

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325

<210> SEQ ID NO 5

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp
1 5 10 15

Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
20 25 30

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
35 40 45

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

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
65 70 75 80

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
85 90 95

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

100 105

<210> SEQ ID NO 6

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu
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-continued

1 5 10 15

Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
20 25 30

Tyr Pro Ser Asp Ile Ser Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
35 40 45

Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe
50 55 60

Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly
65 70 75 80

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
85 90 95

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
100 105

<210> SEQ ID NO 7

<211l> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu
1 5 10 15

Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
20 25 30

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu
35 40 45

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

Phe Leu Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly
65 70 75 80

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr
85 90 95

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
100 105

<210> SEQ ID NO 8

<211> LENGTH: 327

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys 2sp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val 2sp Lys
85 90 95

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
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-continued

100 105 110

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
210 215 220

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225 230 235 240

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320

Leu Ser Leu Ser Pro Gly Lys
325

<210> SEQ ID NO 9

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Heavy Chain CDR1

<400> SEQUENCE: 9

Gly Phe Thr Phe Arg Asp Tyr Ala
1 5

<210> SEQ ID NO 10

<211> LENGTH: 8

<212> TYPE: PRT

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

<223> OTHER INFORMATION: Heavy Chain CDR2

<400> SEQUENCE: 10

Ile Ser Gly Ser Gly Gly Asn Thr
1 5

<210> SEQ ID NO 11

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
«<220> FEATURE:
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<223> OTHER INFORMATION: Heavy Chain CDR3

<400> SEQUENCE: 11

Ala Lys Asp Arg Leu Ser Ile Thr Ile Arg Pro Arg Tyr Tyr Gly Leu

1 5

<210> SEQ ID NO 12
<211> LENGTH: 11
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

10

<223> OTHER INFORMATION: Light Chain CDR1

<400> SEQUENCE: 12

Gln Ser Leu Leu Tyr Ser Ile Gly Tyr Asn Tyr

1 5

<210> SEQ ID NO 13

<211l> LENGTH: 104

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Gly Gln Pro Arg Glu Pro Gln
1 5

Glu Met Thr Lys Asn Gln Val
20

Tyr Pro Ser Asp Ile Ala Val
35

Asn Asn Tyr Lys Thr Thr Pro
50 55

Phe Leu Tyr Ser Arg Leu Thr
65 70

Asn Val Phe Ser Cys Ser Val
85

Thr Gln Lys Ser Leu Ser Leu
100

<210> SEQ ID NO 14
<211> LENGTH: 9
<212> TYPE: PRT

Val

Ser

Glu

40

Pro

Val

Met

Ser

Tyr

Leu

25

Trp

Val

Asp

His

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

10

Thr

10

Thr

Glu

Leu

Lys

Glu
90

Leu

Cys

Ser

Asp

Ser

75

Ala

<223> OTHER INFORMATION: Light Chain CDR3

<400> SEQUENCE: 14

Met Gln Ala Leu Gln Thr Pro Tyr Thr

1 5

<210> SEQ ID NO 15

<211> LENGTH: 124

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Pro

Leu

Asn

Ser

60

Arg

Leu

Pro

Val

Gly

45

Asp

Trp

His

Ser

Lys

30

Gln

Gly

Gln

Asn

15

Gln

15

Gly

Pro

Ser

Glu

His
95

Glu

Phe

Glu

Phe

Gly

80

Tyr

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Glu Gln Pro Gly Cly

1 5

10

15

Ser Leu Arg Leu Ser Cys Ala Gly Ser Gly Phe Thr Phe Arg Asp Tyr

20

25

30
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-continued

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

Ser Ser Ile Ser Gly Ser Gly Gly Asn Thr Tyr Tyr Ala Asp Ser Val
50 55 60

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

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

Ala Lys Asp Arg Leu Ser Ile Thr Ile Arg Pro Arg Tyr Tyr Gly Leu
100 105 110

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

<210> SEQ ID NO 16

<21l> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

Asp Ile Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
1 5 10 15

Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Leu Tyr Ser
20 25 30

Ile Gly Tyr Asn Tyr Leu Asp Trp Tyr Leu Gln Lys Ser Gly Gln Ser
35 40 45

Pro Gln Leu Leu Ile Tyr Leu Gly Ser Asn Arg Ala Ser Gly Val Pro
50 55 60

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

Ser Arg Val Glu Ala Glu Asp Val Gly Phe Tyr Tyr Cys Met Gln 2Ala
85 90 85

Leu Gln Thr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105 110

<210> SEQ ID NO 17

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17
Ala Pro Glu Phe Leu Gly

1 5

<210> SEQ ID NO 18

<211> LENGTH: 207

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Met Lys Val Leu Gln Glu Pro Thr Cys Val Ser Agp Tyr Met Ser Ile
1 5 10 15

Ser Thr Cys Glu Trp Lys Met Asn Gly Pro Thr Asn Cys Ser Thr Glu
20 25 30

Leu Arg Leu Leu Tyr Gln Leu Val Phe Leu Leu Ser Glu Ala His Thr
35 40 45

Cys Ile Pro Glu Asn Asn Gly Gly Ala Gly Cys Val Cys His Leu Leu
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-continued

50 55 60

Met Asp Asp Val Val Ser Ala Asp Asn Tyr Thr Leu Asp Leu Trp Ala
65 70 75 80

Gly Gln Gln Leu Leu Trp Lys Gly Ser Phe Lys Pro Ser Glu His Val
85 90 95

Lys Pro Arg Ala Pro Gly Asn Leu Thr Val His Thr Asn Val Ser 2sp
100 105 110

Thr Leu Leu Leu Thr Trp Ser Asn Pro Tyr Pro Pro Asp Asn Tyr Leu
115 120 125

Tyr Asn His Leu Thr Tyr Ala Val Asn Ile Trp Ser Glu Asn Asp Pro
130 135 140

Ala Asp Phe Arg Ile Tyr Asn Val Thr Tyr Leu Glu Pro Ser Leu Arg
145 150 155 160

Ile Ala Ala Ser Thr Leu Lys Ser Gly Ile Ser Tyr Arg Ala Arg Val
165 170 175

Arg Ala Trp Ala Gln Cys Tyr Asn Thr Thr Trp Ser Glu Trp Ser Pro
180 185 190

Ser Thr Lys Trp His Asn Ser Tyr Arg Glu Pro Phe Glu Gln His
195 200 205

<210> SEQ ID NO 19

<21l> LENGTH: 330

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys
1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 2sp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr
65 70 75 80

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 110

Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 155 160

Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 170 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
180 185 190

His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205
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-continued

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
210 215 220

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

Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
275 280 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly 2sn
290 295 300

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330

<210> SEQ ID NO 20

<21l> LENGTH: 327

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys 2Zsp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro
100 105 110

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
130 135 140

Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
210 215 220

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225 230 235 240
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-continued

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320

Leu Ser Leu Ser Leu Gly Lys
325

<210> SEQ ID NO 21

<211l> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21
Leu Ser Pro Gly

1

<210> SEQ ID NO 22

<21l> LENGTH: 324

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys 2sp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Arg Val Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro Ala Pro
100 105 110

Glu Phe Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
115 120 125

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Vval
130 135 140

Asp Val Ser Gln Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp
145 150 155 160

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe
165 170 175

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
180 185 190

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu
195 200 205
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-continued

Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro 2Arg
210 215 220

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys
225 230 235 240

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
245 250 255

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
260 265 270

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
275 280 285

Arg Leu Thr Val Asp Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser
290 295 300

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
305 310 315 320

Leu Ser Leu Ser

<210> SEQ ID NO 23

<211l> LENGTH: 326

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg
1 5 10 15

Ser Thr Ser Glu Ser Thr Ala Ala Leu Gly Cys Leu Val Lys 2Zsp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

Leu Ser Ser Val Val Thr Val Pro Ser Ser Asn Phe Gly Thr Gln Thr
65 70 75 80

Tyr Thr Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 90 85

Thr Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro 2la Pro
100 105 110

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
115 120 125

Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val 2Asp
130 135 140

Val Ser His Glu Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly
145 150 155 160

Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn
165 170 175

Ser Thr Phe Arg Val Val Ser Val Leu Thr Val Val His Gln Asp Trp
180 185 190

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro
195 200 205

Ala Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Gln Pro Arg Glu
210 215 220

Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr Lys Asn
225 230 235 240
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-continued

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
245 250 255

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
260 265 270

Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
275 280 285

Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys
290 295 300

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
305 310 315 320

Ser Leu Ser Pro Gly Lys
325

<210> SEQ ID NO 24

<211l> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro
1 5 10 15

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr
20 25 30

Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
35 40 45

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr
50 55 60

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
65 70 75 80

Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe
85 90 85

Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys
100 105 110

Ser Leu Ser Leu Ser Pro Gly Lys
115 120

<210> SEQ ID NO 25

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Thr Lys Gly Gln Pro
1 5 10 15

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr
20 25 30

Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser
35 40 45

Agp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Ash Ash Tyr
50 55 60

Lys Thr Thr Pro Pro Met Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
65 70 75 80

Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe
85 90 95
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-continued

Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys

100 105
Ser Leu Ser Leu Ser Pro Gly Lys
115 120

<210>» SEQ ID NO 26

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

Ile Glu Thr Ile Ser Ala

10

Leu Pro Ser Ser
1

Lys Lys Lys

Gln Val Thr Gln Glu

20

Glu Pro Pro Ser

25

Arg Pro Tyr Leu

Val Thr Val Phe

45

Gln
35

Lys Asn Ser Leu Cys Leu

40

Lys Gly

Ile
50

Ala Val Glu Gln Glu

55

Glu Pro

60

Asp Trp Ser Asn Gly

Thr Thr Val

70

Lys Pro Pro Leu Ser Ser Phe

65

Asp Asp Gly

Thr Val

85

Ser Arg Leu Agp Lys Ser Arg Trp Gln Glu

90

Gly

Val
100

Glu Ala Leu His Asn His

105

Ser Cys Ser Met His Tyr

Ser Leu Ser Leu

115

Ser Leu Gly Lys

120

110

Gly

Glu

30

Tyr

Asn

Phe

Asn

Thr
110

Gln
15

Pro

Met Thr

Pro Ser

Asn Tyr

Leu Tyr

80
Val
95

Phe

Gln Lys

What is claimed is:

1. A non-naturally occurring monoclonal antibody com-
prising a C-terminal heavy chain sequence comprising a
sequence selected fron the group consisting of SEQ ID NO:
7 and SEQ ID NO: 13, or an antigen-binding portion thereof.

2. The antibody of claim 1, wherein the C-terminal heavy
chain sequence is a C;3 domain sequence.

3. The antibody of claim 1, wherein the C-terminal heavy
chain sequence comprises SEQ ID NO: 7.

4. The antibody of claim 1, wherein the C-terminal heavy
chain sequence comprises SEQ ID NO: 13.

5. The antibody of claim 3, wherein the C-terminal heavy
chain sequence comprises a CH domain sequence compris-
ing SEQ ID NO: 8.

6. The antibody of claim 4, wherein the C-terminal heavy
chain sequence comprises a CH domain sequence compris-
ing SEQ ID NO: 22.

7. The antibody of claim 1, wherein the antibody further
comprises a V,; CDRI1 region comprising the amino acid
sequence SEQ ID NO: 9; a V,, CDR2 region comprising the
amino acid sequence of SEQ ID NO: 10; a V,, CDR3 region
comprising the amino acid sequence of SEQ ID NO: 11; a
V, CDRI1 region comprising the amino acid sequence of
SEQ ID NO: 12; a V, CDR2 region comprising the amino
acid sequence of LGS; a V,; CDR3 region comprising the
amino acid sequence of SEQ 1D NO: 14.

8. A non-naturally occurring monoclonal antibody,
wherein the antibody comprises a V,; CDRI region com-
prising the amino acid sequence SEQ ID NO: 9; aV,, CDR2

region comprising the amino acid sequence of SEQ 1D NO:
10; a V,; CDR3 region comprising the amino acid sequence
of SEQIDNO: 11; aV, CDRI region comprising the amino
acid sequence of SEQ ID NO: 12; a V, CDR2 region
comprising the amino acid sequence of LGS; a V, CDR3
region comprising the amino acid sequence of SEQ 1D NO:
14, and a C,3 domain comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 5, SEQ
ID NO: 6, SEQ ID NO: 7 and SEQ ID NO: 13, or an
antigen-binding portion thereof.

9. The antibody of claim 1, wherein the antibody com-
prises a heavy chain variable region comprising the amino
acid sequence of SEQ ID NO: 15, and a light chain variable
region comprising the amino acid sequence of SEQ ID NO:
16, or an antigen-binding portion thereof.

10. The antibody of claim 1, wherein the antibody com-
prises an IgG4 C,l region comprising the amino acid
sequence of SEQ ID NO: 1.

11. The antibody of claim 1, wherein the antibody com-
prises an IgG4 C,2 region comprising the amino acid
sequence of SEQ ID NO: 2.

12. The antibody of claim 11, wherein the IgG4 C,2
region comprises a hinge region, wherein the hinge region
comprises the sequence of APEFLG (SEQ ID NO: 17).

13. The antibody of claim 1, wherein said antibody
mitigates high background signal during an immunogenicity
analysis.
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14. An assay comprising
(a) a solid support, wherein a first component is operably-
linked to the solid support;
(b) at least one capture agent,
wherein a second component is operably-linked to the
at least one capture agent,

wherein the capture agent comprises a first non-natu-
rally occurring monoclonal antibody of any of claim
1, and

(c) at least one detection agent,

wherein a detectable label is operably-linked to the
detection agent, wherein the detection agent com-
prises a second non-naturally occurring monoclonal
antibody of any of claim 1, and

wherein the first component and the second component
selectively bind to one another.

15. The assay of claim 14, wherein the detection agent
comprises dupilumab.

16. The assay of claim 14, wherein the first component
comprises streptavidin and the second component comprises
biotin.

17. An assay comprising

(a) a solid support, wherein a first component is operably-
linked to the solid support;

(b) at least one capture agent, wherein a second compo-
nent is operably-linked to the at least one capture agent
and wherein the capture agent comprises the non-
naturally occurring monoclonal antibody of claim 1;
and

(c) at least one detection agent, wherein a detectable label
is operably-linked to the detection agent and wherein
the detection agent comprises dupilumab;

wherein the first component and the second component
selectively bind to one another.

18. The assay of claim 17, wherein the first component
comprises streptavidin and the second component comprises
biotin.

19. The assay of claim 17, wherein the at least one capture
agent does not bind an antibody that does not specifically
bind to a sequence of a variable region of dupilumab.

20. The assay of claim 17, wherein the at least one capture
agent and the at least one detection agent binds to an
antibody that specifically binds to a sequence of a variable
region of dupilumab.

Jan. 16, 2020

21. A method of determining a level of immunogenicity of
a monoclonal antibody therapy in a subject, comprising

(a) contacting a biological sample from the subject with

the assay of claim 14 under conditions suitable to allow
binding of at least one antibody in the biological
sample with the at least one capture agent and to the at
least one detection agent, wherein the subject has been
administered the monoclonal antibody therapy prior to
the contacting step,

(b) detecting a signal from the at least one detection agent,

and

(c) identifying the level of immunogenicity of the subject

as high when the signal from (b) is above a threshold
value or

(d) identifying the level of immunogenicity of the subject

as low when the signal from (b) is below the threshold
value.

22. The method of claim 21, wherein the monoclonal
antibody therapy comprises an antibody comprising a C-tet-
minal heavy chain sequence comprising a sequence selected
from the group consisting of SEQ ID NO: 7 and SEQ ID
NO: 13.

23. The method of claim 21, wherein the monoclonal
antibody therapy comprises dupilumab.

24. The method of claim 21, wherein the threshold is a
predetermined value or a safety threshold.

25. The method of claim 21, wherein the monoclonal
antibody therapy is beginning and the level of immunoge-
nicity is a baseline level.

26. The method of claim 21, wherein the monoclonal
antibody therapy is ongoing and the level of immunogenic-
ity is a subsequent level.

27. The method of claim 21, wherein the monoclonal
antibody therapy is ending and the level of immunogenicity
is a final level.

28. The method of claim 21, wherein the subject has an
inflammatory disease or disorder, an autoimmune disease or
disorder, an allergic disease or disorder, an immune disease
or disorder, a benign proliferative disease or disorder, atopic
dermatitis, asthma, allergic rhinitis, allergic conjunctivitis,
eosinophilic esophagitis, nasal polyps or any combination
thereof.
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