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MULTIPLE SPECIFICITY BINDERS OF CXC 
CHEMOKINES AND USES THEREOF 

RELATED INFORMATION PARAGRAPH 

[ 0001 ] This application claims the benefit of the priority 
date of U.S. Provisional Application No. 62 / 546,814 , filed 
on Aug. 17 , 2017 , the content of which is hereby incorpo 
rated by reference in its entirety . 

BACKGROUND 

[ 0002 ] Chronic inflammatory diseases usually involve 
multiple ligands that act synergistically through promiscu 
ous and diverse receptors ( Cho , J. H & Feldman , M. , Nat 
Med . 21 , 730-738 ( 2015 ) ) . This complexity is well exem 
plified by the ELR + CXC chemokine system , a large family 
of secreted proteins that play a prominent role in the 
development and progression of numerous inflammatory 
diseases , including rheumatoid arthritis ( RA ) ( Cho , J. H & 
Feldman , M. , Nat Med . 21 , 730-738 ( 2015 ) ; Charo , I. F. & 
Ransohoff , R. M. N. Engl . J. Med . 354 , 610-621 ( 2006 ) ; 
Viola , A. & Luster , A. D. Annu . Rev. Pharmacol . Toxicol . 48 , 
171-197 ( 2008 ) . 
[ 0003 ] Despite their clinical and commercial success , 
monoclonal antibodies often fail to reduce the level of small 
antigens in circulation . For example , while small chemok 
ines ( ~ 8-10 kDa ) are rapidly eliminated through renal fil 
tration ( 11/2 < 10 min ) ( Van Zee , K. J. et al . J Immunol 148 , 
1746-1752 ( 1992 ) ) , strategies targeting single or multiple 
chemokines using large monoclonal antibodies ( 150 kDa ) 
that are long - lived in circulation ( t1 / 2 ~ 2 weeks ) extends the 
systemic lifetimes of chemokines , thus increasing circulat 
ing chemokine levels . This buffering effect has been experi 
mentally observed with numerous antibodies targeting small 
antigens ( Mihara , M. , Koishihara , Y. , Fukui , H. , Yasukawa , 
K. & Ohsugi , Y , Immunology 74 , 55-59 ( 1991 ) ; Finkelman , 
F. D. et al . J Immunol 151 , 1235-1244 ( 1993 ) ; May , L. T. et 
al . J Immunol 151 , 3225-3236 ( 1993 ) ; Jayson , G. C. et al . 
Eur J Cancer 41 , 555-563 ( 2005 ) ; Mostbock , S. Curr Pharm 
Des 15 , 809-825 ( 2009 ) ; Letourneau , S. et al . Proceedings 
of the National Academy of Sciences of the United States of 
America 107 , 2171-2176 ( 2010 ) ; O'Hear , C. & Foote , J. Eur 
J Haematol 84 , 252-258 ( 2010 ) ) , including chemokines 
( Haringman , J. J. et al Arthritis and rheumatism 54 , 2387 
2392 ( 2006 ) ) , and is consistent with the affinity , binding 
kinetics and pharmacokinetic profiles of the circulating 
antibody - small antigen complexes in the absence of efficient 
clearance ( O’Hear , C. E. & Foote , J. Proceedings of the 
National Academy of Sciences of the United States of 
America 102 , 40-44 ( 2005 ) ) . Furthermore , functional full 
length antibodies that are able to recruit additional immune 
system cells via FcyR receptors are not ideal for the treat 
ment of inflammatory diseases that exploit autoantibodies . 
[ 0004 ] As chronic inflammatory diseases are complex and 
involve multiple ligands and receptors acting in concert , 
therapies targeting a single pathological molecule are often 
insufficient to achieve the desired clinical outcome . Accord 
ingly , therapeutics that bind multiple targets are needed . 

tiple homologus and orthologus targets , and are capable of 
preventing and reversing inflammation in an autoimmune 
model . 
[ 0006 ] Accordingly , in some aspects the disclosure pro 
vides fusion proteins comprising a multispecific variable 
region operably coupled a polymer , wherein the multi 
specific variable region binds to at least four ELR + CXC 
chemokines . In some aspects , the fusion protein comprises 
a multispecific variable region that binds human or murine 
ELR + CXC chemokines . In other aspects , the fusion protein 
comprises a multispecific variable region that binds human 
and murine ELR + CXC chemokines . In some aspects , the 
disclosure provides a fusion protein comprising a multispe 
cific variable region that binds at least four ELR + CXC 
chemokines selected from the group consisting of : human 
CXCL1 ( Groa ) , human CXCL2 ( Groß ) , human CXCL3 
( Groy ) , human CXCL5 ( ENA - 78 ) , human CXCL6 ( GCP - 2 ) , 
human CXCL7 ( NAP - 2 ) , human CXCLS ( IL - 8 ) , murine 
CXCL1 ( KC ) , murine CXCL2 ( MIP - 2 ) , murine CXCL3 
( DCIP - 1 ) , murine CXCL5 ( LIX ) , and murine CXCL7 
( NAP - 2 ) . In some aspects , the at least four ELR + CXC 
chemokines are hCXCL1 , hCXCL2 , hCXCL3 and 
mCXCL1 . 
[ 0007 ] In some aspects , the disclosure provides a fusion 
protein comprising a multispecific variable region that binds 
at least five , at least six , at least seven , at least eight , at least 
nine , at least ten , at least eleven , or at least twelve ELR + 
CXC chemokines selected from the group consisting of : 
human CXCL1 ( Groa ) , human CXCL2 ( Groß ) , human 
CXCL3 ( Groy ) , human CXCL5 ( ENA - 78 ) , human CXCL6 
( GCP - 2 ) , human CXCL7 ( NAP - 2 ) , human CXCLS ( IL - 8 ) , 
murine CXCL1 ( KC ) , murine CXCL2 ( MIP - 2 ) , murine 
CXCL3 ( DCIP - 1 ) , murine CXCL5 ( LIX ) , and murine 
CXCL7 ( NAP - 2 ) . In some aspects , the at least six chemo 
kines are human CXCL1 , human CXCL5 , human CXCL8 , 
murine CXCL1 , murine CXCL2 and murine CXCL5 . In 
other aspects , the at least eleven chemokines are human 
CXCL8 , murine CXCL2 , murine CXCL1 , murine CXCL3 , 
human CXCL7 , human CXCL5 , human CXCL1 , murine 
CXCL5 , human CXCL3 , human CXCL2 , and human 
CXCL6 
[ 0008 ] In any of the foregoing aspects , the multispecific 
variable region is operably coupled to a polymer via a linker . 
In some aspects , the linker is a Gly - Ser linker . 
[ 0009 ] In some aspects , the disclosure provides a fusion comprising a multispecific variable region operably coupled 
to a polymer , wherein the multispecific variable region is a 
scFv . In some aspects , the scFv is operably coupled to the 
C - terminus of the polymer . In some aspects , the scFv is 
operably coupled to the N - terminus of the polymer . In some 
aspects , the scFv is operably coupled to the polymer via a 
linker . In some aspects , the linker is a Gly - Ser linker . 
[ 0010 ] In some aspects , the disclosure provides a fusion 
protein comprising a multispecific variable region described 
herein operably coupled to a polymer , wherein the polymer 
is a serum albumin moiety . In some aspects , the serum 
albumin moiety is mouse serum albumin . In other aspects , 
the serum albumin moiety is human serum albumin . In other 
aspects , the disclosure provides a fusion protein comprising 
a multispecific variable region operably coupled to a poly 
mer , wherein the polymer is an Fc domain . 
[ 0011 ] In any of the foregoing aspects , the disclosure 
provides a fusion protein wherein the multispecific variable 
region comprises a heavy chain variable region and a light 

SUMMARY OF THE DISCLOSURE 

[ 0005 ] The present disclosure is based on the discovery of 
engineered crossreactive therapeutic proteins that bind mul 
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chain variable region , wherein the heavy chain variable 
region comprises an amino acid sequence as set forth in SEQ 
ID NOs : 1 , 11 or 21 . 
[ 0012 ] In any of the foregoing aspects , the disclosure 
provides a fusion protein wherein the multispecific variable 
region comprises a heavy chain variable region and a light 
chain variable region , wherein the light chain variable region 
comprises an amino acid sequence as set forth in SEQ ID 
NOs : 2 , 12 or 22 . 
[ 0013 ] In any of the foregoing aspects , the disclosure 
provides a fusion protein wherein the multispecific variable 
region comprises a heavy chain variable region and a light 
chain variable region , wherein the heavy chain variable 
region comprises an amino acid sequence as set forth in SEQ 
ID NOs : 1 , 11 or 21 , and wherein the light chain variable 
region comprises an amino acid sequence as set forth in SEQ 
ID NOs : 2 , 12 or 22 . 
[ 0014 ] In other aspects , the disclosure provides a fusion 
protein comprising a multispecific variable region operably 
coupled to a serum albumin moiety , wherein the multispe 
cific variable region binds to at least four ELR + CXC 
chemokines , and wherein the multispecific variable region 
comprises a heavy chain variable region and a light chain 
variable region comprising the amino acid sequences set 
forth in : 
[ 0015 ] ( a ) SEQ ID NOs : 1 and 2 , respectively ; 
[ 0016 ] ( b ) SEQ ID NOs : 11 and 12 , respectively ; or 
[ 0017 ] ( c ) SEQ ID NOs : 21 and 22 , respectively . 
[ 0018 ] In another aspect , the disclosure provides a multi 
specific variable region operably coupled to a serum albu 
min moiety , wherein the multispecific variable region binds 
to at least four ELR + CXC chemokines , and wherein the 
multispecific variable region comprises a heavy chain vari 
able region and light chain variable region comprising 
amino acid sequences having 90 % identity to the amino acid 
sequences set forth in : 
[ 0019 ] ( a ) SEQ ID NOs : 1 and 2 , respectively ; 
[ 0020 ] ( b ) SEQ ID NOs : 11 and 12 , respectively ; or 
[ 0021 ] ( c ) SEQ ID NOs : 21 and 22 , respectively . 
[ 0022 ] In some ects , the disclosure provides a fusion 
protein , comprising a multispecific variable region operably 
coupled to a serum albumin moiety , wherein the multispe 
cific variable region binds to at least four ELR + CXC 
chemokines , and wherein the multispecific variable region 
comprises heavy and light chain CDRs selected from the 
group consisting of : 
[ 0023 ] ( a ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 5 , 6 and 7 , respectively , 
and light chain CDR1 , CDR2 and CDR3 sequences set forth 
in SEQ ID NOs : 8 , 9 and 10 , respectively ; 
[ 0024 ] ( b ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 15 , 16 and 17 , respec 
tively , and light chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 18 , 19 and 20 , respectively ; and 
[ 0025 ] ( c ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 25 , 26 and 27 , respec 
tively , and light chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 28 , 29 and 30 , respectively . 
[ 0026 ] In another aspect , the disclosure provides a fusion 
protein , comprising a multispecific variable region operably 
coupled to a serum albumin moiety , wherein the multispe 
cific variable region binds to at least four ELR + CXC 
chemokines , and wherein the multispecific variable region 
comprises heavy and light chain variable regions , wherein 

the heavy chain variable region comprises an amino acid 
sequence selected from the group consisting of SEQ ID 
NOs : 1 , 11 and 21 ; and wherein the light chain variable 
region comprises an amino acid sequence selected from the 
group consisting of SEQ ID NOs : 2 , 12 and 22 . 
[ 0027 ] In another aspect , the disclosure provides a fusion 
protein , comprising a multispecific variable region operably 
coupled to a serum albumin moiety , wherein the multispe 
cific variable region binds to at least four ELR + CXC 
chemokines , and wherein the multispecific variable region 
comprises heavy chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 5 , 6 and 7 , respectively , and light 
chain CDR1 , CDR2 and CDR3 sequences set forth in SEQ 
ID NOs : 8 , 9 and 10 , respectively . In another aspect , the 
disclosure provides a fusion protein , comprising a multispe 
cific variable region operably coupled to a serum albumin 
moiety , wherein the multispecific variable region binds to at 
least human CXCL8 , murine CXCL2 , murine CXCL1 , 
murine CXCL3 , human CXCL7 , human CXCL5 , human 
CXCL1 , murine CXCL5 , human CXCL3 , human CXCL2 , 
and human CXCL6 , and wherein the multispecific variable 
region comprises heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 5 , 6 and 7 , respectively , 
and light chain CDR1 , CDR2 and CDR3 sequences set forth 
in SEQ ID NOs : 8 , 9 and 10 , respectively . 
[ 0028 ] In yet another aspect , the disclosure provides a 
fusion protein , comprising a multispecific variable region 
operably coupled to a serum albumin moiety , wherein the 
multispecific variable region binds to at least four ELR + 
CXC chemokines , and wherein the multispecific variable 
region comprises heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 25 , 26 and 27 , respec 
tively , and light chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 28 , 29 and 30 , respectively . In yet 
another aspect , the disclosure provides a fusion protein , 
comprising a multispecific variable region operably coupled 
to a serum albumin moiety , wherein the multispecific vari 
able region binds to at least murine CXCL1 , human CXCL1 , 
human CXCL3 , and human CXCL2 , and wherein the mul 
tispecific variable region comprises heavy chain CDR1 , 
CDR2 and CDR3 sequences set forth in SEQ ID NOs : 25 , 
26 and 27 , respectively , and light chain CDR1 , CDR2 and 
CDR3 sequences set forth in SEQ ID NOs : 28 , 29 and 30 , 
respectively . 
[ 0029 ] In another aspect , the disclosure provides a fusion 
protein comprising an amino acid sequence selected from 
the group consisting of SEQ ID Nos : 95-105 and 160-170 . 
[ 0030 ] In another aspect , the disclosure provides a fusion 
protein comprising an amino acid sequence having at least 
90 % identity to an amino acid sequence selected from the 
group consisting of SEQ ID Nos : 95-105 and 160-170 . 
[ 0031 ] In any of the foregoing aspects , the fusion protein 
inhibits binding of ELR + CXC chemokines to their cognate 
CXCR1 and CXCR2 . 
[ 0032 ] In another aspect , the disclosure provides an iso 
lated monoclonal antibody , or binding fragment thereof , that 
binds to at least four ELR + CXC chemokines . In some 
aspects , the isolated monoclonal antibody , or binding frag 
ment thereof , binds human or murine ELR + CXC chemo 
kines . In some aspects , the isolated monoclonal antibody , or 
binding fragment thereof , binds human and murine ELR + 
CXC chemokines . In some aspects , the disclosure provides 
an isolated monoclonal antibody , or binding fragment 
thereof , that binds to at least four ELR + CXC chemokines 
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selected from the group consisting of : human CXCL1 
( Groa ) , human CXCL2 ( Groß ) , human CXCL3 ( Groy ) , 
human CXCL5 ( ENA - 78 ) , human CXCL6 ( GCP - 2 ) , human 
CXCL7 ( NAP - 2 ) , human CXCLS ( IL - 8 ) , murine CXCL1 
( KC ) , murine CXCL2 ( MIP - 2 ) , murine CXCL3 ( DCIP - 1 ) , 
murine CXCL5 ( LIX ) , and murine CXCL7 ( NAP - 2 ) . In 
some aspects , the at least four ELR + CXC chemokines are 
hCXCL1 , hCXCL2 , hCXCL3 and mCXCL1 
[ 0033 ] In some aspects , the disclosure provides an isolated 
monoclonal antibody , or binding fragment thereof that binds 
at least five , at least six , at least seven , at least eight , at least 
nine , at least ten , at least eleven , or at least twelve ELR + 
CXC chemokines selected from the group consisting of : 
human CXCL1 ( Groa ) , human CXCL2 ( Groß ) , human 
CXCL3 ( Groy ) , human CXCL5 ( ENA - 78 ) , human CXCL6 
( GCP - 2 ) , human CXCL7 ( NAP - 2 ) , human CXCLS ( IL - 8 ) , 
murine CXCL1 ( KC ) , murine CXCL2 ( MIP - 2 ) , murine 
CXCL3 ( DCIP - 1 ) , murine CXCL5 ( LIX ) , and murine 
CXCL7 ( NAP - 2 ) . In some aspects , the at least six chemo 
kines are human CXCL1 , human CXCL5 , human CXCL8 , 
murine CXCL1 , murine CXCL2 and murine CXCL5 . In 
other aspects , the at least eleven chemokines are human 
CXCL8 , murine CXCL2 , murine CXCL1 , murine CXCL3 , 
human CXCL7 , human CXCL5 , human CXCL1 , murine 
CXCL5 , human CXCL3 , human CXCL2 , and human 
CXCL6 . 
[ 0034 ] In any of the foregoing aspects , the binding frag 
ment thereof is a single chain variable fragment ( scFv ) . 
[ 0035 ] In any of the foregoing aspects , the antibody or 
binding fragment thereof comprises a heavy chain variable 
region and a light chain variable region , wherein the heavy 
chain variable region comprises an amino acid sequence as 
set forth in SEQ ID NOs : 1 , 11 or 21 . 
[ 0036 ] In any of the foregoing aspects , the antibody or 
binding fragment thereof , comprises a heavy chain variable 
region and a light chain variable region , wherein the light 
chain variable region comprises an amino acid sequence as 
set forth in SEQ ID NOs : 2 , 12 or 22 . 
[ 0037 ] In any of the foregoing aspects , the antibody or 
binding fragment thereof , comprises a heavy chain variable 
region and a light chain variable region , wherein the heavy 
chain variable region comprises an amino acid sequence as 
set forth in SEQ ID NOs : 1 , 11 or 21 , and wherein the light 
chain variable region comprises an amino acid sequence as 
set forth in SEQ ID NOs : 2 , 12 or 22 . 
[ 0038 ] In another aspect , the disclosure provides an iso 
lated monoclonal antibody , or binding fragment thereof , that 
binds to at least four ELR + CXC chemokines , comprising a 
heavy chain variable region and light chain variable region 
comprising the amino acid sequences set forth in : 
[ 0039 ] ( a ) SEQ ID NOs : 1 and 2 , respectively ; 
[ 0040 ] ( b ) SEQ ID NOs : 11 and 12 , respectively ; or 
[ 0041 ] ( c ) SEQ ID NOs : 21 and 22 , respectively . 
[ 0042 ] In other aspects , the disclosure provides an isolated 
monoclonal antibody , or binding fragment thereof , that 
binds at least four ELR + CXC chemokines , comprising a 
heavy chain variable region and light chain variable region 
comprising amino acid sequences having 90 % identity to the 
amino acid sequences set forth in : 
[ 0043 ] ( a ) SEQ ID NOs : 1 and 2 , respectively ; 
[ 0044 ] ( b ) SEQ ID NOs : 11 and 12 , respectively ; or 
[ 0045 ] ( c ) SEQ ID NOs : 21 and 22 , respectively . 
[ 0046 ] In another aspect , the disclosure provides an iso 
lated monoclonal antibody , or binding fragment thereof , that 

binds at least four ELR + CXC chemokines , comprising 
heavy and light chain CDRs selected from the group con 
sisting of : 
[ 0047 ] ( a ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 5 , 6 and 7 , respectively , 
and light chain CDR1 , CDR2 and CDR3 sequences set forth 
in SEQ ID NOs : 8 , 9 and 10 , respectively ; 
[ 0048 ] ( b ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 15 , 16 and 17 , respec 
tively , and light chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 18 , 19 and 20 , respectively ; and 
[ 0049 ] ( c ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 25 , 26 and 27 , respec 
tively , and light chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 28 , 29 and 30 , respectively . 
[ 0050 ] In other aspects , the disclosure provides an isolated 
monoclonal antibody , or binding fragment thereof , that 
binds at least four ELR + CXC chemokines , comprising 
heavy and light chain variable regions , wherein the heavy 
chain variable region comprises an amino acid sequence 
selected from the group consisting of SEQ ID NOs : 1 , 11 or 
21 ; and wherein the light chain variable region comprises an 
amino acid sequence selected from the group consisting of 
SEQ ID NOs : 2 , 12 or 22 . 
[ 0051 ] In any of the foregoing aspects , the isolated mono 
clonal antibody , or binding fragment thereof , inhibits bind 
ing of ELR + CXC chemokines to their cognate CXCR1 and 
CXCR2 . 
[ 0052 ] In another aspect , the disclosure provides methods 
of treating an autoimmune disorder in a subject in need 
thereof , the method comprising administering an effective 
amount of a fusion protein or isolated monoclonal antibody , 
or binding fragment thereof , described herein . In some 
aspects , the autoimmune disorder is rheumatoid arthritis . 
[ 0053 ] In another aspect , the disclosure provides methods 
of blocking neutrophil infiltration in a subject with an 
autoimmune disorder , the method comprising administering 
an effective amount of a fusion protein or isolated mono 
clonal antibody , or binding fragment thereof , described 
herein . In some aspects , neutrophil infiltration of the syn 
ovial fluid of arthritic joints is blocked . 
[ 0054 ] In another aspect , the disclosure provides methods 
of preventing establishment of an autoimmune disorder in a 
subject , the method comprising administering an effective 
amount of a fusion protein or isolated monoclonal antibody , 
or binding fragment thereof , described herein . In some 
aspects , the autoimmune disorder is rheumatoid arthritis . 
[ 0055 ] In another aspect , the disclosure provides methods 
of reversing inflammatory arthritis in a subject in need 
thereof , the method comprising administering an effective 
amount of a fusion protein or isolated monoclonal antibody , 
or binding fragment thereof , described herein . 
[ 0056 ] In another aspect , the disclosure provides a fusion 
protein or isolated monoclonal antibody , or binding frag 
ment thereof , described herein , for use in treating an auto 
immune disorder in a subject in need thereof , the method 
comprising administering an effective amount of . In some 
aspects , the autoimmune disorder is rheumatoid arthritis . 
[ 0057 ] In another aspect , the disclosure provides a fusion 
protein or isolated monoclonal antibody , or binding frag 
ment thereof , described herein , for use in blocking neutro 
phil infiltration in a subject with an autoimmune disorder . In 
some aspects , neutrophil infiltration of the synovial fluid of 
arthritic joints is blocked . 
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[ 0058 ] In another aspect , the disclosure provides a fusion 
protein or isolated monoclonal antibody , or binding frag 
ment thereof , described herein , for use in preventing estab 
lishment of an autoimmune disorder in a subject . In some 
aspects , the autoimmune disorder is rheumatoid arthritis . 
[ 0059 ] In another aspect , the disclosure provides a fusion 
protein or isolated monoclonal antibody , or binding frag 
ment thereof , described herein , for use in reversing inflam 
matory arthritis in a subject in need thereof . 

BRIEF DESCRIPTION OF THE FIGURES 

[ 0060 ] The patent or application file contains at least one 
drawing executed in color . Copies of this patent or patent 
application publication with color drawing ( s ) will be pro 
vided by the Office upon request and payment of the 
necessary fee . 
[ 0061 ] FIG . 1 is a schematic representation of the ( i ) 
Fc - ELR + CXC chemokine fusion protein constructs ( Fc 
CXCL ) and ( ii ) purification scheme applied to obtain pure , 
active , and biotinylated ELR + CXC chemokines ( CXCL 
bio ) . 
[ 0062 ] FIG . 2A is a heat map displaying the sequence 
identity among multiple human and murine ELR + CXC 
chemokines . h = human , m = murine . 
[ 0063 ] FIG . 2B is a schematic representation of the itera 
tive selection pathways applied to isolate promiscuous bind 
ers from a naïve library of synthetic antibodies displayed on 
the surface of yeast . Two cycles of magnetic bead screening 
followed by four cycles of flow cytometry sorting are 
shown . 
[ 0064 ] FIG . 2C is a plot showing the binding affinities of 
eighteen unique yeast - displayed synthetic antibody protein 
binders ( CK ) selected from six diverse human and murine 
ELR + CXC chemokines . Data are represented as inverted 
equilibrium binding constants ( 1 / K ) ; M- ? ) and indicate the 
means of at least three independent experiments . h = human , 
m = murine . 
[ 0065 ] FIGS . 2D - 2F provide plots of binding affinities of 
engineered clones derived from CK1 ( FIG . 2D ) , CK2 ( FIG . 
2E ) , and CK4 ( FIG . 2F ) lineage after two independent 
processes of selection ( I and II ) , each including the genera 
tion of random yeast - display antibody libraries and cycles of 
flow cytometry sorting , followed by a third round of site 
directed mutagenesis ( III ) . Data are represented as inverted 
equilibrium binding constants ( 1 / K ) ; M - 1 ) and indicate the 
means of at least three independent experiments . 
[ 0066 ] FIGS . 2G and 2H show homology models and 
frequencies of enriched mutations of engineered CK138 
( FIG . 2G ) and CK157 ( FIG . 2H ) antibodies . The V , and V 
backbones are represented as ribbons ( light gray ) . Mutations 
acquired during the selection process are depicted as spheres 
at the Ca positions . Mutated amino acids belonging to CDR 
loops of CK138 and CK157 are shown in dark circles . 
Diversified amino acids belonging to FWR regions of 
CK138 and CK157 are shown in light circles . 
[ 0067 ] FIG . 3A is a heat map indicating the normalized 
binding / display intensities of the engineered antibodies 
against twenty diverse human and murine CXC chemokines . 
Binding between soluble CXC chemokines and yeast - dis 
played CK129 , CK138 and CK157 is shown on the left , and 
binding between soluble serum - albumin antibody fusions 
SA129 , SA138 and SA157 * are shown on the right . The 
intensity of color correlates with the strength of the inter 

action with weak and strong interactions shown in light and 
dark colors , respectively . h = human , m = murine . 
[ 0068 ] FIG . 3B provides graphs showing the binding 
isotherms of yeast - displayed human and murine CXC 
chemokines to soluble SA129 , SA138 and SA157 * protein 
fusions . Equilibrium binding affinity ( KD ) values were deter 
mined only for clones exhibiting signals at high concentra 
tion of soluble agents . h = human , m = murine . 
[ 0069 ] FIG . 3C is a plot of the binding affinities of 
yeast - displayed human and murine CXC chemokines to 
soluble SA129 , SA138 and SA157 * protein fusions . The 
indicated values are displayed as filled circles and represent 
the means of at least three independent experiments pre 
sented as inverted of equilibrium binding constants ( 1 / K ) ; 
M- ? ) . h = human , m = murine . 
[ 0070 ] FIG . 4A shows the normalized binding / display 
intensities of crossreactive protein fusions SA129 , SA138 
and SA157 * , and commercially available antibodies Ab276 
and Ab275 , to a defined panel of hCXCL1 alanine - mutants , 
as assessed by flow cytometry . The intensity of color cor 
relates with the strength of the interaction with weak and 
strong interactions shown in light and dark colors , respec 
tively . h = human . 
[ 0071 ] FIG . 4B provides schematics showing residues of 
hCXCL1 contacted by SA129 ( top left ) , SA138 ( top 
middle ) , SA157 * ( top right ) , Ab276 ( bottom left ) and Ab275 
( bottom right ) . The intensity of color correlates with the 
strength of the interaction with weak and strong interactions 
shown in light and dark colors , respectively . 
[ 0072 ] FIG . 4C is a graph showing the number of inter 
acting residues plotted against the number of bound CXC 
chemokine ligands ( CXCL ) . 
[ 0073 ] FIG . 4D is a graph showing the percent of strong 
and combined weak and moderate interactions of each 
selected protein binders ( SA129 , SA138 and SA157 ) plotted 
against the number of bound CXC chemokines . Weak / 
moderate and strong interactions are shown in blue and red , 
respectively . 
[ 0074 ] FIG . 5A is a plot showing the ability of serum 
albumin - antibody fusion SA129 ( red ) , SA138 ( blue ) and 
SA157 * ( gray ) to block binding of hCXCL1 and hCXCLS 
chemokines to CXCR1 and CXCR2 receptors , assessed by 
a flow cytometry based assay . The K ; values were deter 
mined , transformed to log K ; and plotted against pK ) . 
h = human . 
[ 0075 ] FIGS . 5B and 5C provide plots showing the ability 
of serum albumin - antibody fusion SA129 , SA138 and 
SA157 * to antagonize the ELR + CXC chemokine - induced 
receptors activation on mouse and human neutrophils , 
assessed by flow cytometry intracellular Ca2 + mobilization 
assay . The residual activity of human chemokines 
( hCXCL1 , HCXCL5 and hCXCL8 ) ( FIG . 5B ) and mouse 
chemokines ( mCXCL1 and mCXCL2 ) ( FIG . 5C ) incubated 
with varying concentrations of SA129 ( red ) , SA138 ( blue ) , 
SA157 * ( gray ) and commercial neutralizing antibody ( Ab , 
white ) . The indicated values are means of three independent 
experiments . h = human , m = murine . 
[ 0076 ] FIG . 5D is a plot showing calculated pK , correlated 
linearly with the calculated pK , suggesting a strict correla 
tion between binding affinity and inhibitory activity . 
h = human , m = murine . 

H 
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[ 0077 ] FIG . 6 is a schematic representation of the antibody 
single - chain variable fragment fused to the C - terminus of 
mouse serum albumin to generate SA129 , SA138 and con 
trol SACTR fusion proteins . 
[ 0078 ] FIG . 7A is a plot showing the percent clinical score 
of mice treated with serum albumin - antibody fusion proteins 
on day 0 ( preventative regimen ) . Arrows indicate day begin 
of treatment . All data are presented as mean ( dots ) + SE 
( bars ) . 
[ 0079 ] FIG . 7B is a plot showing the change in ankle 
thickness ( mm ) of mice treated with serum albumin - anti 
body fusion proteins on day 0 ( preventative regimen ) . 
Arrows indicate day begin of treatment . All data are pre 
sented as mean ( dots ) + SE ( bars ) . 
[ 0080 ] FIG . 7C is a graph showing quantification of puri 
fied infiltrating synovial fluid neutrophils ( Ly6G + cells ) 
from the ankles of serum transfer arthritic mice measured at 
day 8 by flow cytometry ( n = 3 per condition ) . Statistical 
comparisons were made between each group using one - way 
analysis of variance ( ANOVA ) . P values : * P < 0.05 , ** P < 0 . 

P < 0.001 ; P < 0.0001 . ns : non - significant . 
[ 0081 ] FIG . 7D is a graph showing histopathological 
scoring of ankle tissue sections of mice treated with SA129 , 
SA138 and control SACTR on day 8 . 
[ 0082 ] FIG . 7E provides representative H & E staining of 
ankle tissue sections of mice treated with SA129 ( top ) , 
SA138 ( middle ) and control SA ( bottom ) on day 8. Scale 
bar represents 200 White arrow indicates the infiltrated 
inflammatory cell in the joints and red arrow indicates 
pannus formation . T , taulus ; N , navicular . 
[ 0083 ] FIGS . 7F and 7G are plots providing the percent 
clinical score ( FIG . 7F ) and change in ankle thickness ( mm ) 
( FIG . 7G ) of K / BxN serum - induced arthritic mice treated 
beginning on day 4 with serum albumin - antibody fusion 
proteins ( therapeutic regimen ) . Arrows indicate day treat 
ment began . All data are presented as mean ( dots ) + SE 
( bars ) . 
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CXCR1 and / or CXCR2 chemokine receptors , which are 
G - protein coupled seven transmembrane domain - type 
receptors that specifically bind ELR + CXC chemokines . The 
seven human ELR + CXC chemokines are human Gro - alpha 
( also known as CXCL1 ) , human Gro - beta ( also known as 
CXCL2 ) , human Gro - gamma ( also known as CXCL3 ) , 
human ENA - 78 ( also known as CXCL5 ) , human GCP - 2 
( also known as CXCL6 ) , human NAP - 2 ( also known as 
CXCL7 ) , and human IL - 8 ( also known as CXCL8 ) . All 
ELR + CXC chemokines bind the CXCR2 receptor ; more 
over , some ELR + CXC chemokines bind both CXCR1 and 
CXCR2 receptors ( i.e. , CXCL6 and CXCL8 ) , all of which 
contributes to redundancy in the activation pathways . The 
five murine ELR + CXC chemokines are keratinocyte che 
moattractant ( KC ) ( also known as CXCL1 ) , Macrophage 
Inflammatory Protein - 2 ( MIP - 2 ) ( also known as CXCL2 ) , 
dendritic cell inflammatory protein - 1 ( DCIP - 1 ) ( also known 
as CXCL3 ) , lipopolysaccharide - induced CXC chemokine 
( LIX ) ( also known as CXCL5 ) , and neutrophil activating 
peptide - 2 ( NAP - 2 ) ( also known as CXCL7 ) . 
[ 0088 ] Crossreactive protein binders are challenging to 
obtain using traditional methodologies involving animal 
immunization and hybridoma development . Immune sys 
tems tend to remove self - reactive antibodies , making it 
difficult to generate in vivo antibodies against sequence- and 
structurally - related antigens derived from different species . 
In contrast , in vitro protein libraries associated with display 
technologies are unaffected by immune tolerance ( Bradbury , 
A. R. , et al . Nature biotechnology 29 , 245-254 ( 2011 ) ) . 
Described herein are selection strategies for the isolation of 
protein binders with unprecedented crossreactivity towards 
a panel of structurally related , yet diverse in sequence , 
protein targets . Moreover , a serum albumin antibody fusion 
based strategy was used to enable high drug dosing and 
optimal pharmacokinetic profiles , thus overcoming continu 
ous receptor occupancy and buffering effect phenomena that 
have limited previous interventions . 
[ 0089 ] Accordingly , in some aspects , the present disclo 
sure provides fusion proteins comprising a multispecific 
variable region operably coupled to a polymer , wherein the 
multispecific variable region binds to at least four ELR + 
CXC chemokines . In other aspects , the present disclosure 
provides methods for treating or preventing a disorder 
associated with an abnormal immune response ( e.g. , auto 
immune disorder , e.g. , rheumatoid arthritis ) , comprising 
administering a fusion protein described herein . 
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DETAILED DESCRIPTION 

Overview 

Definitions 

[ 0084 ] Various diseases are characterized by the develop 
ment of immunological dysregulation in a patient . The 
presence of an impaired immune response in patients with 
autoimmune and related disorders has been particularly 
well - documented . Augmenting immune functions in 
patients may have beneficial effects for the alleviation of 
autoimmune and related diseases . 
[ 0085 ] Described herein are fusion proteins , and isolated 
monoclonal antibodies , or antigen binding fragments 
thereof , that were designed to target soluble pro - inflamma 
tory factors ( e.g. , ELR + CXC chemokines ) . 
[ 0086 ] ELR + CXC chemokines ( so - called because mem 
bers of the chemokine family all possess an E - L - R amino 
acid motif immediately adjacent to their CXC motif ) play an 
important role in a variety of pathogenic mechanisms , 
including the migration of neutrophils to sites of inflamma 
tion and angiogenesis . Neutrophils contribute to the patho 
genesis of several acute and chronic inflammatory / autoim 
mune diseases . 
[ 0087 ] In general , chemokines are grouped into four sub 
families : CXC , CC , ( X ) C , and CX3C . In the CXC chemo 
kines , one amino acid separates the first two cysteines ( “ the 
CXC motif ” ) . ELR + CXC chemokines are ligands for 

[ 0090 ] Terms used in the claims and specification are 
defined as set forth below unless otherwise specified . 
[ 0091 ] As used herein , " about ” will be understood by 
persons of ordinary skill and will vary to some extent 
depending on the context in which it is used . If there are uses 
of the term which are not clear to persons of ordinary skill 
given the context in which it is used , “ about ” will mean up 
to plus or minus 10 % of the particular value . 
[ 0092 ] The term “ ameliorating ” refers to any therapeuti 
cally beneficial result in the treatment of a disease state , e.g. , 
autoimmune disorder , including prophylaxis , lessening in 
the severity or progression , remission , or cure thereof . 
[ 0093 ] “ Amino acid ” refers to naturally occurring and 
synthetic amino acids , as well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids . Naturally occurring amino 



US 2021/0246199 A1 Aug. 12 , 2021 
6 

acids are those encoded by the genetic code , as well as those 
amino acids that are later modified , e.g. , hydroxyproline , 
y - carboxyglutamate , and O - phosphoserine . Amino acid ana 
logs refers to compounds that have the same basic chemical 
structure as a naturally occurring amino acid , i.e. , an a 
carbon that is bound to a hydrogen , a carboxyl group , an 
amino group , and an R group , e.g. , homoserine , norleucine , 
methionine sulfoxide , methionine methyl sulfonium . Such 
analogs have modified R groups { e.g. , norleucine ) or modi 
fied peptide backbones , but retain the same basic chemical 
structure as a naturally occurring amino acid . Amino acid 
mimetics refers to chemical compounds that have a structure 
that is different from the general chemical structure of an 
amino acid , but that function in a manner similar to a 
naturally occurring amino acid . 
[ 0094 ] Amino acids can be referred to herein by either 
their commonly known three letter symbols or by the 
one - letter symbols recommended by the IUPAC - IUB Bio 
chemical Nomenclature Commission . Nucleotides , likewise , 
can be referred to by their commonly accepted single - letter 
codes . 
[ 0095 ] An “ amino acid substitution ” refers to the replace 
ment of at least one existing amino acid residue in a 
predetermined amino acid sequence ( an amino acid 
sequence of a starting polypeptide ) with a second , different 
" replacement ” amino acid residue . An " amino acid inser 
tion ” refers to the incorporation of at least one additional 
amino acid into a predetermined amino acid sequence . 
While the insertion will usually consist of the insertion of 
one or two amino acid residues , larger " peptide insertions , ” 
can also be made , e.g. insertion of about three to about five 
or even up to about ten , fifteen , or twenty amino acid 
residues . The inserted residue ( s ) may be naturally occurring 
or non - naturally occurring as disclosed above . An “ amino 
acid deletion ” refers to the removal of at least one amino 
acid residue from a predetermined amino acid sequence . 
[ 0096 ] A polypeptide or amino acid sequence “ derived 
from ” a designated polypeptide or protein refers to the origin 
of the polypeptide . Preferably , the polypeptide or amino acid 
sequence which is derived from a particular sequence has an 
amino acid sequence that is essentially identical to that 
sequence or a portion thereof , wherein the portion consists 
of at least 10-20 amino acids , preferably at least 20-30 
amino acids , more preferably at least 30-50 amino acids , or 
which is otherwise identifiable to one of ordinary skill in the 
art as having its origin in the sequence . Polypeptides derived 
from another peptide may have one or more mutations 
relative to the starting polypeptide , e.g. , one or more amino 
acid residues which have been substituted with another 
amino acid residue or which has one or more amino acid 
residue insertions or deletions . A polypeptide can comprise 
an amino acid sequence which is not naturally occurring . 
Such variants necessarily have less than 100 % sequence 
identity or similarity with the starting molecule . In some 
embodiments , the variant will have an amino acid sequence 
from about 75 % to less than 100 % amino acid sequence 
identity or similarity with the amino acid sequence of the 
starting polypeptide . In some embodiments , the variant has 
an amino acid sequence from about 80 % to less than 100 % 
amino acid sequence identity or similarity with the amino 
acid sequence of the starting polypeptide . In some embodi 
ments , the variant has an amino acid sequence from about 
85 % to less than 100 % , amino acid sequence identity or 
similarity with the amino acid sequence of the starting 

polypeptide . In some embodiments , the variant has an amino 
acid sequence from about 90 % to less than 100 % ( e.g. , 91 % , 
92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , 99 % ) amino acid 
sequence identity or similarity with the amino acid sequence 
of the starting polypeptide . In some embodiments , the 
variant has an amino acid sequence from about 95 % to less 
than 100 % , e.g. , over the length of the variant molecule , 
amino acid sequence identity or similarity with the amino 
acid sequence of the starting polypeptide . 
[ 0097 ] In some embodiments , there is one amino acid 
difference between a starting polypeptide sequence and the 
sequence derived therefrom . Identity or similarity with 
respect to this sequence is defined herein as the percentage 
of amino acid residues in the candidate sequence that are 
identical ( i.e. , same residue ) with the starting amino acid 
residues , after aligning the sequences and introducing gaps , 
if necessary , to achieve the maximum percent sequence 
identity . In some embodiments , a polypeptide consists of , 
consists essentially of , or comprises an amino acid sequence 
selected from SEQ ID NOs : 1 , 2 , 5-12 , 15-22 , 25-30 , 37-42 , 
63-82 , 95-106 , 127-146 , 148 , and 160-182 . In some embodi 
ments , a polypeptide includes an amino acid sequence at 
least 80 % , 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 
89 % , 90 % , 91 % 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 
99 % identical to an amino acid sequence selected from SEQ 
ID NOs : 1 , 2 , 5-12 , 15-22 , 25-30 , 37-42 , 63-82 , 95-106 , 
127-146 , 148 , and 160-182 . In some embodiments , a poly 
peptide includes a contiguous amino acid sequence at least 
80 % , 81 % , 82 % , 83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 
90 % , 91 % , 92 % , 93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % 
identical to a contiguous amino acid sequence selected from 
SEQ ID NOs : 1 , 2 , 5-12 , 15-22 , 25-30 , 37-42 , 63-82 , 
95-106 , 127-146 , 148 , and 160-182 . In some embodiments , 
a polypeptide includes an amino acid sequence having at 
least 10 , 15 , 20 , 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 
85 , 90 , 95 , 100 , 200 , 300 , 400 , or 500 ( or any integer within 
these numbers ) contiguous amino acids of an amino acid 
sequence selected from SEQ ID NOs : 1 , 2 , 5-12 , 15-22 , 
25-30 , 37-42 , 63-82 , 95-106 , 127-146 , 148 , and 160-182 . 
[ 0098 ] In some embodiments , the polypeptides are 
encoded by a nucleotide sequence . Nucleotide sequences of 
the invention can be useful for a number of applications , 
including : cloning , gene therapy , protein expression and 
purification , mutation introduction , DNA vaccination of a 
host in need thereof , antibody generation for , e.g. , passive 
immunization , PCR , primer and probe generation , and the 
like . In some embodiments , the nucleotide sequence 
described herein comprises , consists of , or consists essen 
tially of , a nucleotide sequence selected from SEQ ID NOs : 
3,4 , 13 , 14 , 23 , 24 , 31-36 , 43-62 , 83-94 , 107-126 , 147 , 149 , 
and 150-159 . In some embodiments , a nucleotide sequence 
includes a nucleotide sequence at least 80 % , 81 % , 82 % , 
83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to a 
nucleotide sequence set forth in SEQ ID NOs : 3 , 4 , 13 , 14 , 
23 , 24 , 31-36 , 43-62 , 83-94 , 107-126 , 147 , 149 , and 150 
159. In some embodiments , a nucleotide sequence includes 
a contiguous nucleotide sequence at least 80 % , 81 % , 82 % , 
83 % , 84 % , 85 % , 86 % , 87 % , 88 % , 89 % , 90 % , 91 % , 92 % , 
93 % , 94 % , 95 % , 96 % , 97 % , 98 % , or 99 % identical to a 
contiguous nucleotide sequence set forth in SEQ ID NOs : 3 , 
4 , 13 , 14 , 23 , 24 , 31-36 , 43-62 , 83-94 , 107-126 , 147 , 149 , 
and 150-159 . In some embodiments , a nucleotide sequence 
includes a nucleotide sequence having at least 10 , 15 , 20 , 25 , 
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30,35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 , 100 , 200 , 
300 , 400 , or 500 ( or any integer within these numbers ) 
contiguous nucleotides of a nucleotide sequence set forth in 
SEQ ID NOs : 3 , 4 , 13 , 14 , 23 , 24 , 31-36 , 43-62 , 83-94 , 
107-126 , 147 , 149 , and 150-159 . 
[ 0099 ] It will also be understood by one of ordinary skill 
in the art that the polypeptides ( e.g. , fusion proteins ) dis 
closed herein may be altered such that they vary in sequence 
from the naturally occurring or native sequences from which 
they were derived , while retaining the desirable activity of 
the native sequences . For example , nucleotide or amino acid 
substitutions leading to conservative substitutions or 
changes at “ non - essential ” amino acid residues may be 
made . Mutations may be introduced by standard techniques , 
such as site - directed mutagenesis and PCR - mediated muta 
genesis . 
[ 0100 ] The polypeptides disclosed herein may comprise 
conservative amino acid substitutions at one or more amino 
acid residues , e.g. , at essential or non - essential amino acid 
residues . A " conservative amino acid substitution ” is one in 
which the amino acid residue is replaced with an amino acid 
residue having a similar side chain . Families of amino acid 
residues having similar side chains have been defined in the 
art , including basic side chains ( e.g. , lysine , arginine , histi 
dine ) , acidic side chains ( e.g. , aspartic acid , glutamic acid ) , 
uncharged polar side chains ( e.g. , glycine , asparagine , glu 
tamine , serine , threonine , tyrosine , cysteine ) , nonpolar side 
chains ( e.g. , alanine , valine , leucine , isoleucine , proline , 
phenylalanine , methionine , tryptophan ) , beta - branched side 
chains ( e.g. , threonine , valine , isoleucine ) and aromatic side 
chains ( e.g. , tyrosine , phenylalanine , tryptophan , histidine ) . 
Thus , a nonessential amino acid residue in a binding poly 
peptide is preferably replaced with another amino acid 
residue from the same side chain family . In some embodi 
ments , a string of amino acids can be replaced with a 
structurally similar string that differs in order and / or com 
position of side chain family members . Alternatively , in 
some embodiments , mutations may be introduced randomly 
along all or part of a coding sequence , such as by saturation 
mutagenesis , and the resultant mutants can be incorporated 
into binding polypeptides of the invention and screened for 
their ability to bind to the desired target . 
[ 0101 ] As used herein , the term “ antibody ” refers to a 
whole antibody comprising two light chain polypeptides and 
two heavy chain polypeptides . Whole antibodies include 
different antibody isotypes including IgM , IgG , IgA , IgD , 
and IgE antibodies . The term “ antibody ” includes a poly 
clonal antibody , a monoclonal antibody , a chimerized or 
chimeric antibody , a humanized antibody , a primatized 
antibody , a deimmunized antibody , and a fully human anti 
body . The antibody can be made in or derived from any of 
a variety of species , e.g. , mammals such as humans , non 
human primates ( e.g. , orangutan , baboons , or chimpanzees ) , 
horses , cattle , pigs , sheep , goats , dogs , cats , rabbits , guinea 
pigs , gerbils , hamsters , rats , and mice . The antibody can be 
a purified or a recombinant antibody . 
[ 0102 ] As used herein , the term “ antibody fragment , ” 
“ antigen - binding fragment , ” or similar terms refer to a 
fragment of an antibody that retains the ability to bind to a 
target antigen ( s ) ( e.g. , ELR + CXC chemokine ( s ) ) and pro 
mote , induce , and / or increase the activity of the target 
antigen . Such fragments include , e.g. , a single chain anti 
body , a single chain Fv fragment ( scFv ) , an Fd fragment , an 
Fab fragment , an Fab ' fragment , or an F ( ab ' ) 2 fragment . An 

scFv fragment is a single polypeptide chain that includes 
both the heavy and light chain variable regions of the 
antibody from which the scFv is derived . In addition , 
intrabodies , minibodies , triabodies , and diabodies are also 
included in the definition of antibody and are compatible for 
use in the methods described herein . See , e.g. , Todorovska 
et al . ( 2001 ) J Immunol Methods 248 ( 1 ) : 47-66 ; Hudson and 
Kortt ( 1999 ) J Immunol Methods 231 ( 1 ) : 177-189 ; Poljak 
( 1994 ) Structure 2 ( 12 ) : 1121-1123 ; Rondon and Marasco 
( 1997 ) Annual Review of Microbiology 51 : 257-283 , the 
disclosures of each of which are incorporated herein by 
reference in their entirety . 
[ 0103 ] As used herein , the term “ antibody fragment " also 
includes , e.g. , single domain antibodies such as camelized 
single domain antibodies . See , e.g. , Muyldermans et al . 
( 2001 ) Trends Biochem Sci 26 : 230-235 ; Nuttall et al . ( 2000 ) 
Curr Pharm Biotech 1 : 253-263 ; Reichmann et al . ( 1999 ) J 
Immunol Meth 231 : 25-38 ; PCT application publication nos . 
WO 94/04678 and WO 94/25591 ; and U.S. Pat . No. 6,005 , 
079 , all of which are incorporated herein by reference in 
their entireties . In some embodiments , the disclosure pro 
vides single domain antibodies comprising two VH domains 
with modifications such that single domain antibodies are 
formed . 
[ 0104 ] In some embodiment , an antigen - binding fragment 
includes the variable region of a heavy chain polypeptide 
and the variable region of a light chain polypeptide . In some 
embodiments , an antigen - binding fragment described herein 
comprises the CDRs of the light chain and heavy chain 
polypeptide of an antibody . 
[ 0105 ] As used herein , the term “ autoimmune and / or 
related diseases ” refers to diseases , disorders , conditions , 
and / or syndromes arising from and / or directed against a 
patient's own cells , tissues , and / or organs , or a co - segregate 
or manifestation thereof , or resulting condition therefrom . 
Examples of autoimmune and related diseases include graft 
rejection ( e.g. graft vs. host disease ) , allergy , inflammatory 
diseases , and also include , but are not limited to , Acute 
Disseminated Encephalomyelitis ( ADEM ) , Acute necrotiz 
ing hemorrhagic leukoencephalitis , Addison's disease , 
Agammaglobulinemia , Allergic conjunctivitis , Allergic 
rhinitis , Allergic disorders of the gastrointestinal tract , Alo 
pecia areata , Alzheimer's disease , Amyloidosis , Ankylosing 
spondylitis , Anti - GBM / Anti - TBM nephritis , Antiphospho 
lipid syndrome ( APS ) , Arteriosclerosis , Asthma , Autoim 
mune angioedema , Autoimmune aplastic anemia , Autoim 
mune - associated infertility , Autoimmune dysautonomia , 
Autoimmune encephalomyelitis , Autoimmune hemophilia , 
Autoimmune hepatitis , Autoimmune hyperlipidemia , Auto 
immune immunodeficiency , Autoimmune inner ear disease 
( AIED ) , Autoimmune lymphoproliferative syndrome , Auto 
immune myocarditis , Autoimmune oophoritis , Autoimmune 
pancreatitis , Autoimmune retinopathy , Autoimmune throm 
bocytopenic purpura ( ATP ) , Autoimmune thyroid disease , 
Autoimmune urticaria , Autoimmune uveoretinitis , Axonal & 
neuronal neuropathies , Balo disease , Behcet's disease , Bull 
ous pemphigoid , Cardiomyopathy , Castleman disease , 
Celiac disease , Chagas disease , Chronic fatigue syndrome , 
Chronic inflammatory demyelinating polyneuropathy 
( CIDP ) , Chronic recurrent multifocal ostomyelitis ( CRMO ) , 
Churg - Strauss syndrome , Cicatricial pemphigoid / benign 
mucosal pemphigoid , Crohn's disease , Cogans syndrome , 
Cold agglutinin disease , Congenital heart block , Coxsackie 
myocarditis , CREST disease , Essential mixed cryoglobu 
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linemia , Demyelinating neuropathies , Dermatitis herpetifor 
mis , Dermatomyositis , Devic's disease ( neuromyelitis 
optica ) , Discoid lupus , Dressler's syndrome , Eczema , Endo 
metriosis , Eosinophilic esophagitis , Eosinophilic fasciitis , 
Erythema nodosum , Eustachian tube itching , Experimental 
allergic encephalomyelitis , Evans syndrome , Fibromyalgia , 
Fibrosing alveolitis , Giant cell arteritis ( temporal arteritis ) , 
Giant cell myocarditis , Giant papillary conjunctivitis , Glom 
erulonephritis , Goodpasture's syndrome , Granulomatosis 
with Polyangiitis ( GPA ) ( formerly called Wegener's Granu 
lomatosis ) , Graves ' disease , Guillain - Barre syndrome , 
Hashimoto's encephalitis , Hashimoto's thyroiditis , Hemo 
lytic anemia , Henoch - Schonlein purpura , Herpes gestatio 
nis , Hypogammaglobulinemia , Idiopathic thrombocy 
topenic purpura ( ITP ) , IgA nephropathy , IgG4 - related 
sclerosing disease , Immunoregulatory lipoproteins , Inclu 
sion body myositis , Inflammatory Bowel Disease , Insulin 
resistance , Interstitial cystitis , Juvenile rheumatoid arthritis , 
Juvenile diabetes ( Type 1 diabetes ) , Juvenile myositis , 
Kawasaki disease / syndrome , Lambert - Eaton syndrome , 
Leukocytoclastic vasculitis , Lichen planus , Lichen sclero 
sus , Ligneous conjunctivitis , Linear IgA disease ( LAD ) , 
Lyme disease , chronic , Meniere's disease , Microscopic 
polyangiitis , Mixed connective tissue disease ( MCTD ) , 
Mooren’s ulcer , Mucha - Habermann disease , Multiple scle 
rosis , Myasthenia gravis , Myositis , Narcolepsy , Neuromy 
elitis optica ( Devic's ) , Neutropenia , Osteoarthritis , Ocular 
cicatricial pemphigoid , Optic neuritis , Palindromic rheuma 
tism , PANDAS ( Pediatric Autoimmune Neuropsychiatric 
Disorders Associated with Streptococcus ) , Paraneoplastic 
cerebellar degeneration , Paroxysmal nocturnal hemoglobin 
uria ( PNH ) , Parry Romberg syndrome , Parsonnage - Turner 
syndrome , Pars planitis ( peripheral uveitis ) , Pemphigus , 
Peripheral neuropathy , Perivenous encephalomyelitis , Per 
nicious anemia , POEMS syndrome , Polyarteritis nodosa , 
Type I , II , & III autoimmune polyglandular syndromes , 
Polymyalgia rheumatic , Polymyositis , Postmyocardial 
infarction syndrome , Postpericardiotomy syndrome , Proges 
terone dermatitis , Primary biliary cirrhosis , Primary scleros 
ing cholangitis , Psoriasis , Psoriatic arthritis , Idiopathic pul 
monary fibrosis , Pyoderma gangrenosum , Pure red cell 
aplasia , Raynauds phenomenon , Reactive Arthritis , Reflex 
sympathetic dystrophy , Reiter's syndrome , Relapsing poly 
chondritis , Restless legs syndrome , Retroperitoneal fibrosis , 
Rheumatic fever , Rheumatoid arthritis , Sarcoidosis , 
Schmidt syndrome , Scleritis , Scleroderma , Sinusitis , 
Sjogren's syndrome , Sperm & testicular autoimmunity , Stiff 
person syndrome , Subacute bacterial endocarditis ( SBE ) , 
Susac's syndrome , Sympathetic ophthalmia , Systemic lupus 
eythematosus ( SLE ) , Takayasu's arteritis , Temporal arteri 
tis / Giant cell arteritis , Thrombocytopenic purpura ( TTP ) , 
Tolosa - Hunt syndrome , Transverse myelitis , Type 1 diabe 
tes , Ulcerative colitis , Undifferentiated connective tissue 
disease ( UCTD ) , Uveitis , Vernal conjunctivitis , Vernal kera 
toconjunctivitis , Vasculitis , Vesiculobullous dermatosis , Vit 
iligo , Wegener's granulomatosis ( now termed Granuloma 
tosis with Polyangiitis ( GPA ) . Any one or more of the 
aforementioned or unmentioned autoimmune and / or related 
diseases may be the target disease for a method of treatment 
as disclosed herein . 

[ 0106 ] As used herein , the term “ bispecific ” or “ bifunc 
tional antibody ” refers to an artificial hybrid antibody having 
two different heavy / light chain pairs and two different bind 
ing sites . Bispecific antibodies can be produced by a variety 

of methods including fusion of hybridomas or linking of 
Fab ' fragments . See , e.g. , Songsivilai & Lachmann , Clin . 
Exp . Immunol . 79 : 315-321 ( 1990 ) ; Kostelny et al . , J. Immu 
nol . 148 , 1547-1553 ( 1992 ) . 
[ 0107 ] Traditionally , the recombinant production of bis 
pecific antibodies is based on the co - expression of two 
immunoglobulin heavy - chain / light - chain pairs , where the 
two heavy chain / light - chain pairs have different specificities 
( Milstein and Cuello ( 1983 ) Nature 305 : 537-539 ) . Antibody 
variable domains with the desired binding specificities ( an 
tibody - antigen combining sites ) can be fused to immuno 
globulin constant domain sequences . The fusion of the 
heavy chain variable region is preferably with an immuno 
globulin heavy - chain constant domain , including at least 
part of the hinge , CH2 , and CH3 regions . For further details 
of illustrative currently known methods for generating bis 
pecific antibodies see , e.g. , Suresh et al . ( 1986 ) Methods in 
Enzymology 121 : 210 ; PCT Publication No. WO 96/27011 ; 
Brennan et al . ( 1985 ) Science 229 : 81 ; Shalaby et al . , J Exp 
Med ( 1992 ) 175 : 217-225 ; Kostelny et al . ( 1992 ) J Immunol 
148 ( 5 ) : 1547-1553 ; Hollinger et al . ( 1993 ) Proc Natl Acad 
Sci USA 90 : 6444-6448 ; Gruber et al . ( 1994 ) J Immunol 
152 : 5368 ; and Tutt et al . ( 1991 ) J Immunol 147 : 60 . Bispe 
cific antibodies also include cross s - linked or heteroconjugate 
antibodies . Heteroconjugate antibodies may be made using 
any convenient cross - linking methods . Suitable cross - link 
ing agents are well known in the art , and are disclosed in 
U.S. Pat . No. 4,676,980 , along with a number of cross 
linking techniques . 
[ 0108 ] Various techniques for making and isolating bis 
pecific antibody fragments directly from recombinant cell 
culture have also been described . For example , bispecific 
antibodies have been produced using leucine zippers . See , 
e.g. , Kostelny et al . ( 1992 ) J Immunol 148 ( 5 ) : 1547-1553 . 
The leucine zipper peptides from the Fos and Jun proteins 
may be linked to the Fab ' portions of two different antibodies 
by gene fusion . The antibody homodimers may be reduced 
at the hinge region to form monomers and then re - oxidized 
to form the antibody heterodimers . This method can also be 
utilized for the production of antibody homodimers . The 
“ diabody " technology described by Hollinger et al . ( 1993 ) 
Proc Natl Acad Sci USA 90 : 6444-6448 has provided an 
alternative mechanism for making bispecific antibody frag 
ments . The fragments comprise a heavy - chain variable 
domain ( VH ) connected to a light - chain variable domain 
( VL ) by a linker which is too short to allow pairing between 
the two domains on the same chain . Accordingly , the VH 
and VL domains of one fragment are forced to pair with the 
complementary VL and VH domains of another fragment , 
thereby forming two antigen - binding sites . Another strategy 
for making bispecific antibody fragments by the use of 
single - chain Fv ( scFv ) dimers has also been reported . See , 
e.g. , Gruber et al . ( 1994 ) J Immunol 152 : 5368 . Alternatively , 
the antibodies can be “ linear antibodies ” as described in , 
e.g. , Zapata et al . ( 1995 ) Protein Eng . 8 ( 10 ) : 1057-1062 . 
Briefly , these antibodies comprise a pair of tandem Fd 
segments ( VH - CH1 - VH - CH1 ) which form a pair of antigen 
binding regions . Linear antibodies can be bispecific or 
monospecific . Antibodies with more than two valencies 
( e.g. , trispecific antibodies ) are contemplated and described 
in , e.g. , Tutt et al . ( 1991 ) J Immunol 147 : 60 . 
[ 0109 ] As used herein , the term “ chemokine ” refers to a 
member of the family of small cytokines , or signaling 
proteins , that induce directed chemotaxis . Chemokines are 
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grouped into four subfamilies : CXC , CC , ( X ) C , and CX3C . 
In some embodiments , the chemokine or chemokines of 
interest are CXC chemokines . In the CXC chemokines , one 
amino acid separates the first two cysteines ( “ the CXC 
motif ) . 
[ 0110 ] As used herein , the term “ cross - reacts ” refers to the 
ability of an antibody or fusion protein of the disclosure to 
bind to chemokines from a different species . For example , an 
antibody or fusion protein of the present disclosure which 
binds human ELR + CXC chemokines may also bind another 
species of ELR + CXC chemokines . As used herein , cross 
reactivity is measured by detecting a specific reactivity with 
purified antigen in binding assays ( e.g. , SPR , ELISA ) . 
Methods for determining cross - reactivity include standard 
binding assays as described herein , for example , by Bia 
coreTM surface plasmon resonance ( SPR ) analysis using a 
BiacoreTM 2000 SPR instrument ( Biacore AB , Uppsala , 
Sweden ) , or flow cytometric techniques . In some embodi 
ments , a fusion protein described herein comprises a mul 
tispecific variable region that binds human and murine 
ELR + CXC chemokines . 
[ 0111 ] As used herein , the term “ ELR + CXC chemokine ” 
refers to a chemokine possessing an E - L - R amino acid motif 
immediately adjacent to a CXC motif . ELR + CXC chemo 
kines are ligands for CXCR1 and / or CXCR2 chemokine 
receptors , which are G - protein coupled seven transmem 
brane domain - type receptors that specifically binds ELR + 
CXC chemokines . All ERL + CXC chemokines bind the 
CXCR2 receptor , whereas some bind both CXCR1 and 
CXCR2 receptors . The ELR + CXC chemokines are human 
Gro - alpha ( also known as CXCL1 ) , human Gro - beta ( also 
known as CXCL2 ) , human Gro - gamma ( also known as 
CXCL3 ) , human ENA - 78 ( also known as CXCL5 ) , human 
GCP - 2 ( also known as CXCL6 ) , human NAP - 2 ( also known 
as CXCL7 ) , human IL - 8 ( also known as CXCL58 ) . The five 
murine ELR + CXC chemokines are keratinocyte chemoat 
tractant ( KC ) , Macrophage Inflammatory Protein - 2 ( MIP - 2 ) , 
dendritic cell inflammatory protein - 1 ( DCIP - 1 ) , neutrophil 
activating peptide - 2 ( NAP - 2 ) and lipopolysaccharide - in 
duced CXC chemokine ( LIX ) . The table below provides the 
list of ELR + CXC chemokines , their alternative names , 
including the murine equivalent , and what receptors they 
bind to . 

conformation . Methods for determining what epitopes are 
bound by a given antibody ( i.e. , epitope mapping ) are well 
known in the art and include , for example , immunoblotting 
and immunoprecipitation assays , wherein overlapping or 
contiguous peptides from a chemokine are tested for reac 
tivity with the given antibody . Methods of determining 
spatial conformation of epitopes include techniques in the 
art and those described herein , for example , X - ray crystal 
lography and 2 - dimensional nuclear magnetic resonance 
( see , e.g. , Epitope Mapping Protocols in Methods in 
Molecular Biology , Vol . 66 , G. E. Morris , Ed . ( 1996 ) ) . 
[ 0113 ] Also , encompassed by the present disclosure are 
antibodies that bind to epitopes on chemokines ( e.g. , ELR + 
CXC chemokines ) which comprises all or a portion of an 
epitope recognized by the particular antibodies described 
herein ( e.g. , the same or an overlapping region or a region 
between or spanning the region ) . 
[ 0114 ] Also encompassed by the present disclosure are 
antibodies that bind the same epitope and / or antibodies that 
compete for binding to chemokines ( e.g. , ELR + CXC 
chemokines ) with the antibodies described herein . Antibod 
ies that recognize the same epitope or compete for binding 
can be identified using routine techniques . Such techniques 
include , for example , an immunoassay , which shows the 
ability of one antibody to block the binding of another 
antibody to a target antigen , i.e. , a competitive binding 
assay . Competitive binding is determined in an assay in 
which the immunoglobulin under test inhibits specific bind 
ing of a reference antibody to a common antigen . Numerous 
types of competitive binding assays are known , for example : 
solid phase direct or indirect radioimmunoassay ( RIA ) , solid 
phase direct or indirect enzyme immunoassay ( EIA ) , sand 
wich competition assay ( see Stahli et al . , Methods in Enzy 
mology 9 : 242 ( 1983 ) ) ; solid phase direct biotin - avidin EIA 
( see Kirkland et al . , J. Immunol . 137 : 3614 ( 1986 ) ) ; solid 
phase direct labeled assay , solid phase direct labeled sand 
wich assay ( see Harlow and Lane , Antibodies : A Laboratory 
Manual , Cold Spring Harbor Press ( 1988 ) ) ; solid phase 
direct label RIA using 1-125 label ( see Morel et al . , Mol . 
Immunol . 25 ( 1 ) : 7 ( 1988 ) ) ; solid phase direct biotin - avidin 
EIA ( Cheung et al . , Virology 176 : 546 ( 1990 ) ) ; and direct 
labeled RIA . ( Moldenhauer et al . , Scand . J. Immunol . 32:77 
( 1990 ) ) . Typically , such an assay involves the use of purified 
antigen bound to a solid surface or cells bearing either of 
these , an unlabeled test immunoglobulin and a labeled 
reference immunoglobulin . Competitive inhibition is mea 
sured by determining the amount of label bound to the solid 
surface or cells in the presence of the test immunoglobulin . 
Usually the test immunoglobulin is present in excess . Usu 
ally , when a competing antibody is present in excess , it will 
inhibit specific binding of a reference antibody to a common 
antigen by at least 50-55 % , 55-60 % , 60-65 % , 65-70 % 
70-75 % or more . 
[ 0115 ] Other techniques include , for example , epitope 
mapping methods , such as , X - ray analyses of crystals of 
antigen : antibody complexes which provides atomic resolu 
tion of the epitope . Other methods monitor the binding of the 
antibody to antigen fragments or mutated variations of the 
antigen where loss of binding due to a modification of an 
amino acid residue within the antigen sequence is often 
considered an indication of an epitope component . In addi 
tion , computational combinatorial methods for epitope map 
ping can also be used . These methods rely on the ability of 
the antibody of interest to affinity isolate specific short 

Chemokine Alternative Names Receptor ( s ) Binding 

CXCL1 
CXCL2 
CXCL3 
CXCL5 
CXCL6 
CXCL7 
CXCL8 

GROA , MGSA , murine KC 
GROB , MIP - 2a , murine MIP - 2 
GROY , MIP - 2b , murine DCIP - 1 
ENA - 78 , murine LIX 
GCP - 2 ( no murine equivalent ) 
NAP - 2 
IL - 8 ( no murine equivalent ) 

CXCR2 
CXCR2 
CXCR2 
CXCR2 
CXCR1 , CXCR2 
CXCR2 
CXCR1 , CXCR2 

[ 0112 ] As used herein , the term " epitope ” or “ antigenic 
determinant ” refers to a site on an antigen ( e.g. , ELR + CXC 
chemokine ) to which an immunoglobulin or antibody spe 
cifically binds . Epitopes can be formed both from contigu 
ous amino acids or noncontiguous amino acids juxtaposed 
by tertiary folding of a protein . Epitopes formed from 
contiguous amino acids are typically retained on exposure to 
denaturing solvents , whereas epitopes formed by tertiary 
folding are typically lost on treatment with denaturing 
solvents . An epitope typically includes at least 3 , 4 , 5 , 6 , 7 , 
8 , 9 , 10 , 11 , 12 , 13 , 14 or 15 amino acids in a unique spatial 
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peptides from combinatorial phage display peptide libraries . 
The peptides are then regarded as leads for the definition of 
the epitope corresponding to the antibody used to screen the 
peptide library . For epitope mapping , computational algo 
rithms have also been developed which have been shown to 
map conformational discontinuous epitopes . 
[ 0116 ] As used herein , the term “ Fc region ” refers to the 
portion of a native immunoglobulin formed by the respec 
tive Fc domains ( or Fc moieties ) of its two heavy chains . As 
used herein , the term “ Fc domain ” refers to a portion of a 
single immunoglobulin ( Ig ) heavy chain wherein the Fc 
domain does not comprise an Fv domain . As such , an Fc 
domain can also be referred to as “ Ig ” or “ IgG . ” In some 
embodiments , an Fc domain begins in the hinge region just 
upstream of the papain cleavage site and ends at the C - ter 
minus of the antibody . Accordingly , a complete Fc domain 
comprises at least a hinge domain , a CH2 domain , and a 
CH3 domain . In some embodiments , an Fc domain com 
prises at least one of : a hinge ( e.g. , upper , middle , and / or 
lower hinge region ) domain , a CH2 domain , a CH3 domain , 
a CH4 domain , or a variant , portion , or fragment thereof . In 
some embodiments , an Fc domain comprises a complete Fc 
domain ( i.e. , a hinge domain , a CH2 domain , and a CH3 
domain ) . In some embodiments , an Fc domain comprises a 
hinge domain ( or portion thereof ) fused to a CH3 domain ( or 
portion thereof ) . In some embodiments , an Fc domain 
comprises a CH2 domain ( or portion thereof ) fused to a CH3 
domain ( or portion thereof ) . In some embodiments , an Fc 
domain consists of a CH3 domain or portion thereof . In 
some embodiments , an Fc domain consists of a hinge 
domain ( or portion thereof ) and a CH3 domain ( or portion 
thereof ) . In some embodiments , an Fc domain consists of a 
CH2 domain ( or portion thereof ) and a CH3 domain . In 
some embodiments , an Fc domain consists of a hinge 
domain ( or portion thereof ) and a CH2 domain ( or portion 
thereof ) . In some embodiments , an Fc domain lacks at least 
a portion of a CH2 domain ( e.g. , all or part of a CH2 
domain ) . An Fc domain herein generally refers to a poly 
peptide comprising all or part of the Fc domain of an 
immunoglobulin heavy - chain . This includes , but is not lim 
ited to , polypeptides comprising the entire CH1 , hinge , CH2 , 
and / or CH3 domains as well as fragments of such peptides 
comprising only , e.g. , the hinge , CH2 , and CH3 domain . In 
some embodiments , the Fc domain is derived from an 
immunoglobulin of any species and / or any subtype , includ 
ing , but not limited to , a human IgG1 , IgG2 , IgG3 , IgG4 , 
IgD , IgA , IgE , or IgM antibody . A human IgGl constant 
region can be found at Uniprot P01857 and in Table 12 ( i.e. , 
SEQ ID NO : 172 ) . The Fc domain of human IgG1 can be 
found in Table 12 ( i.e. , SEQ ID NO : 173 ) . The Fc domain 
encompasses native Fc and Fc variant molecules . As with Fc 
variants and native Fc's , the term Fc domain includes 
molecules in monomeric or multimeric form , whether 
digested from whole antibody or produced by other means . 
The assignment of amino acid residue numbers to an Fc 
domain is in accordance with the definitions of Kabat . See , 
e.g. , Sequences of Proteins of Immunological Interest ( Table 
of Contents , Introduction and Constant Region Sequences 
sections ) , 5th edition , Bethesda , Md.:NIH vol . 1 : 647-723 
( 1991 ) ; Kabat et al . , “ Introduction ” Sequences of Proteins of 
Immunological Interest , US Dept of Health and Human 
Services , NIH , 5th edition , Bethesda , Md . vol . 1 : xiii - xcvi 
( 1991 ) ; Chothia & Lesk , J. Mol . Biol . 196 : 901-917 ( 1987 ) ; 

Chothia et al . , Nature 342 : 878-883 ( 1989 ) , each of which is 
herein incorporated by reference for all purposes . 
[ 0117 ] As set forth herein , it will be understood by one of 
ordinary skill in the art that any Fc domain may be modified 
such that it varies in amino acid sequence from the native Fc 
domain of a naturally occurring immunoglobulin molecule . 
In some embodiments , the Fc domain has reduced effector 
function ( e.g. , FcyR binding ) . 
[ 0118 ] In some embodiments , the Fc domains are derived 
from different immunoglobulin molecules . For example , an 
Fc domain may comprise a CH2 and / or CH3 domain derived 
from an IgG1 molecule and a hinge region derived from an 
IgG3 molecule . In another example , an Fc domain can 
comprise a chimeric hinge region derived , in part , from an 
IgGl molecule and , in part , from an IgG3 molecule . In 
another example , an Fc domain can comprise a chimeric 
hinge derived , in part , from an IgG1 molecule and , in part , 
from an IgG4 molecule . 
[ 0119 ] As used herein , the term " fusion protein ” refers to 
a recombinant protein prepared by fusion of a multispecific 
variable region described herein , and a polymer ( e.g. , serum 
albumin ) . 
[ 0120 ] As used herein , the term " gly - ser polypeptide 
linker ” refers to a peptide that consists of glycine and serine 
residues . An exemplary gly - ser polypeptide linker comprises 
the amino acid sequence Ser ( Gly4Ser ) n . In some embodi 
ments , n = 1 . In some embodiments , n = 2 . In some embodi 
ments , n = 3 , i.e. , Ser ( Gly Ser ) 3 . In some embodiments , n = 4 , 
i.e. , Ser ( Gly_Ser ) 4 . In some embodiments , n = 5 . In some 
embodiments , n = 6 . In some embodiments , n = 7 . In some 
embodiments , n = 8 . In some embodiments , n = 9 . In some 
embodiments , n = 10 . Another exemplary gly - ser polypeptide 
linker comprises the amino acid sequence ( Gly Ser ) n . In 
some embodiments , n = 1 . In some embodiments , n = 2 . In 
some embodiments , n = 3 . In some embodiments , n = 4 . In 
some embodiments , n = 5 . In some embodiments , n = 6 . 
Another exemplary gly - ser polypeptide linker comprises the 
amino acid sequence ( GlyzSer ) n . some embodiments , n = 1 . 
In some embodiments , n = 2 . In some embodiments , n = 3 . In 
some embodiments , n = 4 . In some embodiments , n = 5 . In 
some embodiments , n = 6 . 
[ 0121 ] As used herein , " half - life ” refers to the time taken 
for the serum or plasma concentration of a polypeptide to 
reduce by 50 % , in vivo , for example due to degradation 
and / or clearance or sequestration by natural mechanisms . 
The fusion protein disclosed herein is stabilized in vivo and 
its half - life increased by , e.g. , fusion to an Fc region , fusion 
to serum albumin ( e.g. , HSA or MSA ) , through PEGylation , 
or by binding to serum albumin molecules ( e.g. , human 
serum albumin ) which resist degradation and / or clearance or 
sequestration . The half - life can be determined in any manner 
known per se , such as by pharmacokinetic analysis . Suitable 
techniques will be clear to the person skilled in the art , and 
may for example generally involve the steps of suitably 
administering a suitable dose of the amino acid sequence or 
compound to a subject ; collecting blood samples or other 
samples from said subject at regular intervals ; determining 
the level or concentration of the amino acid sequence or 
compound in said blood sample ; and calculating , from ( a 
plot of ) the data thus obtained , the time until the level or 
concentration of the amino acid sequence or compound has 
been reduced by 50 % compared to the initial level upon 
dosing . Further details are provided in , e.g. , standard hand 
books , such as Kenneth , A. et al . , Chemical Stability of 
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Pharmaceuticals : A Handbook for Pharmacists and in Peters 
et al . , Pharmacokinetic Analysis : A Practical Approach 
( 1996 ) . Reference is also made to Gibaldi , M. et al . , Phar 
macokinetics , 2nd Rev. Edition , Marcel Dekker ( 1982 ) . 
[ 0122 ] As used herein , the term “ human antibody ” 
includes antibodies having variable and constant regions ( if 
present ) of human germline immunoglobulin sequences . 
Human antibodies of the disclosure can include amino acid 
residues not encoded by human germline immunoglobulin 
sequences ( e.g. , mutations introduced by random or site 
specific mutagenesis in vitro or by somatic mutation in vivo ) 
( see , Lonberg , N. et al . ( 1994 ) Nature 368 ( 6474 ) : 856-859 ) ; 
Lonberg , N. ( 1994 ) Handbook of Experimental Pharmacol 
ogy 113 : 49-101 ; Lonberg , N. and Huszar , D. ( 1995 ) Intern . 
Rev. Immunol . Vol . 13 : 65-93 , and Harding , F. and Lonberg , 
N. ( 1995 ) Ann . N.Y. Acad . Sci 764 : 536-546 ) . However , the 
term “ human antibody ” does not include antibodies in which 
CDR sequences derived from the germline of another mam 
malian species , such as a mouse , have been grafted onto 
human framework sequences ( i.e. , humanized antibodies ) . 
[ 0123 ] As used herein , the term a “ heterologous antibody ” 
is defined in relation to the transgenic non - human organism 
producing such an antibody . This term refers to an antibody 
having an amino acid sequence or an encoding nucleic acid 
sequence corresponding to that found in an organism not 
consisting of the transgenic non - human animal , and gener 
ally from a species other than that of the transgenic non 
human animal . 
[ 0124 ] As used herein , “ immune cell ” is a cell of hema 
topoietic origin and that plays a role in the immune response . 
Immune cells include lymphocytes ( e.g. , B cells and T cells ) , 
natural killer cells , and myeloid cells ( e.g. , monocytes , 
macrophages , eosinophils , mast cells , basophils , and granu 
locytes ) 
[ 0125 ] As used herein , a subject “ in need of prevention , ” 
“ in need of treatment , ” or “ in need thereof , ” refers to one , 
who by the judgment of an appropriate medical practitioner 
( e.g. , a doctor , a nurse , or a nurse practitioner in the case of 
humans ; a veterinarian in the case of non - human mammals ) , 
would reasonably benefit from a given treatment ( such as 
treatment with a composition comprising a fusion protein 
described herein ) . 
[ 0126 ] The term “ in vivo ” refers to processes that occur in 
a living organism . 
[ 0127 ] As used herein , the term “ isolated antibody ” is 
intended to refer to an antibody which is substantially free 
of other antibodies having different antigenic specificities 
( e.g. , an isolated antibody that binds to chemokines ( e.g. , 
ELR + CXC chemokines ) is substantially free of antibodies 
that specifically bind antigens other than chemokines ( e.g. , 
ELR + CXC chemokines ) ) . An isolated antibody that spe 
cifically binds to an epitope may , however , have cross 
reactivity to other chemokines ( e.g. , ELR + CXC chemok 
ines ) from different species . In addition , an isolated antibody 
is typically substantially free of other cellular material 
and / or chemicals . 
[ 0128 ] As used herein , the term " isolated nucleic acid 
molecule ” refers to nucleic acids encoding fusion proteins , 
antibodies or antibody portions ( e.g. , VH , VL , CDR3 ) that 
bind to chemokines ( e.g. , ELR + CXC chemokines ) , is 
intended to refer to a nucleic acid molecule in which the 
nucleotide sequences encoding the fusion protein , antibody 
or antibody portion are free of other nucleotide sequences 
encoding fusion proteins , antibodies or antibody portions 

that bind antigens other than chemokines ( e.g. , ELR + CXC 
chemokines ) , which other sequences may naturally flank the 
nucleic acid in human genomic DNA . For example , Table 12 
shows nucleotide sequences comprising the heavy chain 
( VH ) and light chain ( V ) variable regions of multispecific 
monoclonal antibodies described herein . 
[ 0129 ] As used herein , “ isotype ” refers to the antibody 
class ( e.g. , IgM or IgG1 ) that is encoded by heavy chain 
constant region genes . In some embodiments , an antibody of 
the disclosure is of the IgG1 isotype . In some embodiments , 
an antibody of the disclosure is of the IgG2 isotype . In some 
embodiments , an antibody of the disclosure is of the IgG3 
isotype . In some embodiments , an antibody of the disclosure 
is of the IgG4 isotype . 
[ 0130 ] As used herein , the term “ isotype switching ” refers 
to the phenomenon by which the class , or isotype , of an 
antibody changes from one lg class to one of the other Ig 
classes . 
[ 0131 ] As used herein , the term “ kd ” is intended to refer 
to the off rate constant for the dissociation of an antibody 
from the antibody / antigen complex . 
[ 0132 ] As used herein , the term “ ka ” is intended to refer 
to the on rate constant for the association of an antibody with 
the antigen . 
[ 0133 ] As used herein , the terms " linked , " " fused " , or 
“ fusion ” , are used interchangeably . These terms refer to the 
joining together of two more elements or components or 
domains , by whatever means including chemical conjuga 
tion or recombinant means . Methods of chemical conjuga 
tion ( e.g. , using heterobifunctional crosslinking agents ) are 
known in the art . 
[ 0134 ] As used herein , " local administration " or " local 
delivery , ” refers to delivery that does not rely upon transport 
of the composition or agent to its intended target tissue or 
site via the vascular system . For example , the composition 
may be delivered by injection or implantation of the com 
position or agent or by injection or implantation of a device 
containing the composition or agent . Following local admin 
istration in the vicinity of a target tissue or site , the com 
position or agent , or one or more components thereof , may 
diffuse to the intended target tissue or site . 
[ 0135 ] The term “ mammal ” or “ subject ” or “ patient ” as 
used herein includes both humans and non - humans and 
includes , but is not limited to , humans , non - human primates , 
canines , felines , murines , bovines , equines , and porcines . 
[ 0136 ] The term “ multispecific ” as used herein refers to a 
polypeptide ( e.g. , fusion protein and / or variable region ) 
capable of binding more than one target of interest ( e.g. , 
ELR + CXC chemokine ) . In some embodiments , the terms 
" multispecific ” and “ crossreactive ” are interchangeable . In 
some embodiments , the polypeptide binds at least two 
targets of interest ( e.g. , ELR + CXC chemokines ) . In some 
embodiments , the polypeptide binds at least four targets of 
interest ( e.g. , ELR + CXC chemokines ) . In some embodi 
ments , the polypeptide binds at least five targets of interest 
( e.g. , ELR + CXC chemokines ) . In some embodiments , the 
polypeptide binds at least six targets of interest ( e.g. , ELR + 
CXC chemokines ) . In some embodiments , the polypeptide 
binds at least seven targets of interest ( e.g. , ELR + CXC 
chemokines ) . In some embodiments , the polypeptide binds 
at least eight targets of interest ( e.g. , ELR + CXC chemok 
ines ) . In some embodiments , the polypeptide binds at least 
nine targets of interest ( e.g. , ELR + CXC chemokines ) . In 
some embodiments , the polypeptide binds at least ten targets 
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of interest ( e.g. , ELR + CXC chemokines ) . In some embodi 
ments , the polypeptide binds at least eleven targets of 
interest ( e.g. , ELR + CXC chemokines ) . In some embodi 
ments , the polypeptide binds at least twelve targets of 
interest ( e.g. , ELR + CXC chemokines ) . 
[ 0137 ] “ Nucleic acid ” refers to deoxyribonucleotides or 
ribonucleotides and polymers thereof in either single- or 
double - stranded form . Unless specifically limited , the term 
encompasses nucleic acids containing known analogues of 
natural nucleotides that have similar binding properties as 
the reference nucleic acid and are metabolized in a manner 
similar to naturally occurring nucleotides . Unless otherwise 
indicated , a particular nucleic acid sequence also implicitly 
encompasses conservatively modified variants thereof ( e.g. , 
degenerate codon substitutions ) and complementary 
sequences and as well as the sequence explicitly indicated . 
Specifically , degenerate codon substitutions can be achieved 
by generating sequences in which the third position of one 
or more selected ( or all ) codons is substituted with mixed 
base and / or deoxyinosine residues ( Batzer et al . , Nucleic 
Acid Res . 19 : 5081 , 1991 ; Ohtsuka et al . , Biol . Chem . 
260 : 2605-2608 , 1985 ; and Cassol et al , 1992 ; Rossolini et al , 
Mol . Cell . Probes 8 : 91-98 , 1994 ) . For arginine and leucine , 
modifications at the second base can also be conservative . 
The term nucleic acid is used interchangeably with gene , 
cDNA , and mRNA encoded by a gene . 
[ 0138 ] Polynucleotides used herein can be composed of 
any polyribonucleotide or polydeoxribonucleotide , which 
can be unmodified RNA or DNA or modified RNA or DNA . 
For example , polynucleotides can be composed of single 
and double - stranded DNA , DNA that is a mixture of single 
and double - stranded regions , single- and double - stranded 
RNA , and RNA that is mixture of single- and double 
stranded regions , hybrid molecules comprising DNA and 
RNA that can be single - stranded or , more typically , double 
stranded or a mixture of single- and double - stranded 
regions . In addition , the polynucleotide can be composed of 
triple - stranded regions comprising RNA or DNA or both 
RNA and DNA . A polynucleotide can also contain one or 
more modified bases or DNA or RNA backbones modified 
for stability or for other reasons . “ Modified ” bases include , 
for example , tritylated bases and unusual bases such as 
inosine . A variety of modifications can be made to DNA and 
RNA ; thus , “ polynucleotide ” embraces chemically , enzy 
matically , or metabolically modified forms . 
[ 0139 ] As used herein , the term " operably linked ” or 
" operably coupled " refers to a juxtaposition wherein the 
components described are in a relationship permitting them 
to function in their intended manner . 
[ 0140 ] As used herein , “ parenteral administration , ” 
“ administered parenterally , ” and other grammatically 
equivalent phrases , refer to modes of administration other 
than enteral and topical administration , usually by injection , 
and include , without limitation , intravenous , intranasal , 
intraocular , intramuscular , intraarterial , intrathecal , intraca 
psular , intraorbital , intracardiac , intradermal , intraperito 
neal , transtracheal , subcutaneous , subcuticular , intraarticu 
lar , subcapsular , subarachnoid , intraspinal , epidural , 
intracerebral , intracranial , intracarotid and intrasternal injec 
tion and infusion . 

[ 0141 ] As used herein , the term “ patient ” includes human 
and other mammalian subjects that receive either prophy 
lactic or therapeutic treatment . 

[ 0142 ] The term “ percent identity , ” in the context of two 
or more nucleic acid or polypeptide sequences , refer to two 
or more sequences or subsequences that have a specified 
percentage of nucleotides or amino acid residues that are the 
same , when compared and aligned for maximum correspon 
dence , as measured using one of the sequence comparison 
algorithms described below ( e.g. , BLASTP and BLASTN or 
other algorithms available to persons of skill ) or by visual 
inspection . Depending on the application , the “ percent iden 
tity ” can exist over a region of the sequence being compared , 
e.g. , over a functional domain , or , alternatively , exist over 
the full length of the two sequences to be compared . For 
sequence comparison , typically one sequence acts as a 
reference sequence to which test sequences are compared . 
When using a sequence comparison algorithm , test and 
reference sequences are input into a computer , subsequence 
coordinates are designated , if necessary , and sequence algo 
rithm program parameters are designated . The sequence 
comparison algorithm then calculates the percent sequence 
identity for the test sequence ( s ) relative to the reference 
sequence , based on the designated program parameters . 
[ 0143 ] The percent identity between two sequences is a 
function of the number of identical positions shared by the 
sequences ( i.e. , % homology = # of identical positions / total # 
of positionsx100 ) , taking into account the number of gaps , 
and the length of each gap , which need to be introduced for 
optimal alignment of the two sequences . The comparison of 
sequences and determination of percent identity between 
two sequences can be accomplished using a mathematical 
algorithm , as described in the non - limiting examples below . 
[ 0144 ] Optimal alignment of sequences for comparison 
can be conducted , e.g. , by the local homology algorithm of 
Smith & Waterman , Adv . Appl . Math . 2 : 482 ( 1981 ) , by the 
homology alignment algorithm of Needleman & Wunsch , J. 
Mol . Biol . 48 : 443 ( 1970 ) , by the search for similarity 
method of Pearson & Lipman , Proc . Nat'l . Acad . Sci . USA 
85 : 2444 ( 1988 ) , by computerized implementations of these 
algorithms ( GAP , BESTFIT , FASTA , and TFASTA in the 
Wisconsin Genetics Software Package , Genetics Computer 
Group , 575 Science Dr. , Madison , Wis . ) , or by visual 
inspection ( see generally Ausubel et al . , infra ) . 
[ 0145 ] One example of an algorithm that is suitable for 
determining percent sequence identity and sequence simi 
larity is the BLAST algorithm , which is described in Alts 
chul et al . , J. Mol . Biol . 215 : 403-410 ( 1990 ) . Software for 
performing BLAST analyses is publicly available through 
the National Center for Biotechnology Information website . 
[ 0146 ] As generally used herein , " pharmaceutically 
acceptable ” refers to those compounds , materials , composi 
tions , and / or dosage forms which are , within the scope of 
sound medical judgment , suitable for use in contact with the 
tissues , organs , and / or bodily fluids of human beings and 
animals without excessive toxicity , irritation , allergic 
response , or other problems or complications commensurate 
with a reasonable benefit / risk ratio . 
[ 0147 ] As used herein , a “ pharmaceutically acceptable 
carrier ” refers to , and includes , any and all solvents , disper 
sion media , coatings , antibacterial and antifungal agents , 
isotonic and absorption delaying agents , and the like that are 
physiologically compatible . The compositions can include a 
pharmaceutically acceptable salt , e.g. , an acid addition salt 
or a base addition salt ( see , e.g. , Berge et al . ( 1977 ) J Pharm 
Sci 66 : 1-19 ) . 
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[ 0148 ] As used herein , the term “ PK ” is an acronym for 
" pharmacokinetic ” and encompasses properties of a com 
pound including , by way of example , absorption , distribu 
tion , metabolism , and elimination by a subject . As used 
herein , an “ extended - PK group ” refers to a polymer , protein , 
peptide , or moiety that increases the circulation half - life of 
a biologically active molecule when fused to or administered 
together with the multispecific variable region . Examples of 
an extended - PK group include PEG , human serum albumin 
( HSA ) binders ( as disclosed in U.S. Publication Nos . 2005 / 
0287153 and 2007/0003549 , PCT Publication Nos . WO 
2009/083804 and WO 2009/133208 , and SABA molecules 
as described in US2012 / 094909 ) , serum albumin ( e.g. , 
HSA ) , Fc or Fc fragments and variants thereof , transferrin 
and variants thereof , and sugars ( e.g. , sialic acid ) . Other 
exemplary extended - PK groups are disclosed in Konter 
mann et al . , Current Opinion in Biotechnology 2011 ; 
22 : 868-876 , which is herein incorporated by reference in its 
entirety . 
[ 0149 ] “ Polypeptide , ” “ peptide ” , and “ protein ” are used 
interchangeably herein to refer to a polymer of amino acid 
residues . The terms apply to amino acid polymers in which 
one or more amino acid residue is an artificial chemical 
mimetic of a corresponding naturally occurring amino acid , 
as well as to naturally occurring amino acid polymers and 
non - naturally occurring amino acid polymer . 
[ 0150 ] As used herein , the term " preventing ” when used in 
relation to a condition , refers to administration of a compo 
sition which reduces the frequency of , or delays the onset of , 
symptoms of a medical condition in a subject relative to a 
subject which does not receive the composition . 
[ 0151 ] As used herein , the term “ purified ” or “ isolated ” as 
applied to any of the proteins ( fusion proteins , antibodies or 
fragments ) described herein refers to a polypeptide that has 
been separated or purified from components ( e.g. , proteins 
or other naturally - occurring biological or organic molecules ) 
which naturally accompany it , e.g. , other proteins , lipids , 
and nucleic acid in a prokaryote expressing the proteins . 
Typically , a polypeptide is purified when it constitutes at 
least 60 ( e.g. , at least 65 , 70 , 75 , 80 , 85 , 90 , 92 , 95 , 97 , or 
99 ) % , by weight , of the total protein in a sample . 
[ 0152 ] As used herein , the term “ recombinant host cell ” 
( or simply " host cell ” ) is intended to refer to a cell into 
which a recombinant expression vector has been introduced . 
It should be understood that such terms are intended to refer 
not only to the particular subject cell but to the progeny of 
such a cell . Because certain modifications may occur in 
succeeding generations due to either mutation or environ 
mental influences , such progeny may not , in fact , be iden 
tical to the parent cell , but are still included within the scope 
of the term " host cell ” as used herein . 
[ 0153 ] As used herein , the term “ recombinant human 
antibody ” includes all human antibodies that are prepared , 
expressed , created or isolated by recombinant means , such 
as ( a ) antibodies isolated from an animal ( e.g. , a mouse ) that 
is transgenic or transchromosomal for human immuno 
globulin genes or a hybridoma prepared therefrom , ( b ) 
antibodies isolated from a host cell transformed to express 
the antibody , e.g. , from a transfectoma , ( c ) antibodies iso 
lated from a recombinant , combinatorial human antibody 
library , and ( d ) antibodies prepared , expressed , created or 
isolated by any other means that involve splicing of human 
immunoglobulin gene sequences to other DNA sequences . 
Such recombinant human antibodies comprise variable and 

constant regions that utilize particular human germline 
immunoglobulin sequences are encoded by the germline 
genes , but include subsequent rearrangements and mutations 
which occur , for example , during antibody maturation . As 
known in the art ( see , e.g. , Lonberg ( 2005 ) Nature Biotech . 
23 ( 9 ) : 1117-1125 ) , the variable region contains the antigen 
binding domain , which is encoded by various genes that 
rearrange to form an antibody specific for a foreign antigen . 
In addition to rearrangement , the variable region can be 
further modified by multiple single amino acid changes 
( referred to as somatic mutation or hypermutation ) to 
increase the affinity of the antibody to the foreign antigen . 
The constant region will change in further response to an 
antigen ( i.e. , isotype switch ) . Therefore , the rearranged and 
somatically mutated nucleic acid molecules that encode the 
light chain and heavy chain immunoglobulin polypeptides in 
response to an antigen may not have sequence identity with 
the original nucleic acid molecules , but instead will be 
substantially identical or similar ( i.e. , have at least 80 % 
identity ) . 
[ 0154 ] As used herein , the terms “ specific binding , " 
" selective binding , " " selectively binds , " and " specifically 
binds , ” refer to fusion protein or antibody binding to an 
epitope on a predetermined antigen . Typically , the fusion 
protein or antibody binds with an equilibrium dissociation 
constant ( Kg ) of approximately less than 10- “ M , such as 
approximately less than 10-7M , 10-8 M , 10 - ' Mor 10-10 M 
or even lower when determined by surface plasmon reso 
nance ( SPR ) technology in a BIACORE 2000 instrument 
using an ELR + CXC chemokine of interest as the analyte 
and the fusion protein or antibody as the ligand and binds to 
the predetermined antigen with an affinity that is at least 
two - fold greater than its affinity for binding to a non - specific 
antigen ( e.g. , BSA , casein ) other than the predetermined 
antigen or a closely - related antigen . The phrases “ recogniz 
ing an antigen ” and “ specific for an antigen ” are used 
interchangeably herein with the term “ binds specifically to 
an antigen . ” 
[ 0155 ] As used herein , the term “ subject ” includes any 
human or non - human animal . For example , the methods and 
compositions of the present disclosure can be used to treat 
a subject with an immune disorder . The term “ non - human 
animal ” includes all vertebrates , e.g. , mammals and non 
mammals , such as non - human primates , sheep , dog , cow , 
chickens , amphibians , reptiles , etc. 
[ 0156 ] The term “ sufficient amount ” or “ amount sufficient 
to ” means an amount sufficient to produce a desired effect , 
e.g. , an amount sufficient to reduce the size of a tumor . 
[ 0157 ] The term “ substantial homology ” indicates that 
two nucleotide sequences or two amino acid sequences , 
when optimally aligned and compared , are identical , with 
appropriate insertions or deletions , in at least about 80 % of 
the nucleotides or amino acids , usually at least about 90 % to 
95 % , and more preferably at least about 98 % to 99.5 % of the 
nucleotides or amino acids . Alternatively , substantial homol 
ogy exists when the segments will hybridize under selective 
hybridization conditions , to the complement of the strand . 
[ 0158 ] The nucleic acids may be present in whole cells , in 
a cell lysate , or in a partially purified or substantially pure 
form . A nucleic acid is “ isolated ” or “ rendered substantially 
pure ” when purified away from other cellular components or 
other contaminants , e.g. , other cellular nucleic acids or 
proteins , by standard techniques , including alkaline / SDS 
treatment , CsCl banding , column chromatography , agarose 
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and thereby are replicated along with the host genome . 
Moreover , certain vectors are capable of directing the 
expression of genes to which they are operatively linked . 
Such vectors are referred to herein as “ recombinant expres 
sion vectors ” ( or simply , “ expression vectors ” ) In general , 
expression vectors of utility in recombinant DNA techniques 
are often in the form of plasmids . In the present specifica 
tion , “ plasmid ” and “ vector ” may be used interchangeably 
as the plasmid is the most commonly used form of vector . 
However , the invention is intended to include such other 
forms of expression vectors , such as viral vectors ( e.g. , 
replication defective retroviruses , adenoviruses and adeno 
associated viruses ) , which serve equivalent functions . 
[ 0164 ] It must be noted that , as used in the specification 
and the appended claims , the singular forms “ a , ” “ an ” and 
“ the ” include plural referents unless the context clearly 
dictates otherwise . 

Multispecific Variable Regions and Antibodies 

reg 

gel electrophoresis and others well known in the art . See , F. 
Ausubel , et al . , ed . Current Protocols in Molecular Biology , 
Greene Publishing and Wiley Interscience , New York 
( 1987 ) . 
[ 0159 ] The nucleic acid compositions of the present dis 
closure , while often in a native sequence ( except for modi 
fied restriction sites and the like ) , from either cDNA , 
genomic or mixtures thereof may be mutated , in accordance 
with standard techniques to provide gene sequences . For 
coding sequences , these mutations , may affect amino acid 
sequence as desired . In particular , DNA sequences substan 
tially homologous to or derived from native V , D , J , con 
stant , switches and other such sequences described herein 
are contemplated ( where “ derived ” indicates that a sequence 
is identical or modified from another sequence ) . 
[ 0160 ] The term “ T cell ” refers to a type of white blood 
cell that can be distinguised from other white blood cells by 
the presence of a T cell receptor on the cell surface . There 
are several subsets of T cells , including , but not limited to , 
T helper cells ( a.k.a. Tu cells or CD4 + T cells ) and subtypes , 
including T 1 , T22 , T3 , T 17 , T79 , and Trh cells , cyto 
toxic T cells ( a.k.a Tc cells , CD8 + T cells , cytotoxic T 
lymphocytes , T - killer cells , killer T cells ) , memory T cells 
and subtypes , including central memory T cells ( Tcm cells ) , 
effector memory T cells ( TEM and TEMRA cells ) , and resident 
memory T cells ( TRM cells ) , regulatory T cells ( a.k.a. T , recept cells or suppressor T cells ) and subtypes , including CD4 * 
FOXP3 + T cells , CD4 + FOXP3- Treg cells , Tr1 cells , Th3 
cells , and Treg17 cells , natural killer T cells ( a.k.a. NKT 
cells ) , mucosal associated invariant T cells ( MAITs ) , and 
gamma delta T cells ( yd T cells ) , including Vy9 / V82 T cells . 
Any one or more of the aforementioned or unmentioned T 
cells may be the target cell type for a method as disclosed 
herein . 
[ 0161 ] The term “ therapeutically effective amount ” is an 
amount that is effective to ameliorate a symptom of a 
disease . A therapeutically effective amount can be a “ pro 
phylactically effective amount ” as prophylaxis can be con 
sidered therapy . 
[ 0162 ] The terms “ treat , ” “ treating , ” and “ treatment , " 
used herein , refer to therapeutic or preventative measures 
described herein . The methods of " treatment ” employ 
administration to a subject , in need of such treatment , a 
fusion protein or antibody , or antigen binding fragment 
thereof , of the present disclosure , for example , a subject in 
need of a reduced immune response or a subject who 
ultimately may acquire such a disorder , in order to prevent , 
cure , delay , reduce the severity of , or ameliorate one or more 
symptoms of the disorder or recurring disorder , or in order 
to prolong the survival of a subject beyond that expected in 
the absence of such treatment . 
[ 0163 ] As used herein , the term “ vector ” is intended to 
refer to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked . One type 
of vector is a " plasmid , ” which refers to a circular double 
stranded DNA loop into which additional DNA segments 
may be ligated . Another type of vector is a viral vector , 
wherein additional DNA segments may be ligated into the 
viral genome . Certain vectors are capable of autonomous 
replication in a host cell into which they are introduced ( e.g. , 
bacterial vectors having a bacterial origin of replication and 
episomal mammalian vectors ) . Other vectors ( e.g. , non 
episomal mammalian vectors ) can be integrated into the 
genome of a host cell upon introduction into the host cell , 

[ 0165 ] The present disclosure provides multispecific vari 
able regions capable of binding more than one ELR + CXC 
chemokine ( e.g. , at least two , at least three , at least four , at 
least five , at least six , at least seven , at least eight , at least 
nine , at least ten , at least eleven , at least twelve ) . In some 
embodiments , the multispecific variable region is a single 
chain variable fragment ( scFv ) . In some embodiments , the 
present disclosure also provides isolated monoclonal anti 
bodies , or antigen binding fragments thereof , capable of 
binding more than one ELR + CXC chemokine ( e.g. , at least 
two , at least three , at least four , at least five , at least six , at 
least seven , at least eight , at least nine , at least ten , at least 
eleven , at least twelve ) . 
[ 0166 ] The ELR + CXC chemokine system consists of 
numerous small and structurally similar chemoattractant 
ligands capable of binding to and activating the related 
CXCR1 and CXCR2 G protein - coupled receptors ( GCPRs ) 
expressed abundantly on the surface of neutrophils ( Griffith , 
J. W. et al . Annu Rev Immunol 32 , 659-702 ( 2014 ) ) . These 
ligands act either by autocrine or paracrine mechanisms to 
induce signaling networks that direct neutrophils to sites of 
inflammation . Studies in animals have demonstrated that 
genetic deletion of the most promiscuous ELR + CXC 
chemokine receptor , CXCR2 , can block the development of 
joint inflammation in anti - type II collagen antibody - induced 
arthritis ( CAIA ) ( Min , S. H. et al Biochem Biophy Res 
Commun 391 , 1080-1086 ( 2010 ) ) , adjuvant - induced arthritis 
( AIA ) ( Barsante , M. M. et al Br J Pharmacol 153 , 992-2001 
( 2008 ) ; Coelho , F. M. et al Arthritis Rheum 58 , 2329-2337 
( 2008 ) ; Grespan , R. et al Arthritis Rheum 58 , 2030-2040 
( 2008 ) ) , and K / BxN serum transfer induced arthritis ( Ja 
cobs , J. P. et al Arthritis Rheum 62 , 1921-1932 ( 2010 ) ; Chou , 
R. C. et al Immunity 33 , 266-278 ( 2010 ) ) . 
[ 0167 ] Inhibition of ELR + CXC chemokine - driven signal 
ing has been previously attempted by employing various 
antagonists against CXCR1 and CXCR2 receptors , includ 
ing neutralizing antibodies , small molecules and peptide 
derived inhibitors . However , these antagonists have shown 
limited therapeutic effects ( Schall , T. J. & Proudfoot , A. E. 
Nat Rev Immunol 11 , 355-363 ( 2011 ) ; Szekanecz , Z. & 
Koch , A. E. Nat Rev Rheumatol 12 , 5-13 ( 2016 ) ) . Failures 
of such receptor - based therapies have been attributed to ( i ) 
difference between the orthologous rodent ( pre - clinical ) and 
human ( clinical systems ) ; and ( ii ) the extremely high doses 
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of antagonist required to guarantee continuous receptor 
occupancy , such that all receptors in the body are antago 
nized ( Id . ) . 
[ 0168 ] Accordingly , the present disclosure provides mul 
tispecific variable regions , and isolated monoclonal antibod 
ies , or antigen binding fragments thereof , that bind to the 
ELR + CXC chemokine ligands themselves . In some 
embodiments , the multispecific variable regions , and iso 
lated monoclonal antibodies , or antigen binding fragments 
thereof , described herein , bind to and inhibit or reduce the 
activity of the ELR + CXC chemokine ligands . 
[ 0169 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises a heavy chain variable region 
and a light chain variable region , wherein the heavy chain 
variable region comprises an amino acid sequence as set 
forth in SEQ ID NOs : 1 , 11 or 21. In some embodiments , the 
heavy chain variable region comprises the amino acid 
sequence set forth in SEQ ID NO : 1. In some embodiments , 
the heavy chain variable region comprises the amino acid 
sequence set forth in SEQ ID NO : 11. In some embodiments , 
the heavy chain variable region comprises the amino acid 
sequence set forth in SEQ ID NO : 21 . 
[ 0170 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises a heavy chain variable region 
and a light chain variable region , wherein the light chain 
variable region comprises an amino acid sequence as set 
forth in SEQ ID NOs : 2 , 12 or 22. In some embodiments , the 
light chain variable region comprises the amino acid 
sequence set forth in SEQ ID NO : 2. In some embodiments , 
the light chain variable region comprises the amino acid 
sequence set forth in SEQ ID NO : 12. In some embodiments , 
the light chain variable region comprises the amino acid 
sequence set forth in SEQ ID NO : 22 . 
[ 0171 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises a heavy chain variable region 
and a light chain variable region , wherein the heavy chain 
variable region comprises an amino acid sequence as set 
forth in SEQ ID NOs : 1 , 11 or 21 , and wherein the light 
chain variable region comprises an amino acid sequence as 
set forth in SEQ ID NOs : 2 , 12 or 22 . 
[ 0172 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises a heavy chain variable region 
and a light chain variable region comprising the amino acid 
sequences set forth in : 
[ 0173 ] ( a ) SEQ ID NOs : 1 and 2 , respectively ; 
[ 0174 ] ( b ) SEQ ID NOs : 11 and 12 , respectively ; or 
[ 0175 ] ( c ) SEQ ID NOs : 21 and 22 , respectively . 
[ 0176 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises a heavy chain variable region 
and light chain variable region comprising amino acid 
sequences having 90 % identity to the amino acid sequences 
set forth in : 
( 0177 ] ( a ) SEQ ID NOs : 1 and 2 , respectively ; 
[ 0178 ] ( b ) SEQ ID NOs : 11 and 12 , respectively ; or 
[ 0179 ] ( c ) SEQ ID NOs : 21 and 22 , respectively . 
[ 0180 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises heavy and light chain CDRs 
selected from the group consisting of : 

[ 0181 ] ( a ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 5 , 6 and 7 , respectively , 
and light chain CDR1 , CDR2 and CDR3 sequences set forth 
in SEQ ID NOs : 8 , 9 and 10 , respectively ; 
[ 0182 ] ( b ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 15 , 16 and 17 , respec 
tively , and light chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 18 , 19 and 20 , respectively , and 
[ 0183 ] ( c ) heavy chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 25 , 26 and 27 , respec 
tively , and light chain CDR1 , CDR2 and CDR3 sequences 
set forth in SEQ ID NOs : 28 , 29 and 30 , respectively . 
[ 0184 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises heavy chain CDR1 , CDR2 and 
CDR3 sequences set forth in SEQ ID NOs : 5 , 6 and 7 , 
respectively , and light chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 8 , 9 and 10 , respec 
tively . 
[ 0185 ] In some embodiments , the multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , comprises heavy chain CDR1 , CDR2 and 
CDR3 sequences set forth in SEQ ID NOs : 25 , 26 and 27 , 
respectively , and light chain CDR1 , CDR2 and CDR3 
sequences set forth in SEQ ID NOs : 28 , 29 and 30 , respec 
tively . 
[ 0186 ] In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , provided herein , binds to human CXCL1 , 
human CXCL2 , human CXCL3 , human CXCL5 , human 
CXCL6 , human CXCL7 , human CXCL8 , murine CXCL1 , 
murine CXCL2 , murine CXCL3 , murine CXCL5 , murine 
CXCL7 , or any combination thereof . 
[ 0187 ] In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , provided herein , binds to at least two 
ELR + CXC chemokines . In some embodiments , a multi 
specific variable region , or isolated monoclonal antibody , or 
antigen binding fragment thereof , provided herein , binds to 
at least four ELR + CXC chemokines . In some embodiments , 
a multispecific variable region , or isolated monoclonal anti 
body provided herein , binds to at least four ELR + CXC 
chemokines . In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , provided herein , binds to at least five 
ELR + CXC chemokines . In some embodiments , a multi 
specific variable region , or isolated monoclonal antibody , or 
antigen binding fragment thereof , provided herein , binds to 
at least six ELR + CXC chemokines . In some embodiments , 
a multispecific variable region , or isolated monoclonal anti 
body provided herein , binds to at least seven ELR + CXC 
chemokines . In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody provided herein , 
binds to at least eight ELR + CXC chemokines . In some 
embodiments , a multispecific variable region , or isolated 
monoclonal antibody provided herein , binds to at least nine 
ELR + CXC chemokines . In some embodiments , a multi 
specific variable region , or isolated monoclonal antibody 
provided herein , binds to at least ten ELR + CXC chemok 
ines . In some embodiments , a multispecific variable region , 
or isolated monoclonal antibody provided herein , binds to at 
least eleven ELR + CXC chemokines . In some embodiments , 
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half - life of a fusion protein described herein is increased 
relative to the multispecific variable region alone . In some 
embodiments , the serum half - life of a fusion protein 
described herein is at least 20 , 40 , 60 , 80 , 100 , 120 , 150 , 180 , 
200 , 400 , 600 , 800 , or 1000 % longer relative to the multi 
specific variable region alone . In certain embodiments , the 
serum half - life of a fusion protein described herein is at least 
1.5 - fold , 2 - fold , 2.5 - fold , 3 - fold , 3.5 fold , 4 - fold , 4.5 - fold , 
5 - fold , 6 - fold , 7 - fold , 8 - fold , 10 - fold , 12 - fold , 13 - fold , 
15 - fold , 17 - fold , 20 - fold , 22 - fold , 25 - fold , 27 - fold , 30 - fold , 
35 - fold , 40 - fold , or 50 - fold greater than the serum half - life 
of the multispecific variable region alone . In certain embodi 
ments , the serum half - life of a fusion protein described 
herein is at least 10 hours , 15 hours , 20 hours , 25 hours , 30 
hours , 35 hours , 40 hours , 50 hours , 60 hours , 70 hours , 80 
hours , 90 hours , 100 hours , 110 hours , 120 hours , 130 hours , 
135 hours , 140 hours , 150 hours , 160 hours , or 200 hours . 
[ 0194 ] In some embodiments , the polymer is an albumin 
moiety ( e.g. , serum albumin ) . In some embodiments , the 
polymer is an Fc domain . In some embodiments , the poly 
mer is polyethylene glycol ( PEG ) . In some embodiments , 
the polymer is transferrin . In some embodiments , the poly 
mer is a serum immunoglobulin binding protein . In some 
embodiments , the polymer is an albumin binding moiety . 
Serum Albumin 

a multispecific variable region , or isolated monoclonal anti 
body provided herein , binds to at least twelve ELR + CXC 
chemokines . 
[ 0188 ] In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , provided herein , binds to human CXCL1 , 
human CXCL2 , human CXCL3 , and murine CXCL1 . In 
some embodiments , a multispecific variable region , or iso 
lated monoclonal antibody , or antigen binding fragment 
thereof , provided herein , binds to human CXCL1 , human 
CXCL5 , human CXCL8 , murine CXCL1 , murine CXCL2 
and murine CXCL5 . In some embodiments , a multispecific 
variable region , or isolated monoclonal antibody , or antigen 
binding fragment thereof , provided herein , binds to human 
CXCL1 , human CXCL2 , human CXCL3 , human CXCL5 , 
human CXCL6 , human CXCL7 , human CXCL8 , murine 
CXCL1 , murine CXCL2 , murine CXCL3 and murine 
CXCL5 . 
[ 0189 ] In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , provided herein , binds to human ELR + 
CXC chemokines . In some embodiments , a multispecific 
variable region , or isolated monoclonal antibody , or antigen 
binding fragment thereof , provided herein , binds to murine 
ELR + CXC chemokines . In some embodiments , a multi 
specific variable region , or isolated monoclonal antibody , or 
antigen binding fragment thereof , provided herein , binds to 
human and murine ELR + CXC chemokines . In some 
embodiments , a multispecific variable region , or isolated 
monoclonal antibody , or antigen binding fragment thereof , 
provided herein , binds to human and murine ELR- CXC 
chemokines ( e.g. , murine CXCL4 , human CXCL4 , human 
CXCL10 and human CXCL11 ) . 
[ 0190 ] In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , provided herein , inhibits or reduces bind 
ing of an ELR + CXC chemokine of interest to its cognate 
receptor . In some embodiments , a multispecific variable 
region , or isolated monoclonal antibody , or antigen binding 
fragment thereof , provided herein , inhibits or reduces bind 
ing of an ELR + CXC chemokine of interest to CXCR2 . In 
some embodiments , a multispecific variable region , or iso 
lated monoclonal antibody , or antigen binding fragment 
thereof , provided herein , inhibits or reduces binding of an 
ELR + CXC chemokine of interest CXCR1 . In some embodi 
ments , a multispecific variable region , or isolated monoclo 
nal antibody , or antigen binding fragment thereof , provided 
herein , inhibits or reduces binding of an ELR + CXC chemo 
kine of interest to CXCR1 and CXCR2 . 
[ 0191 ] Fusion Protein 
[ 0192 ] In some embodiments , the present disclosure pro 
vides fusion proteins comprising a multispecific variable 
region ( e.g. , scFv ) described herein , operably coupled to a 
polymer . Examples of polymers suitable for use in the fusion 
proteins described herein , are provided in Strohl , W. R. 
BioDrugs , Vol . 29 : 215-239 ( 2015 ) , herein incorporated by 
reference in its entirety . The coupling of a polymer to 
multispecific variable region , either covalently or non - co 
valently , enhances the solubility and stability of the multi 
specific variable region . 
[ 0193 ] Moreover , in some embodiments , the conjugating 
of a polymer to a multispecific variable region extends the 
pharmacokinetic profile ( e.g. , serum half - life ) of the multi 
specific variable region . In some embodiments , the serum 

[ 0195 ] In some embodiments , the fusion protein com 
prises a multispecific variable region ( e.g. , scFv ) described 
herein , operably coupled to an albumin moiety , or fragment 
thereof . Suitable albumins for use in the fusion proteins can 
be from human , primate , rodent , bovine , equine , donkey , 
rabbit , goat , sheep , dog , chicken or pig . In some embodi 
ments , the albumin is a serum albumin , for example , a 
human serum albumin , primate serum albumin ( e.g. , chim 
panzee serum albumin , gorilla serum albumin ) , rodent 
serum albumin ( e.g. , hamster serum albumin , guinea pig 
serum albumin , mouse serum albumin and rat serum albu 
min ) , bovine serum albumin , equine serum albumin , donkey 
serum albumin , rabbit serum albumin , goat serum albumin , 
sheep serum albumin , dog serum all chicken serum 
albumin , and pig serum albumin . 
[ 0196 ] Serum albumin exploits the FcRn receptor to 
achieve long half - life in circulation but its plasma persis 
tence is still shorter than full length monoclonal antibodies , 
thus avoiding “ buffering ” effects associated with the use of 
full - length antibody - based strategies ( Sand , K. M. et al 
Front Immunol 5,682 ( 2014 ) ; Mihara , M. e al Immunology 
74 , 55-59 ( 1991 ) ; O'Hear , C. E. & Foote , J. Proc Natl Acad 
Sci USA 102 , 40-44 ( 2005 ) ; Haringman , J. J. et al Arthritis 
and Rheumatism 54 , 2387-2393 ( 2006 ) ) . Unlike an anti 
body , serum albumin does not find the FcyR receptors 
expressed on the surface of immune system cells , thus 
eluding extra immune system activation and inflammation 
mediated by antibody - dependent cell - mediated cytotoxicity 
( ADCC ) . 
[ 0197 ] In some embodiments , the fusion protein com 
prises a human serum albumin ( HSA ) , or variants or frag 
ments thereof , such as those disclosed in U.S. Pat . No. 
5,876,969 , WO 2011/124718 , WO 2013/075066 , and WO 
2011/0514789 . In some embodiments , the serum albumin 
moiety used in the fusion protein described herein , has 
sequence identity to the sequence of wild - type HSA as set 
forth in SEQ ID NO : 171. of at least 50 % , such as at least 
60 % , at least 70 % , at least 80 % , at least 85 % , at least 86 % , 
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at least 87 % , at least 88 % , at least 89 % , at least 90 % , at least 
91 % , at least 92 % , at least 93 % , at least 94 % , at least 95 % , 
at least 96 % , at least 97 % , at least 98 % , or at least 99 % . 
[ 0198 ] In some embodiments , the fusion protein com 
prises a mouse serum albumin ( MSA ) , or variants or frag 
ments thereof . In some embodiments , the serum albumin 
moiety used in the fusion protein described herein , has 
sequence identity to the sequence of wild - type MSA as set 
forth in SEQ ID NO : 173. of at least 50 % , such as at least 
60 % , at least 70 % , at least 80 % , at least 85 % , at least 86 % , 
at least 87 % , at least 88 % , at least 89 % , at least 90 % , at least 
91 % , at least 92 % , at least 93 % , at least 94 % , at least 95 % , 
at least 96 % , at least 97 % , at least 98 % , or at least 99 % . 
[ 0199 ] In some embodiments , the number of alternations , 
e.g. , substitutions , insertions , or deletions in the albumin 
variants of the present disclosure is 1-20 , e.g. , 1-10 , 1-5 , 
such as 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 or 10 alterations compared to 
the corresponding wild - type albumin ( e.g. , HSA or MSA ) . 
[ 0200 ] In addition to wild - type albumin , albumin variants 
are considered applicable as fusion partners with the mul 
tispecific variable regions ( e.g. , scFv ) of the disclosure . 
Non - limiting examples of such variants include one or more 
alterations ( e.g. , substitutions , deletions , or insertions ) in 
one or more positions corresponding to positions 417 , 440 , 
464 , 490 , 492 , 493 , 494 , 495 , 496 , 499 , 500 , 501 , 503 , 504 , 
505 , 506 , 510 , 535 , 536 , 537 , 538 , 540 , 541 , 542 , 550 , 573 , 
574 , 575 , 577 , 578 , 579 , 580 , 581 , 582 and 584 of HSA 
( SEQ ID NO : 171 ) . In some embodiments , a variant com 
prises an alteration of at least one of these positions , such as 
2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 
20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , or 
all of these positions . The substitution ( s ) may be any sub 
stitution ( s ) where the amino acid in the natural albumin 
sequence is substituted with a different amino acid selected 
among the remaining 19 natural occurring amino acids , 
provided that the substitution ( s ) increases the half - life of the 
polypeptide it is fused or conjugated to relative to the 
polypeptide not fused to the variant or a polypeptide fused 
to the wild - type albumin . Exemplary variants with altered 
serum half - life and / or binding to FcRn are those that include 
one or more of the following amino acid substitutions in 
HSA ( SEQ ID NO : 171 ) , as disclosed in U.S. Published 
Application No. 2012-0220530 : Q417A , Q417H , H440Q , 
H464Q , A490D , E492G , E492T , E492P , E492H , V493P , 
V493L , D494N , D494Q , D494A , D494E , D494P , E495Q , 
E495A , T496A , P499A , K500E , K500G , K500A , K500S , 
K500C , K500P , K500H , K500F , K500N , K500W , K500T , 
K500M , K500Y , K500V , K5000 , K500L , K5001 , K500R , 
E501A , E501P , E501Q , N503K , N503D , E503H , A504E , 
E505K , E505D , T506F , T506S , H5100 , H5350 , K536A , 
P537A , K538A , K538H , T540S , K541A , K541D , K541G , 
K541N , K541E , E542P , E542D , D550N , K573Y , K573W , 
K573P , K573H , K573F , K573V , K5731 , K573T , K573N , 
K573S , K573G , K573M , K573C , K573A , K573E , K573Q , 
K573R , K573L , K573D , K574N , Q580K , L575F , A577T , 
A577E , A578R , A578S , S579C , S579T , Q580K , A581D , 
A582T , G584A ( the contents of which are incorporated 
herein by reference ) . In particular embodiments , the variant 
has position 573 of HSA ( SEQ ID NO : 171 ) substituted with 
proline ( P ) , tryptophan ( W ) , or tyrosine ( Y ) . In some 
embodiments , the variant comprises multiple alterations , 
such as substitutions , at positions corresponding to 494 and 
496 ; 492 and 493 ; 494 and 417 ; 492 and 503 ; 492 and 573 
( e.g. , E492G + K573P , E492G + K573A ) ; and 492 , 503 , and 

573 ( e.g. , E492G + N503H + K573P ) . It should be understood 
that variants containing any alteration ( e.g. , substitution , 
insertion , deletion ) at any one of the above positions of HSA 
( SEQ ID NO : 171 ) , or at any other position ( s ) , are suitable 
for use in the fusion proteins described herein . 
[ 0201 ] In some embodiments , the albumin variant has an 
increased serum half - life compared to a wild - type albumin . 
Albumin variants with increased serum half - life , as dis 
closed in WO2011 / 051489 , include E492G , K500R , 
N503H , N503K , D550E , K573Y , K573W , K573P , K573H , 
K573F , K573V , K5731 , K573T , K573N , K573S , K573G , 
K573M , K573C , K573A , K573E , K573Q , K573R , K573L , 
K573D , K574N , Q580K , E492G + N503K , E492G + N503H , 
E492G + K573A , E492G + K573P , E492G + N503K + K573P , 
E492G + N503H + K573P , E492G + N503K + K573A K573P + 
L575F + G584A , K573P + A578S + S579T + G584A , K573P + 
A577E + A578S + Q580K + A582T , K573P + K574N + A577T + 
A578R + S579C + Q580K + A581D + G584A , and E492H + 
E501P + N503H + E505D + T506S + T540S + K541E . It will be 
evident to the skilled artisan that variants with other amino 
acid substitutions or combinations of amino acid substitu 
tions can be readily tested with routine methods to determine 
whether they exhibit increased serum half - life . 
[ 0202 ] Some natural variants of albumin also exhibit 
increased serum half - life , and are suitable for use in the 
fusion proteins described herein . Such natural HSA variants 
with increased serum half - life are known in the art , such as 
E501K , E570K ( Iwao et al . 2007 , B. B. A. Proteins and 
Proteomics 1774 , 1582-90 ) , E505K ( Gallino et al . , supra ) , 
K536E , K574N ( Minchiotti et al . , Biochim Biophys Acta 
1987 : 916 : 411-418 ) , D550G ( Takahashi et al . , PNAS 1987 : 
84 : 4413-7 ) , and D550A ( Carlson et al . , PNAS 1992 : 89 : 
8225-9 ) . 
[ 0203 ] In some embodiments , the variant albumin has an 
amino acid substitution that increases the affinity of the 
albumin to FcRn , which correlates with increased serum 
half - life . Such amino acid substitutions include , but are not 
limited to , HSA with K573P ( i.e. , lysine at position 573 
substituted with a proline ) . Routine methods , such as surface 
plasmon resona ce ( SPR ) , as disclosed in WO2011 / 051489 , 
can be used to determine whether a particular albumin 
variant exhibits increased affinity to FcRn relative to the 
corresponding wild - type albumin . It will be evident to the 
skilled artisan that increased affinity to FcRn can be deter 
mined by comparing the binding constants KD of the 
albumin variant and wild - type albumin . In the context of the 
present disclosure , variant albumins having a KD that is 
lower than the KD for natural HSA is considered to have a 
higher plasma half - life than HSA . 
[ 0204 ] In some embodiments , it may be desirable for the 
variant albumin , or fragment thereof , to decrease the serum 
half - life of a fusion protein . Such variant albumins , or 
fragments thereof , may decrease the binding of the fusion 
proteins to FcRn relative to non - albumin fused multispecific 
variable regions in which albumin is the corresponding 
wild - type albumin . Fusion proteins with decreased serum 
half - lives , e.g. , those with decreased FcRn binding affinity , 
are useful , for example , for administration to a mammal 
where a shortened circulation time may be advantageous , 
e.g. , for in vivo diagnostic imaging or in situations where the 
starting polypeptide has toxic side effects when present in 
the circulation for prolonged periods . Albumin variants with 
decreased FcRn binding affinity are also less likely to cross 
the placenta and , thus , are also useful in the treatment of 
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diseases or disorders in pregnant women . In addition , other 
applications in which reduced FcRn binding affinity may be 
desired include those applications in which localization in 
the brain , kidney , and / or liver is desired . In some embodi 
ments , the fusion proteins described herein exhibit reduced 
transport across the epithelium of kidney glomeruli from the 
vasculature . In some embodiments , the fusion proteins 
described herein exhibit reduced transport across the blood 
brain barrier ( BBB ) from the brain , into the vascular space . 
In some embodiments , a fusion protein with altered FcRn 
binding comprises at least one albumin domain ( e.g. , 
domain III of HSA ) having one or more amino acid substi 
tutions within the “ FcRn binding region ” of an albumin 
domain . Exemplary albumin variants that exhibit decreased 
serum half - life are disclosed in , e.g. , WO2011 / 124718 , and 
include Q417A , H464Q , D494N , D494Q , D494A , E495Q , 
E495A , T496A , P499A , K500E , K500G , K500D , K500A , 
K500S , K500C , K500P , K500H , K500F , K500N , K500W , 
K500T , K500M , K500Y , K500V , K5000 , K500L , K5001 , 
K500R , D500N , E501A , E501Q , N503K , N503D , H5100 , 
H5350 , K536A , P537A , K541G , K541D , K541A , K541N , 
E492T + N503D , E492G + V493P , D494E + Q417H , E495Q + 
T496A , D494N + E495Q + T496A , E492G + K538H + K541N + 
E542D , E492G + V493P + K538H + K541N + E542D , A490D + 
E492T + V493L + E501P + E503D + A504E + E505K + T506F + 
K541D . Exemplary natural albumin variants that exhibit 
decreased serum half - life include D494N ( Peach et al . , 
Biochim Biophys Acta 1991 ; 1097 : 49-54 ) , and K541E and 
K560E ( Iwao et al . , B. B. A. Proteins and Proteomics 2007 ; 
1774 : 1582-90 ) . 
[ 0205 ] One or more positions of albumin , or a variant or 
fragment thereof , can be altered to provide reactive surface 
residues for , e.g. , conjugation with a multispecific variable 
region . Exemplary positions in HSA ( SEQ ID NO : 171 ) that 
can be altered to provide conjugation competent cysteine 
residues include , but are not limited to , those disclosed in 
WO2010 / 092135 , such as , DIC , A2C , T79C , E82C , E86C , 
D121C , D129C , S270C , A364C , A504C , E505C , D549C , 
D562C , A578C , A579C , A581C , L585C , and L595C . Alter 
natively a cysteine residue may be added to the N or C 
terminus of albumin . Methods suitable for producing con 
jugation competent albumin , or a variant or peptide thereof , 
as well as covalently linking albumin , or a variant or 
fragment thereof , with a conjugation partner or partners 
( e.g. , a multispecific variable region ) are routine in the art 
and disclosed in , e.g. , WO2010 / 092135 and WO 2009 / 
019314. In some embodiments , the conjugates may conve 
niently be linked via a free thiol group present on the surface 
of HSA ( amino acid residue 34 of mature HSA ) using 
art - recognized methods . 
[ 0206 ] In addition to the albumin or variants thereof 
described supra , fragments of albumin , or fragments of 
variants thereof , are suitable for use as the albumin compo 
nent of the fusion proteins described herein . Exemplary 
albumin fragments that are suitable for use in the fusion 
proteins are disclosed in WO 2011/124718 . A fragment of 
albumin ( e.g. , a fragment of HSA ) will typically be at least 
20 amino acids in length , such as at least 40 amino acids , at 
least 60 amino acids , at least 80 amino acids , at least 100 
amino acids , at least 150 amino acids , at least 200 amino 
acids , at least 300 amino acids , at least 400 amino acids , or 
at least 500 amino acids in length , and will alter ( e.g. , 

increase ) the serum half - life of the polypeptide it is fused to 
( e.g. , multispecific variable region ) relative to the non - fused 
polypeptide . 
[ 0207 ] In some embodiments , a fragment may comprise at 
least one whole sub - domain of albumin . Domains of HSA 
have been expressed as recombinant proteins ( Dockal et al . , 
JBC 1999 ; 274 : 29303-10 ) , where domain I was defined as 
consisting of amino acids 1-197 ( SEQ ID NO : 175 ) , domain 
II was defined as consisting of amino acids 189-385 ( SEQ 
ID NO : 176 ) , and domain III was defined as consisting of 
amino acids 381-585 ( SEQ ID NO : 177 ) of HSA ( SEQ ID 
NO : 171 ) . Partial overlap of the domains occurs given the 
extended a - helix structure ( h10 - hl ) which exists between 
domains I and II , and between domains II and III ( Peters , 
1996 , op . cit , Table 2-4 ) . HSA also comprises six sub 
domains ( sub - domains IA , IB , NA , NB , INA and NIB ) . 
Sub - domain IA comprises amino acids 6-105 , sub - domain 
IB comprises amino acids 120-177 , sub - domain NA com 
prises amino acids 200-291 , sub - domain NB comprises 
amino acids 316-369 , sub - domain INA comprises amino 
acids 392-491 and sub - domain NIB comprises amino acids 
512-583 of SEQ ID NO : 171 . 
[ 0208 ] A fragment may comprise a whole or part of one or 
more domains or sub - domains as defined above , or any 
combination of those domains and / or sub - domains . A frag 
ment may comprise or consist of at least 50 , 60 , 70 , 75 , 80 , 
85 , 90 , 95 , 96 , 97 , 98 , or 99 % of an albumin or of a domain 
of an albumin , or a variant or fragment thereof . Additionally , 
single or multiple heterologous fusions comprising any of 
the above ; or single or multiple heterologous fusions to 
albumin , or a variant or fragment of any of these may be 
used . Such fusions include albumin N - terminal fusions , 
albumin C - terminal fusions and co - N - terminal and C - termi 
nal albumin fusions as exemplified by WO 01/79271 . In 
some embodiments , the fragment of albumin or variant 
thereof retains the ability to bind to FcRn . In some embodi 
ments , the fusion proteins contain domain III of albumin , or 
a variant thereof . In some embodiments , the fusion proteins 
contain domain III of albumin and an additional domain 
selected from the group consisting of domain I , domain II , 
and domain III . In some embodiments , the fusion proteins 
contain domains I , II , and III of albumin . 
[ 0209 ] In certain embodiments , the fusion protein com 
prises a serum albumin binding protein such as those 
described in US2005 / 0287153 , US2007 / 0003549 , US2007 / 
0178082 , US2007 / 0269422 , US2010 / 0113339 , WO2009 / 
083804 , and WO2009 / 133208 , which are herein incorpo 
rated by reference in their entirety . 
Fc Fragments 
[ 0210 ] In some embodiments , the fusion protein com 
prises a multispecific variable region described herein , oper 
ably coupled to an Fc domain . In some embodiments , the Fc 
domain comprises the amino acid sequence set forth in SEQ 
ID NO : 174. It will be understood by those in the art that 
epitope tags corresponding to 6x his tag on the fusion 
proteins are optional . The Fc domain does not contain a 
variable region that binds to antigen . Fc domains useful for 
producing the fusion proteins disclosed herein may be 
obtained from a number of different sources . In certain 
embodiments , an Fc domain of the fusion protein is derived 
from a human immunoglobulin . In certain embodiments , the 
Fc domain is from a human IgG1 constant region ( SEQ ID 
NO : 172 ) . The Fc domain of human IgG1 is set forth in SEQ 
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ID NO : 174. It is understood , however , that the Fc domain 
may be derived from an immunoglobulin of another mam 
malian species , including for example , a rodent ( e.g. a 
mouse , rat , rabbit , guinea pig ) or non - human primate ( e.g. 
chimpanzee , macaque ) species . Moreover , the Fc domain or 
portion thereof may be derived from any immunoglobulin 
class , including IgM , IgG , IgD , IgA , and IgE , and any 
immunoglobulin isotype , including IgG1 , IgG2 , IgG3 , and 
IgG4 . 
[ 0211 ] In some embodiments , a fusion protein includes a 
mutant Fc domain . In some embodiments , a fusion protein 
includes a mutant , IgG1 Fc domain . In some embodiments , 
a mutant Fc domain comprises one or more mutations in the 
hinge , CH2 , and / or CH3 domains . In some embodiments , a 
mutant Fc domain includes a D265A mutation . 
[ 0212 ] A variety of Fc domain gene sequences ( e.g. , 
mouse and human constant region gene sequences ) are 
available in the form of publicly accessible deposits . Con 
stant region domains comprising an Fc domain sequence can 
be selected lacking a particular effector function and / or with 
a particular modification to reduce immunogenicity . Many 
sequences of antibodies and antibody - encoding genes have 
been published and suitable Fc domain sequences ( e.g. 
hinge , CH2 , and / or CH3 sequences , or portions thereof ) can 
be derived from these sequences using art recognized tech 
niques . The genetic material obtained using any of the 
foregoing methods may then be altered or synthesized to 
obtain polypeptides suitable for use in the methods disclosed 
herein . It will further be appreciated that the scope of this 
invention encompasses alleles , variants and mutations of 
constant region DNA sequences . 
[ 0213 ] Fc domain sequences can be cloned , e.g. , using the 
polymerase chain reaction and primers which are selected to 
amplify the domain of interest . To clone an Fc domain 
sequence from an antibody , mRNA can be isolated from 
hybridoma , spleen , or lymph cells , reverse transcribed into 
DNA , and antibody genes amplified by PCR . PCR ampli 
fication methods are described in detail in U.S. Pat . Nos . 
4,683,195 ; 4,683,202 ; 4,800,159 ; 4,965,188 ; and in , e.g. , 
“ PCR Protocols : A Guide to Methods and Applications ” 
Innis et al . eds . , Academic Press , San Diego , Calif . ( 1990 ) ; 
Ho et al . 1989. Gene 77:51 ; Horton et al . 1993. Methods 
Enzymol . 217 : 270 ) . PCR may be initiated by consensus 
constant region primers or by more specific primers based 
on the published heavy and light chain DNA and amino acid 
sequences . As discussed above , PCR also may be used to 
isolate DNA clones encoding the antibody light and heavy 
chains . In this case the libraries may be screened by con 
sensus primers or larger homologous probes , such as mouse 
constant region probes . Numerous primer sets suitable for 
amplification of antibody genes are known in the art ( e.g. , 5 ' 
primers based on the N - terminal sequence of purified anti 
bodies ( Benhar and Pastan . 1994. Protein Engineering 7 : 
1509 ) ; rapid amplification of cDNA ends ( Ruberti , F. et al . 
1994. J. Immunol . Methods 173 : 33 ) ; antibody leader 
sequences ( Larrick et al . Biochem Biophys Res Commun 
1989 ; 160 : 1250 ) . The cloning of antibody sequences is 
further described in Newman et al . , U.S. Pat . No. 5,658,570 , 
filed Jan. 25 , 1995 , which is herein incorporated by refer 

domain present in the fusion protein comprises a hinge 
domain or portion thereof . In certain embodiments , the 
fusion protein disclosed herein comprises at least one Fc 
domain which comprises at least one CH2 domain or portion 
thereof . In certain embodiments , the fusion protein disclosed 
herein comprises at least one Fc domain which comprises at 
least one CH3 domain or portion thereof . In certain embodi 
ments , the fusion protein disclosed herein comprises at least 
one Fc domain which comprises at least one CH4 domain or 
portion thereof . In certain embodiments , the fusion protein 
disclosed herein comprises at least one Fc domain which 
comprises at least one hinge domain or portion thereof and 
at least one CH2 domain or portion thereof ( e.g , in the 
hinge - CH2 orientation ) . In certain embodiments , the fusion 
protein disclosed herein comprises at least one Fc domain 
which comprises at least one CH2 domain or portion thereof 
and at least one CH3 domain or portion thereof ( e.g , in the 
CH2 - CH3 orientation ) . In certain embodiments , the fusion 
protein disclosed herein comprises at least one Fc domain 
comprising at least one hinge domain or portion thereof , at 
least one CH2 domain or portion thereof , and least one CH3 
domain or portion thereof , for example in the orientation 
hinge - CH2 - CH3 , hinge - CH3 - CH2 , or CH2 - CH3 - hinge . 
[ 0215 ] In certain embodiments , the fusion protein com 
prises at least one complete Fc region derived from one or 
more immunoglobulin heavy chains ( e.g. , an Fc domain 
including hinge , CH2 , and CH3 domains , although these 
need not be derived from the same antibody ) . In certain 
embodiments , the fusion protein comprises at least two 
complete Fc domains derived from one or more immuno 
globulin heavy chains . In certain embodiments , the complete 
Fc domain is derived from a human IgG immunoglobulin 
heavy chain ( e.g. , human IgG1 ) . 
[ 0216 ] In certain embodiments , the fusion protein dis 
closed herein comprises at least one Fc domain comprising 
a complete CH3 domain . In certain embodiments , the fusion 
protein disclosed herein comprises at least one Fc domain 
comprising a complete CH2 domain . In certain embodi 
ments , the fusion protein disclosed herein comprises at least 
one Fc domain comprising at least a CH3 domain , and at 
least one of a hinge region , and a CH2 domain . In certain 
embodiments , the fusion protein disclosed herein comprises 
at least one Fc domain comprising a hinge and a CH3 
domain . In certain embodiments , the fusion protein dis 
closed herein comprises at least one Fc domain comprising 
a hinge , a CH2 , and a CH3 domain . In certain embodiments , 
the Fc domain is derived from a human IgG immunoglobu 
lin heavy chain ( e.g. , human IgG1 ) . 
[ 0217 ] The constant region domains or portions thereof 
making up an Fc domain of the fusion protein disclosed 
herein may be derived from different immunoglobulin mol 
ecules . For example , a fusion protein disclosed herein may 
comprise a CH2 domain or portion thereof derived from an 
IgG1 molecule and a CH3 region or portion thereof derived 
from an IgG3 molecule . In another example , the fusion 
protein comprises an Fc domain comprising a hinge domain 
derived , in part , from an IgG1 molecule and , in part , from an 
IgG3 molecule . As set forth herein , it will be understood by 
one of ordinary skill in the art that an Fc domain may be 
altered such that it varies in amino acid sequence from a 
naturally occurring antibody molecule . 
[ 0218 ] In certain embodiments , the fusion protein dis 
closed herein lacks one or more constant region domains of 
a complete Fc region , i.e. , they are partially or entirely 

ence . 

[ 0214 ] Fusion proteins disclosed herein may comprise one 
or more Fc domains ( e.g. , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , or more 
Fc domains ) . In certain embodiments , the Fc domains may 
be of different types . In certain embodiments , at least one Fc 
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deleted . In certain embodiments , the fusion protein disclosed 
herein will lack an entire CH2 domain . In certain embodi 
ments , the fusion protein disclosed herein comprise CH2 
domain - deleted Fc regions derived from a vector ( e.g. , from 
IDEC Pharmaceuticals , San Diego ) encoding an IgG1 
human constant region domain ( see , e.g. , WO02 / 060955A2 
and WO02 / 096948A2 ) . This exemplary vector is engineered 
to delete the CH2 domain and provide a synthetic vector 
expressing a domain - deleted IgG1 constant region . It will be 
noted that these exemplary constructs are preferably engi 
neered to fuse a binding CH3 domain directly to a hinge 
region of the respective Fc domain . 
[ 0219 ] In other constructs it may be desirable to provide a 
peptide spacer between one or more constituent Fc domains . 
For example , a peptide spacer may be placed between a 
hinge region and a CH2 domain and / or between a CH2 and 
a CH3 domain . For example , compatible constructs could be 
expressed wherein the CH2 domain has been deleted and the 
remaining CH3 domain ( synthetic or unsynthetic ) is joined 
to the hinge region with a 1-20 , 1-10 , or 1-5 amino acid 
peptide spacer . Such a peptide spacer may be added , for 
instance , to ensure that the regulatory elements of the 
constant region domain remain free and accessible or that 
the hinge region remains flexible . Preferably , any linker 
peptide compatible used in the instant invention will be 
relatively non - immunogenic and not prevent proper folding 
of the Fc . 

Modified Fc Domains 

[ 0220 ] In certain embodiments , an Fc domain employed in 
the fusion protein disclosed herein is altered or modified , 
e.g. , by amino acid mutation ( e.g. , addition , deletion , or 
substitution ) . As used herein , the term “ Fc domain variant ” 
refers to an Fc domain having at least one amino acid 
modification , such as an amino acid substitution , as com 
pared to the wild - type Fc from which the Fc domain is 
derived . For example , wherein the Fc domain is derived 
from a human IgGl antibody , a variant comprises at least 
one amino acid mutation ( e.g. , substitution ) as compared to 
a wild type amino acid at the corresponding position of the 
human IgG1 Fc region . 
[ 0221 ] In certain embodiments , the Fc variant comprises a 
substitution at an amino acid position located in a hinge 
domain or portion thereof . In certain embodiments , the Fc 
variant comprises a substitution at an amino acid position 
located in a CH2 domain or portion thereof . In certain 
embodiments , the Fc variant comprises a substitution at an 
amino acid position located in a CH3 domain or portion 
thereof . In certain embodiments , the Fc variant comprises 
substitution at an amino acid position located in a CH4 
domain or portion thereof . 
[ 0222 ] In certain embodiments , the fusion protein dis 
closed herein comprises an Fc variant comprising more than 
one amino acid substitution . The fusion protein disclosed 
herein may comprise , for example , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 
or more amino acid substitutions . Preferably , the amino acid 
substitutions are spatially positioned from each other by an 
interval of at least 1 amino acid position or more , for 
example , at least 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , or 10 amino acid 
positions or more . More preferably , the engineered amino 
acids are spatially positioned apart from each other by an 
interval of at least 5 , 10 , 15 , 20 , or 25 amino acid positions 

[ 0223 ] In some embodiments , an Fc domain includes 
changes in the region between amino acids 234-238 , includ 
ing the sequence LLGGP at the beginning of the CH2 
domain . In some embodiments , an Fc variant alters Fc 
mediated effector function , particularly ADCC , and / or 
decrease binding avidity for Fc receptors . In some aspects , 
sequence changes closer to the CH2 - CH3 junction , at posi 
tions such as K322 or P331 can eliminate complement 
mediated cytotoxicity and / or alter avidity for FcR binding . 
In some embodiments , an Fc domain incorporates changes 
at residues P238 and P331 , e.g. , changing the wild type 
prolines at these positions to serine . In some embodiments , 
alterations in the hinge region at one or more of the three 
hinge cysteines , to encode CCC , SCC , SSC , SCS , or SSS at 
these residues can also affect FcR binding and molecular 
homogeneity , e.g. , by elimination of unpaired cysteines that 
may destabilize the folded protein . 
[ 0224 ] Other amino acid mutations in the Fc domain are 
contemplated to reduce binding to the Fc gamma receptor 
and Fc gamma receptor subtypes . For example , mutations at 
positions 238 , 239 , 248 , 249 , 252 , 254 , 255 , 256 , 258 , 265 , 
267 , 268 , 269 , 270 , 272 , 279 , 280 , 283 , 285 , 298 , 289 , 290 , 
292 , 293 , 294 , 295 , 296 , 298 , 301 , 303 , 305 , 307 , 312 , 315 , 
322 , 324 , 327 , 329 , 330 , 331 , 333 , 334 , 335 , 337 , 338 , 340 , 
356 , 360 , 373 , 376 , 378 , 379 , 382 , 388 , 389 , 398 , 414 , 416 , 
419 , 430 , 434 , 435 , 437 , 438 or 439 of the Fc region can alter 
binding as described in U.S. Pat . No. 6,737,056 , issued May 
18 , 2004 , incorporated herein by reference in its entirety . 
This patent reported that changing Pro331 in IgG3 to Ser 
resulted in six fold lower affinity as compared to unmutated 
IgG3 , indicating the involvement of Pro331 in Fc gamma RI 
binding . In addition , amino acid modifications at positions 
234 , 235 , 236 , and 237 , 297 , 318 , 320 and 322 are disclosed 
as potentially altering receptor binding affinity in U.S. Pat . 
No. 5,624,821 , issued Apr. 29 , 1997 and incorporated herein 
by reference in its entirety . 
[ 0225 ] Further mutations contemplated for use include , 
e.g. , those described in U.S. Pat . App . Pub . No. 2006 / 
0235208 , published Oct. 19 , 2006 and incorporated herein 
by reference in its entirety . This publication describes Fc 
variants that exhibit reduced binding to Fc gamma receptors , 
reduced antibody dependent cell - mediated cytotoxicity , or 
reduced complement dependent cytotoxicity , that comprise 
at least one amino acid modification in the Fc region , 
including 232 , 234G , 234H , 235D , 235G , 235H , 2361 , 
236N , 236P , 236R , 237K , 237L , 237N , 237P , 238K , 239R , 
2656 , 267R , 269R , 270H , 2978 , 299A , 2991 , 299V , 325A , 
325L , 327R , 328R , 329K , 3301 , 330L , 330N , 330P , 330R , 
and 331L ( numbering is according to the EU index ) , as well 
as double mutants 236R / 237K , 236R / 325L , 236R / 328R , 
237K / 325L , 237K / 328R , 325L / 328R , 235G / 236R , 267R / 
269R , 234G / 235G , 236R / 237K / 325L , 236R / 325L / 328R , 
235G / 236R / 237K , and 237K / 325L / 328R . Other mutations 
contemplated for use as described in this publication include 
2276 , 234D , 234E , 234G , 2341 , 234Y , 235D , 2351 , 235S , 
236S , 239D , 246H , 255Y , 258H , 260H , 2641 , 267D , 267E , 
268D , 268E , 272H , 2721 , 272R , 281D , 2826 , 283H , 284E , 
293R , 295E , 304T , 324G , 3241 , 327D , 327A , 328A , 328D , 
328E , 328F , 3281 , 328M , 328N , 328Q , 328T , 328V , 328Y , 
3301 , 330L , 330Y , 332D , 332E , 335D , an insertion of G 
between positions 235 and 236 , an insertion of A between 
positions 235 and 236 , an insertion of S between positions 
235 and 236 , an insertion of T between positions 235 and 
236 , an insertion of N between positions 235 and 236 , an or more . 
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insertion of D between positions 235 and 236 , an insertion 
of V between positions 235 and 236 , an insertion of L 
between positions 235 and 236 , an insertion of G between 
positions 235 and 236 , an insertion of A between positions 
235 and 236 , an insertion of S between positions 235 and 
236 , an insertion of T between positions 235 and 236 , an 
insertion of N between positions 235 and 236 , an insertion 
of D between positions 235 and 236 , an insertion of V 
between positions 235 and 236 , an insertion of L between 
positions 235 and 236 , an insertion of G between positions 
297 and 298 , an insertion of A between positions 297 and 
298 , an insertion of S between positions 297 and 298 , an 
insertion of D between positions 297 and 298 , an insertion 
of G between positions 326 and 327 , an insertion of A 
between positions 326 and 327 , an insertion of T between 
positions 326 and 327 , an insertion of D between positions 
326 and 327 , and an insertion of E between positions 326 
and 327 ( numbering is according to the EU index ) . Addi 
tionally , mutations described in U.S. Pat . App . Pub . No. 
2006/0235208 include 227G / 332E , 234D / 332E , 234E / 332E , 
234Y / 332E , 2341 332E , 234G / 332E , 2351 / 332E , 235S / 
332E , 235D / 332E , 235E / 332E , 236S / 332E , 236A / 332E , 
236S / 332D , 236A / 332D , 239D / 268E , 246H / 332E , 255Y / 
332E , 258H / 332E , 260H / 332E , 2641 332E , 267E / 332E , 
267D / 332E , 268D / 332D , 268E / 332D , 268E / 332E , 268D / 
332E , 268E / 330Y , 268D / 330Y , 272R / 332E , 272H / 332E , 
283H / 332E , 284E / 332E , 293R / 332E , 295E / 332E , 304T / 
332E , 3241 332E , 324G / 332E , 3241 / 332D , 324G / 332D , 
327D / 332E , 328A / 332E , 328T / 332E , 328V / 332E , 3281 
332E , 328F / 332E , 328Y / 332E , 328M / 332E , 328D / 332E , 
328E / 332E , 328N / 332E , 328Q / 332E , 328A / 332D , 328T / 
332D , 328V / 332D , 3281 332D , 328F / 332D , 328Y / 332D , 
328M / 332D , 328D / 332D , 328E / 332D , 328N / 332D , 328Q / 
332D , 330L / 332E , 330Y / 332E , 3301 332E , 332D / 330Y , 
335D / 332E , 239D / 332E , 239D / 332E / 330Y , 239D / 332E / 
330L , 239D / 332E / 3301 , 239D / 332E / 268E , 239D / 332E / 
268D , 239D / 332E / 327D , 239D / 332E / 284E , 239D / 268E / 
330Y , 239D / 332E / 268E / 330Y , 239D / 332E / 327A , 239D / 
332E / 268E / 327A , 239D / 332E / 330Y / 327A , 332E / 330Y / 268 
E / 327A , 239D / 332E / 268E / 330Y / 327A , Insert G > 297-298 / 
332E , Insert A > 297-298 / 332E , Insert S > 297-298 / 332E , 
Insert D > 297-298 / 332E , Insert G > 326-327 / 332E , Insert 
A > 326-327 / 332E , Insert T > 326-327 / 332E , Insert D > 326 
327 / 332E , Insert E > 326-327 / 332E , Insert G > 235-236 / 332E , 
Insert A > 235-236 / 332E , Insert S > 235-236 / 332E , Insert 
T > 235-236 / 332E , Insert N > 235-236 / 332E , Insert D > 235 
236 / 332E , Insert V > 235-236 / 332E , Insert L > 235-236 / 332E , 
Insert G > 235-236 / 332D , Insert A > 235-236 / 332D , Insert 
S > 235-236 / 332D , Insert T > 235-236 / 332D , Insert N > 235 
236 / 332D , Insert D > 235-236 / 332D , Insert V > 235-236 / 
332D , and Insert L > 235-236 / 332D ( numbering according to 
the EU index ) are contemplated for use . The mutant L234A / 
L235A is described , e.g. , in U.S. Pat . App . Pub . No. 2003 / 
0108548 , published Jun . 12 , 2003 and incorporated herein 
by reference in its entirety . In embodiments , the described 
modifications are included either individually or in combi 
nation . In certain embodiments , the mutation is D265A in 
human IgGl . 
[ 0226 ] In certain embodiments , the fusion protein dis 
closed herein comprises an amino acid substitution to an Fc 
domain which alters antigen - independent effector functions 
of the polypeptide , in particular the circulating half - life of 
the polypeptide . 

[ 0227 ] In certain embodiments , the fusion protein dis 
closed herein comprises an Fc variant comprising an amino 
acid substitution which alters the antigen - dependent effector 
functions of the polypeptide , in particular ADCC or comple 
ment activation , e.g. , as compared to a wild type Fc region . 
Such fusion proteins exhibit decreased binding to FcR 
gamma when compared to wild - type polypeptides and , 
therefore , mediate reduced effector function . Fc variants 
with decreased FcR gamma binding affinity are expected to 
reduce effector function , and such molecules are also useful , 
for example , for treatment of conditions in which target cell 
destruction is undesirable , e.g. , where normal cells may 
express target molecules , or where chronic administration of 
the polypeptide might result in unwanted immune system 
activation . 
[ 0228 ] In certain embodiments , the fusion protein exhibits 
altered binding to an activating FcyR ( e.g. Fcyl , Fcylla , or 
FcyRIIIa ) . In certain embodiments , the fusion protein exhib 
its altered binding affinity to an inhibitory FcyR ( e.g. 
FcyRIIb ) . Exemplary amino acid substitutions which altered 
FcR or complement binding activity are disclosed in Inter 
national PCT Publication No. WO05 / 063815 which is incor 
porated by reference herein . 
[ 0229 ] The fusion protein disclosed herein may also com 
prise an amino acid substitution which alters the glycosy 
lation of the fusion protein . For example , the Fc domain of 
the fusion protein may comprise an Fc domain having a 
mutation leading to reduced glycosylation ( e.g. , N- or 
O - linked glycosylation ) or may comprise an altered glyco 
form of the wild - type Fc domain ( e.g. , a low fucose or 
fucose - free glycan ) . In certain embodiments , the fusion 
protein has an amino acid substitution near or within a 
glycosylation motif , for example , an N - linked glycosylation 
motif that contains the amino acid sequence NXT or NXS . 
Exemplary amino acid substitutions which reduce or alter 
glycosylation are disclosed in W005 / 018572 and US2007 / 
0111281 , the contents of which are incorporated by refer 
ence herein . In certain embodiments , the fusion protein 
disclosed herein comprises at least one Fc domain having 
engineered cysteine residue or analog thereof which is 
located at the solvent - exposed surface . In certain embodi 
ments , the fusion protein disclosed herein comprise an Fc 
domain comprising at least one engineered free cysteine 
residue or analog thereof that is substantially free of disul 
fide bonding with a second cysteine residue . Any of the 
above engineered cysteine residues or analogs thereof may 
subsequently be conjugated to a functional domain using 
art - recognized techniques ( e.g. , conjugated with a thiol 
reactive heterobifunctional linker ) . 
[ 0230 ] In certain embodiments , the fusion protein dis 
closed herein may comprise a genetically fused Fc domain 
having two or more of its constituent Fc domains indepen 
dently selected from the Fc domains described herein . In 
certain embodiments , the Fc domains are the same . In 
certain embodiments , at least two of the Fc domains are 
different . For example , the Fc domains of the fusion protein 
disclosed herein comprise the same number of amino acid 
residues or they may differ in length by one or more amino 
acid residues ( e.g. , by about 5 amino acid residues ( e.g. , 1 , 
2 , 3 , 4 , or 5 amino acid residues ) , about 10 residues , about 
15 residues , about 20 residues , about 30 residues , about 40 
residues , or about 50 residues ) . In certain embodiments , the 
Fc domains of the fusion protein disclosed herein may differ 
in sequence at one or more amino acid positions . For 
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example , at least two of the Fc domains may differ at about 
5 amino acid positions ( e.g. , 1 , 2 , 3 , 4 , or 5 amino acid 
positions ) , about 10 positions , about 15 positions , about 20 
positions , about 30 positions , about 40 positions , or about 50 
positions ) 

Polyethylene Glycol ( PEG ) 
[ 0231 ] In certain embodiments , a fusion protein disclosed 
herein comprises a polyethylene glycol ( PEG ) domain . 
PEGylation is well known in the art to confer increased 
circulation half - life to proteins . Methods of PEGylation are 
well known and disclosed in , e.g. , U.S. Pat . Nos . 7,610,156 , 
7,847,062 , all of which are hereby incorporated by refer 
ence . 

[ 0232 ] PEG is a well - known , water soluble polymer that is 
commercially available or can be prepared by ring - opening 
polymerization of ethylene glycol according to methods well 
known in the art ( Sandler and Karo , Polymer Synthesis , 
Academic Press , New York , Vol . 3 , pages 138-161 ) . The 
term “ PEG ” is used broadly to encompass any polyethylene 
glycol molecule , without regard to size or to modification at 
an end of the PEG , and can be represented by the formula : 
X - O ( CH2CH20 ) n- : CH2CH2OH , where n is 20 to 2300 and X 
is H or a terminal modification , e.g. , a C1-4 alkyl . In certain 
embodiments , the PEG suitable for use in the methods 
disclosed herein terminates on one end with hydroxy or 
methoxy , i.e. , X is H or CH3 ( “ methoxy PEG ” ) . PEG can 
contain further chemical groups which are necessary for 
binding reactions , which results from the chemical synthesis 
of the molecule ; or which is a spacer for optimal distance of 
parts of the molecule . In addition , such a PEG can consist of 
one or more PEG side - chains which are linked together . 
PEGs with more than one PEG chain are called multiarmed 
or branched PEGs . Branched PEGs can be prepared , for 
example , by the addition of polyethylene oxide to various 
polyols , including glycerol , pentaerythriol , and sorbitol . For 
example , a four - armed branched PEG can be prepared from 
pentaerythriol and ethylene oxide . Branched PEG are 
described in , for example , EP - A0 473 084 and U.S. Pat . No. 
5,932,462 , both of which are hereby incorporated by fer 
ence . One form of PEGs includes two PEG side - chains 
( PEG2 ) linked via the primary amino groups of a lysine 
( Monfardini et al . , Bioconjugate Chem 1995 ; 6 : 62-9 ) . 
[ 0233 ] In certain embodiments , the fusion protein com 
prising PEG is produced by site - directed pegylation , par 
ticularly by conjugation of PEG to a cysteine moiety at the 
N- or C - terminus . A PEG moiety may also be attached by 
other chemistry , including by conjugation to amines . PEG 
conjugation to peptides or proteins generally involves the 
activation of PEG and coupling of the activated PEG 
intermediates directly to target proteins / peptides or to a 
linker , which is subsequently activated and coupled to target 
proteins / peptides ( see Abuchowski et al . , JBC 1977 ; 252 : 
3571 and JBC 1977 ; 252 : 3582 , and Harris et . al . , in : 
Polyethylene glycol ) Chemistry : Biotechnical and Bio 
medical Applications ; ( J. M. Harris ed . ) Plenum Press : New 
York , 1992 ; Chap . 21 and 22 ) . A variety of molecular mass 
forms of PEG can be selected , e.g. , from about 1,000 
Daltons ( Da ) to 100,000 Da ( n is 20 to 2300 ) , for conjugat 
ing to the variable region . The number of repeating units “ n ” 
in the PEG is approximated for the molecular mass 
described in Daltons . It is preferred that the combined 
molecular mass of PEG on an activated linker is suitable for 
pharmaceutical use . Thus , in one embodiment , the molecu 

lar mass of the PEG molecules does not exceed 100,000 Da . 
For example , if three PEG molecules are attached to a linker , 
where each PEG molecule has the same molecular mass of 
12,000 Da ( each n is about 270 ) , then the total molecular 
mass of PEG on the linker is about 36,000 Da ( total n is 
about 820 ) . The molecular masses of the PEG attached to the 
linker can also be different , e.g. , of three molecules on a 
linker two PEG molecules can be 5,000 Da each ( each n is 
about 110 ) and one PEG molecule can be 12,000 Da ( n is 
about 270 ) . 
[ 0234 ] One skilled in the art can select a suitable molecu 
lar mass for PEG , e.g. , based on how the fusion protein 
comprising PEG will be used therapeutically , the desired 
dosage , circulation time , resistance to proteolysis , immuno 
genicity , and other considerations . For a discussion of PEG 
and its use to enhance the properties of proteins , see N. V. 
Katre , Advanced Drug Delivery Reviews 1993 ; 10 : 91-114 . 
[ 0235 ] In certain embodiments , PEG molecules may be 
activated to react with amino groups on the variable region , 
such as with lysines ( Bencham C. O. et al . , Anal . Biochem . , 
131 , 25 ( 1983 ) ; Veronese , F. M. et al . , Appl . Biochem . , 11 , 
141 ( 1985 ) ; Zalipsky , S. et al . , Polymeric Drugs and Drug 
Delivery Systems , adrs 9-110 ACS Symposium Series 469 
( 1999 ) ; Zalipsky , S. et al . , Europ . Polym . J. , 19 , 1177-1183 
( 1983 ) ; Delgado , C. et al . , Biotechnology and Applied 
Biochemistry , 12 , 119-128 ( 1990 ) ) . 
[ 0236 ] In certain embodiments , carbonate esters of PEG 
are used to form the fusion protein . N , N - disuccinimidylcar 
bonate ( DSC ) may be used in the reaction with PEG to form 
active mixed PEG - succinimidyl carbonate that may be sub 
sequently reacted with a nucleophilic group of a linker or an 
amino group of the variable region ( see U.S. Pat . Nos . 
5,281,698 and 5,932,462 ) . In a similar type of reaction , 
1,1 ' - ( dibenzotriazolyl ) carbonate and di- ( 2 - pyridyl ) carbon 
ate may be reacted with PEG to form PEG - benzotriazolyl 
and PEG - pyridyl mixed carbonate ( U.S. Pat . No. 5,382 , 
657 ) , respectively . Generation of a fusion protein compris 
ing PEG can be performed according to the methods of the 
state of the art , for example by reaction of the variable region 
with electrophilically active PEGs ( Shearwater Corp. , USA , 
www.shearwatercorp.com ) . Preferred PEG reagents suitable 
for use in the methods disclosed herein are , e.g. , N - hydrox 
ysuccinimidyl propionates ( PEG - SPA ) , butanoates ( PEG 
SBA ) , PEG - succinimidyl propionate or branched N - hydrox 
ysuccinimides such as mPEG2 - NHS ( Monfardini , C , et al . , 
Bioconjugate Chem . 6 ( 1995 ) 62-69 ) . 
[ 0237 ] In certain embodiments , PEG molecules may be 
coupled to sulfhydryl groups on the variable region ( Sartore , 
L. , et al . , Appl . Biochem . Biotechnol . , 27 , 45 ( 1991 ) ; Mor 
purgo et al . , Biocon . Chem . , 7 , 363-368 ( 1996 ) ; Goodson et 
al . , Bio / Technology ( 1990 ) 8 , 343 ; U.S. Pat . No. 5,766,897 ) . 
U.S. Pat . Nos . 6,610,281 and 5,766,897 describe exemplary 
reactive PEG species that may be coupled to sulfhydryl 
groups . 
[ 0238 ] In certain embodiments where PEG molecules are 
conjugated to cysteine residues native to the variable region , 
whereas in certain embodiments , one or more cysteine 
residues are engineered into the variable region . Mutations 
may be introduced into the coding sequence of the variable 
region to generate cysteine residues . This might be achieved , 
for example , by mutating one or more amino acid residues 
to cysteine . Preferred amino acids for mutating to a cysteine 
residue include serine , threonine , alanine and other hydro 
philic residues . Preferably , the residue to be mutated to 
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PEG is from about 3,000 Da to 60,000 Da , optionally from 
about 10,000 Da to 36,000 Da . In certain embodiments , PEG 
of the fusion protein is a substantially linear , straight - chain 
PEG . 
[ 0244 ] In certain embodiments , the fusion protein com 
prising PEG will preferably retain at least 25 % , 50 % , 60 % , 
70 % , 80 % , 85 % , 90 % , 95 % or 100 % of the biological 
activity associated with the unmodified protein . In certain 
embodiments , biological activity refers to the ability to bind 
the chemokine ( s ) of interest . The serum clearance rate of the 
fusion protein comprising PEG may be decreased by about 
10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , or even 90 % , 
relative to the clearance rate of the variable region alone . 
The fusion protein comprising PEG may have a circulation 
half - life ( tº ) which is enhanced relative to the half - life of the 
variable region alone . The half - life of the fusion protein 
comprising PEG , or variants thereof , may be enhanced by at 
least 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 
100 % , 125 % , 150 % , 175 % , 200 % , 250 % , 300 % , 400 % or 
500 % , or even by 1000 % relative to the half - life of the 
variable region alone . In certain embodiments , the protein 
half - life is determined in vitro , such as in a buffered saline 
solution or in serum . In certain embodiments , the protein 
half - life is an in vivo circulation half - life , such as the 
half - life of the protein in the serum or other bodily fluid of 
an animal . 

Other Polymers 

cysteine is a surface - exposed residue . Algorithms are well 
known in the art for predicting surface accessibility of 
residues based on primary sequence or a protein . 
[ 0239 ] In certain embodiments , the fusion protein com 
prising PEG comprises one or more PEG molecules cova 
lently attached to a linker . 
[ 0240 ] In certain embodiments , the variable region is 
pegylated at the C - terminus . In certain embodiments , a 
protein is pegylated at the C - terminus by the introduction of 
C - terminal azido - methionine and the subsequent conjuga 
tion of a methyl - PEG - triarylphosphine compound via the 
Staudinger reaction . This C - terminal conjugation method is 
described in Cazalis et al . , C - Terminal Site - Specific PEGy 
lation of a Truncated Thrombomodulin Mutant with Reten 
tion of Full Bioactivity , Bioconjug Chem . 2004 ; 15 ( 5 ) : 
1005-1009 . Monopegylation of the variable region can also 
be achieved according to the general methods described in 
WO 94/01451 . WO 94/01451 describes a method for pre 
paring a recombinant polypeptide with a modified terminal 
amino acid alpha - carbon reactive group . The steps of the 
method involve forming the recombinant polypeptide and 
protecting it with one or more biologically added protecting 
groups at the N - terminal alpha - amine and C - terminal alpha 
carboxyl . The polypeptide can then be reacted with chemical 
protecting agents to selectively protect reactive side chain 
groups and thereby prevent side chain groups from being 
modified . The polypeptide is then cleaved with a cleavage 
reagent specific for the biological protecting group to form 
an unprotected terminal amino acid alpha - carbon reactive 
group . The unprotected terminal amino acid alpha - carbon 
reactive group is modified with a chemical modifying agent . 
The side chain protected terminally modified single copy 
polypeptide is then deprotected at the side chain groups to 
form a terminally modified recombinant single copy poly 
peptide . The number and sequence of steps in the method 
can be varied to achieve selective modification at the N 
and / or C - terminal amino acid of the polypeptide . 
[ 0241 ] The ratio of variable region to activated PEG in the 
conjugation reaction can be from about 1 : 0.5 to 1:50 , 
between from about 1 : 1 to 1:30 , or from about 1 : 5 to 1:15 . 
Various aqueous buffers can be used to catalyze the covalent 
addition of PEG to the variable region , or variants thereof . 
In certain embodiments , the pH of a buffer used is from 
about 7.0 to 9.0 . In certain embodiments , the pH is in a 
slightly basic range , e.g. , from about 7.5 to 8.5 . Buffers 
having a pKa close to neutral pH range may be used , e.g. , 
phosphate buffer . 
[ 0242 ] Conventional separation and purification tech 
niques known in the art can be used to purify the fusion 
protein comprising PEG , such as size exclusion ( e.g. gel 
filtration ) and ion exchange chromatography . Products may 
also be separated using SDS - PAGE . Products that may be 
separated include mono- , di- , tri- poly- and un - pegylated 
variable regions as well as free PEG . The percentage of 
mono - PEG conjugates can be controlled by pooling broader 
fractions around the elution peak to increase the percentage 
of mono - PEG in the composition . 
[ 0243 ] In certain embodiments , the fusion protein com 
prising PEG contains one , two or more PEG moieties . In 
certain embodiments , the PEG moiety ( ies ) are bound to an 
amino acid residue which is on the surface of the protein 
and / or away from the surface that contacts the chemokine of 
interest . In certain embodiments , the combined or total 
molecular mass of PEG in the fusion protein comprising 

[ 0245 ] In certain embodiments , the fusion protein com 
prises transferrin , as disclosed in U.S. Pat . Nos . 7,176,278 
and 8,158,579 , which are herein incorporated by reference in 
their entirety . 
[ 0246 ] In certain embodiments , the fusion protein com 
prises a serum immunoglobulin binding protein such as 
those disclosed in US2007 / 0178082 , which is herein incor 
porated by reference in its entirety . 
[ 0247 ] In certain embodiments , the fusion protein com 
prises a fibronectin ( Fn ) -based scaffold domain protein that 
binds to serum albumin , such as those disclosed in US2012 / 
0094909 , which is herein incorporated by reference in its 
entirety . Methods of making fibronectin - based scaffold 
domain proteins are also disclosed in US2012 / 0094909 . A 
non - limiting example of a Fn3 - based extended - PK group is 
Fn3 ( HSA ) , i.e. , a Fn3 protein that binds to human serum 
albumin . 
[ 0248 ] In some embodiments , the fusion protein com 
prises an XTEN moiety . An XTEN moiety comprises amino 
acid residues A , E , G , P , S and T. In some embodiments , an 
XTEN moiety ranges from 36 to 288 amino acid residues in 
length . Exemplary XTEN moieties are described in WO 
2011/123830 ; Schellenberger V. et al . , Nat Biotechnol . Vol . 
27 : 1186-90 ( 2009 ) ; and Geething N C. Et al PLos One Vol . 
5 : e10175 ( 2010 ) , each of which is herein incorporated by 
reference in its entirety . 
[ 0249 ] In some embodiments , the fusion protein com 
prises an ELP moiety . An ELP moiety is a repeating peptide 
unit containing sequences commonly found in elastin . The 
ELP sequence contains repeats of V - P - G - X - G , wherein x is 
any amino acid except proline . ELP moieties can be 
degraded over time by human elastases , thereby making 
them biologically degradable . Examples of ELP moieties are 
described in , Floss , D M. et al Trends Biotechnol . Vol . 26 : 
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489-501 ( 2013 ) ; and Floss , D M. et al , Hoboken : Wiley , p . 
372-98 ( 2013 ) , each of which is herein incorporated by 
reference . 
[ 0250 ] In some embodiments , the fusion protein com 
prises a polymer of repeating amino acids proline , alanine 
and serine ( i.e. , PAS moiety ) . In some embodiments , a PAS 
moiety comprise 100-20 repeats in length . Exemplary PAS 
moieties are described in Huang , C. Curr Opin Biotechnol 
Vol . 20 : 692-9 ( 2009 ) , herein incorporated by reference . 
Linkers 

[ 0251 ] In some embodiments , the multispecific variable 
region is operably coupled to a polymer ( e.g. , serum albu 
min ) via a linker . In some embodiments , the fusion protein 
includes a plurality of linker domains . In some embodi 
ments , the linker domain is a polypeptide linker . In some 
embodiments , it is desirable to employ a polypeptide linker 
to fuse a polymer ( e.g. , serum albumin ) with a multispecific 
variable region to form a fusion protein described herein . 
[ 0252 ] In some embodiments , the fusion proteins employ 
a polypeptide linker to join any two or more domains in 
frame in a single polypeptide chain . In some embodiments , 
the two or more domains may be independently selected 
from any of the polymers ( e.g. , serum albumin ) , or variants 
or fragments thereof , or multispecific variable regions dis 
cussed herein . 
[ 0253 ] Linkers suitable for fusing the multispecific vari 
able region to the polymer ( e.g. , serum albumin ) are well 
known in the art , and are disclosed in , e.g. , US2010 / 0210511 
US2010 / 0179094 , and US2012 / 0094909 , which are herein 
incorporated by reference in its entirety . Exemplary linkers 
include gly- ser polypeptide linkers , glycine - proline poly 
peptide linkers , and proline - alanine polypeptide linkers , the 
Fc interlinker from human IgG1 CH2 residues 297-322 : 
NSTYRVVSVLTVLHQDWLNGKEYKCK , and the HSA 
interlinker from the D3 domain of human serum albumin : 
FQNALLVRYTKKVPQVSTPTLVEVS . See Fang et al . , 
Chines . Sci . Bull . , 2003 , 48 : 1912-1918 , incorporated by 
reference in its entirety . Other linkers are provided , for 
example , in U.S. Pat . Nos . 5,525,491 ; Alfthan et al . , Protein 
Eng . , 1995 , 8 : 725-731 ; Shan et al . , J. Immunol . , 1999 , 
162 : 6589-6595 ; Newton et al . , Biochemistry , 1996 , 35 : 545 
553 ; Megeed et al .; Biomacromolecules , 2006 , 7 : 999-1004 ; 
and Perisic et al . , Structure , 1994 , 12 : 1217-1226 ; each of 
which is incorporated by reference in its entirety . In certain 
embodiments , the linker is a gly - ser polypeptide linker , i.e. , 
a peptide that consists of glycine and serine residues . 
[ 0254 ] Exemplary gly - ser polypeptide linkers comprise 
the amino acid sequence Ser ( Gly4Ser ) n . In certain embodi 
ments , n = 1 . In certain embodiments , n = 2 . In certain embodi 
ments , n = 3 , i.e. , Ser ( Gly Ser ) 3 . In certain embodiments , 
n = 4 , i.e. , Ser ( Gly4Ser ) 4 . In certain embodiments , n = 5 . In 
certain embodiments , n = 6 . In certain embodiments , n = 7 . In 
certain embodiments , n = 8 . In certain embodiments , n = 9 . In 
certain embodiments , n = 10 . Another exemplary gly - ser 
polypeptide linker comprises the amino acid sequence Ser 
( Gly_Ser ) n . In certain embodiments , n = 1 . In certain embodi 
ments , n = 2 . In certain embodiments , n = 3 . In certain embodi 
ments , n = 4 . In certain embodiments , n = 5 . certain 
embodiments , n = 6 . Another exemplary gly - ser polypeptide 
linker comprises ( Glyz Ser ) n . In certain embodiments , n = 1 . 
In certain embodiments , n = 2 . In certain embodiments , n = 3 . 
In certain embodiments , n = 4 . In certain embodiments , n = 5 . 
In certain embodiments n = 6 . 

[ 0255 ] In some embodiments , the polypeptide linker is 
synthetic . As used herein , the term “ synthetic ” with respect 
to a polypeptide linker includes peptides ( or polypeptides ) 
which comprise an amino acid sequence ( which may or may 
not be naturally occurring ) that is linked in a linear sequence 
of amino acids to a sequence ( which may or may not be 
naturally occurring ) to which it is not naturally linked in 
nature . For example , the polypeptide linker may comprise 
non - naturally occurring polypeptides which are modified 
forms of naturally occurring polypeptides ( e.g. , comprising 
a mutation such as an addition , substitution or deletion ) or 
which comprise a first amino acid sequence ( which may or 
may not be naturally occurring ) . Polypeptide linkers may be 
employed , for instance , to ensure that the variable region , or 
a variant or fragment thereof , is juxtaposed to ensure proper 
folding and formation of a functional variable region , or a 
variant or fragment thereof . Polypeptide linkers may be 
employed , for instance , to ensure that the polymer ( e.g. , 
serum albumin moiety ) , or a variant or fragment thereof , is 
juxtaposed to ensure proper folding and formation of a 
functional polymer ( e.g. , serum albumin moiety ) , or a vari 
ant or fragment thereof . Preferably , a polypeptide linker will 
be relatively non - immunogenic and not inhibit any non 
covalent association among monomer subunits of a binding 
protein . 
[ 0256 ] In certain embodiments , the fusion protein com 
prising a multispecific variable region and a polymer 
employs a polypeptide linker to join any two or more 
domains in frame in a single polypeptide chain . 
[ 0257 ] Other linkers that are suitable for use in a fusion 
protein are known in the art , for example , the serine - rich 
linkers disclosed in U.S. Pat . No. 5,525,491 , the helix 
forming peptide linkers ( e.g. , A ( EAAAK ) NA ( n = 2-5 ) ) dis 
closed in Arai et al . ( Protein Eng 2001 ; 14 : 529-32 ) , and the 
stable linkers disclosed in Chen et al . ( Mol Pharm 2011 ; 
8 : 457-65 ) , i.e. , the dipeptide linker LE , a thrombin - sensitive 
disulfide cyclopeptide linker , and the alpha - helix forming 
linker LEA ( EAAAK ) 4ALEA ( EAAAK ) 4ALE . 
[ 0258 ] In some embodiments , a polypeptide linker for use 
in the fusion protein described herein , comprises a biologi 
cally relevant peptide sequence or a sequence portion 
thereof . For example , a biologically relevant peptide 
sequence may include , but is not limited to , sequences 
derived from an anti - rejection or anti - inflammatory peptide . 
Said anti - rejection or anti - inflammatory peptides may be 
selected from the group consisting of a cytokine inhibitory 
peptide , a cell adhesion inhibitory peptide , a thrombin 
inhibitory peptide , and a platelet inhibitory peptide . In some 
embodiments , a polypeptide linker comprises a peptide 
sequence selected from the group consisting of an IL - 1 
inhibitory or antagonist peptide sequence , an erythropoietin 
( EPO ) -mimetic peptide sequence , a thrombopoietin ( TPO ) 
mimetic peptide sequence , G - CSF mimetic peptide 
sequence , a TNF - antagonist peptide sequence , an integrin 
binding peptide sequence , a selectin antagonist peptide 
sequence , an anti - pathogenic peptide sequence , a vasoactive 
intestinal peptide ( VIP ) mimetic peptide sequence , a calmo 
dulin antagonist peptide sequence , a mast cell antagonist , a 
SH3 antagonist peptide sequence , an urokinase receptor 
( UKR ) antagonist peptide sequence , a somatostatin or cor 
tistatin mimetic peptide sequence , and a macrophage and / or 
T - cell inhibiting peptide sequence . Exemplary peptide 
sequences , any one of which may be employed as a poly 
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peptide linker , are disclosed in U.S. Pat . No. 6,660,843 , 
which is incorporated by reference herein . 
[ 0259 ] Other exemplary linkers include GS linkers ( i.e. , 
( GS ) n ) , GGSG linkers ( i.e. , ( GGSG ) n ) , GSAT linkers , SEG 
linkers , and GGS linkers ( i.e. , ( GGSGGS ) n ) , wherein n is a 
positive integer ( e.g. , 1 , 2 , 3 , 4 , or 5 ) . Other suitable linkers 
for use in fusion proteins can be found using publicly 
available databases , such as the Linker Database ( ibi.vu.nl/ 
programs / linkerdbwww ) . The Linker Database is a database 
of inter - domain linkers in multi - functional enzymes which 
serve as potential linkers in novel fusion proteins ( see , e.g. , 
George et al . , Protein Engineering 2002 ; 15 : 871-9 ) . 
[ 0260 ] It will be understood that variant forms of these 
exemplary polypeptide linkers can be created by introducing 
one or more nucleotide substitutions , additions or deletions 
into the nucleotide sequence encoding a polypeptide linker 
such that one or more amino acid substitutions , additions or 
deletions are introduced into the polypeptide linker . Muta 
tions may be introduced by standard techniques , such as 
site - directed mutagenesis and PCR - mediated mutagenesis . 
[ 0261 ] Polypeptide linkers are at least one amino acid in 
length and can be of varying lengths . In one embodiment , a 
polypeptide linker is from about 1 to about 50 amino acids 
in length . As used in this context , the term “ about ” indicates 
+/- two amino acid residues . Since linker length must be a 
positive integer , the length of from about 1 to about 50 
amino acids in length , means a length of from 1 to 48-52 
amino acids in length . In another embodiment , a polypeptide 
linker is from about 10-20 amino acids in length . In another 
embodiment , a polypeptide linker is from about 15 to about 
50 amino acids in length . 
[ 0262 ] In another embodiment , a polypeptide linker is 
from about 20 to about 45 amino acids in length . In another 
embodiment , a polypeptide linker is from about 15 to about 
25 amino acids in length . In another embodiment , a poly 
peptide linker is 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 
15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 
31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 
47 , 48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 60 , or 61 
or more amino acids in length . 
[ 0263 ] Polypeptide linkers can be introduced into poly 
peptide sequences using techniques known in the art . Modi 
fications can be confirmed by DNA sequence analysis . 
Plasmid DNA can be used to transform host cells for stable 
production of the polypeptides produced . 

comprising the amino acid substitutions G44C , E44C , or 
Q105C ( Kabat numbering ) . In some embodiments , the mul 
tispecific variable region comprises a light chain variable 
region comprising the amino acid substitutions A43C or 
Q100C ( Kabat numbering ) . In some embodiments , the mul 
tispecific variable region comprises a heavy chain variable 
region comprising amino acid substitution E44C , and a light 
chain variable region comprising amino acid substitution 
Q100C . In some embodiments , the multispecific variable 
region comprises a heavy chain variable region comprising 
amino acid substitution G44C , and a light chain variable 
region comprising amino acid substitution Q100C . In some 
embodiments , the multispecific variable region comprises a 
heavy chain variable region comprising amino acid substi 
tution Q105C , and a light chain variable region comprising 
amino acid substitution A43C . 
[ 0266 ] In some embodiments , the fusion protein includes 
the HSA set forth in SEQ ID NO : 171. In some embodi 
ments , the fusion protein includes the MSA set forth in SEQ 
ID NO : 173. In some embodiments , the fusion protein 
includes the ( Gly Ser ) z linker domain set forth in SEQ ID 
NO : 178. In some embodiments , the fusion protein includes 
the secretory leader sequence set forth in SEQ ID NO : 179 . 
In some embodiments , the fusion protein includes the His 
tag set forth in SEQ ID NO : 181. It will be understood to the 
skilled artisan that these individual domains can be operably 
coupled to each other in any order form a fusion protein that 
is active ( e.g. , reduces or inhibits the binding of an ELR + 
CXC chemokine to its cognate receptor ) . For example , as 
detailed in the specific examples below , the multispecific 
variable region comprising the heavy and light chain vari 
able regions set forth in SEQ ID NOs : 1 and 2 , is operably 
coupled to MSA . In another example , the multispecific 
variable region is operably coupled to MSA via a ( Gly Ser ) ; 
linker domain . In yet another example , the fusion protein 
comprises the secretory leader sequence set forth in SEQ ID 
NO : 179 . 
[ 0267 ] In some embodiments , a fusion protein comprises 
a multispecific variable region coupled to a wild - type albu 
min . In some embodiments , the fusion protein comprises a 
secretory leader sequence , followed by a wild - type MSA , 
operably coupled via a ( Gly4Ser ) z linker domain to a mul 
tispecific variable region comprising heavy and light chain 
variable regions set forth in SEQ ID NOs : 1 and 2 , respec 
tively , operably coupled via a ( Gly Ser ) linker domain to a 
His - tag ( e.g. , SEQ ID NO : 95 ) . In some embodiments , the 
multispecific variable region comprises the amino acid sub 
stitution Q100C within the light chain variable region , and 
the amino acid substitution G44C within the heavy chain 
variable region ( SEQ ID NO : 98 ; Kabat numbering ) . In 
some embodiments , the multispecific variable region com 
prises the amino acid substitution A43C within the light 
chain variable region , and the amino acid substitution 
Q105C within the heavy chain variable region ( SEQ ID NO : 
99 ; Kabat numbering ) . In one embodiments , the fusion 
protein lacks the leader sequence and the His - tag ( SEQ ID 
NOs : 160 , 163 and 164 ) . 
[ 0268 ] In some embodiments , the fusion protein com 
prises a secretory leader sequence , followed by a wild - type 
MSA , operably coupled via a ( Gly Ser ) z linker domain to a 
multispecific variable region comprising heavy and light 
chain variable regions set forth in SEQ ID NOs : 11 and 12 , 
respectively , operably coupled via a ( Gly Ser ) linker domain 
to a His - tag ( e.g. , SEQ ID NO : 96 ) . In some embodiments , 

Exemplary Fusion Proteins 
[ 0264 ] The fusion proteins of the disclosure are modular 
and can be configured to incorporate various individual 
domains . For example , in some embodiments , the fusion 
protein includes a multispecific variable region comprising 
the heavy and light chain variable regions set forth in SEQ 
ID NOs : 1 and 2 , respectively . In some embodiments , the 
fusion protein includes a multispecific variable region com 
prising the heavy and light chain variable regions set forth 
in SEQ ID NOs : 11 and 12 , respectively . In some embodi 
ments , the fusion protein includes a multispecific variable 
region comprising the heavy and light chain variable regions 
set forth in SEQ ID NOs : 21 and 22 , respectively . 
[ 0265 ] In some embodiments , the multispecific variable 
region comprises amino acid substitutions that result in the 
formation of a cysteine bridge , useful for stabilization of the 
fusion protein . In some embodiments , the multispecific 
variable region comprises a heavy chain variable region 
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the multispecific variable region comprises the amino acid 
substitution Q100C within the light chain variable region , 
and the amino acid substitution E44C within the heavy chain 
variable region ( SEQ ID NO : 100 ; Kabat numbering ) . In 
some embodiments , the multispecific variable region com 
prises the amino acid substitution A43C within the light 
chain variable region , and the amino acid substitution 
Q105C within the heavy chain variable region ( SEQ ID NO : 
101 ; Kabat numbering ) . In one embodiments , the fusion 
protein lacks the leader sequence and the His - tag ( SEQ ID 
NOs : 161 , 165 and 166 ) . 
[ 0269 ] In some embodiments , the fusion protein com 
prises a secretory leader sequence , followed by a wild - type 
MSA , operably coupled via a ( Gly Ser ) z linker domain to a 
multispecific variable region comprising heavy and light 
chain variable regions set forth in SEQ ID NOs : 21 and 22 , 
respectively , operably coupled via a ( Gly Ser ) linker domain 
to a His - tag ( e.g. , SEQ ID NO : 97 ) . In some embodiments , 
the multispecific variable region comprises the amino acid 
substitution Q100C within the light chain variable region , 
and the amino acid substitution G44C within the heavy 
chain variable region ( SEQ ID NO : 104 ; Kabat numbering ) . 
In some embodiments , the multispecific variable region 
comprises the amino acid substitution A43C within the light 
chain variable region , and the amino acid substitution 
Q105C within the heavy chain variable region ( SEQ ID NO : 
105 ; Kabat numbering ) . In one embodiments , the fusion 
protein lacks the leader sequence and the His - tag ( SEQ ID 
NO : 162 , 169 and 170 ) . 
[ 0270 ] In some embodiments , the fusion protein com 
prises the amino acid sequence set forth in SEQ ID NO : 95 . 
In some embodiments , the fusion protein is encoded by the 
nucleic acid set forth in SEQ ID NO : 83. In some embodi 
ments , the fusion protein comprises the amino acid sequence 
set forth in SEQ ID NO : 96. In some embodiments , the 
fusion protein is encoded by the nucleic acid set forth in 
SEQ ID NO : 84. In some embodiments , the fusion protein 
comprises the amino acid sequence set forth in SEQ ID NO : 
97. In some embodiments , the fusion protein is encoded by 
the nucleic acid set forth in SEQ ID NO : 86 . 
[ 0271 ] In some embodiments , the fusion protein com 
prises the amino acid sequence set forth in SEQ ID NO : 160 . 
In some embodiments , the fusion protein is encoded by the 
nucleic acid set forth in SEQ ID NO : 149. In some embodi 
ments , the fusion protein comprises the amino acid sequence 
set forth in SEQ ID NO : 161. In some embodiments , the 
fusion protein is encoded by the nucleic acid set forth in 
SEQ ID NO : 150. In some embodiments , the fusion protein 
comprises the amino acid sequence set forth in SEQ ID NO : 
162. In some embodiments , the fusion protein is encoded by 
the nucleic acid set forth in SEQ ID NO : 151 . 

phage display technologies , bacterial display , yeast surface 
display , eukaryotic viral display , mammalian cell display , 
and cell - free ( e.g. , ribosomal display ) antibody screening 
techniques ( see , e.g. , Etz et al . ( 2001 ) J Bacteriol 183 : 6924 
6935 ; Cornelis ( 2000 ) Curr Opin Biotechnol 11 : 450-454 ; 
Klemm et al . ( 2000 ) Microbiology 146 : 3025-3032 ; Kieke et 
al . ( 1997 ) Protein Eng 10 : 1303-1310 ; Yeung et al . ( 2002 ) 
Biotechnol Prog 18 : 212-220 ; Boder et al . ( 2000 ) Methods 
Enzymology 328 : 430-444 ; Grabherr et al . ( 2001 ) Comb 
Chem High Throughput Screen 4 : 185-192 ; Michael et al . 
( 1995 ) Gene Ther 2 : 660-668 ; Pereboev et al . ( 2001 ) J Virol 
75 : 7107-7113 ; Schaffitzel et al . ( 1999 ) J Immunol Methods 
231 : 119-135 ; and Hanes et al . ( 2000 ) Nat Biotechnol 
18 : 1287-1292 ) . 
[ 0274 ] Methods for identifying multispecific variable 
regions and / or antibodies using various phage display meth 
ods are known in the art . In phage display methods , func 
tional variable region domains are displayed on the surface 
of phage particles which carry the polynucleotide sequences 
encoding them . Such phage can be utilized to display 
antigen - binding domains , such as Fab , Fv , or disulfide - bond 
stabilized Fv antibody fragments , expressed from a reper 
toire or combinatorial antibody library ( e.g. , human or 
murine ) . Phage used in these methods are typically filamen 
tous phage such as fd and M13 . The antigen binding 
domains are expressed as a recombinantly fused protein to 
any of the phage coat proteins pIII , pVIII , or plX . See , e.g. , 
Shi et al . ( 2010 ) JMB 397 : 385-396 . Examples of phage 
display methods that can be used to make the immunoglobu 
lins , or fragments thereof , described herein include those 
disclosed in Brinkman et al . ( 1995 ) J Immunol Methods 
182 : 41-50 ; Ames et al . ( 1995 ) J Immunol Methods 184 : 177 
186 ; Kettleborough et al . ( 1994 ) Eur J Immunol 24 : 952-958 ; 
Persic et al . ( 1997 ) Gene 187 : 9-18 ; Burton et al . ( 1994 ) 
Advances in Immunology 57 : 191-280 ; and PCT publication 
nos . WO 90/02809 , WO 91/10737 , WO 92/01047 , WO 
92/18619 , WO 93/11236 , WO 95/15982 , and WO 95/20401 . 
Suitable methods are also described in , e.g. , U.S. Pat . Nos . 
5,698,426 ; 5,223,409 ; 5,403,484 ; 5,580,717 ; 5,427,908 ; 
5,750,753 ; 5,821,047 ; 5,571,698 ; 5,427,908 ; 5,516,637 ; 
5,780,225 ; 5,658,727 ; 5,733,743 and 5,969,108 . 
[ 0275 ] In some embodiments , the methods described 
herein further comprise prioritizing crossreactivity over 
affinity using directed co - evolution , described in further 
detail in the Examples . For example , using yeast surface 
display methods described above , output of each cycle of 
selection is exposed to a diverse array of antigens of interest 
( e.g. , ELR + CXC chemokines ) in the following cycle . In 
some embodiments , methods that improve both the binding 
and affinity of variable regions and antibodies are used . 
Specifically , a high degree of genetic diversity in the anti 
body encoding genes can be created using error - prone PCR 
amplification . Binding affinity can be increased by allowing 
mutants to evolve through consecutive cycles of equilib 
rium - based selection using decreasing concentrations of the 
antigens of interest ( e.g. , ELR + CXC chemokines ) . Concur 
rently , crossreactivity is increased by exposing the outputs of 
each cycle of affinity selection towards a different antigen of 
interest ( e.g. , different ELR + CXC chemokine ) in the fol 
lowing cycle of selection . Variants whose affinity and cross 
reactivity towards multiple antigens of interest ( e.g. , ELR + 
CXC chemokines ) that are higher than their respective 
parental clones are collected . 

Methods of Making Multispecific Variable Regions and 
Antibodies 

[ 0272 ] The disclosure also provides methods for produc 
ing any of the multispecific variable regions , and isolated 
monoclonal antibodies , or antigen binding fragments 
thereof , that bind more than one ELR + CXC chemokine 
( e.g. , at least two , at least three , at least four , at least five , at 
least six , at least seven ) , described herein . In some embodi 
ments , the final processed and active form of an ELR + CXC 
chemokine protein is used in the methods described herein . 
[ 0273 ] In some embodiments , the methods described 
herein can involve , or be used in conjunction with , e.g. , 
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[ 0276 ] A subpopulation of multispecific variable regions 
and / or antibodies screened using the above methods can be 
characterized for their specificity and binding affinity for 
particular antigens ( e.g. , chemokines , e.g .. ELR + CXC 
chemokines ) using any immunological or biochemical based 
method known in the art . For example , specific binding of a 
multispecific variable region or antibody to a chemokine , 
may be determined for example using immunological or 
biochemical based methods such as , but not limited to , an 
ELISA assay , SPR assays , immunoprecipitation assay , affin 
ity chromatography , and equilibrium dialysis as described 
above . Immunoassays which can be used to analyze immu 
nospecific binding and cross - reactivity of the antibodies 
include , but are not limited to , competitive and non - com 
petitive assay systems using techniques such as Western 
blots , RIA , ELISA ( enzyme linked immunosorbent assay ) , 
“ sandwich ” immunoassays , immunoprecipitation assays , 
immunodiffusion assays , agglutination assays , complement 
fixation assays , immunoradiometric assays , fluorescent 
immunoassays , and protein A immunoassays . Such assays 
are routine and well known in the art . 
[ 0277 ] In embodiments where the selected CDR amino 
acid sequences are short sequences ( e.g. , fewer than 10-15 
amino acids in length ) , nucleic acids encoding the CDRs can 
be chemically synthesized as described in , e.g. , Shiraishi et 
al . ( 2007 ) Nucleic Acids Symposium Series 51 ( 1 ) : 129-130 
and U.S. Pat . No. 6,995,259 . For a given nucleic acid 
sequence encoding an acceptor antibody , the region of the 
nucleic acid sequence encoding the CDRs can be replaced 
with the chemically synthesized nucleic acids using standard 
molecular biology techniques . The 5 ' and 3 ' ends of the 
chemically synthesized nucleic acids can be synthesized to 
comprise sticky end restriction enzyme sites for use in 
cloning the nucleic acids into the nucleic acid encoding the 
variable region of the donor antibody . 
[ 0278 ] In some embodiments , the antibodies described 
herein comprise an altered heavy chain constant region that 
has reduced ( or no ) effector function relative to its corre 
sponding unaltered constant region . Effector functions 
involving the constant region of the antibody may be modu 
lated by altering properties of the constant or Fc region . 
Altered effector functions include , for example , a modula 
tion in one or more of the following activities : antibody 
dependent cellular cytotoxicity ( ADCC ) , complement - de 
pendent cytotoxicity ( CDC ) , apoptosis , binding to one or 
more Fc - receptors , and pro - inflammatory responses . Modu 
lation refers to an increase , decrease , or elimination of an 
effector function activity exhibited by a subject antibody 
containing an altered constant region as compared to the 
activity of the unaltered form of the constant region . In 
particular embodiments , modulation includes situations in 
which an activity is abolished or completely absent . 
[ 0279 ] An altered constant region with altered FcR bind 
ing affinity and / or ADCC activity and / or altered CDC activ 
ity is a polypeptide which has either an enhanced or dimin 
ished FcR binding activity and / or ADCC activity and / or 
CDC activity compared to the unaltered form of the constant 
region . An altered constant region which displays increased 
binding to an FcR binds at least one FcR with greater affinity 
than the unaltered polypeptide . An altered constant region 
which displays decreased binding to an FcR binds at least 
one FcR with lower affinity than the unaltered form of the 
constant region . Such variants which display decreased 
binding to an FcR may possess little or no appreciable 

binding to an FcR , e.g. , 0 to 50 % ( e.g. , less than 50 , 49 , 48 , 
47 , 46 , 45 , 44 , 43 , 42 , 41 , 40 , 39 , 38 , 37 , 36 , 35 , 34 , 33 , 32 , 
31 , 30 , 29 , 28 , 27 , 26 , 25 , 24 , 23 , 22 , 21 , 20 , 19 , 18 , 17 , 16 , 
15 , 14 , 13 , 12 , 11 , 10 , 9 , 8 , 7 , 6 , 5 , 4 , 3 , 2 , or 1 % ) of the 
binding to the FcR as compared to the level of binding of a 
native sequence immunoglobulin constant or Fc region to 
the FcR . Similarly , an altered constant region that displays 
modulated ADCC and / or CDC activity may exhibit either 
increased or reduced ADCC and / or CDC activity compared 
to the unaltered constant region . For example , in some 
embodiments , the antibody comprising an altered constant 
region can exhibit approximately 0 to 50 % ( e.g. , less than 
50 , 49 , 48 , 47 , 46 , 45 , 44 , 43 , 42 , 41 , 40 , 39 , 38 , 37 , 36 , 35 , 
34 , 33 , 32 , 31 , 30 , 29 , 28 , 27 , 26 , 25 , 24 , 23 , 22 , 21 , 20 , 19 , 
18 , 17 , 16 , 15 , 14 , 13 , 12 , 11 , 10 , 9 , 8 , 7 , 6 , 5 , 4 , 3 , 2 , or 1 % ) 
of the ADCC and / or CDC activity of the unaltered form of 
the constant region . An antibody described herein compris 
ing an altered constant region displaying reduced ADCC 
and / or CDC may exhibit reduced or no ADCC and / or CDC 
activity . 
[ 0280 ] In some embodiments , an antibody described 
herein exhibits reduced or no effector function . In some 
embodiments , an antibody comprises a hybrid constant 
region , or a portion thereof , such as a G2 / G4 hybrid constant 
region ( see e.g. , Burton et al . ( 1992 ) Adv Immun 51 : 1-18 ; 
Canfield et al . ( 1991 ) J Exp Med 173 : 1483-1491 ; and 
Mueller et al . ( 1997 ) Mol Immunol 34 ( 6 ) : 441-452 ) . See 
above . 
[ 0281 ] In some embodiments , an antibody may contain an 
altered constant region exhibiting enhanced or reduced 
complement dependent cytotoxicity ( CDC ) . Modulated 
CDC activity may be achieved by introducing one or more 
amino acid substitutions , insertions , or deletions in an Fc 
region of the antibody . See , e.g. , U.S. Pat . No. 6,194,551 . 
Alternatively or additionally , cysteine residue ( s ) may be 
introduced in the Fc region , thereby allowing interchain 
disulfide bond formation in this region . The homodimeric 
antibody thus generated may have improved or reduced 
internalization capability and / or increased or decreased 
complement - mediated cell lling . See , e.g. , Caron et al . 
( 1992 ) J Exp Med 176 : 1191-1195 and Shopes ( 1992 ) Immu 
nol 148 : 2918-2922 ; PCT publication nos . WO 99/51642 and 
WO 94/29351 ; Duncan and Winter ( 1988 ) Nature 322 : 738 
40 ; and U.S. Pat . Nos . 5,648,260 and 5,624,821 . 
[ 0282 ] It is understood that the above methods can also be 
used to determine if , e.g. , a multispecific variable region 
does not bind to full length chemokines , e.g. , ELR + CXC 
chemokines . The above methods can also be used to deter 
mine if a multispecific variable region or antibody that 
specifically binds to more than one ELR + CXC chemokine 
also reduces or inhibits the interaction between the chemo 
kines and their cognate receptors ( e.g. , CXCR1 and 
CXCR2 ) . 

Methods of Making Fusion Proteins 
[ 0283 ] The fusion proteins described herein largely may 
be made in transformed or transfected host cells using 
recombinant DNA techniques . To do so , a recombinant DNA 
molecule coding for the polypeptide is prepared . Methods of 
preparing such DNA molecules are well known in the art . 
For instance , sequences coding for the polypeptides could be 
excised from DNA using suitable restriction enzymes . Alter 
natively , the DNA molecule could be synthesized using 
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chemical synthesis techniques , such as the phosphoramidate 
method . Also , a combination of these techniques could be 
used . 
[ 0284 ] The disclosure also provides a vector capable of 
expressing the polypeptides in an appropriate host . The 
vector comprises the DNA molecule that codes for the 
polypeptides operably coupled to appropriate expression 
control sequences . Methods of affecting this operative link 
ing , either before or after the DNA molecule is inserted into 
the vector , are well known . Expression control sequences 
include promoters , activators , enhancers , operators , ribo 
somal nuclease domains , start signals , stop signals , cap 
signals , polyadenylation signals , and other signals involved 
with the control of transcription or translation . The nucleic 
acid molecules described above can be contained within a 
vector that is capable of directing their expression in , for 
example , a cell that has been transduced with the vector . 
Accordingly , in addition to polypeptide mutants , expression 
vectors containing a nucleic acid molecule encoding a 
mutant and cells transfected with these vectors are among 
the certain embodiments . 
[ 0285 ] Vectors suitable for use include T7 - based vectors 
for use in bacteria ( see , for example , Rosenberg et al . , Gene 
56 : 125 , 1987 ) , the pMSXND expression vector for use in 
mammalian cells ( Lee and Nathans , J. Biol . Chem . 263 : 
3521 , 1988 ) , and baculovirus - derived vectors ( for example 
the expression vector pBacPAKS from Clontech , Palo Alto , 
Calif . ) for use in insect cells . The nucleic acid inserts , which 
encode the polypeptide of interest in such vectors , can be 
operably linked to a promoter , which is selected based on , 
for example , the cell type in which expression is sought . For 
example , a T7 promoter can be used in bacteria , a polyhedrin 
promoter can be used in insect cells , and a cytomegalovirus 
or metallothionein promoter can be used in mammalian 
cells . Also , in the case of higher eukaryotes , tissue - specific 
and cell type - specific promoters are widely available . These 
promoters are so named for their ability to direct expression 
of a nucleic acid molecule in a given tissue or cell type 
within the body . Skilled artisans are well aware of numerous 
promoters and other regulatory elements which can be used 
to direct expression of nucleic acids . 
[ 0286 ] In addition to sequences that facilitate transcription 
of the inserted nucleic acid molecule , vectors can contain 
origins of replication , and other genes that encode a select 
able marker . For example , the neomycin - resistance ( neo ) 
gene imparts G418 resistance to cells in which it is 
expressed , and thus permits phenotypic selection of the 
transfected cells . Those of skill in the art can readily 
determine whether a given regulatory element or selectable 
marker is suitable for use in a particular experimental 
context . 
[ 0287 ] Viral vectors that are suitable for use include , for 
example , retroviral , adenoviral , and adeno - associated vec 
tors , herpes virus , simian virus 40 ( SV40 ) , and bovine 
papilloma virus vectors ( see , for example , Gluzman ( Ed . ) , 
Eukaryotic Viral Vectors , CSH Laboratory Press , Cold 
Spring Harbor , N.Y. ) . 
[ 0288 ] The resulting vector having the DNA molecule 
thereon is used to transform or transfect an appropriate host . 
This transformation or transfection may be performed using 
methods well known in the art . 
[ 0289 ] Any of a large number of available and well - known 
host cells may be used . The selection of a particular host is 
dependent upon a number of factors recognized by the art . 

These include , for example , compatibility with the chosen 
expression vector , toxicity of the peptides encoded by the 
DNA molecule , rate of transformation or transfection , ease 
of recovery of the peptides , expression characteristics , bio 
safety and costs . A balance of these factors must be struck 
with the understanding that not all hosts may be equally 
effective for the expression of a particular DNA sequence . 
Within these general guidelines , useful microbial hosts 
include bacteria ( such as coli ) , yeast ( such as Saccharo 
myces ) and other fungi , insects , plants , mammalian ( includ 
ing human ) cells in culture , or other hosts known in the art . 
[ 0290 ] Next , the transformed or transfected host is cul 
tured and purified . Host cells may be cultured under con 
ventional fermentation or culture conditions so that the 
desired compounds are expressed . Such fermentation and 
culture conditions are well known in the art . Finally , the 
peptides are purified from culture by methods well known in 
the art . 

[ 0291 ] Prokaryotic or eukaryotic cells that contain and 
express a nucleic acid molecule that encodes a polypeptide 
mutant are also suitable for use . A cell is a transfected cell , 
i.e. , a cell into which a nucleic acid molecule , for example 
a nucleic acid molecule encoding a mutant polypeptide , has 
been introduced by means of recombinant DNA techniques . 
The progeny of such a cell are also considered suitable for 
use in the methods disclosed herein . 
[ 0292 ] The precise components of the expression system 
are not critical . For example , a polypeptide can be produced 
in a prokaryotic host , such as the bacterium E. coli , or in a 
eukaryotic host , such as an insect cell ( e.g. , an Sf21 cell ) , or 
mammalian cells ( e.g. , COS cells , NIH 3T3 cells , or HeLa 
cells ) . These cells are available from many sources , includ 
ing the American Type Culture Collection ( Manassas , Va . ) . 
In selecting an expression system , it matters only that the 
components are compatible with one another . Artisans or 
ordinary skill are able to make such a determination . Fur 
thermore , if guidance is required in selecting an expression 
system , skilled artisans may consult Ausubel et al . ( Current 
Protocols in Molecular Biology , John Wiley and Sons , New 
York , N.Y. , 1993 ) and Pouwels et al . ( Cloning Vectors : A 
Laboratory Manual , 1985 Suppl . 1987 ) . 
[ 0293 ] The expressed polypeptides can be purified from 
the expression system using routine biochemical procedures , 
and can be used , e.g. , as therapeutic agents , as described 
herein . 

[ 0294 ] The fusion proteins may also be made by synthetic 
methods . For example , solid phase synthesis techniques may 
be used . Suitable techniques are well known in the art , and 
include those described in Merrifield ( 1973 ) , Chem . Poly 
peptides , pp . 335-61 ( Katsoyannis and Panayotis eds . ) ; 
Merrifield ( 1963 ) , J. Am . Chem . Soc . 85 : 2149 ; Davis et al . , 
Biochem Intl 1985 ; 10 : 394-414 ; Stewart and Young ( 1969 ) , 
Solid Phase Peptide Synthesis ; U.S. Pat . No. 3,941,763 ; 
Finn et al . ( 1976 ) , The Proteins ( 3rd ed . ) 2 : 105-253 ; and 
Erickson et al . ( 1976 ) , The Proteins ( 3rd ed . ) 2 : 257-527 . 
Solid phase synthesis is the preferred technique of making 
individual peptides since it is the most cost - effective method 
of making small peptides . Compounds that contain deriva 
tized peptides or which contain non - peptide groups may be 
synthesized by well - known organic chemistry techniques . 
[ 0295 ] Other methods are of molecule expression / synthe 
sis are generally known in the art to one of ordinary skill . 
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Modification of Polypeptides 
[ 0296 ] The polypeptides described herein ( e.g. , fusion 
proteins , or antibodies or antigen - binding fragments thereof ) 
can be modified following their expression and purification . 
The modifications can be covalent or non - covalent modifi 
cations . Such modifications can be introduced into the 
polypeptides by , e.g. , reacting targeted amino acid residues 
of the polypeptide with an organic derivatizing agent that is 
capable of reacting with selected side chains or terminal 
residues . Suitable sites for modification can be chosen using 
any of a variety of criteria including , e.g. , structural analysis 
or amino acid sequence analysis of the antibodies or frag 
ments . 

[ 0297 ] In some embodiments , the polypeptides can be 
conjugated to a heterologous moiety . The heterologous 
moiety can be , e.g. , a heterologous polypeptide , a therapeu 
tic agent ( e.g. , a toxin or a drug ) , or a detectable label such 
as , but not limited to , a radioactive label , an enzymatic label , 
a fluorescent label , a heavy metal label , a luminescent label , 
or an affinity tag such as biotin or streptavidin . Suitable 
heterologous polypeptides include , e.g. , an antigenic tag 
( e.g. , FLAG ( DYKDDDDK ( SEQ ID NO : 180 ) ) , polyhis 
tidine ( 6 - His ; HHHHHH ( SEQ ID NO : 181 ) , hemagglutinin 
( HA ; YPYDVPDYA ( SEQ ID NO : 182 ) ) , glutathione - S 
transferase ( GST ) , or maltose - binding protein ( MBP ) ) for 
use in purifying the antibodies or fragments . Heterologous 
polypeptides also include polypeptides ( e.g. , enzymes ) that 
are useful as diagnostic or detectable markers , for example , 
luciferase , a fluorescent protein ( e.g. , green fluorescent 
protein ( GFP ) ) , or chloramphenicol acetyl transferase 
( CAT ) . Suitable radioactive labels include , e.g. , 32P , 33p 14C , 
1251 , 1311 , 358 , and PH . Suitable fluorescent labels include , 
without limitation , fluorescein , fluorescein isothiocyanate 
( FITC ) , green fluorescent protein ( GFP ) , DyLightTM 488 , 
phycoerythrin ( PE ) , propidium iodide ( PI ) , PerCP , PE - Alexa 
Fluor® 700 , Cy5 , allophycocyanin , and Cy7 . Luminescent 
labels include , e.g. , any of a variety of luminescent lantha 
nide ( e.g. , europium or terbium ) chelates . For example , 
suitable europium chelates include the europium chelate of 
diethylene triamine pentaacetic acid ( DTPA ) or tetraazacy 
clododecane - 1,4,7,10 - tetraacetic acid ( DOTA ) . Enzymatic 
labels include , e.g. , alkaline phosphatase , CAT , luciferase , 
and horseradish peroxidase . 
[ 0298 ] Two proteins ( e.g. , an antibody and a heterologous 
moiety ) can be cross - linked using any of a number of known 
chemical cross linkers . Examples of such cross linkers are 
those which link two amino acid residues via a linkage that 
includes a “ hindered ” disulfide bond . In these linkages , a 
disulfide bond within the cross - linking unit is protected ( by 
hindering groups on either side of the disulfide bond ) from 
reduction by the action , for example , of reduced glutathione 
or the enzyme disulfide reductase . One suitable reagent , 
4 - succinimidyloxycarbonyl - a - methyl - a ( 2 - pyridyldithio ) 
toluene ( SMPT ) , forms such a linkage between two proteins 
utilizing a terminal lysine on one of the proteins and a 
terminal cysteine on the other . Heterobifunctional reagents 
that cross - link by a different coupling moiety on each protein 
can also be used . Other useful cross - linkers include , without 
limitation , reagents which link two amino groups ( e.g. , N - 5 - azido - 2 - nitrobenzoyloxysuccinimide ) , two sulfhydryl 
groups ( e.g. , 1,4 - bis - maleimidobutane ) , an amino group and 
a sulfhydryl group ( e.g. , m - maleimidobenzoyl - N - hydrox 
ysuccinimide ester ) , an amino group and a carboxyl group 
( e.g. , 4- [ p - azidosalicylamido ] butylamine ) , and an amino 

group and a guanidinium group that is present in the side 
chain of arginine ( e.g. , p - azidophenyl glyoxal monohy 
drate ) . 
[ 0299 ] In some embodiments , a radioactive label can be 
directly conjugated to the amino acid backbone of the 
polypeptide . Alternatively , the radioactive label can be 
included as part of a larger molecule ( e.g. , 1251 in meta 
[ 1251Jiodophenyl - N - hydroxysuccinimide ( [ 125 ] ] mIPNHS ) 
which binds to free amino groups to form meta - iodophenyl 
( MIP ) derivatives of relevant proteins ( see , e.g. , Rogers et al . 
( 1997 ) J Nucl Med 38 : 1221-1229 ) or chelate ( e.g. , to DOTA 
or DTPA ) which is in turn bound to the protein backbone . 
Methods of conjugating the radioactive labels or larger 
molecules / chelates containing them to the polypeptides 
described herein are known in the art . Such methods involve 
incubating the proteins with the radioactive label under 
conditions ( e.g. , pH , salt concentration , and / or temperature ) 
that facilitate binding of the radioactive label or chelate to 
the protein ( see , e.g. , U.S. Pat . No. 6,001,329 ) . 
[ 0300 ] Methods for conjugating a fluorescent label ( some 
times referred to as a “ fluorophore ” ) to a protein ( e.g. , an 
antibody ) are known in the art of protein chemistry . For 
example , fluorophores can be conjugated to free amino 
groups ( e.g. , of lysines ) or sulfhydryl groups ( e.g. , cysteines ) 
of proteins using succinimidyl ( NHS ) ester or tetrafluoro 
phenyl ( TFP ) ester moieties attached to the fluorophores . In 
some embodiments , the fluorophores can be conjugated to a 
heterobifunctional cross - linker moiety such as sulfo - SMCC . 
Suitable conjugation methods involve incubating a polypep 
tide , with the fluorophore under conditions that facilitate 
binding of the fluorophore to the protein . See , e.g. , Welch 
and Redvanly ( 2003 ) “ Handbook of Radiopharmaceuticals : 
Radiochemistry and Applications , " John Wiley and Sons 
( ISBN 0471495603 ) . 
[ 0301 ] In some embodiments , the polypeptides can be 
modified , e.g. , with a moiety that improves the stabilization 
and / or retention of the polypeptides in circulation , e.g. , in 
blood , serum , or other tissues . For example , the polypeptide 
can be PEGylated as described in , e.g. , Lee et al . ( 1999 ) 
Bioconjug Chem 10 ( 6 ) : 973-8 ; Kinstler et al . ( 2002 ) 
Advanced Drug Deliveries Reviews 54 : 477-485 ; and Rob 
erts et al . ( 2002 ) Advanced Drug Delivery Reviews 54 : 459 
476 or HESylated ( Fresenius Kabi , Germany ; see , e.g. , 
Pavisié et al . ( 2010 ) Int J Pharm 387 ( 1-2 ) : 110-119 ) . The 
stabilization moiety can improve the stability , or retention 
of , the polypeptide by at least 1.5 ( e.g. , at least 2 , 5 , 10 , 15 , 
20 , 25 , 30 , 40 , or 50 or more ) fold . 
[ 0302 ] In some embodiments , the polypeptides described 
herein can be glycosylated . In some embodiments , a poly 
peptide described herein can be subjected to enzymatic or 
chemical treatment , or produced from a cell , such that the 
polypeptide has reduced or absent glycosylation . Methods 
for producing polypeptides with reduced glycosylation are 
known in the art and described in , e.g. , U.S. Pat . No. 
6,933,368 ; Wright et al . ( 1991 ) EMBO J 10 ( 10 ) : 2717-2723 ; 
and Co et al . ( 1993 ) Mol Immunol 30 : 1361 . 
Pharmaceutical Compositions and Modes of Administration 
[ 0303 ] In certain embodiments , the invention provides for 
a pharmaceutical composition comprising a fusion protein , 
or an isolated monoclonal antibody , or antigen binding 
fragment thereof , described herein , with a pharmaceutically 
acceptable diluent , carrier , solubilizer , emulsifier , preserva 
tive and / or adjuvant . 
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[ 0304 ] In certain embodiments , acceptable formulation 
materials preferably are nontoxic to recipients at the dosages 
and concentrations employed . In certain embodiments , the 
formulation material ( s ) are for s.c. and / or I.V. administra 
tion . In certain embodiments , the pharmaceutical composi 
tion can contain formulation materials for modifying , main 
taining or preserving , for example , the pH , osmolality , 
viscosity , clarity , color , isotonicity , odor , sterility , stability , 
rate of dissolution or release , adsorption or penetration of the 
composition . In certain embodiments , suitable formulation 
materials include , but are not limited to , amino acids ( such 
as glycine , glutamine , asparagine , arginine or lysine ) ; anti 
microbials ; antioxidants ( such as ascorbic acid , sodium 
sulfite or sodium hydrogen - sulfite ) ; buffers ( such as borate , 
bicarbonate , Tris - HCl , citrates , phosphates or other organic 
acids ) ; bulking agents ( such as mannitol or glycine ) ; chelat 
ing agents ( such as ethylenediamine tetraacetic acid 
( EDTA ) ) ; complexing agents ( such as caffeine , polyvi 
nylpyrrolidone , beta - cyclodextrin or hydroxypropyl - beta 
cyclodextrin ) ; fillers ; monosaccharides ; disaccharides ; and 
other carbohydrates ( such as glucose , mannose or dextrins ) ; 
proteins ( such as serum albumin , gelatin or immunoglobu 
lins ) ; coloring , flavoring and diluting agents ; emulsifying 
agents ; hydrophilic polymers ( such as polyvinylpyrroli 
done ) ; low molecular weight polypeptides ; salt - forming 
counterions ( such as sodium ) ; preservatives ( such as ben 
zalkonium chloride , benzoic acid , salicylic acid , thimerosal , 
phenethyl alcohol , methylparaben , propylparaben , chlo 
rhexidine , sorbic acid or hydrogen peroxide ) ; solvents ( such 
as glycerin , propylene glycol or polyethylene glycol ) ; sugar 
alcohols ( such as mannitol or sorbitol ) ; suspending agents ; 
surfactants or wetting agents ( such as pluronics , PEG , 
sorbitan esters , polysorbates such as polysorbate 20 , poly 
sorbate 80 , triton , tromethamine , lecithin , cholesterol , 
tyloxapal ) ; stability enhancing agents ( such as sucrose or 
sorbitol ) ; tonicity enhancing agents ( such as alkali metal 
halides , preferably sodium or potassium chloride , mannitol 
sorbitol ) ; delivery vehicles ; diluents ; excipients and / or phar 
maceutical adjuvants . ( Remington's Pharmaceutical Sci 
ences , 18th Edition , A. R. Gennaro , ed . , Mack Publishing 
Company ( 1995 ) . In certain embodiments , the formulation 
comprises PBS ; 20 mM NOAC , pH 5.2 , 50 mM NaCl ; 
and / or 10 mM NAOAC , pH 5.2 , 9 % Sucrose . In certain 
embodiments , the optimal pharmaceutical composition will 
be determined by one skilled in the art depending upon , for 
example , the intended route of administration , delivery 
format and desired dosage . See , for example , Remington's 
Pharmaceutical Sciences , supra . In certain embodiments , 
such compositions may influence the physical state , stability , 
rate of in vivo release and rate of in vivo clearance of the 
fusion protein , or isolated monoclonal antibody , or antigen 
binding fragment , described herein . 
[ 0305 ] In certain embodiments , the primary vehicle or 
carrier in a pharmaceutical composition can be either aque 
ous or non - aqueous in nature . For example , in certain 
embodiments , a suitable vehicle or carrier can be water for 
injection , physiological saline solution or artificial cerebro 
spinal fluid , possibly supplemented with other materials 
common in compositions for parenteral administration . In 
certain embodiments , the saline comprises isotonic phos 
phate - buffered saline . In certain embodiments , neutral buff 
ered saline or saline mixed with serum albumin are further 
exemplary vehicles . In certain embodiments , pharmaceuti 
cal compositions comprise Tris buffer of about pH 7.0-8.5 , 

or acetate buffer of about pH 4.0-5.5 , which can further 
include sorbitol or a suitable substitute therefore . In certain 
embodiments , a composition comprising a fusion protein , or 
isolated monoclonal antibody , or antigen binding fragment , 
described herein , can be prepared for storage by mixing the 
selected composition having the desired degree of purity 
with optional formulation agents ( Remington's Pharmaceu 
tical Sciences , supra ) in the form of a lyophilized cake or an 
aqueous solution . Further , in certain embodiments , a com 
position comprising a fusion protein , or isolated monoclonal 
antibody , or antigen binding fragment , described herein , can 
be formulated as a lyophilizate using appropriate excipients 
such as sucrose . 
[ 0306 ] In certain embodiments , the pharmaceutical com 
position can be selected for parenteral delivery . In certain 
embodiments , the compositions can be selected for inhala 
tion or for delivery through the digestive tract , such as orally . 
The preparation of such pharmaceutically acceptable com 
positions is within the ability of one skilled in the art . 
[ 0307 ] In certain embodiments , the formulation compo 
nents are present in concentrations that are acceptable to the 
site of administration . In certain embodiments , buffers are 
used to maintain the composition at physiological pH or at 
a slightly lower pH , typically within a pH range of from 
about 5 to about 8 . 
[ 0308 ] In certain embodiments , when parenteral adminis 
tration is contemplated , a therapeutic composition can be in 
the form of a pyrogen - free , parenterally acceptable aqueous 
solution comprising a fusion protein , or isolated monoclonal 
antibody , or antigen binding fragment , described herein , in 
a pharmaceutically acceptable vehicle . In certain embodi 
ments , a vehicle for parenteral injection is sterile distilled 
water in which a fusion protein , or isolated monoclonal 
antibody , or antigen binding fragment , described herein , are 
formulated as a sterile , isotonic solution , properly preserved . 
In certain embodiments , the preparation can involve the 
formulation of the desired molecule with an agent , such as 
injectable micro spheres , bio - erodible particles , polymeric 
compounds ( such as polylactic acid or polyglycolic acid ) , 
beads or liposomes , that can provide for the controlled or 
sustained release of the product which can then be delivered 
via a depot injection . In certain embodiments , hyaluronic 
acid can also be used , and can have the effect of promoting 
sustained duration in the circulation . In certain embodi 
ments , implantable drug delivery devices can be used to 
introduce the desired molecule . 
[ 0309 ] In certain embodiments , a pharmaceutical compo 
sition can be formulated for inhalation . In certain embodi 
ments , a fusion protein , or isolated monoclonal antibody , or 
antigen binding fragment , can be formulated as a dry powder 
for inhalation . In certain embodiments , an inhalation solu 
tion comprising a fusion protein , or isolated monoclonal 
antibody , or antigen binding fragment , can be formulated 
with a propellant for aerosol delivery . In certain embodi 
ments , solutions can be nebulized . Pulmonary administra 
tion is further described in PCT application No. PCT / US94 / 
001875 , which describes pulmonary delivery of chemically 
modified proteins . 
[ 0310 ] In certain embodiments , it is contemplated that 
formulations can be administered orally . In certain embodi 
ments , a fusion protein , or isolated monoclonal antibody , or 
antigen binding fragment , that is administered in this fashion 
can be formulated with or without those carriers customarily 
used in the compounding of solid dosage forms such as 
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tablets and capsules . In certain embodiments , a capsule can 
be designed to release the active portion of the formulation 
at the point in the gastrointestinal tract when bioavailability 
is maximized and pre - systemic degradation is minimized . In 
certain embodiments , at least one additional agent can be 
included to facilitate absorption of the fusion protein , or 
isolated monoclonal antibody , or antigen binding fragment . 
In certain embodiments , diluents , flavorings , low melting 
point waxes , vegetable oils , lubricants , suspending agents , 
tablet disintegrating agents , and binders can also be 
employed . 
[ 0311 ] In certain embodiments , a pharmaceutical compo 
sition can involve an effective quantity of the fusion protein , 
or isolated monoclonal antibody , or antigen binding frag 
ment , in a mixture with non - toxic excipients which are 
suitable for the manufacture of tablets . In certain embodi 
ments , by dissolving the tablets in sterile water , or another 
appropriate vehicle , solutions can be prepared in unit - dose 
form . In certain embodiments , suitable excipients include , 
but are not limited to , inert diluents , such as calcium 
carbonate , sodium carbonate or bicarbonate , lactose , or 
calcium phosphate ; or binding agents , such as starch , gela 
tin , or acacia ; or lubricating agents such as magnesium 
stearate , stearic acid , or talc . 
[ 0312 ] Additional pharmaceutical compositions will be 
evident to those skilled in the art , including formulations 
involving a fusion protein , or isolated monoclonal antibody , 
or antigen binding fragment , in sustained- or controlled 
delivery formulations . In certain embodiments , techniques 
for formulating a variety of other sustained- or controlled 
delivery means , such as liposome carriers , bio - erodible 
microparticles or porous beads and depot injections , are also 
known to those skilled in the art . See for example , PCT 
Application No. PCT / US93 / 00829 which describes the con 
trolled release of porous polymeric microparticles for the 
delivery of pharmaceutical compositions . In certain embodi 
ments , sustained - release preparations can include semiper 
meable polymer matrices in the form of shaped articles , e.g. 
films , or microcapsules . Sustained release matrices can 
include polyesters , hydrogels , polylactides ( U.S. Pat . No. 
3,773,919 and EP 058,481 ) , copolymers of L - glutamic acid 
and gamma ethyl - L - glutamate ( Sidman et al . , Biopolymers , 
22 : 547-556 ( 1983 ) ) , poly ( 2 - hydroxyethyl - methacrylate ) 
( Langer et al . , J. Biomed . Mater . Res . , 15 : 167-277 ( 1981 ) 
and Langer , Chem . Tech . , 12 : 98-105 ( 1982 ) ) , ethylene vinyl 
acetate ( Langer et al . , supra ) or poly - D ( - ) - 3 - hydroxybutyric 
acid ( EP 133,988 ) . In certain embodiments , sustained 
release compositions can also include liposomes , which can 
be prepared by any of several methods known in the art . See , 
e.g. , Eppstein et al , Proc . Natl . Acad . Sci . USA , 82 : 3688 
3692 ( 1985 ) ; EP 036,676 ; EP 088,046 and EP 143,949 . 
[ 0313 ] The pharmaceutical composition to be used for in 
vivo administration typically is sterile . In certain embodi 
ments , this can be accomplished by filtration through sterile 
filtration membranes . In certain embodiments , where the 
composition is lyophilized , sterilization using this method 
can be conducted either prior to or following lyophilization 
and reconstitution . In certain embodiments , the composition 
for parenteral administration can be stored in lyophilized 
form or in a solution . In certain embodiments , parenteral 
compositions generally are placed into a container having a 
sterile access port , for example , an intravenous solution bag 
or vial having a stopper pierceable by a hypodermic injec 
tion needle . 

[ 0314 ] In certain embodiments , once the pharmaceutical 
composition has been formulated , it can be stored in sterile 
vials as a solution , suspension , gel , emulsion , solid , or as a 
dehydrated or lyophilized powder . In certain embodiments , 
such formulations can be stored either in a ready - to - use form 
or in a form ( e.g. , lyophilized ) that is reconstituted prior to 
administration . 
[ 0315 ] In certain embodiments , kits are provided for pro 
ducing a single - dose administration unit . In certain embodi 
ments , the kit can contain both a first container having a 
dried protein and a second container having an aqueous 
formulation . In certain embodiments , kits containing single 
and multi - chambered pre - filled syringes ( e.g. , liquid 
syringes and lyosyringes ) are included . 
[ 0316 ] In certain embodiments , the effective amount of a 
pharmaceutical composition comprising a fusion protein , or 
isolated monoclonal antibody , or antigen binding fragment , 
to be employed therapeutically will depend , for example , 
upon the therapeutic context and objectives . One skilled in 
the art will appreciate that the appropriate dosage levels for 
treatment , according to certain embodiments , will thus vary 
depending , in part , upon the molecule delivered , the indi 
cation for which a fusion protein , or isolated monoclonal 
antibody , or antigen binding fragment , are being used , the 
route of administration , and the size ( body weight , body 
surface or organ size ) and / or condition ( the age and general 
health ) of the patient . In certain embodiments , the clinician 
can titer the dosage and modify the route of administration 
to obtain the optimal therapeutic effect . 
[ 0317 ] In certain embodiments , the frequency of dosing 
will take into account the pharmacokinetic parameters of a 
fusion protein , or isolated monoclonal antibody , or antigen 
binding fragment , in the formulation used . In certain 
embodiments , a clinician will administer the composition 
until a dosage is reached that achieves the desired effect . In 
certain embodiments , the composition can therefore be 
administered as a single dose , or as two or more doses 
( which may or may not contain the same amount of the 
desired molecule ) over time , or as a continuous infusion via 
an implantation device or catheter . Further refinement of the 
appropriate dosage is routinely made by those of ordinary 
skill in the art and is within the ambit of tasks routinely 
performed by them . In certain embodiments , appropriate 
dosages can be ascertained through use of appropriate 
dose - response data . 
[ 0318 ] In certain embodiments , the route of administration 
of the pharmaceutical composition is in accord with known 
methods , e.g. orally , through injection by intravenous , intra 
peritoneal , intracerebral ( intra - parenchymal ) , intracere 
broventricular , intramuscular , subcutaneously , intra - ocular , 
intraarterial , intraportal , or intralesional routes ; by sustained 
release systems or by implantation devices . In certain 
embodiments , the compositions can be administered by 
bolus injection or continuously by infusion , or by implan 
tation device . In certain embodiments , individual elements 
of the combination therapy may be administered by different 
routes . 

[ 0319 ] In certain embodiments , the composition can be 
administered locally via implantation of a membrane , 
sponge or another appropriate material onto which the 
desired molecule has been absorbed or encapsulated . In 
certain embodiments , where an implantation device is used , 
the device can be implanted into any suitable tissue or organ , 
and delivery of the desired molecule can be via diffusion , 



US 2021/0246199 A1 Aug. 12 , 2021 
32 

timed - release bolus , or continuous administration . In certain 
embodiments , it can be desirable to use a pharmaceutical 
composition comprising a fusion protein , or isolated mono 
clonal antibody , or antigen binding fragment , in an ex vivo 
manner . In such instances , cells , tissues and / or organs that 
have been removed from the patient are exposed to a 
pharmaceutical composition comprising a fusion protein , or 
isolated monoclonal antibody , or antigen binding fragment , 
after which the cells , tissues and / or organs are subsequently 
implanted back into the patient . 
[ 0320 ] In certain embodiments , a fusion protein , or iso 
lated monoclonal antibody , or antigen binding fragment , can 
be delivered by implanting certain cells that have been 
genetically engineered , using methods such as those 
described herein , to express and secrete the polypeptides . In 
certain embodiments , such cells can be animal or human 
cells , and can be autologous , heterologous , or xenogeneic . In 
certain embodiments , the cells can be immortalized . In 
certain embodiments , in order to decrease the chance of an 
immunological response , the cells can be encapsulated to 
avoid infiltration of surrounding tissues . In certain embodi 
ments , the encapsulation materials are typically biocompat 
ible , semi - permeable polymeric enclosures or membranes 
that allow the release of the protein product ( s ) but prevent 
the destruction of the cells by the patient's immune system 
or by other detrimental factors from the surrounding tissues . 

Kits 

[ 0321 ] A kit can include a fusion protein , or isolated 
monoclonal antibody , or antigen binding fragment , as dis 
closed herein , and instructions for use . The kits may com 
prise , in a suitable container , a fusion protein , or isolated 
monoclonal antibody , or antigen binding fragment , one or 
more controls , and various buffers , reagents , enzymes and 
other standard ingredients well known in the art . 
[ 0322 ] The container can include at least one vial , well , 
test tube , flask , bottle , syringe , or other container means , into 
which a fusion protein , or isolated monoclonal antibody , or 
antigen binding fragment , may be placed , and in some 
instances , suitably aliquoted . Where an additional compo 
nent is provided , the kit can contain additional containers 
into which this component may be placed . The kits can also 
include a means for containing a fusion protein , or isolated 
monoclonal antibody , or antigen binding fragment , and any 
other reagent containers in close confinement for commer 
cial sale . Such containers may include injection or blow 
molded plastic containers into which the desired vials are 
retained . Containers and / or kits can include labeling with 
instructions for use and / or warnings . 

[ 0324 ] Administration can be achieved by , e.g. , local 
infusion , injection , or by means of an implant . The implant 
can be of a porous , non - porous , or gelatinous material , 
including membranes , such as sialastic membranes , or 
fibers . The implant can be configured for sustained or 
periodic release of the composition to the subject . See , e.g. , 
U.S. Patent Application Publication No. 20080241223 ; U.S. 
Pat . Nos . 5,501,856 ; 4,863,457 ; and 3,710,795 ; EP488401 ; 
and EP 430539 , the disclosures of each of which are 
incorporated herein by reference in their entirety . The com 
position can be delivered to the subject by way of an 
implantable device based on , e.g. , diffusive , erodible , or 
convective systems , e.g. , osmotic pumps , biodegradable 
implants , electrodiffusion systems , electroosmosis systems , 
vapor pressure pumps , electrolytic pumps , effervescent 
pumps , piezoelectric pumps , erosion - based systems , or elec 
tromechanical systems . 
[ 0325 ] In some embodiments , a fusion protein , or antibody 
or antigen - binding fragment thereof , is therapeutically deliv 
ered to a subject by way of local administration . 
[ 0326 ] A suitable dose of a fusion protein , or antibody or 
antigen - binding fragment thereof described herein , which 
dose is capable of treating or preventing autoimmune and 
related disorders in a subject , can depend on a variety of 
factors including , e.g. , the age , sex , and weight of a subject 
to be treated and the particular inducer compound used . For 
example , a different dose of a whole antibody may be 
required to treat a subject with autoimmune disease as 
compared to the dose of a fusion protein required to treat the 
same subject . Other factors affecting the dose administered 
to the subject include , e.g. , the type or severity of the 
autoimmune disorder . For example , a subject having rheu 
matoid arthritis may require administration of a different 
dosage than a subject with Guillain - Barre syndrome . Other 
factors can include , e.g. , other medical disorders concur 
rently or previously affecting the subject , the general health 
of the subject , the genetic disposition of the subject , diet , 
time of administration , rate of excretion , drug combination , 
and any other additional therapeutics that are administered 
to the subject . It should also be understood that a specific 
dosage and treatment regimen for any particular subject will 
also depend upon the judgment of the treating medical 
practitioner ( e.g. , doctor or nurse ) . Suitable dosages are 
described herein . 

[ 0327 ] A pharmaceutical composition can include a thera 
peutically effective amount of a fusion protein , or antibody 
or antigen - binding fragment thereof described herein . Such 
effective amounts can be readily determined by one of 
ordinary skill in the art based , in part , on the effect of the 
administered antibody , or the combinatorial effect of the 
antibody and one or more additional active agents , if more 
than one agent is used . A therapeutically effective amount of 
an antibody or fragment thereof described herein can also 
vary according to factors such as the disease state , age , sex , 
and weight of the individual , and the ability of the antibody 
( and one or more additional active agents ) to elicit a desired 
response in the individual , e.g. , reduction in tumor growth . 
For example , a therapeutically effective amount of a fusion 
protein can inhibit ( lessen the severity of or eliminate the 
occurrence of ) and / or prevent a particular disorder , and / or 
any one of the symptoms of the particular disorder known in 
the art or described herein . A therapeutically effective 

Methods of Treatment 

[ 0323 ] The compositions described herein are useful in , 
inter alia , methods for treating or preventing a variety of 
autoimmune and related disorders , allergy , inflammation , 
and / or graft or transplant rejection in a subject . The com 
positions can be administered to a subject , e.g. , a human 
subject , using a variety of methods that depend , in part , on 
the route of administration . The route can be , e.g. , intrave 
nous injection or infusion ( IV ) , subcutaneous injection ( SC ) , 
intraperitoneal ( IP ) injection , intramuscular injection ( IM ) , 
or intrathecal injection ( IT ) . The injection can be in a bolus 
or a continuous infusion . 
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amount is also one in which any toxic or detrimental effects 
of the composition are outweighed by the therapeutically 
beneficial effects . 
[ 0328 ] Suitable human doses of any of the fusion proteins , 
or antibodies or fragments thereof described herein can 
further be evaluated in , e.g. , Phase I dose escalation studies . 
See , e.g. , van Gurp et al . ( 2008 ) Am J Transplantation 
8 ( 8 ) : 1711-1718 ; Hanouska et al . ( 2007 ) Clin Cancer Res 
13 ( 2 , part 1 ) : 523-531 ; and Hetherington et al . ( 2006 ) Anti 
microbial Agents and Chemotherapy 50 ( 10 ) : 3499-3500 . 
[ 0329 ] In some embodiments , the composition contains 
any of the fusion proteins , or antibodies or antigen - binding 
fragments thereof described herein and one or more ( e.g. , 
two , three , four , five , six , seven , eight , nine , 10 , or 11 or 
more ) additional therapeutic agents such that the composi 
tion as a whole is therapeutically effective . For example , a 
composition can contain a fusion protein described herein 
and an anti - inflammatory agent , wherein the fusion protein 
and agent are each at a concentration that when combined 
are therapeutically effective for treating or preventing auto 
immune and related disorders ( e.g. , rheumatoid arthritis ) in 
a subject . 
[ 0330 ] Toxicity and therapeutic efficacy of such compo 
sitions can be determined by known pharmaceutical proce 
dures in cell cultures or experimental animals ( e.g. , animal 
models of any of the cancers described herein ) . These 
procedures can be used , e.g. , for determining the LD30 ( the 
dose lethal to 50 % of the population ) and the ED50 ( the dose 
therapeutically effective in 50 % of the population ) . The dose 
ratio between toxic and therapeutic effects is the therapeutic 
index and it can be expressed as the ratio LD50 / ED50 . A 
fusion protein , or antibody or antigen - binding fragment 
thereof that exhibits a high therapeutic index is preferred . 
While compositions that exhibit toxic side effects may be 
used , care should be taken to design a delivery system that 
targets such compounds to the site of affected tissue and to 
minimize potential damage to normal cells and , thereby , 
reduce side effects . 
[ 0331 ] The data obtained from the cell culture assays and 
animal studies can be used in formulating a range of dosage 
for use in humans . The dosage of such fusion proteins , or 
antibodies or antigen - binding fragments thereof lies gener 
ally within a range of circulating concentrations of the 
antibodies or fragments that include the ED50 with little or 
no toxicity . The dosage may vary within this range depend 
ing upon the dosage form employed and the route of 
administration utilized . For a fusion protein described 
herein , the therapeutically effective dose can be estimated 
initially from cell culture assays . A dose can be formulated 
in animal models to achieve a circulating plasma concen 
tration range that includes the IC50 ( i.e. , the concentration of 
the fusion protein which achieves a half - maximal inhibition 
of symptoms ) as determined in cell culture . Such informa 
tion can be used to more accurately determine useful doses 
in humans . Levels in plasma may be measured , for example , 
by high performance liquid chromatography . In some 
embodiments , e.g. , where local administration ( e.g. , to the 
eye or a joint ) is desired , cell culture or animal modeling can 
be used to determine a dose required to achieve a therapeu 
tically effective concentration within the local site . 
[ 0332 ] In some embodiments , the methods can be per 
formed in conjunction with other therapies for autoimmune 
and related diseases . For example , the composition can be 
administered to a subject at the same time , prior to , or after , 

radiation , surgery , targeted or cytotoxic chemotherapy , anti 
inflammatory therapy , steroid therapy , chemoradiotherapy , 
hormone therapy , immunotherapy , immunosuppressive 
therapy , antithyroid therapy , antibiotic therapy , gene therapy , 
cell transplant therapy , precision medicine , genome editing 
therapy , or other pharmacotherapy . 
[ 0333 ] The compositions described herein ( e.g. , fusion 
protein compositions ) can be used to treat graft rejection 
and / or a variety of allergy or autoimmune disorders such as , 
but not limited to , Crohn's disease , multiple sclerosis , myas 
thenia gravis , rheumatoid arthritis , Goodpasture's syn 
drome , T - cell mediated hepatitis , graft vs. host disease , 
autoimmune uveitis , and / or autoimmune diabetes . 
[ 0334 ] In some embodiments , a fusion protein , or an 
antibody or an antigen - binding fragment thereof described 
herein can be administered to a subject as a monotherapy . 
Alternatively , as described above , the fusion protein , or the 
antibody or fragment thereof can be administered to a 
subject as a combination therapy with another treatment , 
e.g. , another treatment for an autoimmune or related disease . 
For example , the combination therapy can include admin 
istering to the subject ( e.g. , a human patient ) one or more 
additional agents that provide a therapeutic benefit to a 
subject who has , or is at risk of developing , an autoimmune 
or related diseases . In some embodiments , a fusion protein , 
or an antibody and the one or more additional active agents 
are administered at the same time . In other embodiments , the 
fusion protein , or antibody or antigen binding fragment 
thereof is administered first in time and the one or more 
additional active agents are administered second in time . In 
some embodiments , the one or more additional active agents 
are administered first in time and the fusion protein , or 
antibody or antigen binding fragment thereof is administered 
second in time . 

[ 0335 ] A fusion protein , or an antibody or an antigen 
binding fragment thereof described herein can replace or 
augment a previously or currently administered therapy . For 
example , upon treating with a fusion protein , or an antibody 
or antigen - binding fragment thereof , administration of the 
one or more additional active agents can cease or diminish , 
e.g. , be administered at lower levels . In some embodiments , 
administration of the previous therapy can be maintained . In 
some embodiments , a previous therapy will be maintained 
until the level of the fusion protein , or the antibody reaches 
a level sufficient to provide a therapeutic effect . The two 
therapies can be administered in combination . 
[ 0336 ] Monitoring a subject ( e.g. , a human patient ) for an 
improvement in an autoimmune or related disease , as 
defined herein , means evaluating the subject for a change in 
a disease parameter , e.g. , a reduction in inflammation . In 
some embodiments , the evaluation is performed at least one 
( 1 ) hour , e.g. , at least 2 , 4 , 6 , 8 , 12 , 24 , or 48 hours , or at least 
1 day , 2 days , 4 days , 10 days , 13 days , 20 days or more , or 
at least 1 week , 2 weeks , 4 weeks , 10 weeks , 13 weeks , 20 
weeks or more , after an administration . The subject can be 
evaluated in one or more of the following periods : prior to 
beginning of treatment ; during the treatment ; or after one or 
more elements of the treatment have been administered . 
Evaluation can include evaluating the need for further 
treatment , e.g. , evaluating whether a dosage , frequency of 
administration , or duration of treatment should be altered . It 
can also include evaluating the need to add or drop a selected 
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therapeutic modality , e.g. , adding or dropping any of the 
treatments for an autoimmune ore related disease described 
herein . 
[ 0337 ] As ELR + CXC chemokines are responsible for 
inducing neutrophil infiltration to sites of inflammation , in 
some embodiments a fusion protein or an antibody or an 
antigen - binding fragment thereof described herein , is 
administered to prevent or block neutrophil infiltration in a 
subject with an autoimmune disorder . In some embodi 
ments , the fusion protein or antibody , or antigen - binding 
fragment thereof , prevents or blocks infiltration of neutro 
phils into the synovial fluid of arthritic joints . Methods of 
measuring neutrophil infiltration are known in the art . For 
example , bodily fluid from a subject ( e.g. , synovial fluid ) is 
collected , cells are isolated and stained with a neutrophil cell 
marker ( e.g. , Ly6G ) , and assessed via flow cytometry . 
Exemplary methods are described in Miyabe , Y. , Kim , N. D. , 
Miyabe , C. & Luster , A. D. Studying Chemokine Control of 
Neutrophil Migration In Vivo in a Murine Model of Inflam 
matory Arthritis . Methods in enzymology 570 , 207-231 
( 2016 ) , herein incorporated by reference . 

nologies . The synthetic DNA coding for the active form of 
three highly diverse human and murine ELR + CXC chemo 
kines were obtained from GeneArt Gene Synthesis ( Thermo 
Fisher Scientific ) . Genes were codon - optimized for expres 
sion in mammalian cells . A sequence encoding for Gly - Gly 
dipeptide spacer ( G2 , NGGO ) followed by a 15 amino acid 
peptide sequence ( AviTag ) containing a defined lysine for 
site - specific biotinylation ( NGLNDIFEAQKIEWHE9 ) were 
inserted at the C - terminus of the ELR + CXC chemokine to 
obtain NCXCL - G2 - AviTag synthetic genes . The AviTag 
sequence for enzymatically biotinylation was placed at the 
well tolerated C - terminus of the ELR + CXC chemokines to 
( i ) preserve unaltered the functional N - terminus region , ( ii ) 
avoid loss of epitope recognition and ( iii ) prevent additional 
structural heterogeneity that could be triggered by perform 
ing a chemistry - based amine - reactive succinimidyl esters 
based biotinylation . The de novo synthesized NCXCL - G2 
AviTag synthetic sequences were subsequently inserted 
into a previously modified gWiz expression vector contain 
ing a DNA sequence encoding for a secretory leader peptide 
sequence ( NMRVPAQLLGLLLLWLPGARC ) , Fc 
domain derived from murine IgG2 heavy - chain constant 
regions CH2 and CH3 , followed by a sequence encoding a 
hexa - histidine tag ( His6 ; NHHHHHH ) , an eight amino - acid 
flexible linker ( NSSGVDLGT ) and a Tobacco Etch Virus 
proteolytic cleavage site ( TEV ; NENLYFQ : A / V to obtain 
the final NFC - His6 - linker - TEV - CXCL - G2 - AviTagC fusion 
proteins ( FIG . 1 ) . The His6 - tag was inserted between the Fc 
domain and the TEV cleavage site for further purification 
steps . The sequence TEV proteolytic cleavage site allowed 
for a precisely processed N - terminus of the chemokines that 
was crucial for their activity . All constructs were verified by 
DNA sequencing ( Macrogen ) and termed Fc - CXCL fusion 
proteins ( see Table 1 for information about protein accession 
number SEQ ID NOs : 31-42 for DNA and amino acid 
sequences ) . 

a 

EXAMPLES 

[ 0338 ] While the present disclosure has been described 
with reference to the specific embodiments thereof , it should 
be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted without 
departing from the true spirit and scope of the disclosure . In 
addition , many modifications may be made to adapt a 
particular situation , material , composition of matter , pro 
cess , process step or steps , to the objective , spirit and scope 
of the present disclosure . All such modifications are 
intended to be within the scope of the disclosure . 

Materials and Methods 

TABLE 1 

CXCL protein 
( residues 
accession No. ) Construct for expression 

Fusion 
protein 

hCXCL138-107 LCXCLIC 

Cloning of CXC Chemokines for Mammalian Cell Line 
Expression 
[ 0339 ] Human and murine CXC chemokines undergo pro 
teolysis in vivo resulting in molecules with altered structure 
and tuned activity . To avoid that in vitro engineered cross 
reactive binders might not be able to block the mature form 
in vivo , the final processed and active form of the protein 
was cloned and produced . The CXC chemokines were 
produced in mammalian cell lines thus avoiding refolding 
procedures while preserving their native structure and activ 
ity . CXCL chemokines were cloned as C - terminal fusion of 
the immunoglobulin fragment crystallizable ( Fc ) domain 
NFC - CXCL9 and as N - terminal fusion of the murine serum 
albumin ( SA ) protein ( " CXCL - SAC . All mammalian 
expression vectors were based on gWiz ( Genlantis ) contain 
ing an optimized human cytomegalovirus ( CMV ) promoter 
and a Kanamycin antibiotic resistance gene ( Kan ) . 
[ 0340 ) Constructs for expression of NFC - CXCLC fusion 
proteins were generated by using a modified Pfu DNA 
polymerase - mediated site - directed mutagenesis protocol 
( Geiser , M. , Cebe , R. , Drewello , D. & Schmitz , R. Integra 
tion of PCR fragments at any specific site within cloning 
vectors without the use of restriction enzymes and DNA 
ligase . Biotechniques 31 , 88-90 , 92 ( 2001 ) ) . PfuUltra II 
Fusion HS DNA Polymerase was obtained from Agilent 
Technologies , Dpnl enzyme from New England BioLabs 
and the oligonucleotide primers from Integrated DNA Tech 

Groa / hCXCL1 gWiz - LS - Fc ( migG2 ) -His -linker - TEV- NFC 
( 38-107 / P09341 ) 07 - G2 - AviTag 
ENA - 78 / hCXCL5 gWiz - LS - Fc ( mIgG2 ) -Hisg - linker - TEV- NFC 
( 43-114 / P42830 ) hCXCL543-114 14 - G2 - AviTag hCXCL50 
IL - 8 / hCXCL8 gWiz - LS - Fc ( mIgG2 ) -Hise - linker - TEV- NFC 
( 29-99 / P10145 ) hCXCL829-99 - G2 - AviTag hCXCL8C 
KC / mCXCL1 gWiz - LS - Fc ( mIgG2 ) -Hisg - linker - TEV- NFC 
( 28-96 / P12850 ) -G2 - AviTag mCXCL1C 
MIP - 2 / mCXCL2 gWiz - LS - Fc ( m / gG2 ) -Hiso - linker - TEV- NFC 
( 31-100 / P10889 ) mCXCL231-100 - G2 - AviTag mCXCL2C 
LIX / mCXCL5 gWiz - LS - Fc ( mIgG2 ) -Hiso - linker - TEV- NFc 
( 48-118 / P50228 ) mCXCL548-118 - G2 - AviTag mCXCL5C 

mCXCL128-96 

[ 0341 ] Constructs for expression of NCXCL - SAC fusion 
proteins were generated by using DNA assembly methods 
such as Gibson Assembly ( New England BioLabs ) and 
In - Fusion Cloning ( Clontech Laboratories , Takara Bio ) 
technologies . PfuUltra II Fusion HS DNA Polymerase ( Agi 
lent Technologies ) and Herculase II Fusion DNA Poly 
merase ( Agilent Technologies ) were used for the PCR 
amplification of the insert and the vector , respectively . Dpni 
enzyme was obtained from New England Biolabs and the 
oligonucleotide primers from Integrated DNA Technologies . 



US 2021/0246199 A1 Aug. 12 , 2021 
35 

Expression and Purification of Fc Fusion Proteins [ 0342 ] The synthetic DNA coding for the active protein 
form of twelve human and murine ( ELR + ) CXC chemokines 
and eight human and murine ( ELR- ) CXC chemokines were 
obtained from Gene Art Gene Synthesis ( Thermo Fisher 
Scientific ) . Genes were codon - optimized for expression in 
mammalian cells . The de novo synthesized NCXCLC syn 
thetic sequences were subsequently inserted into a previ 
ously modified gWiz expression vector containing a DNA 
sequence encoding for a secretory leader sequence 
( NMRVPAQLLGLLLLWLPGARC ) , a ten amino - acid 
flexible linker ( NGGGGSGGGGS ) , sequence encoding for 
mouse serum albumin ( SA ) followed by a sequence encod 
ing for a five amino - acid flexible spacer ( NGGGGS ) and a 
hexa - histidine tag ( His6 ; NHHHHHH ) to obtain NCXCL 
( G4G ) 2 - SA - G_S - His . fusion proteins . The process of the 
leader sequence during the secretory pathway allows for a 
precisely cleaved N - terminus that is crucial for the activity 
of the chemokines . Genes encoding NCXCL ( G , G ) , - SA 
G4S - His . fusion proteins were further sub - cloned into a 
new gWiz expression vector via Sail - HF ( New England 
BioLabs ) and MauBI ( Thermo Fisher Scientific ) restriction 
enzymes . All constructs were verified by DNA sequencing 
( Macrogen ) and termed NCXCL - SAC fusion proteins ( see 
Table 2 for information about protein accession number and 
SEQ ID NOs : 43-82 for DNA and amino - acid sequences ) . 

[ 0343 ] Fc fusion proteins " Fc - CXCL were expressed by 
transient transfection of suspension - adapted human embry 
onic kidney ( HEK - 293 ) cells . Protein production was per 
formed either in house using FreeStyle 293 Expression 
System ( Thermo Fisher Scientific ) or outsourced to the 
Protein Expression Core Facility ( PECF ) of the Life Science 
Faculty of the EPFL , as described previously ( Angelini , A. 
et al . Bicyclic peptide inhibitor reveals large contact inter 
face with a protease target . ACS Chem Biol 7 , 817-821 
( 2012 ) ; Angelini , A. et al . Chemical macrocyclization of 
peptides fused to antibody Fc fragments . Bioconjug Chem 
23 , 1856-1863 ( 2012 ) ; Zhu , E. F. et al . Synergistic innate 
and adaptive immune response to combination immuno 
therapy with anti - tumor antigen antibodies and extended 
serum half - life IL - 2 . Cancer Cell 27 , 489-501 ( 2015 ) ) . At 
the end of the 7 - day phase production , cells were harvested 
by centrifugation at 15,000xg for 30 minutes at 4 ° C . on an 
Avanti JXN - 26 Centrifuge ( Beckman Coulter ) . Any addi 
tional cell debris was removed from the medium by filtration 
through 0.22 - um PES membrane filters ( Thermo Fisher 
Scientific ) and the clarified medium diluted with 7/10 volume 
10x PBS pH 7.4 . 

TABLE 2 

CXCL protein 
( residues Fusion 
accession No. ) Construct for expression protein 

Groa / hCXCL1 ( 35-107 / P09341 ) gWiz - LS - hCXCL135-107 07- ( Gly Ser ) 2 - mouse SA- NhCXCL1 - SAC 
( Gly4Ser ) -Hiso 

Groß / hCXCL2 ( 35-107 / P19875 ) gWiz - LS - LCXCL235-107- ( Gly4Ser ) 2 - mouse SA- NhCXCL2 - SAC 
( Gly4Ser ) -Hiso 

Groy / hCXCL3 ( 35-107 / P19876 ) gWiz - LS - HCXCL335-107- ( Gly Ser ) z - mouse SA- NhCXCL3 - SAC 
( Gly4Ser ) -His 

PF - 4 / hCXCL4 ( 32-101 / P02776 ) gWiz - LS - LCXCL432-101- ( Gly_Ser ) 2 - mouse SA- NhCXCL4 - SAC 
( Gly4Ser ) -Hise 

ENA - 78 / hCXCL5 ( 44-114 / gWiz - LS - LCXCL544-114- ( Gly4Ser ) 2 - mouse SA- NhCXCL5 - SAC 
P42830 ) ( Gly4Ser ) -Hiso 
GCP - 2 / hCXCL6 ( 43-114 / P80162 ) gWiz - LS - LCXCL643-114 4- ( Gly Ser ) 2 - mouse SA- NhCXCL6 - SAC 

( Gly Ser ) -His 
NAP - 2 / hCXCL7 ( 59-121 / P02775 ) gWiz - LS - LCXCL759-121- ( Glya Ser ) 2 - mouse SA- NhCXCL7 - SAC 

( Gly Ser ) -Hiso 
IL - 8 / hCXCL8 ( 28-99 / P10145 ) gWiz - LS - LCXCL828-99 99- ( Gly4Ser ) 2 - mouse SA- NhCXCL8 - SAC 

( Gly4Ser ) -Hise 
MIG / hCXCL9 ( 23-125 / Q07325 ) gWiz - LS - LCXCL923-125- ( Gly Ser ) 2 - mouse SA- NhCXCL9 - SAC 

( Gly Ser ) -Hise 
IP - 10 / hCXCL10 - SA ( 22-98 / gWiz - LS - LCXCL1022-98- ( Gly4Ser ) 2 - mouse SA- NhCXCL10 
P02778 ) ( Gly4Ser ) -His SAC 
I - TAC / HCXCL11 - SA ( 22-94 / gWiz - LS - LCXCL1122-94- ( Gly Ser ) 2 - mouse SA- NhCXCL11 
014625 ) ( Gly Ser ) -His 
KC / mCXCL1 - SA ( 25-96 / P12850 ) gWiz - LS - mCXCL125-96- ( Gly Ser ) 2 - mouse SA- NmCXCL1 

( Gly Ser ) -His SAC 
MIP - 2 / mCXCL2 - SA ( 28-100 / gWiz - LS - mCXCL228-100- ( Gly Ser ) 2 - mouse SA- NmCXCL2 
P10889 ) ( Gly Ser ) -Hist SAC 
DCIP - 1 / mCXCL3 - SA ( 28-100 / gWiz - LS - mCXCL328-100- ( Gly Ser ) 2 - mouse SA- NmCXCL3 
Q6W500 ) ( Gly Ser ) -Hise SAC 
Pf - 4 / mCXCL4 - SA ( 30-105 / gWiz - LS - mCXCL430-105- ( Gly Ser ) 2 - mouse SA- AmCXCL4 
Q92126 ) ( Gly Ser ) -His SAC 
LIX / mCXCL5 - SA ( 48-118 / gWiz - LS - mCXCL548-118_ 8- ( Gly Ser ) 2 - mouse SA- NmCXCL5 
P50228 ) ( Gly4Ser ) -Hiso 
Nap - 2 / mCXCL7 - SA ( 48-113 / gWiz - LS - mCXCL748-113- ( Gly Ser ) z - mouse SA- NmCXCL7 
Q9EQ15 ) ( Gly4Ser ) -His SAC 
Mig / mCXCL9 - SA ( 22-126 / gWiz - LS - mCXCL922-126- ( Gly Ser ) 2 - mouse SA- NmCXCL9 
P18340 ) ( Gly4Ser ) -His 
Ip - 10 / mCXCL10 - SA ( 22-98 / gWiz - LS - mCXCL1022-98- ( Gly Ser ) 2 - mouse SA- NmCXCL10 
P17515 ) ( Gly4Ser ) -Hiso SAC 
I - Tac / mCXCL11 - SA ( 22-100 / gWiz - LS - mCXCL1122-100- ( Gly Ser ) z - mouse SA- NmCXCL11 
Q9JHH5 ) ( Gly4Ser ) -His SAC 

SAC 

SAC 

SAC 



US 2021/0246199 A1 Aug. 12 , 2021 
36 

[ 0344 ] Recombinant Fc fusions were captured on a rPro 
tein A Sepharose Fast Flow resin ( GE Healthcare ) , packed 
on a glass Econo - Column Chromatography column ( Bio 
Rad ) , that was previously equilibrated with 10 column 
volumes ( CVS ) of 1xPBS PH 7.4 . The filter culture media 
was passed through the resin at a flow rate of approximately 
2.5 mL / min at room temperature . The resin was then exten 
sively washed with 10 CVs of 1xPBS pH 7.4 and the 
recombinant Fc fusions eluted in a single peak by applying 
10 CVs of elution Buffer E ( 50 mM Glycine - HCl , PH 2.7 ) . 
2 CVs of neutralizing Buffer N ( 1 M Tris - HCl pH 8.5 ) were 
then immediately added to the eluted Fc fusion proteins to 
prevent protein denaturation . Eluted Fc fusions were diluted 
twice with 1xPBS pH 7.4 and concentrated by using 10000 
NMWL Amicon Ultra - 15 ultrafiltration devices ( Millipore ) 
at 4000x g and 4 ° C. on a Allegra X14R centrifuge ( Beck 
man Coulter ) . The concentrated Fc fusion proteins were 
further subjected to size - exclusion chromatography ( SEC ) 
by using a Hiprep 26/10 desalting column ( GE Healthcare ) 
connected to an AKTApurifier system ( GE Healthcare ) 
equilibrated with Buffer T ( 50 mM Tris - HC1 , 100 mM NaCl , 
0.5 mM EDTA , pH 8.0 ) . Purified Fc fusion proteins NFc 
CXCLC in Buffer T were further concentrated to 2 mg / mL by 
using 10000 NMWL Amicon Ultra - 15 ultrafiltration devices 
( Millipore ) at 4000xg and 4 ° C. On a Allegra X - 14R cen 
trifuge ( Beckman Coulter ) and cleaved by using recombi 
nant TEV protease ( 0.5 mg / mL ) . Fc fusion : TEV at a molar 
ratio of 100 : 1 were incubated at 4 ° C. for up to 24 hours in 
a cleavage Buffer T supplemented with a 10 : 1 ratio of 
reduced ( GSH ) to oxidized ( GSSG ) L - glutathione ( 50 mM 
Tris - HC1 , 100 mM NaCl , 0.5 mM EDTA , 3 mM GSH , 0.3 
mMGSSG , pH 8.0 ) and complete protease inhibitor cocktail 
( Roche ) 
[ 0345 ] The further separation of matured cleaved CXC 
chemokines from the ( i ) Fc domain , ( ii ) un - cleaved Fc 
CXCL fusion and ( iii ) recombinant TEV - His6 protease was 
performed by loading the cleavage mixture on a Ni Sephar 
ose excel affinity resin ( GE Healthcare ) , packed on a glass 
Econo - Column Chromatography column ( Bio - Rad ) , that 
was previously equilibrated with 10 CVs of Buffer X ( 50 
mM sodium phosphate , 500 M NaCl , pH 8.0 ) . The mixture 
was passed through the resin at a flow rate of approximately 
1 mL / min at room temperature and the flow - through con 
taining cleaved NCXCL - G2 - AviTag proteins collected . The 
purified NCXCL - G2 - AviTag proteins were further concen 
trated by using a 3000 NMWL Amicon Ultra - 15 ultrafiltra 
tion devices ( Millipore ) at 4000x g and 4 ° C. on a Allegra 
X - 14R centrifuge ( Beckman Coulter ) and subjected to SEC 
by using a HiLoad 16/600 Superdex 75 prep - grade column 
( GE Healthcare ) equilibrated with biotinylation Buffer R ( 50 
mM Bicine , pH 8.3 ) on an AKTApurifier system ( GE 
Healthcare ) . Purified NCXCL - G2 - AviTag proteins in Buf 
fer R were then concentrated to approximately 100 um by 
using 3000 NMWL Amicon Ultra - 4 ultrafiltration devices 
( Millipore ) at 4000x g and 4 ° C. on a Allegra X - 14R 
centrifuge ( Beckman Coulter ) . 
[ 0346 ] Biotinylation of CXCL - G2 - AviTag proteins was 
performed by using BirA enzyme ( Avidity ) according to 
manufacturer's guidelines . Briefly , enzymatic reaction 
included 50 nmol NCXCL - G2 - AviTag protein in Buffer R , 
12 ug of recombinant Birà enzyme ( 3 mg / mL ; Avidity ) , 50 
uM d - biotin , 10 mM ATP pH 7.2 and 10 mM MgOAc for a 
total volume of 1 mL . To ensure complete biotinylation , the 
reaction was incubated at 4 ° C. for 48 hours with gentle 

shacking and jumped started every 12 hours by adding 50 uL 
of Biomix - A ( 500 mM Bicine , pH 8.3 ; Avidity ) and 50 uL 
of Biomix - B ( 100 mM ATP , 100 mM MgOAC , 500 uM 
d - biotin ; Avidity ) to the reaction mix . These conditions were 
sufficient for complete quantitative reaction yielding one 
product with expected molecular mass ( Amass = 226 Da ) . 
[ 0347 ] Biotinylated NCXCL - G2 - AviTag proteins were 
further purified by using either reversed - phase high perfor 
mance liquid chromatography ( RP - HPLC ) or SEC . RP 
HPLC was performed on a Vydac C18 column ( Grace & 
Co. ) connected to a Waters HPLC system ( Waters ) . A flow 
rate of 1 mL / min and a linear gradient was applied with a 
mobile phase composed of eluant A ( 99.9 % v / v H20 and 
0.1 % v / v TFA ) and eluant B ( 99.9 % V / v ACN and 0.1 % V / v 
TFA ) . This step efficiently removed unbound small mol 
ecules such as free biotin and ATP along with the BirA 
enzyme . Purified and biotinylated CXCL - G2 - AviTag pro 
teins were lyophilized , dissolved in 1xPBS pH 7.4 to a final 
protein concentration of approximately 100 uM , flash frozen 
in liquid nitrogen and stored at -80 ° C. Alternatively , 
biotinylated NCXCL - G2 - AviTag proteins were purified by 
SEC using a Superdex 75 10/300 GL column ( GE Health 
care ) equilibrated with 1xPBS pH 7.4 and connected to an 
AKT?purifier system ( GE Healthcare ) . 
[ 0348 ] The final purified and biotinylated proteins were 
further concentrated by using 3000 NMWL Amicon Ultra 
0.5 centrifugal filter units ( Millipore ) at 14000x g and 4 ° C. 
on a Eppendorf 5702R centrifuge ( Eppendorf ) to a final 
protein concentration of approximately 100 uM , flash frozen 
in liquid nitrogen and stored at -80 ° C. After purification , 
the yield of pure and biotinylated " CXCL - G2 - AviTagº 
proteins ranged from 1 to 5 mg / L of culture . Molecular 
weights were confirmed by reducing sodium dodecyl sul 
fate - polyacrylamide gel electrophoresis ( SDS - PAGE ) using 
NuPAGE 4-12 % Bis - Tris Gels ( Thermo Fisher Scientific ) in 
2- ( N - morpholino ) ethanesulfonic acid ( MES ) buffer fol 
lowed by SimplyBlue SafeStain ( Thermo Fisher Scientific ) and imaged on the Typhoon Trio imager ( GE Healthcare ) . 
Biotinylated NCXCL - G2 - AviTag proteins migrated a 
single band in SDS - PAGE , with apparent molecular masses 
of about 8-10 kDa . 

Mass Spectrometric Analysis 
[ 0349 ] The molecular mass of each ELR + CXC chemo 
kine before and after biotinylation was determined with 
electrospray ionization mass spectrometry ( ESI - MS ) per 
formed on a quadrupole time - of - flight mass spectrometer 
( Q - TOF ) coupled to a C or C8 reversed phase HPLC 
column for desalting of protein samples . Both LC - MS 
Agilent 6520 ESI - Q - TOF ( Agilent Technologies ) and 
Waters LCT ESI - Q - TOF ( Waters ) systems , operated in a 
positive ionization mode , were used . Data were acquired , 
processed , and analyzed using the Agilent MassHunter 
( Agilent Technologies ) or the MassLynx ( Waters ) software 
package . Mass spectrometry ( i ) confirmed the corrected 
mass of the purified biotinylated chemokines and ( ii ) 
showed that no un - biotinylated protein remains in the final 
sample . 
Selection of Crossreactive Binders from a Naïve Library of 
Synthetic scFv Displayed on the Surface of Yeast 
[ 0350 ] Crossreactive protein binders to human and murine 
ELR + CXC chemokines based on the synthetic antibody 
single - chain variable fragment scaffold ( scFv ) were isolated 
using standard yeast surface display technology as previ 
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based on fluorescent - conjugated detection reagents for 
expression ( anti - c - myc epitope tag ) and binding to ELR + 
CXC chemokine ( anti - biotin ) at recommended dilutions . 
Notably , highly avidity magnetic and fluorescently labeled 
reagents ( e.g. streptavidin and neutravidin ) saturated with 
diverse biotinylated ELR + CXC chemokines were used 
during the all the six selection cycles . 
[ 0354 ] The use of highly avid reagents increased the 
likelihood of isolating crossreactive low affinity binders 
from the naïve library by exploiting the multivalent inter 
action between yeast cells and the preloaded target . Sorting 
was performed on BD FACSAria I and III sorter instruments 
( BD Biosciences ) and data evaluated using Flow Jo v.10.0.7 
software ( Tree Star ) . After six cycles of iterative selections , 
DNA plasmid was extracted from isolated yeast cells using 
Zymoprep Yeast Plasmid Miniprep II Kit ( Zymo Research ) . 
Extracted DNA plasmids were further amplified in Escheri 
chia coli , purified and used ( i ) to reveal the amino acid 
sequence of each selected protein binder by DNA sequenc 
ing ( Macrogen ) , ( ii ) to transform new yeast cells to deter 
mine the binding affinity of single protein binder using yeast 
cell surface titrations , and ( iii ) as template to prepare muta 
genized DNA for further library generation and co - evolution 
of both binding affinity and crossreactivity , as described 
below . 

Single Antibody Clone Binding Affinity Characterization 
Using Yeast Surface Titrations 

ously described ( Angelini , A. et al . Protein Engineering and 
Selection Using Yeast Surface Display . Methods Mol Biol 
1319 , 3-36 ( 2015 ) ) . The yeast - displayed synthetic antibody 
naïve library “ G ” was constructed using homologous recom 
bination - based methods as previously described ( Angelini , 
A. et al . Protein Engineering and Selection Using Yeast 
Surface Display . Methods Mol Biol 1319 , 3-36 ( 2015 ) ; Van 
Deventer , J. A. , Kelly , R. L. , Rajan , S. , Wittrup , K. D. & 
Sidhu , S. S. A switchable yeast display / secretion system . 
Protein Eng Des Sel 28 , 317-325 ( 2015 ) ) . The library was 
constructed to display the synthetic scFv variants on the 
surface of yeast as C - terminal fusion of the a - agglutinin 
Aga2 protein ( CXCL - Aga2p ) . 
[ 0351 ] Yeast surface display vectors were based on pCT 
CON backbone and included a secretory leader sequence 
( NMQLLRCFSIFSVIASVLAC ) , a sequence encoding for 
the Aga2p protein , a sequence encoding for the influenza 
hemagglutinin epitope tag ( HA ; NYPYDVPDYA9 , a fifteen 
amino - acid flexible linker ( NGGGGSGGGGSGGGGS ) , a 
sequence encoding for the synthetic scFv in the light ( V2 ) to 
heavy ( VH ) chain orientation , separated by another fifteen 
amino - acid flexible linker ( NGTTAASGSSGGSSSGA9 ) . A 
sequence encoding for c - myc epitope tag ( c - myc ; NEQKLI 
SEEDLQ ) was inserted at the C - terminus of the gene 
encoding the scFv to obtain Aga2p - HA- ( GAS ) 3 - V2 - linker 
Vy - c - myc fusion proteins . 
[ 0352 ] Yeast display selection was performed by using an 
amount of yeast cells at least ten - fold larger than ( i ) the 
initial estimated naïve library size ( 1x10 ° unique clones ) or 
( ii ) the number of cells isolated from the previous round of 
either magnetic bead screening or flow cytometry sorting . 
The yeast cells display naïve library were grown in SD - CAA 
medium at 30 ° C. with shacking ( 250 rpm ) and surface 
protein expression induced in galactose - containing 
SG - CAA media for 20 hours at 20 ° C. with shacking ( 250 
rpm ) as previously described ( Angelini , A. et al . Protein 
Engineering and Selection Using Yeast Surface Display . 
Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . Before positive 
selection , yeast populations ( 1x101 ' ) underwent three 
sequential cycles of “ negative ” selection using uncoated 
Dynabeads biotin binder magnetic beads ( Thermo Fisher 
Scientific ) . Ten - fold diversity library depleted of streptavi 
din - coated beads binders was screened against highly 
diverse human ( hCXCL1 , hCXCL5 and hCXCL8 ) and 
murine ( mCXCL1 , mCXCL1 and mCXCL5 ) biotinylated 
ELR + CXC chemokines captured on magnetic beads . Two 
iterative cycles of magnetic bead selections followed by four 
cycles of fluorescence - activated cell sorting ( FACS ) were 
applied ( FIG . 2B ) . 
[ 0353 ] Complex positive selection schemes , in which ten 
fold of the cell output isolated from a pathway was incubated 
with a diverse ELR + CXC chemokine target in the following 
pathway , were performed to force crossreactivity and thus 
enhance the probabilities of isolating crossreactive protein 
binders . Each cycle comprised growth of yeast cells , expres 
sion of the synthetic antibodies on the surface , binding to the 
immobilized CXC ELR + chemokine ligands , washing and 
expansion of the isolated bound yeast cells as previously 
described ( Angelini , A. et al . Protein Engineering and Selec 
tion Using Yeast Surface Display . Methods Mol Biol 1319 , 
3-36 ( 2015 ) ) . Cells were washed using ice - cold PBSA buffer 
( 1x PBS pH 7.4 supplemented with 0.1 % w / v bovine serum 
albumin fraction V ) . For FACS , highly crossreactive protein 
binders were selected using a two - color labeling scheme 

[ 0355 ] The equilibrium dissociation constant ( KD ) of each 
individual selected protein binder towards single CXC 
chemokines was determined by using yeast surface display 
titrations as described previously ( Angelini , A. et al . Protein 
Engineering and Selection Using Yeast Surface Display . 
Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . Yeast surface display 
combined to flow cytometry allowed measurement of Kj 
directly on the surface of yeast cells without the need for 
additional sub - cloning , expression and purification steps that 
were instead necessary to characterize protein binders clones 
isolated using alternative display technologies ( VanAnt 
werp , J. J. & Wittrup , K. D. Fine affinity discrimination by 
yeast surface display and flow cytometry . Biotechnol Prog 
16 , 31-37 ( 2000 ) ) . Importantly , the Ky values measured 
using such method have been shown to be consistent with 
values obtained using alternative techniques for examining 
binding affinities such as Surface Plasmon Resonance 
( SPR ) , Bio - Layer Interferometry ( BLI ) and Kinetic Exclu 
sion Assay ( KinExA flow fluorimeter ) ( Razai , A. et al . 
Molecular evolution of antibody affinity for sensitive detec 
tion of botulinum neurotoxin type A. J Mol Biol 351 , 
158-169 ( 2005 ) ; Traxlmayr , M. W. et al . Strong Enrichment 
of Aromatic Residues in Binding Sites from a Charge 
Neutralized Hyperthermostable Sso7d Scaffold Library . J 
Biol Chem ( 2016 ) ) . 
[ 0356 ] In brief , DNA plasmids encoding single protein 
binder clones were transformed into genetically modified 
Saccharomyces cerevisiae yeast cells ( EBY100 strain ) using 
Frozen - EZ Yeast Transformation II Kit ( Zymo Research ) 
and plated on selective SD - CAA solid agar media . Indi 
vidual colonies were inoculated in 5 mL SD - SCAA cultures , 
grown to mid - log phase ( OD600 = 2-5 ) in SD - CAA media at 
30 ° C. with shacking ( 250 rpm ) . Cells were induced in 
galactose - containing SG - CAA media for 20 hours at 20 ° C. 
with shacking ( 250 rpm ) as previously described ( Angelini , 
A. et al . Protein Engineering and Selection Using Yeast 
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Surface Display . Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . The 
binding assays were conducted in 96 - well plates ( Corning ) 
containing 1x104 induced cells per well . Non - displaying 
yeast cells ( 1x10 % ) were added to each well and mixed to 
induced cells to ensure ( i ) proper cell pelleting and ( ii ) an 
excess of soluble CXC chemokine target over total number 
of yeast displayed protein binders ( 5x10 copies of protein / 
yeast cell ) in solution ( Hackel , B. J. , Kapila , A. & Wittrup , 
K. D. Picomolar affinity fibronectin domains engineered 
utilizing loop length diversity , recursive mutagenesis , and 
loop shuffling . Journal of molecular biology 381 , 1238-1252 
( 2008 ) ) . Yeast cells displaying protein binders were incu 
bated with varying concentration of soluble CXC chemokine 
fusions ( " CXCL - SA “ ) bearing the His6 tag and the primary 
chicken anti - c - myc epitope tag ( 1 : 1000 ) antibody ( Gallus 
Immunotech ) overnight at 4 ° C. with shaking ( 150 rpm ) . 
Twelve to sixteen different concentrations of pure NCXCL 
SAC fusion proteins , ranging from 10 PM to 10 uM , were 
applied spanning a range of concentrations ten times both 
above and below the expected Ky value . After primary 
incubation , cells were pelleted ( 2500x g for 5 min at 4 ° C. ) 
and washed twice with 200 uL ice - cold PBSA buffer . Sec 
ondary labeling was performed with goat anti - chicken and 
mouse anti - His6 epitope tag antibodies conjugated to Alexa 
Fluor dyes at recommended dilutions . 
[ 0357 ] The 96 - well plates were run on a high - throughput 
plate sampler iQue Screener ( IntelliCyt ) or individually 
analyzed on an Accuri C6 Flow Cytometer ( BD Accuri 
Cytometers ) . Data were evaluated using FlowJo v.10.0.7 
software ( Tree Star ) . To ensure that the differences in 
binding were not due to variations of number of proteins 
expressed on the surface of yeast cell , the median fluores 
cence intensity ( MFIBIND ) from binding signal ( His? tag ) 
was normalized to the median fluorescence intensity 
( MFIDISP ) from display signal ( c - myc tag ) . The normalized 
( binding / display = MFIBIND MFIDISP ) median fluorescence 
intensity as a function of CXC chemokine concentration was 
used to determine the Ky values for all clones of interest . 
Values reported here are the results of three independent 
experiments and are presented as mean ( dots ) -SE ( bars ) . 

and BamHI - HI ( New England BioLabs ) digested PCT - CON 
vector at a molar ratio of 2.5 : 1 . Pre - mixed DNA linearized 
vector and PCR insert ( 1 um / ?L ) was electroporated into 
freshly prepared Saccharomyces cerevisiae EBY100 com 
petent cells , where the full constructs are reassembled via 
homologous recombination ( Angelini , A. et al . Protein Engi 
neering and Selection Using Yeast Surface Display . Methods 
Mol Biol 1319 , 3-36 ( 2015 ) ) . Transformed cultures were 
recovered and expanded in SD - SCAA . Small portions of 
transformed cells were serially diluted and titrated on SD 
SCAA plates to confirm the final reported library sizes 
( Table 3 ) . Library quality and diversity was further assessed 
by sequencing twenty colonies of each library . All clones 
sequenced from the mutagenized libraries were found to be 
in the expected format . The yeast cells display mutagenized 
libraries were grown in SD - CAA medium at 30 ° C. with 
shacking ( 250 rpm ) and surface protein expression induced 
in galactose - containing SG - CAA media for 20 hours at 20 ° 
C. with shacking ( 250 rpm ) as previously described ( Ange 
lini , A. et al . Protein Engineering and Selection Using Yeast 
Surface Display . Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . 

TABLE 3 

Library name Template Library size 
CK1 - lib I 
CK2 - lib I 
CK4 - lib I 
CK1 - lib II 
CK2 - lib II 
CK4 - lib II 

CK1 
CK2 
CK4 
CK19 
CK41 
CK50 

1.0 x 108 
2.0 x 108 
8.0 x 107 
3.0 x 108 
5.0 x 108 
4.0 x 108 

Co - Evolution of Protein Binding Affinity and 
Crossreactivity by Yeast Surface Display 
[ 0358 ] Two series of random mutagenesis and FACS 
based selections ( namely I and II ) were applied to improve 
both the binding affinity and crossreactivity of three cross 
reactive clones : CK1 , CK2 and CK4 . Random mutagenesis 
libraries were generated by error - prone PCR as previously 
described ( Angelini , A. et al . Protein Engineering and Selec 
tion Using Yeast Surface Display . Methods Mol Biol 1319 , 
3-36 ( 2015 ) ) . To ensure a mutagenesis rate of approximately 
1-2 amino acid mutated residues distributed randomly 
throughout the entire gene , 1 ng of DNA template encoding 
the CK1 , CK2 and CK4 binders were PCR amplified for 15 
cycles using Taq DNA polymerase ( New England BioLabs ) , 
analogue nucleotides ( 2 uM 8 - oxo - dGTP and 2 uM DPTP ) 
and flanking oligonucleotide primers ( forward : 
5 - GGAGGCGGTAGCGGAGGCG 
GAGGGTCGGCTAGC - 3 ' ; 
5 - GTCCTCTTCAGAAATAAGCTTTTGTTCGGAT - 3 ' ; 
Integrated DNA Technologies ) . 
[ 0359 ] The mutagenized PCR products were further puri 
fied , re - amplified for additional 30 cycles in the absence of 
analogue nucleotides and combined with Sall - HF , Nhel - HF 

[ 0360 ] An amount of yeast cells at least ten - fold larger 
than the estimated mutagenized libraries size were screened 
against human ( hCXCL1 , hCXCL5 and hCXCL8 ) and 
murine ( hCXCL1 , hCXCL2 and hCXCL5 ) biotinylated 
ELR + CXC chemokines using equilibrium - based selection 
strategies . Six sequential cycles of FACS were applied . Each 
cycle comprised growth of yeast cells , expression of the 
binders on the surface , binding to the immobilized CXC 
ELR + chemokine ligands , washing and expansion of the 
isolated bound yeast cells as previously described ( Angelini , 
A. et al . Protein Engineering and Selection Using Yeast 
Surface Display . Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . 
Complex selection schemes , in which ten - fold of the cell 
output isolated from a pathway was incubated with a diverse 
ELR + CXC chemokine target in the following pathway , 
were performed to force crossreactivity and thus enhance the 
probabilities of isolating crossreactive protein binders . 
Decreasing concentrations [ C ] of biotinylated CXC ELR + 
chemokines up to ten - fold below the measured Ky were 
used for each round of selection ( [ C ] = 0.1xKD ) in order to 
select for crossreactive clones with improved affinity . Sec 
ondary fluorescent - conjugated detection reagents for FACS 
were constantly alternated to avoid enrichments of clones 
that could bind to them . Sorting was performed on BD 
FACSAria I and III sorter instruments ( BD Biosciences ) and 
data evaluated using Flow Jo v.10.0.7 software ( Tree Star ) . 
After six cycles of iterative selections , DNA plasmid was 
extracted from isolated yeast cells and used for further DNA 
sequencing and single clone characterization as described 
above . 

reverse : 
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Combination of Individual Mutations by Site - Directed 
Mutagenesis 
[ 0361 ] Individual mutations from different protein binders 
were combined to further enhance affinity and specificity . A 
third step of site directed mutagenesis ( namely III ) was 
applied to combine mutations derived from different CK1 
and CK2 lineage - derived clones . Site - directed mutagenesis 
was performed by whole plasmid PCR using QuikChange 
site directed mutagenesis kit ( Agilent Technologies ) and 
pairs of complementary primers carrying single point muta 
tions ( Integrated DNA Technologies ) . The DNA sequences 
encoding CK63 , CK66 and CK72 ( CK1 lineage ) and 
CK108 , CK111 and CK119 ( CK2 lineage ) were used as 
templates to generate fifteen ( CK131 - CK145 ) and thirteen 
( CK146 - CK158 ) variants , respectively , each including dif 
ferent combinations of CDR and FWR mutations . All con 
structs were verified by DNA sequencing ( Macrogen ) . 
[ 0362 ] Single mutants were displayed on the surface of 
Saccharomyces cerevisiae strain EBY100 using Frozen - EZ 
Yeast Transformation II Kit ( Zymo Research ) and plated on 
selective SD - CAA solid agar media . Individual colonies 
were inoculated in 5 mL SD - SCAA cultures , grown to 
mid - log phase ( OD600 = 2-5 ) in SD - CAA media at 30 ° C. 
with shacking ( 250 rpm ) . Cells were induced in galactose 
containing SG - CAA media for 20 hours at 20 ° C. with 
shacking ( 250 rpm ) as previously described ( Angelini , A. et 
al . Protein Engineering and Selection Using Yeast Surface 
Display . Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . The equi 
librium dissociation constant ( KD ) of each individual clone 
towards single CXC chemokines was determined by using 
yeast surface display titrations combined to flow cytometry 
as described above . 
Cloning of Selected Synthetic scFv Fused to Mouse Serum 
Albumin Protein for Mammalian Cell Line Expression 
[ 0363 ] Selected crossreactive synthetic single light ( V ) 
and heavy ( V ) chain antibody variable fragments ( scFv ) 
were cloned and expressed in mammalian cells as C - termi 
nal fusion of the murine serum albumin ( SA ) protein ( NSA 
scFvº ) . Mammalian expression vectors were based on gWiz 
( Genlantis ) . Constructs for expression of NSA - scFvC fusion 
proteins were generated by using DNA assembly methods 
such as Gibson Assembly ( New England BioLabs ) or In 
Fusion Cloning ( Clontech Laboratories , Takara Bio ) tech 
nologies . PfuUltra II Fusion HS DNA Polymerase ( Agilent 
Technologies ) and Herculase II Fusion DNA Polymerase 
( Agilent Technologies ) were used for the PCR amplification 
of the insert and the vector , respectively . Dpnl enzyme was 
obtained from New England Biolabs and oligonucleotide 
primers from Integrated DNA Technologies . The DNA 
sequences encoding the scFv ( V2 - V orientation ) CK129 , 
CK138 and CK157 as well as separate V , and VH domains 
of CK157 were amplified in a PCR reaction by using the 
PCT - CON vector as template and following inserted into a 
previously modified gWiz expression vector containing a 
DNA sequence encoding for a secretory leader peptide 
sequence ( NMDMRVPAQLLGLLLLWLPGARCS . fol 

lowed by a sequence encoding the mouse serum albumin 
( SA ) , fifteen amino - acid flexible linker 
( NGGGGSGGGGSGGGGS ) . A sequence encoding for a 
five amino - acid flexible linker ( GGGGS ) followed by a 
hexa - histidine tag ( His6 ; NHHHHHH ) was inserted at the 
C - terminus of the gene encoding the scFv to obtain the final 
NSA - GAS ) -scFv - GAS - His6C , NSA- ( GAS ) , V -GAS - His . 
and NSA ( GAS ) 3 - V7 - His . fusion proteins ( FIG . 6 ) . In a 
similar fashion , the control scFv ( VH - V , orientation ) target 
ing the human carcinoembryonic antigen ( CEA ) ( Graff , C. 
P. , Chester , K. , Begent , R. & Wittrup , K. D. Directed 
evolution of an anti - carcinoembryonic antigen scFv with a 
4 - day monovalent dissociation half - time at 37 degrees C. 
Protein Eng Des Sel 17 , 293-304 ( 2004 ) ) was fused at the 
C - terminus of mouse serum albumin . The stability of the 
each scFv was further improved by connecting the V. and 
Vh domains via an intermolecular disulfide bond ( ds ) . The 
addition of stabilizing intermolecular disulfide bridges is 
reported to increase the percent of monomeric forms by 
permanently fixing monomer : dimer ratios during the puri 
fication steps . Two of the most favorable locations were 
selected for the introduction of pairs of cysteine residues 
into each single scFv ( dsl : VL100 and VH44 ; ds2 : VL43 and 
VH105 ; Kabat numbering system ) ( Reiter , Y. et al . Stabili 
zation of the Fv fragments in recombinant immunotoxins by 
disulfide bonds engineered into conserved framework 
regions . Biochemistry 33 , 5451-5459 ( 1994 ) ; Jung , S. H. , 
Pastan , I. & Lee , B. Design of interchain disulfide bonds in 
the framework region of the Fv fragment of the monoclonal 
antibody B3 . Proteins 19 , 35-47 ( 1994 ) ; Weatherill , E. E. et 
al . Towards a universal disulphide stabilised single chain Fv 
format : importance of interchain disulphide bond location 
and VL - VH orientation . Protein Eng Des Sel 25 , 321-329 
( 2012 ) ; Kabat , E. A. , Wu , T. T. , Perry , H. , Gottesman , K. and 
Foeller , C. Sequences of Proteins of Immunological Interest , 
Edn . Fifth Edition . ( 1991 ) ) and their relative effects on 
expression , percent monomer formation and retention of 
antigen binding compared . Cysteine residues were intro 
duced into each scFv by site - directed mutagenesis using 
DNA assembly methods such as Gibson - Assembly ( New 
England BioLabs ) or In - Fusion Cloning ( Clontech Labora 
tories , Takara Bio ) technologies and standard oligonucle 
otide primers carrying single point mutations ( Integrated 
DNA Technologies ) . Final genes encoding NSA- ( GAS ) ; 
scFv - G S - His6C , NSA- ( GS ) -scFv - ds1 - GS - His6C NSA 
( G4S ) 3 - scFv - ds2 - G4S - His6º , NSA ( GAS ) 3 - V7 - G4S - His6 ° 
and SA- ( G , S ) ; - V - G4S - Hishfusion proteins were further 
subcloned into a new gWiz expression vector via NotI - HF 
and Xbal ( New England BioLabs ) restriction enzymes . All 
constructs were verified by DNA sequencing ( Macrogen , 
Cambridge , Mass . ) and termed NCXCL - SAC fusion proteins 
( see Table 4 for information about protein accession number 
and SEQ ID NOs : 83-106 for DNA and amino - acid 
sequences ) . The serum albumin - antibody fusion formats 
were used for all in vitro and in vivo studies . 

TABLE 4 

Fusion protein ( code 
name ) Construct for expression 

NSA - CK1380 ( SA138 ) 
NSA - CK157C ( SA157 ) 

gWiz - LS - mouse SA- ( Gly4Ser ) 3 - scFv ( VL - VH ) CK138- ( Gly4Ser ) -Hise 
gWiz - LS - mouse SA- ( Gly4Ser ) 3 - scFv ( V1 - VH ) CK157- ( Gly Ser ) -Hise 
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TABLE 4 - continued 

Fusion protein ( code 
name ) Construct for expression 

NSA - CK129C ( SA129 ) gWiz - LS - mouse SA- ( Gly Ser ) 3 - scFv ( V1 - VH ) CK129- ( Gly Ser ) -Hise 
NSA - CK138 - ds1C ( SA138- gWiz - LS - mouse SA- ( Gly.Ser ) z - scFv ( VZ - VH ) CK138 - dsi ( V21000301 
dsl ) V : 449- ( Gly Ser ) -Hise 
NSÁ - CK138 - ds2 ° ( SA138- gWiz - LS - mouse SA- ( Gly Ser ) z - scFv ( V2 - VH ) CK138 - ds2 ( V2434 > C / 
ds2 ) V # 1050 ) - ( Gly Ser ) -Hiso 
NSA - CK157 - ds1C ( SA157- gWiz - LS - mouse SA- ( Gly Ser ) z - scFv ( VZ - VH ) CK157 - ds1 ( V21000301 
dsl ) V : 449- ( Gly4Ser ) -Hise 
NSA - CK157 - ds2C ( SA157- gWiz - LS - mouse SA- ( Gly4Ser ) z - scFv ( V2 - VH ) CK157 - ds2 ( V2434 % C / 
ds2 ) V # 1050 ) - ( Gly Ser ) -Hiso 
NSA - CK157 - VLC ( SA157- gWiz - LS - mouse SA- ( Gly Ser ) -V_ CK157 - HiS6 
VL ) 
NSA - CK157 - VHC ( SA157- gWiz - LS - mouse SA- ( Gly Ser ) -V CK157 - HiS6 
VH ) 
NSA - CK129 - ds1 ° ( SA129- gWiz - LS - mouse SA- ( Gly Ser ) z - scFv ( VZ - V4 ) CK129 - ds1 ( V21002_01 
dsl ) V74469 ) - ( Gly4Ser ) -Hise 
NSÁ - CK129 - ds2C ( SA129- gWiz - LS - mouse SA- ( Gly4Ser ) z - scFv ( VZ - VH ) CK129 - ds2 ( V2434 % C / 
ds2 ) V 1050-9- ( Gly4Ser ) -Hise 
NSA - sm3e - ds ( SActr ) gWiz - LS - mouse SA- ( Gly Ser ) z - scFv ( VrV2 ) sm3E - ds ( V / A4R > C / 

V , 100-9- ( Gly Ser ) -His 

Expression and Purification of Serum Albumin Fusion 
Proteins 

[ 0364 ] Serum albumin ( SA ) fusion proteins NCXCL - SAC 
and NSA - scFvC were expressed by transient transfection of 
suspension - adapted human embryonic kidney ( HEK - 293 ) 
cells . Protein production was performed either in house 
using FreeStyle 293 Expression System ( Thermo Fisher 
Scientific ) or outsourced to the Protein Expression Core 
Facility ( PECF ) of the Life Science Faculty of the EPFL , as 
described previously ( Angelini , A. et al . Bicyclic peptide 
inhibitor reveals large contact interface with a protease 
target . ACS Chem Biol 7 , 817-821 ( 2012 ) ; Angelini , A. et al . 
Chemical macrocyclization of peptides fused to antibody Fc 
fragments . Bioconjug Chem 23 , 1856-1863 ( 2012 ) ; Zhu , E. 
F. et al . Synergistic innate and adaptive immune response to 
combination immunotherapy with anti - tumor antigen anti 
bodies and extended serum half - life IL - 2 . Cancer Cell 27 , 
489-501 ( 2015 ) ) . At the end of the 7 - day phase production , 
cells were harvested by centrifugation at 15,000xg for 30 
minutes at 4 ° C . on an Avanti JXN - 26 Centrifuge ( Beckman 
Coulter ) . Any additional cell debris was removed from the 
medium by filtration through 0.22 - um PES membrane filters 
( Thermo Fisher Scientific ) and the clarified medium diluted 
with 1/10 volume Buffer A ( 500 mM sodium phosphate , 5 M 
NaCl , pH 8.0 ) . Recombinant SA fusions were captured on a 
Ni Sepharose excel affinity resin ( GE Healthcare ) , packed on 
a glass Econo - Column chromatography column ( Bio - Rad ) , 
that was previously equilibrated with 10 CVs of Buffer B ( 50 
mM sodium phosphate , 500 M NaCl , pH 8.0 ) . The medium 
was passed through the resin at a flow rate of approximately 
2.5 mL / min at room temperature . The resin was then exten 
sively washed with 10 CVs of Buffer B and the recombinant 
SA fusions eluted in a single peak by applying 10 CVs of 
Buffer C ( 50 mM sodium phosphate , 500 M NaC1 , 500 mm 
Imidazole , pH 8.0 ) . Eluted SA fusions were following 
diluted with 10 CVs of Buffer B and concentrated by using 
10000 NMWL Amicon Ultra - 15 ultrafiltration devices ( Mil 
lipore ) at 4000x g and 4 ° C. on a Allegra X - 14R centrifuge 
( Beckman Coulter ) . The concentrated SA fusion proteins 
were further purified by size exclusion chromatography 
using a HiLoad 16/600 Superdex 200 prep - grade column 
( GE Healthcare ) equilibrated with 1xPBS pH 7.4 on an 

AKT?purifier system ( GE Healthcare ) . Purified SA fusion 
proteins in 1xPBS pH 7.4 were following concentrated to 5 
mg / ml ( CXCL - SAS and 2 mg / mL ( NSA - scFv9 final 
concentration by using 10000 NMWL Amicon Ultra - 15 
ultrafiltration devices ( Millipore ) at 4000x g and 4 ° C. on a 
Allegra X - 14R centrifuge ( Beckman Coulter ) . 
[ 0365 ] Protein concentrations were determined by mea 
suring absorbance at 280 nm using a NanoDrop 2000 
spectrophotometer ( Thermo Fisher Scientific ) . Molecular 
weights were confirmed by reducing sodium dodecyl sul 
fate - polyacrylamide gel electrophoresis ( SDS - PAGE ) using 
NuPAGE 4-12 % Bis - Tris Gels ( Life Technologies ) in 
3- ( Nmorpholino ) propanesulfonic acid ( MOPS ) buffer fol 
lowed by SimplyBlue SafeStain ( Life Technologies ) and 
imaged on the Typhoon Trio imager ( GE Healthcare ) . All 
purified SA fusion proteins migrated a single band in SDS 
PAGE with an apparent molecular mass of approximately 75 
kDa ( for NCXCL - SA ) , 80 kDa ( NSA - VC or ( NSA - VH 9 
and 95 kDa ( “ SA - scFv ) . The monodisperse state of con 
centrated SA fusion proteins was confirmed by size - exclu 
sion chromatography using a Superdex 200 10/300 GL 
column ( GE Healthcare ) connected to an AKTApurifier 
system and equilibrated with 1xPBS pH 7.4 . Purified SA 
fusion proteins were eluted as a single peak at elution 
volumes ( Ve ) that corresponds to apparent molecular masses 
ranging between 150 kDa ( dimer ) and 300 kDa ( tetramer ) in 
the case of NSA - CXCLC fusions while NSA - scFvº fusions 
were eluted with Ve that corresponds to apparent molecular 
masses of about 95 kDa ( monomer ) . Size exclusion chro 
matography columns and the FPLC system used for purifi 
cation of NSA - scFvc fusions for animal studies were pre 
treated with 1M NaOH to remove endotoxins . Purified 
NSA - scFvc fusions were further filtered sterile by passing 
them through a 0.2 um syringe filters ( Pall Life Sciences ) 
and confirmed to contain minimal levels of endotoxin ( < 0.1 
EU / mL ) using the QCL - 1000 Limulus Amebocyte Lysate 
( LAL ) chromogenic test following the manufacturer's 
instructions ( Lonza ) . 
Biotinylation of Serum Albumin Fusion Proteins and 
Commercial Antibodies 
[ 0366 ] Reactive EZ - link sulfo - NHS - LC - biotin ( Thermo 
Fisher Scientific ) was dissolved in 1xPBS pH 7.4 to obtain 
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a final concentration of 10 mM . Protein conjugates contain 
ing biotin were prepared by incubating serum albumin 
fusion proteins ( at concentrations of 2 mg / mL in 1xPBS pH 
7.4 ) with ten - fold molar excess of EZ - link sulfo - NHS - LC 
biotin for 30 minutes at room temperature . Excess of unre 
acted or hydrolyzed biotinylation reagent was removed 
using size - exclusion chromatography with Superdex 200 
10/300 GL ( GE Healthcare ) connected to an AKTApurifier 
system ( GE Healthcare ) and equilibrated with buffer 1xPBS 
pH 7.4 . Fractions corresponded to the expected protein pick 
were pulled and concentrated to a final concentration of 2 
mg / mL using 10000 NMWL Amicon Ultra - 4 ultrafiltration 
devices ( Millipore ) at 4000x g and 4 ° C. On a Allegra X - 14R 
centrifuge ( Beckman Coulter ) . Final protein concentrations 
were measured using a NanoDrop 2000 Spectrophotometer 
( Thermo Fisher Scientific ) . 

amplification of the insert and the vector , respectively . Dpnl 
enzyme was obtained from New England Biolabs and oli 
gonucleotide primers from Integrated DNA Technologies . 
The synthetic DNA coding for the active protein form of 
twelve human and murine ELR + CXC chemokines and eight 
human and murine ( ELR- ) CXC chemokines were obtained 
from GeneArt Gene Synthesis ( Thermo Fisher Scientific ) . 
The de novo synthesized genes encoding for the active 
processed form of each CXC chemokine were subsequently 
inserted into a previously modified yeast display pCT vector 
containing a DNA sequence encoding for a secretory leader 
sequence ( NMKVLIVLLAIFAALPLA 
LAQPVISTTVGSAAEGSLDKRS ) , a three amino - acid 
flexible spacer ( NGGG ) , a sequence encoding for c - myc 
epitope tag ( c - myc ; NEQKLISEEDLQ ) followed by a 
sequence encoding for the Aga2p protein to obtain NCXCL 
( G ) -c - myc - Aga2p fusion proteins . The process of the 
leader sequence during the secretory pathway allows for a 
precisely cleaved N - terminus that is crucial for the activity 
of the mature chemokines . Genes encoding NCXCL- ( G3 ) 
c - myc - Aga2p fusion proteins were further sub - cloned into 
a new pCT vector via Bpu101 and Xhol ( New England 
BioLabs ) restriction enzymes except for MIP - 2 for which 
PstI - HF and Xhol ( New England BioLabs ) restriction 
enzymes were used . All constructs were verified by DNA 
sequencing ( Macrogen ) and termed NCXCL - Aga2p fusion 
proteins ( see Table 5 for information about protein accession 
number and SEQ ID NOs : 107-146 for DNA and amino - acid 
sequences ) . 

Display of CXC Chemokine on Surface of Yeast Cells 
[ 0367 ] The ELR + and ( ELR- ) CXC chemokines were 
displayed on the surface of yeast as N - terminal fusion of the 
a - agglutinin Aga2 protein ( NCXCL - Aga2p ) . Yeast surface 
display vectors were based on pCT backbone ( Angelini , A. 
et al . Protein Engineering and Selection Using Yeast Surface 
Display . Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . Constructs 
for surface display of NCXCL - Aga2 fusion proteins were 
generated by using Gibson Assembly ( New England Bio 
Labs ) or In - Fusion Cloning ( Clontech Laboratories , Takara 
Bio ) technologies . PfuUltra II Fusion HS DNA Polymerase 
( Agilent Technologies ) and Herculase II Fusion DNA Poly 
merase ( Agilent Technologies ) were used for the PCR 

TABLE 5 

CXCL protein 
( residues / 
accession No. ) Construct for expression 

Fusion 
protein 

NhCXCL1 - Aga2 
NhCXCL2 - Aga2C 
NhCXCL3 - Aga2 
NhCXCL4 - Aga2C 
NhCXCL5 - Aga2C 

NhCXCL6 - Aga2 
NhCXCL7 - Aga2C 
NhCXCL8 - Aga2C 
NhCXCL9 - Aga2C 

Groa / hCXCL1 ( 38-107 / P09341 ) PCHA - LS - LCXCL138-107 - Gz - C - myc 
Aga2 

Groß / hCXCL2 ( 38-107 / P19875 ) PCHA - LS - LCXCL238-107 - G3 - c - myc 
Aga2 

Groy / hCXCL3 ( 38-107 / P19876 ) PCHA - LS - LCXCL338-107 - G3 - c - myc 
Aga2 

PF - 4 / hCXCL4 ( 32-101 / P02776 ) PCHA - LS - LCXCL432-101 - G3 - c - myc 
Aga2 

ENA - 78 / hCXCL5 ( 44-114 / P42830 ) PCHA - LS - LCXCL544-114 - G3 - c - myc 
Aga2 

GCP - 2 / hCXCL6 ( 44-114 / P80162 ) PCHA - LS - LCXCL644-114 - G3 - c - myc 
Aga2 

NAP - 2 / hCXCL7 ( 59-121 / P02775 ) PCHA - LS - LCXCL759-121 - G3 - c - myc 
Aga2 

IL - 8 / hCXCL8 ( 29-99 / P10145 ) PCHA - LS - LCXCL829-99 - G3 - c - myc 
Aga2 

MIG / hCXCL9 ( 23-125 / Q07325 ) PCHA - LS - LCXCL923-125 - G3 - c - myc 
Aga2 

IP - 10 / hCXCL10 - SA ( 22-98 / P02778 ) PCHA - LS - LCXCL1022-98 - G3 - c - myc 
Aga2 

I - TAC / HCXCL11 - SA ( 22-94 / 014625 ) PCHA - LS - LCXCL1122-94 - G3 - c - myc 
Aga2 

KC / mCXCL1 - SA ( 28-96 / P12850 ) PCHA - LS - mCXCL128-96 - G3 - C - myc 
Aga2 

MIP - 2 / mCXCL2 - SA ( 31-100 / P10889 ) PCHA - LS - mCXCL231-100 - G3 - c - myc 
Aga2 

DCIP - 1 / mCXCL3 - SA ( 31-100 / Q6W500 ) PCHA - LS - mCXCL331-100 - G3 - c - myc 
Aga2 

Pf - 4 / mCXCL4 - SA ( 30-105 / Q9Z126 ) PCHA - LS - mCXCL430-105 - G3 - c - myc 
Aga2 

LIX / mCXCL5 - SA ( 48-118 / P50228 ) PCHA - LS - mCXCL548-118 - G3 - c - myc 
Aga2 

Nap - 2 / mCXCL7 - SA ( 48-113 / Q9EQ15 ) PCHA - LS - mCXCL748-113 - G3 - c - myc 
Aga2 

NhCXCL10 - Aga2 

NhCXCL11 - Aga20 
NmCXCL1 - Aga2C 
NmCXCL2 - Aga20 
NmCXCL3 - Aga2 
NmCXCL4 - Aga2 
NmCXCLS - Aga2 
NmCXCL7 - Aga2C 
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TABLE 5 - continued 

CXCL protein 
( residues / 
accession No. ) 
Mig / mCXCL9 - SA ( 22-126 / P18340 ) 

Fusion 
Construct for expression protein 

PCHA - LS - MCXCL922-126 - G3 - c - myc- NmCXCL9 - Aga2C 
Aga2 
PCHA - LS - mCXCL1022-98 - G3 - c - myc- NmCXCL10 - Aga2 
Aga2 
PCHA - LS - mCXCL1122-100 0 - G3 - c - myc- NmCXCL11 - Aga2C 
Aga2 

Ip - 10 / mCXCL10 - SA ( 22-98 / P17515 ) 

I - Tac / mCXCL11 - SA ( 22-100 / Q9JHH5 ) 

[ 0368 ] The NCXCL - Aga2pº fusion proteins were dis 
played on the surface of Saccharomyces cerevisiae strain 
EBY100 using a standard protocol as described previously 
( Angelini , A. et al . Protein Engineering and Selection Using 
Yeast Surface Display . Methods Mol Biol 1319 , 3-36 
( 2015 ) ) . Briefly , EBY100 yeast cells were transformed with 
PCT vectors encoding NCXCL - Aga2pº fusion proteins 
using Frozen - EZ Yeast Transformation II Kit ( Zymo 
Research ) . Cells were grown to mid - log phase in SD - CAA 
media at 30 ° C. and induced in galactose - containing media 
SG - CAA for 20 hours at 2 ° C. Staining of C - terminus c - myc 
epitope tag indicated that all the CXC chemokines are 
expressed well on the surface of yeast ( approximately 105 
copies per cell , a standard for yeast surface display ) . The 
proper folding of yeast displayed CXC chemokines was 
assessed by measuring binding of some displayed CXC 
chemokines to a panel of commercial neutralizing antibod 
ies . 

Epitope Mapping by Alanine - Scanning Mutagenesis 
[ 0369 ] Functional binding residues were identified by ala 
nine - scanning mutagenesis using yeast surface display tech 
nology combined to flow cytometry . Yeast surface display 
has been shown to provide a simple , flexible and robust 
method for fine resolution epitope mapping of both full 
length or single - domain protein ( Chao , G. , Cochran , J. R. & 
Wittrup , K. D. Fine epitope mapping of anti - epidermal 
growth factor receptor antibodies through random mutagen 
esis and yeast surface display . J Mol Biol 342 , 539-550 
( 2004 ) ; Cochran , J. R. , Kim , Y. S. , Olsen , M. J. , Bhandari , 
R. & Wittrup , K. D. Domain - level antibody epitope mapping 
through yeast surface display of epidermal growth factor 
receptor fragments . J Immunol Methods 287 , 147-158 
( 2004 ) ; Levy , R. et al . Fine and domain - level epitope 
mapping of botulinum neurotoxin type A neutralizing anti 
bodies by yeast surface display . J Mol Biol 365 , 196-210 
( 2007 ) ; Mata - Fink , J. et al . Rapid conformational epitope 
mapping of anti - gp120 antibodies with a designed mutant 
panel displayed on yeast . J Mol Biol 425 , 444-456 ( 2013 ) ) . 
Alanine was chosen as a standard replacement residue for 
the identification of functional epitopes because it is found 
commonly in both buried and exposed positions , and it is 
present in all type of secondary structures . Moreover , ala 
nine does not impose new hydrogen bonding , or lead to 
stearic problems , and is therefore less likely to cause mis 
folding of the protein ( Wells , J. A. Systematic mutational 
analyses of protein - protein interfaces . Methods Enzymol 
202 , 390-411 ( 1991 ) ; Morrison , K. L. & Weiss , G. A. 
Combinatorial alanine - scanning . Curr Opin Chem Biol 5 , 
302-307 ( 2001 ) ) . The commonly bound human ELR + CXC 
chemokine hCXCL1 ( Groc ) was selected for alanine - scan 
ning experiments . 

[ 0370 ] Tridimensional structural analysis and literature 
data were combined to identify Groa residues suitable for 
mutagenesis ( Fairbrother , W. J. , Reilly , D. , Colby , T. J. , 
Hesselgesser , J. & Horuk , R. The solution structure of 
melanoma growth stimulating activity . J Mol Biol 242 , 
252-270 ( 1994 ) ; Kim , K. S. , Clark - Lewis , I. & Sykes , B. D. 
Solution structure of GRO / melanoma growth stimulatory 
activity determined by 1H NMR spectroscopy . J Biol Chem 
269 , 32909-32915 ( 1994 ) ; Poluri , K. M. , Joseph , P. R. , 
Sawant , K. V. & Rajarathnam , K. Molecular basis of gly 
cosaminoglycan heparin binding to the chemokine CXCL1 
dimer . J Biol Chem 288 , 25143-25153 ( 2013 ) ; Ravindran , 
A. , Sawant , K. V. , Sarmiento , J. , Navarro , J. & Rajarathnam , 
K. Chemokine CXCL1 dimer is a potent agonist for the 
CXCR2 receptor . J Biol Chem 288 , 12244-12252 ( 2013 ) ; 
Sepuru , K. M. & Rajarathnam , K. CXCL1 / MGSA Is a Novel 
Glycosaminoglycan ( GAG ) -binding Chemokine : STRUC 
TURAL EVIDENCE FOR TWO DISTINCT NON - OVER 
LAPPING BINDING DOMAINS . J Biol Chem 291 , 4247 
4255 ( 2016 ) ) . Solvent accessibility of hCXCL1 amino acid 
residues was determined by using both ASAView ( Ahmad , 
S. , Gromiha , M. , Fawareh , H. & Sarai , A. ASAView : data 
base and tool for solvent accessibility representation in 
proteins . BMC Bioinformatics 5 , 51 ( 2004 ) ) and PyMOL 
( PyMOL Molecular Graphics System , Version 1.8 
Schrödinger , LLC ) tools . Structurally buried hydrophobic 
amino acids ( 123 , V40 , A42 , L52 , V59 , 162 and 163 ) as well 
as proline ( P20 , P31 , P33 , P54 and P57 ) and cysteine ( C9 , 
C11 , C35 and C52 ) residues that are crucial for overall 
folding and stability of the chemokine were left unaltered . 
The wild - type hCXCL1 was displayed on the surface of 
yeast as the amino terminus fusion of the a - agglutinin Aga2 
protein ( NhCXCL1WT - Aga2p9 ) . Gene encoding 
MHCXCL1WT- ( G3 ) -c - myc - Aga2p fusion protein was sub 
cloned into a new pCT vector via Bpu10I and Xhol ( New 
England BioLabs ) restriction enzymes . The obtained pCT 
hCXCL1W7 - Aga2 vector was used as the template for the 
site - directed mutagenesis . Mutagenic oligonucleotides were 
designed to introduce single point mutations at the desired 
sites and generate fifty - four hCXCL1 variants ( PCT 
hCXCL1AL?N - Aga2 , " h?XCL14LAN - Aga 2p " ; see SEQ ID 
NOs : 147 and 148 for DNA and amino acid sequences ) . 
[ 0371 ] Binding of wild - type ( hCXCL1 " 7 ) and single ala 
nine mutants ( hCXCL1ALAN ) displayed on the surface of 
yeast toward soluble SA129 , SA138 and SA157 * serum 
albumin - antibody fusions and two commercial neutralizing 
antibodies targeting Groa was assessed by using flow cytom 
etry . The wild - type ( NHCXCL1WT - Aga2p ) and single ala 
nine mutant ( NhCXCL1ALAN - Aga2p 9 fusion proteins were 
displayed on the surface of Saccharomyces cerevisiae strain 
EBY100 using Frozen - EZ Yeast Transformation II Kit 
( Zymo Research ) as described previously ( Angelini , A. et al . 
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reported here are the results of three independent experi 
ments and are presented as mean ( dots ) + SE ( bars ) . 

TABLE 6 

Epitope mapping interactions 

Ab275 Ab276 SA129 SA138 SA157 

strong ( 0.0-0.25 ) N46 G17 
T43 
N46 
G47 
R48 
K49 

Q13 
L15 
118 
N46 
G47 
R48 

L12 
N46 
G47 
R48 

L15 
G17 
118 
H19 
N46 
K61 
K65 
Q16 
K21 
K45 
G47 
K71 

moderate ( 0.25-0.5 ) R8 T14 
G17 
G32 
T43 
A50 

T14 
L15 
G32 
A50 

R8 
L12 
T14 
L15 
Q16 
118 
G32 
K45 
A50 
Q10 
Q13 
N22 
N53 

118 
H19 
K21 
K29 
K45 
G47 
158 
K65 
K71 
N22 

L67 

weak ( 0.5-0.75 ) N22 
K45 
E64 

Q13 
118 
M66 

T14 
N22 
R48 
A50 
158 
K60 

Total residues 19 18 14 13 11 

Yeast Display and Competitive Fluorescent - Based Binding 
Assay 

Protein Engineering and Selection Using Yeast Surface 
Display . Methods Mol Biol 1319 , 3-36 ( 2015 ) ) . Individual 
colonies were inoculated in 5 mL SD - SCAA cultures , grown 
to mid - log phase ( OD600 = 2-5 ) in SD - CAA media at 30 ° C. 
with shacking ( 250 rpm ) and induced in galactose - contain 
ing SG - CAA media for 20 hours at 20 ° C. with shacking 
( 250 rpm ) . The binding assays were conducted in 96 - well 
plates ( Corning ) containing 1x104 induced cells per well 
pre - mixed with 1x10 non - displaying yeast cells . 
[ 0372 ] The level of expression of single wild - type 
( hCXCL1 " 7 ) and alanine mutants ( hCXCL14LAN ) displayed 
on the surface of yeast was assessed by staining the C - ter 
minus c - myc epitope tag . Yeast cells displaying wild - type 
( hCXCL1WT ) and single alanine mutants ( hCXCL1AL?N ) 
were then incubated with soluble serum albumin - antibody 
fusions SA129 , SA138 and SA157 * bearing the His6 tag and 
the primary chicken anti - c - myc epitope tag ( 1 : 1000 ) anti 
body ( Gallus Immunotech ) overnight at 4 ° C. with shaking 
( 150 rpm ) . The binding epitopes of two commercial mouse 
derived monoclonal antibodies targeting hCXCL1 : Ab275 
( clone 20326 ) and Ab276 ( clone 31716 ) were also deter 
mined . High quality epitope maps were achieved by per 
forming the assays at concentrations of soluble serum albu 
min - antibody fusions and antibodies that were equivalent to 
their K , binding values for the wild - type hCXCL1 : 2.5 nM 
for SA129 , 100 nM for SA138 , 1.5 uM for SA157 * , 0.1 nM 
for Ab275 and 0.25 nM for Ab276 . Concentrations higher or 
lower than that diminished the sensitivity of the assay and 
made it difficult to differentiate strong from weak binding 
signals derived from different mutants . At too high concen 
trations , all the signals were saturated and showed similar 
binding whereas at too low concentrations , the noise made 
it difficult to distinguish strong from weak mutants . After 
primary incubation , cells were pelleted ( 2500x g for 5 
minutes at 4 ° C. ) and washed twice with 200 uL of ice - cold 
PBSA buffer . Secondary labeling was performed with goat 
anti - chicken and either mouse anti - His6 epitope tag or goat 
anti - mouse antibodies conjugated to Alexa Fluor dyes at 
recommended dilutions . The 96 - well plates were run on a 
high - throughput plate sampler iQue Screener ( IntelliCyt ) . 
Data were evaluated using Flow Jo v.10.0.7 software ( Tree 
Star ) . 
[ 0373 ] To ensure that the differences in binding were not 
due to variations of number of proteins expressed on the 
surface of yeast cell , the median fluorescence intensity 
( MFIBIND ) from binding signal ( His6 tag or goat anti - mouse 
antibodies ) measured for single wild - type ( hCXCL1 " ? ) and 
alanine mutants ( hCXCL14Lan ) was normalized to the 
median fluorescence intensity ( MFIDISP ) from display signal 
( c - myc tag ) . The normalized ( binding / display = MFIBIND 
MFIDISP ) values obtained for each hCXCL1 variant 
( hCXCL14Lan ) were further normalized for the normalized 
value obtained for the wild - type ( hCXCL1W7 ) and plotted as 
( MFIBIND ALAN / MFI DISPALAN ) / ( MFIBINDWT / MFIDISP " ? ) pro 
viding a value , ranging from 0.0 to 1.0 , that corresponded to 
the contribution of each amino acid residues upon binding 
with the corresponding serum albumin fusion or neutralizing 
antibody ( Table 6 ) . Alanine mutants V26 , V28 , E39 , 141 and 
L44 exhibited an intense loss of binding when incubated 
with all soluble serum albumin fusion proteins SA129 , 
SA138 , SA157 * and neutralizing antibodies Ab275 and 
Ab276 indicating possible misfolding of the displayed 
hCXCL1 variants and were therefore excluded . Values 

[ 0374 ] A competitive flow cytometry - based binding assay 
was performed to further validate the identified hCXCL1 
binding epitopes in different ELR + CXC chemokines . The 
assays were conducted in 96 - well plates ( Corning ) contain 
ing 1x104 induced cells per well pre - mixed with 1x10 $ 
non - displaying yeast cells . Yeast cells displaying the ELR + 
CXC chemokines hCXCL1 , hCXCL5 , hCXCL8 , mCXCL1 
and mCXCL2 were pre - incubated at 4 ° C. with concentra 
tion of soluble un - biotinylated protein serum albumin 
fusions and neutralizing antibodies ( “ blocking reagents ” ) 
that are equals to 100 - times their Ky values ( CB = 100 KD ) . 
After 90 minutes , soluble biotinylated protein serum albu 
min fusions and neutralizing antibodies ( “ detection 
reagents ” ) were added at concentrations that are equals to 
their Ky values ( CD = KD ) . 
[ 0375 ] The incubation time was 30 minutes at 4 ° C. with 
shacking ( 150 rpm ) . The cells were then pelleted at 2500x 
g for 5 minutes and 4 ° C. on an Allegra X - 14R centrifuge 
( Beckman Coulter ) , and washed twice with 200 uL ice - cold 
PBSA buffer . Secondary labeling was performed at 4 ° C. by 
using goat anti - chicken and either streptavidin or goat 
anti - mouse and anti - rat antibodies conjugated to Alexa Fluor 
647 at recommended dilutions . After 30 minutes , the cells 
were pelleted at 2500x g for 5 minutes and 4 ° C. on an 
Allegra X - 14R centrifuge ( Beckman Coulter ) , and washed 
twice with 200 uL ice - cold PBSA buffer . The 96 - well plates 
were run on a high - throughput flow cytometry plate sampler 
iQue Screener ( IntelliCyt ) . Data were evaluated using 
FlowJo v.10.0.7 software ( Tree Star ) . To ensure that the 
differences in binding were not due to variations of number 
of proteins expressed on the surface of yeast cell , the 
determined median binding fluorescence intensities ( MFI 
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BIND ) were normalized to the median display fluorescence 
intensities ( MFIDISP ) . The obtained normalized binding 
display ( MFIBIND MFIDISP ) values were further normalized 
to the value obtained in the absence of “ blocking reagent ” 
providing a percentage value , ranging from 0 to 100 % , that 
corresponded to the residual binding observed upon block 
ing with the corresponding un - biotinylated serum albumin 
fusion or neutralizing antibody . Values reported here are the 
results of two independent experiments and are presented as 
mean ( dots ) SE ( bars ) . 
Mammalian Cell Culture and Competitive 
Fluorescence - Based Binding Assay 
[ 0376 ] The binding of two biotinylated human ELR + CXC 
chemokines ( hCXCL1 and hCXCLS ) to the human CXCR1 
and CXCR2 receptors was assessed by using flow cytom 
etry - based binding assay . Human embryonic kidney 293 
( HEK293 ) cells that stably express the human CXCR1 ( HEK293 - IL8RA ) and CXCR2 ( HEK293 - IL8RB ) receptors 
were used ( National Cancer Institute at Frederick , Md . ) 
( Ben - Baruch , A. et al . IL - 8 and NAP - 2 differ in their 
capacities to bind and chemoattract 293 cells transfected 
with either IL - 8 receptor type A or type B. Cytokine 9 , 37-45 
( 1997 ) ) . Transfected HEK293 cells were maintained in 
DMEM ( Thermo Fisher Scientific ) supplemented with 10 % 
V / v FBS ( Thermo Fisher Scientific ) , 1 % v / v penicillin 
streptomycin ( Thermo Fisher Scientific ) , and 0.8 mg / mL 
G418 ( Thermo Fisher Scientific ) , and grown to approxi 
mately 80 % confluence in 75 cm² flasks in a humidified 
incubator and an atmosphere of 95 % air , 5 % CO2 at 37 ° C. 
Receptor expression levels were determined by flow cytom 
etry using fluorescently labeled monoclonal antibodies 
against human CXCR1 and CXCR2 receptors on an Accuri 
C6 Flow Cytometer ( BD Accuri Cytometers ) . Cells were 
treated with Cell Dissociation Buffer Enzyme Free PBS 
based buffer ( Gibcon ) , washed twice with cold 1x PBS PH 
7.4 and resuspended in cold Cell Binding Assay ( CBA ) 
buffer ( 1x PBS pH 7.4 supplemented with 1 % w / v BSA and 
0.1 % w / v NaN3 ) to a final density of 1x100 cells / mL . Cells 
were then aliquoted ( 100 uL ) in 96 - well plates ( Corning ) 
and individual wells ( 1x103 cells each ) were incubated with 
various concentrations of biotinylated human ELR + CXC 
chemokines ( hCXCL1 and hCXCL8 ) ranging from 0.03 to 
300 nM . The incubation time was 30 minutes at 4 ° C. with 
shacking ( 150 rpm ) . The cells were then pelleted at 600x g 
for 5 minutes and 4 ° C. on an Allegra X - 14R centrifuge 
( Beckman Coulter ) and washed once with 200 uL ice - cold 
CBA buffer . 
[ 0377 ] Specific binding of biotinylated ELR + CXC 
chemokines to CXCR receptors was detected by incubating 
the cells with Alexa Fluor 647 - labeled Streptavidin ( 1 : 200 ; 
Thermo Fisher Scientific ) for 30 minutes at 4 ° C. with 
shaking . Cells were then pelleted at 600x g for 5 minutes and 
4 ° C. on an Allegra X - 14R centrifuge ( Beckman Coulter ) , 
and washed twice with 200 uL ice - cold CBA buffer . Cells 
were resuspended in 50 uL ( 2x103 cell / uL final concentra 
tion ) of cold CBA buffer and analyzed by flow cytometry on 
an iQue Screener ( IntelliCyt ) . Data were evaluated using 
FlowJo v.10.0.7 software ( Tree Star ) . Median fluorescence 
intensities ( MFI ) were normalized to the maximal value 
obtained , expressed as a percentage and plotted as a function 
of varying ELR + CXC chemokine concentration . The maxi 
mal effective concentrations ( EC50 ) were determined by 
fitting a sigmoidal dose - response curve on GraphPad Prism 

( GraphPad Software ) . The same assay was used to assess the 
ability of crossreactive serum albumin - antibody fusions 
( SA129 , SA138 and SA157 * ) and commercial neutralizing 
antibodies ( Ab208 and Ab275 , R & D Systems ) to compete 
for binding of biotinylated ELR + CXC chemokines 
( hCXCL1 and hCXCL8 ) to their cognate CXCR1 and 
CXCR2 receptors . 
[ 0378 ] HEK293 cell lines expressing human CXCR1 and 
CXCR2 receptors were incubated with biotinylated 
hCXCL1 and hCXCL8 chemokines as “ agonist ” , at final 
concentration equal to EC50 values , in the presence of 
varying concentrations of “ antagonists ” ( SA129 , SA138 , 
SA157 * , Ab208 and Ab275 ) , followed by staining with 
fluorescently labeled streptavidin . Antagonists were serially 
diluted in 1xPBS pH 7.4 to obtain final concentrations that 
cover the range from 0.3 nM to 300 nM . Concentrations 
ranging from 0.03 uM to 30 uM were used for the antagonist 
SA157 * . Median fluorescence intensities ( MFI ) were nor 
malized to the maximal value obtained , expressed as a 
percentage and plotted as a function of varying concentra 
tions of “ antagonists ” . The half maximal inhibitory concen 
tration ( IC50 ) values were determined by fitting a sigmoidal 
dose - response curve on GraphPad Prism ( GraphPad Soft 
ware ) . The IC50 values were further converted to inhibition 
constants K ; by using the Cheng - Prusoff equation K = IC50 / 
( [ L ] / EC50 + 1 ) where [ L ] is the fixed concentration of “ ago 
nist ” biotinylated ELR + CXC chemokine and EC50 is the 
concentration of “ agonist ” that results in half maximal 
activation of the receptor . Values reported here are the 
results of three independent experiments . The K , and Ky 
values , specified in units of molar concentration ( mol / L or 
M ) were converted to the pK , and pK ) scale using pK , = 
log10 ( K ) and PK ) = - log10 ( KD ) , respectively . Higher values 
of pK , and pKy indicate exponentially greater potency . Data 
are presented as mean ( dots ) + SE ( bars ) . 
Isolation of Neutrophils from Human and Murine Fresh 
Whole Blood 
[ 0379 ] Human neutrophils were purified directly from 
human whole blood by immunomagnetic negative selection 
using EasySep Direct Human Neutrophil Isolation Kit 
( STEMCELL Technologies ) . Whole blood from healthy 
human volunteers was obtained from Research Blood Com 
ponents , LLC . Blood was collected in sodium - citrate anti 
coagulant and provided in EDTA Vacutainer collection 
tubes . Murine neutrophils were isolated directly from mouse 
bone marrow by immunomagnetic negative selection using 
EasySep Mouse Neutrophils Enrichment Kit ( STEMCELL 
Technologies ) . The ends of femur and tibia derived from 
female C57BL / 6 mice ( Taconic ) were cut and the bone 
marrow cells flushed using a syringe equipped with a 
23 - gauge needle . Cell clumps and debris were removed by 
gently passing the cell suspension through a 70 um mesh 
nylon strainer . 
[ 0380 ] Both human and murine neutrophils were then 
pelleted at 1000x g for 5 minutes at 4 ° C. on a Allegra 
X - 14R centrifuge ( Beckman Coulter ) , the supernatant dis 
carded and the cells washed by adding ice - cold PBE buffer 
( 1x PBS pH 7.4 supplemented with 2 mM EDTA , 0.5 % w / v 
BSA , Ca2 + and Mg2 + free ) to obtain a final cell density of 
10 cells / mL . The washing step was repeated one time more 
and the washed cells resuspended at 107 cells / mL in ice - cold 
PBE buffer . Purity of human neutrophils was assessed by 
using APC - conjugated anti - human CD16 ( clone 3G8 , 
BioLegend ) , FITC - conjugated anti - human CD66b antibody 
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( clone G10F5 ; BioLegend ) and PE - conjugated anti - human 
CD45 antibody ( clone HI30 , BioLegend ) . Purity of mouse 
neutrophils was assessed by using APC - conjugated anti 
mouse CD11b ( clone M1 / 70 ; BioLegend ) and PE - conju 
gated anti - mouse Ly - 6G / Ly - 6C ( Gr - 1 ) ( clone RB6-8C5 ; 
BioLegend ) . Purified and labeled human and murine neu 
trophils were further used for calcium signaling experi 
ments . 

nist ” , at final concentration equal to EC50 values , in the 
presence of varying concentrations of “ antagonist " serum 
albumin - antibody fusions and neutralizing antibodies . 
Antagonists were serially diluted in ice - cold CL buffer to 
obtain final concentrations that cover the range from 10 PM 
to 10 uM . Intracellular calcium levels were measured as 
described above . The obtained values were normalized to 
the maximal response acquired and expressed as percentage 
of activity plotted as a function of varying concentrations of 
“ antagonists ” . Values reported here are the results of three 
independent experiments . Data are presented as mean ( dots ) 
USE ( bars ) . The half maximal inhibitory concentration 
( IC50 ) values were determined by fitting a sigmoidal dose 
response curve on GraphPad Prism ( GraphPad Software ) . 
The IC50 values were further converted to inhibition con 
stants K , by using the Cheng - Prusoff equation and both pK , 
and pK , values determined as described above . 

Fluorescent Labeling of Serum Albumin Fusion Proteins 

Competitive Flow Cytometry - Based Intracellular Free 
Calcium Mobilization Assay 
[ 0381 ] The ability of engineered serum albumin fusion 
antibody to block the capacity of human and murine ELR + 
CXC chemokines to signal through CXCR1 and CXCR2 
receptors resulting in an increase of the intracellular calcium 
concentration was tested on both human and murine freshly 
purified neutrophils , respectively ( June , C. H. & Moore , J. S. 
Measurement of intracellular ions by flow cytometry . Curr 
Protoc Immunol Chapter 5 , Unit 5 5 ( 2004 ) ) . Purified human 
and murine neutrophils in sterile ice - cold PBE buffer were 
loaded for 30 minutes at 37 ° C. in the dark with 2 mM cell 
permeable ratiometric fluorescent dye Indo - 1 AM ( Thermo 
Fisher Scientific ) resuspended in 100 % v / v dry DMSO to 
obtain a final concentration of 4 uM . Samples of 106 cells 
each were kept aside for autofluorescence measurements and 
single stained . Indo - 1 loaded neutrophils were then pelleted 
at 1000x g for 5 minutes at 4 ° C. on a Allegra X - 14R 
centrifuge ( Beckman Coulter ) , the supernatant discarded 
and the cells washed by adding ice - cold Cell Loading ( CL ) 
buffer ( 1x HBSS , PH 7.4 , 0.5 % w / v BSA , 1 mM Ca2 + and 
1 mM Mg2 + ) to obtain a final cell density of 10 ' cells / mL . 
The washing step was repeated one time more and the 
washed cells were resuspended at 5x10 cells / mL in ice - cold 
CL buffer . Aliquots of 106 cells / tube ( 200 L ) were prepared , 
individually pre - warmed at 37 ° C. for 10 minutes and 
stimulated with varying concentrations of “ agonist " ELR + 
CXC chemokines ranging from 0.03 to 300 nM . 
[ 0382 ] Samples were analyzed on a BD LSR II flow 
cytometer ( BD Biosciences ) . Intracellular calcium levels 
were measured at 30 nm ( Indo - 1 low ) and 
( Indo - 1 high ) emission fluorescence after excitation at 355 
nm . Baseline fluorescence was recorded for 60 seconds 
before the addition of “ agonist ” ELR + CXC chemokines and 
fluorescence measured for an additional 240 seconds . The 
median fluorescence intensities ( MFI ) at 405/30 nm and 
485/20 nm were recorded , the ratio of two wavelengths 
calculated ( Indo - 1 ratio ) and plotted as a function of time 
( seconds ) . Area under the curve ( AUC ) , calculated as an 
integral over time , was determined using Flow Jo v.10.0.7 
software ( Tree Star ) . The obtained values were normalized 
to the maximal response acquired , expressed as percentage 
of activity . The maximal effective concentrations ( EC50 ) 
were determined by fitting a sigmoidal dose - response curve 
on GraphPad Prism ( GraphPad Software ) . 
[ 0383 ] The same assay was used to assess the ability of 
“ antagonist ” serum albumin - antibody fusions SA129 , 
SA138 and SA157 * to antagonize the ELR + CXC chemo 
kine - mediated receptors activation and downstream intrac 
ellular calcium mobilization . Commercial neutralizing anti 
bodies targeting human CXCL1 ( Ab275 ) , CXCL5 ( Ab654 ) , 
CXCL8 ( Ab208 ) and murine CXCL1 ( Ab453 ) and CXCL2 
( Ab452 ) were included as positive controls . Indo - 1 loaded 
neutrophils were incubated with hCXCL1 , hCXCL5 , 
hCXCL8 , mCXCL1 and mCXCL1 chemokines as “ ago 

[ 0384 ] Reactive Alexa Fluor 647 succinimidyl ester 
( Thermo Fisher Scientific ) was dissolved in anhydrous dim 
ethylsulfoxide ( DMSO , Sigma - Aldrich ) to obtain a final 
concentration of 10 mg / mL . Protein conjugates containing 
Alexa Fluor 647 were prepared by incubating proteins ( at 
concentrations of 2 mg / mL in 1xPBS pH 7.4 with 1/10 
volume 1 M K2HPO4 , PH 9.0 ) with two - fold molar excess 
of Alexa Fluor 647 NHS ester ( at 10 mg / mL in DMSO ) for 
20 minutes at room temperature in the dark . Free dye was 
removed using size - exclusion chromatography with Super 
dex 200 10/300 GL ( GE Healthcare ) connected to an AKTA 
purifier system ( GE Healthcare ) and equilibrated with buffer 
1x PBS pH 7.4 . Fractions corresponded to the expected 
protein pick were pulled and concentrated to a final con 
centration of 2 mg / mL using 10000 NMWL Amicon Ultra - 4 
ultrafiltration devices ( Millipore ) at 4000x g and 4 ° C. on a 
Allegra X - 14R centrifuge ( Beckman Coulter ) . Final protein 
concentrations and degrees of labeling were measured using 
a NanoDrop 2000 Spectrophotometer ( Thermo Fisher Sci 
entific ) . Dye - to - protein ratios ranged from 1.0 to 1.5 . 0 nm 

in Mice of Serum Pharmacokinetic Studies 
Albumin - Antibody Fusions 

[ 0385 ] All animal studies were approved by the Massa 
chusetts Institute of Technology Division of Comparative 
Medicine and carried out according to the federal , state , and 
local regulations . Female C57BL / 6 mice ( Taconic ) were 
maintained under specific pathogen - free conditions and used 
at 6-8 weeks of age . A single bolus / dose ( 1 mg ) of each 
Alexa Fluor 647 - labeled NSA - scFC fusions ( 2 mg / mL ) were 
injected intraperitoneally ( i.p. ) at 50 mg / kg into 3 mice . At 
various time points ( immediately after injection and at 0.5 , 
1 , 2 , 3 , 5 , 8 , 24 , 48 , 72 , 96 , 120 , 168 hours post injection ) 
blood was collected into heparin - coated capillary tubes 
( VWR International ) and stored at 4 ° C. in the dark until 
sample collection was complete . Plasma was obtained after 
centrifugation ( 900xg for 5 minutes ) and transferred to new 
capillary tubes . Standard samples were diluted in plasma 
collected from untreated mice . Serial dilutions ( 100 uL / well ) 
of the standards ( ranging from 0.3 pg / uL to 300 pg / uL ) and 
plasma samples were prepared . Protein fusion concentration 
was determined by measurement of fluorescent intensity 
using a Typhoon imager ( GE Healthcare ) after degree of 
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labeling correction . Fluorescence intensity was quantified 
using ImageJ software ( NIH ) . 
[ 0386 ] To calculate NSA - scFvC half - lives , fluorescent 
measurements were quantified by normalization to a stan 
dard curve for each antibody . Starting at the max concen 
tration time point ( 3 hours for all cases ) , pharmacokinetic 
profiles were fit in Graphpad Prism using a two phase 
non - compartmental model of the following format : MFI ( t ) 
= Ae - ot + Be - ßa . Where A , B , a and ß represent the systemic 
clearance rates of a given fusion protein . Fast and slow 
half - lives , t1 / 2 , a and t1 / 2,8 were calculated as ln ( 2 ) la and 
In ( 2 ) / , respectively . The total clearance ( CL ) was calcu 
lated by dividing the total dose by the AUC from 0 to 
infinity . Fits for the three mice in each group were averaged 
to obtain a single pharmacokinetic curve for each NSA 
scFvº fusion , from which total clearance rate and standard 
error were calculated . Values reported here are the results of 
triplicate and data are presented as mean ( dots ) + SE ( bars ) . 

( SACTR ; 50 mg / Kg in PBS ) ; group 4 ( n = 10 ) , mice were 
treated with PBS . Paw thickness and clinical scores were 
determined every other day as described previously ( Mi 
yabe , Y. , Kim , N. D. , Miyabe , C. & Luster , A. D. Studying 
Chemokine Control of Neutrophil Migration In Vivo in a 
Murine Model of Inflammatory Arthritis . Methods in enzy 
mology 570 , 207-231 ( 2016 ) ) . The clinical arthritis score 
was calculated for each mouse by summing the scores for 
the four paws : 0 = normal ; 1 = erythema and swelling of one 
digit ; 2 = erythema and swelling of two digits or erythema 
and swelling of ankle joint ; 3 = erythema and swelling of 
more than three digits or swelling of two digits and ankle 
joint ; 4 = erythema and severe swelling of the ankle , foot and 
digits with deformity . 

Flow Cytometry Analysis and Quantification of Neutrophils 
in Synovial Fluid 

Arthritis Induction and Treatment 
[ 0389 ] The number of neutrophils that accumulated in the 
synovial fluid were determined using flow cytometry as 
previously described ( Miyabe , Y. , Kim , N. D. , Miyabe , C. & 
Luster , A. D. Studying Chemokine Control of Neutrophil 
Migration In Vivo in a Murine Model of Inflammatory 
Arthritis . Methods in enzymology 570 , 207-231 ( 2016 ) ) . 
Synovial fluid was obtained from ankle joints of 8- to 
10 - weeks old C57BL / 6 mice ( Jackson Laboratory ) on day 8 
after K / BxN serum injection for all groups . Retrieved syn 
ovial fluid cells were resuspended in sterile 1 % v / v FCS / 
PBS to obtain a final concentration of 1x104 cells / ?L . For 
flow cytometry analysis , cells were incubated with anti 
FcyRIII / II antibody ( clone 2.4G2 ; BD Bioscience ) , and 
following stained with APC - conjugated anti - murine Ly6 
antibody ( clone 1A8 ; BioLegend ) . Flow cytometry was 
performed with BD LSRFortessa ( BD Bioscience ) and ana 
lyzed with Flow Jo v.10.0.7 software ( Tree Star ) . Neutrophils 
were identified as Ly6G - positive cells in the granulocyte 
gate of forward and side scatter plots . Values reported here 
are the results of triplicate and are presented as mean ( dots ) 
ISE ( bars ) . 

[ 0387 ] All animal studies were approved by the Center for 
Comparative Medicine ( CCM ) of the Massachusetts Gen 
eral Hospital ( MGH ) and carried out according to the 
federal , state , and local regulations . The inflammatory 
arthritis serum transfer K / BxN mice model was used 
( Kouskoff , V. et al . Organ - specific disease provoked by 
systemic autoimmunity . Cell 87 , 811-822 ( 1996 ) . Mice 
carrying the KRN T - cell receptor transgene on the C57BL / 6 
genetic background were mated with NOD mice ( Jackson 
Laboratory ) to obtain transgene - positive arthritic K / BxN 
mice . The presence of the transgene was determined by 
allele - specific PCR and confirmed by phenotypic assess 
ment . Serum was collected from K / BxN arthritic mice as 
described ( Miyabe , Y. , Kim , N. D. , Miyabe , C. & Luster , A. 
D. Studying Chemokine Control of Neutrophil Migration In 
Vivo in a Murine Model of Inflammatory Arthritis . Methods 
in enzymology 570 , 207-231 ( 2016 ) ) . Experimental arthritis 
was induced in recipient C57BL / 6 by transferring arthrito 
genic serum containing autoantibodies to the ubiquitous 
anti - glucose 6 - phosphate isomerase ( GPI ) protein from 
transgenic 8- to 10 - weeks old K / BxN mice to healthy 
C57BL / 6 resulting in synovial pannus formation and both 
bone and cartilage erosions that mimics the disease that 
develop spontaneously in transgenic mice . Arthritogenic 
K / B?N serum ( 150 uL ) was injected intraperitoneally ( i.p. ) 
using 26 - gauge needle syringe on days 0 and 2 on healthy 
wild - type C57BL / 6 mice ( Jackson Laboratory ) and disease 
progress was monitored every other day for 2 weeks as 
described in the next section . 
[ 0388 ] For the preventative treatment experiments , 500 uL 
of 2 mg / mL serum albumin fusions were injected i.p. daily 
starting on day 0 and treated every day for a total of 14 
continuative days as follows : group 1 ( n = 10 ) , mice were 
treated with SA129 ( 50 mg / Kg in PBS ) ; group 2 ( n = 10 ) , 
mice were treated with SA138 ( 50 mg / Kg in PBS ) ; group 3 
( n = 10 ) , mice were treated with control serum - albumin 
fusion ( SACTR ; 50 mg / Kg in PBS ) ; group 4 ( n = 10 ) , mice 
were treated with PBS . For therapeutic treatment , mice were 
placed into 4 experimental groups so that each group had the 
same overall clinical score and treated every day for a total 
of 10 days as follows ; Group 1 ( n = 10 ) , mice were treated 
with SA129 ( 50 mg / Kg in PBS ) ; group 2 ( n = 10 ) , mice were 
treated with SA138 ( 50 mg / Kg in PBS ) ; group 3 ( n = 10 ) , 
mice were treated with control serum - albumin fusion 

Histology Analysis 

[ 0390 ] Preventative treated mice ( n = 3 per group ) were 
sacrificed at day 8 after K / BxN serum injection and paws 
collected for histology as previously described ( Miyabe , Y. , 
Kim , N. D. , Miyabe , C. & Luster , A. D. Studying Chemo 
kine Control of Neutrophil Migration In Vivo in a Murine 
Model of Inflammatory Arthritis . Methods in enzymology 
570 , 207-231 ( 2016 ) ) . Briefly , paws were fixed in 4 % v / v 
formalin solution overnight and decalcified by treatment 
with 20 % EDTA solution for 2 weeks . Samples were then 
washed with H2O mQ for at least 10 minutes and embedded 
in paraffin . Sections of 4 um thickness were stained with 
Hematoxylin and Eosin ( H & E ) staining kit ( Wako Pure 
Chemical Industries ) , mounted by using Mount - Quick 
mounting medium ( Daido Sangyo Co. ) and examined by 
light microscopy . Values reported here are the results of 
triplicate and are presented as mean ( dots ) + SE ( bars ) . 
Histopathological scoring was performed on H & E stained 
ankle sections by evaluating both inflammatory cell infil 
tration and pannus formation as follows . Inflammatory cell 
infiltration : 0 = no change , 1 = focal inflammatory cell infil 
tration , 2 = severe and diffuse inflammatory cell infiltration . 
Pannus formation : 0 = no change , 1 = pannus formation at one 
site , 2 = pannus formation at two sites , 3 = pannus formation at 
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more than three sites . The score of inflammatory cell infil 
tration and pannus formation were summed to determine a 
total histopathological score . Visible clinical signs were 
scored blinded for the origin and treatment of the mice . 
Because different batches of serum with different potency 
have been used in different experiments , the measured 
clinical score values of each experiment were normalized to 
the maximal value obtained and expressed as a percentage 
( clinical score % ) . Values reported here are the results of two 
independent experiments and are presented as mean ( dots ) 
USE ( bars ) . 
Protein Structure Homology Modeling 
[ 0391 ] The protein structure homology models of selected 
yeast - displayed antibody single - chain variable fragments 
CK129 , CK138 and CK157 have been generated by using 
protein structure modeling program MODELLER ( Sali , A. 
& Blundell , T. L. Comparative protein modelling by satis 
faction of spatial restraints . J Mol Biol 234 , 779-815 ( 1993 ) ) 
and the three - dimensional structure of a highly homologue 
synthetic antibody fragment as template ( PDB ID : 2KH2 ) 
( Wilkinson , I. C. et al . High resolution NMR - based model 
for the structure of a scFv - IL - 1 beta complex : potential for 
NMR as a key tool in therapeutic antibody design and 
development . J Biol Chem 284 , 31928-31935 ( 2009 ) ) . Pro 
tein structures and models were rendered using PyMOL 
( PyMOL Molecular Graphics System , Version 1.8 
Schrödinger , LLC ) . 

synthetic single chain variable antibody fragment ( scFv ) 
libraries displayed on the surface of yeast were used . Yeast 
surface display combined with fluorescence - activated cell 
sorting ( FACS ) allowed for quantitative selection of protein 
binders based on both binding affinity and specificity . The 
synthetic scFv libraries had qualities making them powerful 
scaffolds for the development of crossreactive binders . 
Three human ( hCXCL1 , hCXCL5 , and hCXCL8 ) and three 
murine ( mCXCL1 , mCXCL2 and mCXCL5 ) chemokines 
were chosen as targets based on their ( i ) low sequence 
identity and ( ii ) proven therapeutic relevance ( FIG . 1 and 
FIG . 2A ) . 
[ 0394 ] Initially , only one selection pressure was applied , 
and crossreactivity was prioritized over affinity . To encour 
age the development of crossreactivity , combinatorial 
approaches were implemented , in which the output of each 
cycle of selection was exposed to a diverse array of ELR + 
CXC chemokines in the following cycle selection ( FIG . 2B ) . 
The use of highly avid reagents preloaded with ELR + CXC 
chemokines and constant alternation of the detection 
reagents favored the isolation of weak crossreactive binders 
while discouraging the enrichment of clones that recognized 
detection reagents . Subsequent DNA sequences of indi 
vidual clones revealed eighteen unique antibody clones with 
varying amino acid compositions and loop lengths within 
the complementarity - determining regions ( CDRS ) . 
[ 0395 ] Selected antibodies exhibited diverse affinities and 
specificities for soluble ELR + CXC chemokines ( FIG . 2C , 
Table 7 ) . Of these clones , only four ( CK1 - CK4 ) recognized 
at least three different ELR + CXC chemokines . The most 
abundant and crossreactive of these antibodies , CK3 , rec 
ognized the biotinylation sequence located at the C - terminus 
of each chemokine , thus explaining its crossreactivity and 
similar binding affinities ( FIG . 2C ) . In addition to the 
generation of crossreactive binders , six bi - specific and eight 
mono - specific antibody clones were isolated ( FIG . 2C ) . The 
presence of numerous mono- and bi - specific antibodies can 
be explained by the use of highly avid reagents during the 
selection process . Taken together , these data showed that 
crossreactive antibodies generally occurred at lower fre 
quency and with weaker binding affinities compared with 
the mono- and bi - specific antibodies ( FIG . 2C ) . 

Statistical Analysis 
[ 0392 ] All data are presented as mean ( dots ) + SE ( bars ) . 
Statistical comparisons were made between each group 
using one - way analysis of variance ( ANOVA ) and Graph 
Pad Prism ( GraphPad Software ) . P values : * P < 0.05 , 
P < 0.01 , *** P < 0.001 ; P < 0.0001 . ns : non - significant . 

** 

**** 

Example 1 : Generation of Crossreactive Antibodies 
that Bind a Diverse Array of ELR + CXC 

Chemokines 
[ 0393 ] To evolve highly crossreactive protein binders 
toward multiple pro - inflammatory ELR + CXC chemokines , 

TABLE 7 

Binding affinities - KD I SE ( NM ) 

Groa ENA - 78 IL - 8 KC MIP - 2 LIX MBP 

CK1 > 2000 > 2000 N.B. N.B. N.B. > 2000 
605 + 79 

N.B. 
481 + 80 CK2 > 2000 N.B. 505 + 86 > 2000 N.B. 

CK3 N.B. N.B. N.B. 
562 + 88 

N.B. 
448 + 73 

N.B. 
410 + 61 

N.B. 
445 † 69 

N.B. 
522 + 79 CK3 * 589 + 75 594 + 81 

CK4 39.4 + 7.4 N.B. 744 + 93 N.B. > 2000 N.B. 
CK5 > 2000 

> 2000 
N.B. 

1987 + 228 
> 2000 N.B. N.B. N.B. N.B. 
N.B. N.B. N.B. N.B. CK6 

CK7 
1675 + 191 

N.B. 
N.B. 
N.B. 344 + 68 N.B. N.B. > 2000 

382 + 73 N.B. 825 + 98 N.B. CK8 
??9 N.B. 

N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

N.B. N.B. 
N.B. 
N.B. 
N.B. 

297 + 98 

CK10 
CK11 

N.B. 
278 + 41 

N.B. 
N.B. 

28.9 + 4.5 
425 + 58 

N.B. 
N.B. 

221 + 49 
801 + 107 
N.B. 
N.B. 
N.B. 

N.B. 
N.B. 
N.B. 
N.B. 

N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

N.B. CK12 
CK13 

332 57 
N.B. 

CK14 N.B. N.B. 
N.B. 

N.B. 
N.B. 
N.B. 

N.B. 
251 + 25 

N.B. 
N.B. 

269 + 57 
N.B. 

N.B. 
N.B. CK15 N.B. 
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TABLE 7 - continued 

Binding affinities - K , I SE ( NM ) 

Groa ENA - 78 IL - 8 KC MIP - 2 LIX MBP 

CK16 
CK17 
CK18 

N.B. 
N.B. 
N.B. 

102 + 12 
N.B. 
N.B. 

N.B. 
N.B. 
65 6.1 

N.B. 
N.B. 
N.B. 

N.B. 
N.B. 
N.B. 

N.B. 
106 + 11 
N.B. 

N.B. 
N.B 
N.B. 

* = binding affinities measured using biotinylated ELR + CXC chemokines bearing AviTag at C - terminus . 
N.B. = no binding 

Example 2 : Use of Two - Pressure Selection 
Strategies for Molecular Co - Evolution of Antibody 

Binding Affinity and Crossreactivity 
[ 0396 ] To further improve both the binding affinity and 
crossreactivity of CK1 , CK2 and CK4 clones , two - pressure 
selection strategies that encouraged the co - evolution of 
higher affinity and crossreactivity simultaneously were uti 
lized . Specifically , a high degree of genetic diversity in the 
antibody - encoding genes was created using error - prone PCR 
amplification . Then , binding affinity was increased by allow 
ing the mutants to evolve through six consecutive cycles of 
equilibrium - based selection using decreasing concentrations 
of ELR + CXC chemokines . Concomitantly , the develop 
ment of crossreactivity was forced by exposing the outputs 
of each cycle of affinity selection towards a different ELR + 
CXC chemokine in the following cycle of selection . During 
this iterative process , variants whose affinity and crossreac 
tivity towards ELR + CXC chemokines was higher than that 
of their respective parental clones were exclusively col 
lected . 
[ 0397 ] After two iterative evolutionary processes , each 
comprising six consecutive cycles of selection , the isolated 
clones were sequenced and assessed for binding affinity and 
crossreactivity towards ELR + CXC chemokines . In addi 
tion , when distinct mutations were found scattered across 

clones and showed improvement , mutations were combined 
to investigate the possibility of even further crossreactivity 
and higher affinity . A summary of the overall co - evolution 
ary approach , including two iterative evolutionary processes 
of selection for crossreactivity and affinity ( I and II ) , and a 
third cycle of combinatorial mutagenesis ( III ) , is shown in 
FIGS . 2D - 2F . 

[ 0398 ] Implementing these evolutionary processes in this 
fashion yielded antibodies with significant improvements in 
affinity and , in most cases , increased crossreactivity toward 
multiple ELR + CXC chemokines . For example , the engi 
neered CK138 clone doubled the number of chemokines 
recognized ( i.e. , from three to six ) and achieved roughly a 30 
to 340 - fold improvement in affinity toward these chemok 
ines ( K ) values ranging from 5/8 to 193 nM ) relative to the 
parental CK1 clones ( FIG . 2D ; Table 8 ) . Similarly , the 
CK157 clone retained its crossreactivity toward five targets 
and added a 20 to 55 - fold improvement in affinity ( K ) 
values ranging from 16.9 to 57.1 nM ) as compared to the 
initial CK2 clone ( FIG . 2E , Table 9 ) . Finally , while CK129 
only retained minimal crossreactivity towards two targets , 
there was a considerable increase in affinity of 50 and 
800 - fold toward human Groa ( K ) = 0.79 nM ) and its mouse 
homologue KC ( KD = 0.93 nM ) , respectively ( FIG . 2F ; Table 
10 ) . 

TABLE 8 

Bii affinities - KD = SE ( NM ) 

Groa ENA - 78 IL - 8 KC MIP - 2 LIX 

CK1 
CK19 

N.B. 
931 – 81 

CK21 
CK23 

> 2000 
1262 + 219 
> 2000 
> 2000 
> 2000 

594 + 39 

> 2000 > 2000 
895 + 72 212 + 21 
273 + 17 144 + 8.4 
76.4 + 5.8 104 + 8.2 
42.9 + 8.2 15.2 + 3.3 
19.1 + 1.6 21.5 + 3.6 
35.1 + 2.3 25.8 + 3.9 
5.8 + 0.9 7.4 + 1.1 

N.B. 
> 2000 
> 2000 
> 2000 
> 2000 
> 2000 

280 + 37 
98.3 + 33.4 
53.5 + 9.8 
52.5 + 8.1 
107 + 15 

N.B. 
> 2000 
> 2000 
> 2000 
> 2000 
> 2000 

CK63 
CK66 

> 2000 CK72 
CK138 

120 + 10 
61.9 + 4.1 

63.6 + 9.8 
36.2 + 6.5 34.8 + 3.2 193 I 22 

CK140 64.6 + 13 4.9 + 0.6 8.2 + 2.1 32.9 + 2.8 33.2 + 7.4 197 + 10 

TABLE 9 

Binding affinities - K , I SE ( NM ) 

Groa ENA - 78 IL - 8 KC MIP - 2 LIX 

CK2 
CK41 
CK43 
CK108 
CK111 
CK119 

> 2000 
304 + 44 
368 + 59 
110 + 24 
62.9 + 8.4 
56.7 + 7.2 

605 + 79 
220 + 65 
154 + 31 
40.9 † 6.4 
35.3 + 2.1 
39.3 + 6.4 

N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

481 + 80 
143 + 14 
137 + 11 
39.8 + 7.5 
30.5 + 2.8 
29.8 + 2.1 

505 + 86 
75.4 + 19 
213 + 27 
40.6 + 6.2 
23.8 + 2.9 
27.5 + 3.8 

> 2000 
429 + 24 
762 + 98 
136 + 19 
97.8 + 11 
116 + 20 
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TABLE 9 - continued 

Binding affinities - K , I SE ( NM ) 

Groa ENA - 78 IL - 8 KC MIP - 2 LIX 

CK152 
CK155 
CK157 

48.4 + 6.5 
24.1 + 2.2 
36.2 + 4.3 

25.4 + 2.8 
18.9 + 2.5 
16.9 † 1.7 

N.B. 
N.B. 
N.B. 

17.4 + 2.8 
15.9 + 2.4 
20.6 + 4.1 

21.6 + 3.1 
33.5 + 5.5 
18.2 + 3.3 

66.5 + 10 
53.7 + 8.9 
57.1 + 3.9 

TABLE 10 

Binding affinities - K , I SE ( NM ) 

Groa ENA - 78 IL - 8 KC MIP - 2 LIX 

> 2000 
> 2000 

CK4 
CK50 
CK56 
CK125 
CK129 

39.4 + 7.4 
3.1 + 0.5 

12.6 + 2.5 
1.23 + 0.2 
0.79 + 0.1 

> 2000 
> 2000 
> 2000 
> 2000 
> 2000 

N.B. 744 + 93 
N.B. 53.8 + 3.5 
N.B. 108 + 4.5 
N.B. 1.31 + 0.1 
N.B. 0.93 + 0.1 

N.B. 
> 2000 
> 2000 
> 2000 
> 2000 

> 2000 
> 2000 

[ 0399 ] Importantly , the sequential order in which the 
ELR + CXC chemokine targets were exposed to the antibody 
mutant libraries was critical to the success of the selection 
process . Among all the possible selection pathways , 
improvements in both affinity and crossreactivity were 
observed only when recombinant genetic libraries were 
screened in order from lowest to highest affinity chemokines 
( data not shown ) . However , this was not applicable to the 
development of CK129 , as its parental clone ( CK4 ) already 
possessed high initial affinity toward hCXCL1 and 
mCXCL1 , but negligible affinity towards the others . 
[ 0400 ) Although reaction conditions that allowed , on aver 
age , one to two amino - acid mutations per gene were applied , 
selected clones from each round of sorting showed higher 
mutation rates ( data not shown ) . The total number of accu 
mulated mutations within both CDRs and framework 
regions ( FWRs ) of variable light ( VL ) and heavy ( VH ) chains 
correlated well with the extent of crossreactivity ( data not 
shown ) . While the crossreactive antibody CK138 predomi 
nantly gathered mutations within the CDRs during the 
engineering process , CK157 collected numerous mutations 
within the FWRs ( FIGS . 2G and 2H ) . Both types of muta 
tions were shown to be critical , as reversion of either CDR 
or FWR mutations to the wild - type amino acids resulted in 
loss of affinity of CK138 and CK157 , respectively , toward 
ELR + CXC chemokines ( data not shown ) . Moreover , the 
FWR mutations were found throughout different clones and 
cycles of engineering , suggesting strong selection pressure 
for these residues in conferring high binding crossreactivity 
and affinity . 
[ 0401 ] Overall , the two - pressure selection approach pro 
moted the evolution of crossreactive binders with improved 
affinity and revealed the importance of the selection pathway 
for the achievement of crossreactivity . 

( which share 18-70 % sequence identity ) . The ELR + CXC 
chemokines share 20-51 % sequence identity with the 
( ELR- ) CXC chemokines . 
[ 0403 ] To accurately determine the Ky values of the anti 
bodies for the different chemokines , two complementary 
configurations of chemokines and antibodies in the context 
of yeast surface display were utilized . Specifically , titrations 
using ( i ) soluble CXC chemokines with yeast - displayed 
antibodies , and ( ii ) soluble antibodies with yeast - displayed 
CXC chemokines , were performed . Exploring both orienta 
tions was necessary as some CXC chemokines are known to 
form oligomers when present in high concentration in solu 
tion , leading to undesired multivalent binding phenomena 
( Wang , X. , Sharp , J. S. , Handel , T. M. & Prestegard , J. H. 
Chemokine oligomerization in cell signaling and migration . 
Prog Mol Biol Transl Sci 117 , 531-578 ( 2013 ) ) . The CXC 
chemokines were expressed as fusions to the N - terminus of 
mouse serum albumin ( SA ) , and the engineered CK129 , 
CK138 and CK157 binders as single - chain variable frag 
ments ( scFv ) fused to the C - terminus of SA , which are 
referred to as SA129 , SA138 and SA157 * . SA157 * is 
denoted with an asterisk as it was produced as separate VL 
and VH domains and then mixed in equimolar amounts , 
instead of a single chain with linker . 
[ 0404 ] In both orientations , similar crossreactivity of the 
engineered binders towards CXC chemokines that were not 
included in the selection cycles was observed ( FIG . 3A ) . 
Importantly , this was not merely due to non - specific polyre 
activity of the engineered binders , as no binding was 
detected toward a panel of unrelated proteins ( data not 
shown ) . Yeast - displayed CK129 , CK138 and CK157 bind 7 , 
12 and 16 soluble CXC chemokines , respectively ( FIG . 3A ) . 
Similarly , the soluble SA129 , SA138 and SA157 * bind 4 , 11 
and 14 yeast - displayed CXC chemokines , respectively ( FIG . 
3A ) . With a few exceptions , the K , values determined using 
SA129 , SA138 and SA157 * antibody - fusions with yeast 
displayed CXC chemokines were on average 2- to 5 - fold 
higher than those measured in the opposite arrangement 
( Table 11 ) . The discrepancy in measured Ky values and 
extent of crossreactivity between the two specular orienta 
tions was not surprising and may reflect oligomeric CXC 
chemokines interacting with multiple yeast - displayed anti 
bodies and therefore , mistaking avidity effects as seemingly 
higher affinity . This phenomenon appeared to be pronounced 
for ( ELR- ) CXC chemokines , such as hCXCL10 and 
hCXCL4 , which are known to form highly avid oligomers in 
solution ( Wang , X. , Sharp , J. S. , Handel , T. M. & Prestegard , 
J. H. Chemokine oligomerization in cell signaling and 
migration . Prog Mol Biol Transl Sci 117 , 531-578 ( 2013 ) ; 
Swaminathan , G. J. et al . Crystal structures of oligomeric 
forms of the IP - 10 / CXCL10 chemokine . Structure 11 , 521 
532 ( 2003 ) ; Zhang , X. , Chen , L. , Bancroft , D. P. , Lai , C. K. 
& Maione , T. E. Crystal structure of recombinant human 
platelet factor 4. Biochemistry 33 , 8361-8366 ( 1994 ) ) . 

Example 3 : Engineered Antibodies Bind a Larger 
Array of Human and Murine CXC Chemokines 

[ 0402 ] To assess the extent of crossreactivity of the engi 
neered antibodies , their binding affinity towards all human 
and murine CXC chemokines were characterized . The 
chemokine panel included twelve human and mouse ELR + 
CXC chemokines ( which share 32-90 % sequence identity ) , 
and eight human and mouse ( ELR- ) CXC chemokines 
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[ 0405 ] These data showed that the extent of crossreactivity 
appeared to correlate both linearly and inversely with bind 
ing affinity ( FIG . 3C ) . SA129 , which only recognized four 
chemokines that share significant sequence identity , dis 
played relatively high affinity for those targets . In contrast , 
highly crossreactive SA138 and SA157 * had overall lower 
binding affinities toward a larger array of targets . 

determination of residues that were likely critical for the 
interaction ( FIGS . 4A and 4B ) . 
[ 0408 ] Identification of the epitopes of two commercially 
available neutralizing antibodies : highly specific Ab275 
( binds only hCXCL1 ) and the crossreactive Ab276 ( binds 
hCXCL1 , hCXCL2 and hCXCL3 ) , were also identified . 
These epitope maps were then compared to the maps 

TABLE 11 

Binding affinities - K , I SE ( NM ) 

CK129 / SA129 CK138 / SA138 CK157 / SA157 * 

Display 

CK129 CXCL CK157 CXCL CK138 CXCL 
Soluble 

CXCL SA129 CXCL SA138 CXCL SA157 * 

Groa 
Groß 
Groy 
ENA - 78 
GCP - 2 
NAP - 2 
IL - 8 
KC 
MIP - 2 
DCIP - 1 
LIX 
Nap - 2 
PF - 4 
MIG 
IP - 10 
I - TAC 
Pf - 4 
Mig 
Ip - 10 
I - Tac 

1.0 + 0.1 
13.9 + 1.1 
5.7 + 0.5 
> 2000 
N.B. 
N.B. 
N.B. 

1.1 + 0.1 
> 2000 
N.B. 
> 2000 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

2.7 + 0.3 
43.6 + 4.1 
9.2 + 0.9 
N.B. 
N.B. 
N.B. 
N.B. 

2.9 + 0.3 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

41.5 + 4.5 
267 + 38 
349 41 
5.8 + 0.5 
153 + 15 
N.B. 

6.9 + 0.5 
35.7 3.3 
29.1 + 4.1 
10.9 + 1.1 
176 = 21 
N.B. 

167 + 28 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

500 + 55 
N.B. 

96.7 + 2.4 
1591 + 315 
836 + 130 
33.7 + 2.2 
> 2000 

40.6 + 1.6 
12.7 + 0.9 
29.4 + 2.8 
14.7 + 0.5 
31.4 + 3.1 
357 = 33 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 
N.B. 

61.1 + 5.6 
57.9 + 4.8 
53.9 + 2.1 
26.3 + 2.3 
46.6 + 3.1 

N.B. 
N.B. 

24.3 + 1.9 
19.9 + 1.7 
17.4 + 1.4 
96.9 + 6.9 
13.6 + 0.8 
112 + 5.1 
N.B. 

45.5 + 3.8 
131 + 11 
17.1 + 1.2 

N.B. 
44.4 + 3.7 
124 + 13 

1433 + 108 
853 + 67 

1034 + 87 
2125 + 269 
751 88 
N.B. 
N.B. 

666 + 47 
591 + 62 

2647 + 264 
2018 + 169 
528 + 53 
> 20000 
N.B. 

> 20000 
> 20000 

1770 + 119 
N.B. 
N.B. 
N.B. 

Example 4 : Recognition of Functional Epitopes by 
Crossreactive Antibodies 

[ 0406 ] Next , fine epitope mapping using alanine - scanning 
mutagenesis was performed to identify the residues that 
were directly involved in the interactions . hCXCL1 was 
chosen as the model chemokine over other ELR + CXC 
chemokines because ( i ) it is recognized by all the engineered 
crossreactive binders and ( ii ) it is well - characterized bio 
chemically . First , three - dimensional structural analysis and 
literate data was combined to identify hCXCL1 amino acid 
suitable to mutagenesis . Structurally buried hydrophobic 
amino acids , proline and cysteine residues were left unal 
tered , as they are crucial for overall folding and stability of 
the chemokine . 
[ 0407 ] Fifty - four predicted solvent - exposed hCXCL1 
residues were selected , individually mutated to alanine , 
expressed on the surface of yeast , and screened for 
decreased binding affinity to the soluble SA129 , SA138 and 
SA157 * serum- -albumin antibody fusions . Five mutants that 
exhibited an intense loss of binding upon incubation with all 
the binders were excluded as this phenomenon was likely 
due to protein misfolding and destabilization of the dis 
played variants . Next , the binding of the remaining forty 
nine hCXCL1 mutants towards soluble SA129 , SA138 and 
SA157 * serum albumin antibody - fusions was assessed . Sol 
vent exposed mutations that eliminated or significantly 
reduced binding affinity were identified , which allowed for 

assigned to the engineered binders . Similarly to Ab275 and 
Ab276 , SA129 and SA138 bind motifs along the functional 
N- and 40s - loops that are known to be crucial for the binding 
of hCXCL1 to its cognate receptor , CXCR2 . In contrast , 
SA157 * recognized a distinctive epitope and engaged bind 
ing with hCXCL1 residues that are more important for the 
interaction with the glycosaminoglycans ( GAGs ) . These 
epitope maps were also consistent with the results from a 
competitive assay ( data not shown ) . 
[ 0409 ] The residues recognized by the highly crossreac 
tive SA138 and SA157 * are conserved among many differ 
ent chemokines , thus explaining their wide extent of binding 
crossreactivity . The epitope - mapping data suggested that the 
degree of crossreactivity inversely correlated with the num 
ber of bound residues . The relatively more specific Ab275 , 
Ab276 and SA129 engaged binding with a larger number of 
hCXCL1 residues than the more crossreactive SA138 and 
SA157 * binders . ( FIG . 4C ) . In contrast , the binding speci 
ficity of SA138 and SA157 * appeared to be achieved 
through mostly peripheral long - range weak interactions , and 
interactions with a few preserved prominent structural con 
served residues , such as the hot - spot motif NGF . In contrast , 
Ab275 , Ab276 and SA129 appeared to engage chemokines 
with much stronger interactions ( FIG . 4D ) . 
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Example 5 : Analysis of Binding of Soluble ELR + 
CXC Chemokine Ligands to their Cognate 

Receptors 

[ 0410 ] To measure the potential therapeutic efficacy of the 
crossreactive binders , the ability of SA129 , SA138 and 
SA157 * fusions were tested for their ability to inhibit 
binding of ELR + CXC chemokines to their cognate CXCR1 
and CXCR2 . HEK293 cell lines expressing human CXCR1 
and CXCR2 were utilized . Cells were incubated with vari 
ous concentrations of hCXCL1 and hCXCLS ligands to 
determine the half - maximal effective concentrations ( EC50 ) 
of the interaction . Next , the ability of SA129 , SA138 and 
SA157 * to antagonize the interactions between hCXCL1 
and hCXCL8 ligands and their cognate receptors was exam 
ined . The engineered binders inhibited the ability of 
hCXCL1 and hCXCL8 chemokines to bind CXCR1 and 
CXCR2 receptors in a dose dependent manner to various 
extents ( data not shown ) . Further , the determined inhibitory 
constants ( Ki ) correlated well with the previously reported 
Ky values ( FIG . 5A ) . These results show that crossreactive 
SA129 , SA138 and SA157 * fusions can markedly interfere 
with the binding of ELR + CXC chemokines to both human 
CXCR1 and CXCR2 in vitro . 
[ 0411 ] Next , the ability of the SA129 , SA138 and SA157 * 
fusions to antagonize the activation of ELR + CXC chemo 
kine receptors was assessed . An intracellular calcium mobi 
lization assay was utilized , wherein the assay was in the 
presence of human and mouse derived neutrophils activated 
with human ( hCXCL1 , hCXCL5 , and hCXCL8 ) and murine 
( mCXCL1 and mCXCL2 ) ELR + CXC chemokines , respec 
tively . First , the EC50 of the chemokines on the neutrophils 
was determined ( 0.94 + 0.2 for hCXCL1 ; 4.8 + 0.8 for 
hCXCL5 ; 1.29 + 0.4 for hCXCL8 ; 0.81 + 0.9 for mCXCL1 ; 
2.5 + 0.7 for mCXCL2 ) . Then , changes in intracellular cal 
cium levels were monitored upon pre - incubation of ELR + 
CXC chemokines with varying concentrations of SA129 , 
SA138 and SA157 * as antagonists . Commercially available 
neutralizing monoclonal antibodies were used as a positive 
control . The assays revealed that the engineered binders 
exhibited inhibitory activity by preventing binding of the 
human and murine ligands to the receptor in a dose depen 
dent manner ( FIGS . 5B and 5C ) . Again , the calculated K , 
values correlated well with the previously determined Ky 
affinities ( FIG . 5D ) . Taken together , these data provided 
strong evidence that engineered crossreactive antibodies are 
potent inhibitors of ELR + CXC chemokine signaling in vitro 
and ex vivo , and have the potential to suppress CXCR1 and 
CXCR2 activation in vivo . 

V. et al . Organ - specific disease provoked by systemic auto 
immunity . Cell 87 , 811-822 ( 1996 ) ; Matsumoto , I. et al . 
How antibodies to a ubiquitous cytoplasmic enzyme may 
provoke joint - specific autoimmune disease . Nat Immunol 3 , 
360-365 ( 2002 ) ; Ji , H. et al . Arthritis critically dependent on 
innate immune system players . Immunity 16 , 157-168 
( 2002 ) ) . The levels of ELR + CXC chemokines are markedly 
upregulated in the joints of these arthritic mice and neutro 
phils , that have upregulated CXCR2 in the joint , are the 
main effector cells , making K / BxN serum transfer - induced 
arthritis mice an excellent model to test the therapeutic 
efficacy of the engineered binders ( Chou , R. C. et al . 
Lipid - cytokine - chemokine cascade drives neutrophil 
recruitment in a murine model of inflammatory arthritis . 
Immunity 33 , 266-278 ( 2010 ) ; Wipke , B. T. & Allen , P. M. 
Essential role of neutrophils in the initiation and progression 
of a murine model of rheumatoid arthritis . J Immunol 167 , 
1601-1608 ( 2001 ) ; Jacobs , J. P. et al . Deficiency of CXCR2 , 
but not other chemokine receptors , attenuates autoantibody 
mediated arthritis in a murine model . Arthritis and rheuma 
tism 62 , 1921-1932 ( 2010 ) ) . 
[ 0413 ] Serum albumin - antibody fusions were generated to 
antagonize circulating small ELR + CXC chemokines in vivo 
( FIG . 6 ) . In addition to the SA129 and SA138 fusions 
described above , an irrelevant SA - fusion ( SACTR ) was used . 
The negative control SA CTR encodes SA fused to an anti 
body fragment that targets the human carcinoembryonic 
anigen ( CEA ) , a protein that does not exist in mice . To 
ensure complete inhibition of all ELR + CXC chemokines 
present in circulation , relatively high doses of the engi 
neered fusion proteins was administered ( i.e. , 50 mg / kg ) . 
When injected into mice , SA129 , SA138 and SACTR dis 
played plasma half - lives between 42-47 hours , considerably 
longer than small synthetic compounds or antibody frag 
ments , but shorter than full length monoclonal antibodies . 
Despite the high doses of SA129 , SA138 and SACTR , the 
molecules were well tolerated . Treated mice gained weight 
and exhibited good body condition . Moreover , no signs of 
splenomegaly as a consequence of neutropenia were 
detected . 
[ 0414 ] Initially the ability of crossreactive SA fusions to 
prevent the manifestation of the inflammatory arthritis in the 
K / BxN serum transfer model was assessed . Specifically , 
mice were treated on the same day as the arthritogenic serum 
was injected and the progression of the disease evaluated by 
both blinded clinical scores and measurements of ankle 
thickness . Mice treated with the more crossreactive SA138 , 
which binds all four murine ELR + CXC chemokines 
( mCXCL1 , mCXCL2 , mCXCL3 , and mCXCL5 ) , were pro 
tected from developing arthritis , with an approximately 80 % 
reduction of clinical score compared with negative controls 
at the peak of the disease ( day 8 after arthritogenic K / BxN 
serum transfer and disease initiation ; FIGS . 7A and 7B ) . In 
contrast , the more specific SA129 that recognizes just one 
murine ELR + CXC chemokine ( mCXCL1 ) only moderately 
reduced joint inflammation , with an approximately 30 % 
reduction of clinical score at day 8 ( FIGS . 7A and 7B ) . Mice 
treated with SAC showed typical clinical signs of 
untreated mice that received arthritogenic serum and devel 
oped inflammatory arthritis with pronounced joint swelling . 
There were no differences between mice treated with SA 
or with vehicle ( PBS ) only ( FIGS . 7A and 7B ) . 
[ 0415 ] Next , the number of synovial fluid neutrophils 
isolated from the arthritic joints of mice treated with SA129 , 

Example 6 : Effect of Crossreactive Serum 
Albumin - Antibody Fusions on Neutrophil 

Infiltration In Vivo and Inflammatory Arthritis in 
Mice 

CTR 

[ 0412 ] Given the promising results from the inhibitory 
assays , the inhibitory potency of the engineered fusions in 
the murine serum transfer K / BxN model of autoantibody 
induced arthritis was tested . This model displays clinical and 
histopathological similarities to human rheumatoid arthritis 
( Christensen , A. D. , Haase , C. , Cook , A. D. & Hamilton , J. 
A. K / BxN Serum - Transfer Arthritis as a Model for Human 
Inflammatory Arthritis . Front Immunol 7 , 213 ( 2016 ) ; Dit 
zel , H. J. The K / BxN mouse : a model of human inflamma 
tory arthritis . Trends Mol Med 10 , 40-45 ( 2004 ) ; Kouskoff , 

CTR 
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SA138 and SACTR fusions was determined . Synovial tissues 
were harvested at the peak of the disease ( day 8 after disease 
initiation ) . Mice treated with arthritogenic serum and the 
broadly crossreactive SA138 had 50- and 70 - fold lower 
levels of infiltrated neutrophils than mice treated with the 
more specific SA129 and the irrelevant SATR , respectively 
( FIG . 7C ) . These data were consistent with previous clinical 
score measurements and resembled those observed using 
mice deficient in CXCR2 ( CXCR2 - / - ) injected with arthri 
togenic serum ( Chou , R. C. et al . Lipid - cytokine - chemokine 
cascade drives neutrophil recruitment in a murine model of 
inflammatory arthritis . Immunity 33 , 266-278 ( 2010 ) ; 
Jacobs , J. P. et al . Deficiency of CXCR2 , but not other 
chemokine receptors , attenuates autoantibody - mediated 
arthritis in a murine model . Arthritis and rheumatism 62 , 
1921-1932 ( 2010 ) ) . 
[ 0416 ] Histological analysis and scoring of inflamed ankle 
sections were also performed . Inflammatory cell infiltration 
and pannus formation were absent or minimally present in 
mice treated with the broadly crossreactive SA138 ( FIGS . 
7D and 7E ) . Consistent with previous clinical findings , the 
joints of mice treated with arthritogenic serum and control 

CrR SA displayed abundant inflammatory cell infiltration and 
pannus formation . These pathological changes were present , 
though less pronounced , in mice treated with the more 
specific SA129 fusion . 
[ 0417 ] Further , the therapeutic efficacy of crossreactive 
SA fusion in mice with established arthritis was tested . 
Arthritic mice were treated 4 days after arthritogenic serum 
transfer , when joint inflammation had developed . The highly 
crossreactive SA138 reversed inflammation very quickly 
and provided a remarkable complete resolution of the dis 
ease with an approximately 60 % reduction of clinical score 
and 0.3 mm of ankle thickness over control at the peak of the 
disease ( day 8 after disease initiation ; FIGS . 7F and 7G ) . 
The specific SA129 - treated mice exhibited only a modest 
reduction of both clinical scores ( ~ 25 % ) and ankle thickness 
( 0.1 mm ) at day 8 ( FIGS . 7F and 7G ) . The SACrR and 
vehicle - treated mice showed no difference in the rate of 
disease development ( FIGS . 77 and 7G ) . Taken together , 
these data show that highly crossreactive SA138 fusion 
efficiently blocked neutrophil infiltration in the synovial 
tissues , thus preventing and even reversing inflammatory 
arthritis . 
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Table 12 : Sequence Summary 

Description Sequence SEQ ID 
NO 
1 CK138 VH 

amino acid 
sequence 

2 CK138 VL 
amino acid 
sequence 
CK138 VH 
nucleic acid 
sequence 

3 

EVOLVESDGGLVOPGGSLRLSCAASGFNLSYYGMHWVRQA 
PGKGLEWVAYIASYPGYTSYADSVKGRFTISADTSKNTAYL 
OMNSLRAEDTAVYYCARSGYSYSPYYSWFSAGMNYWGQG 
ALVTVSS 
AIQMTRSPSSLSASVGDRVTITCRASQYHDGSAAWYQQKPG 
KAPKLLIYGASYLYSGVPSRFSGSRSGTDFTLTISSLOPEDFA 
TYYCQQSSYSLITFGQGTKVEIK 
GAGGIICAGCTGGTGGAGICIGACGGTGGCCIGGTGCAGCCAGGG 
GGCTCACICCGTTIGTCCIGTGCAGCITCIGGCITCAACCICICT 
TACTACGGIATGCACIGGOIGCGICAGGCCCCGGOTAAGGGCCIG 
GAATGGGTTGCATACATIGCTICTTACCCIGGCTACACIICITAT 
GCCGATAGOGICAAGGGCCGITICACTATAAGCGCAGACACAICC 
AAAAACACAGCCTACCTACAAATGAACAGCITAAGAGCIGAGGAO 
ACIGCCGTCTACTATTGTGCTCGCTCTGGTTACAGTTACTCTCCG 
TATTATTCTIGGITCICIGCIGGIATGAACTACTGGGGTCAAGGA 
GCCCIGGICACCGICICCICG 
GCTATCCAGATGACCCGGTCCCCGAGCTCCCTGTCCGCCTCTGTG 
GGCGATAGGGTCACCATCACCTGCCGTGCCAGTCAGTACCACGAC 
GGTTCTGCAGCCTGGTATCAACAGAAACCAGGAAAAGCTCCGAAG 
CTTCTGATTTACGGTGCATCCTACCTCTACTCTGGAGTCCCTTCC 
CGCTTCTCTGGTAGCCGTTCCGGGACGGATTTCACTCTGACCATC 
AGCAGTCTGCAGCCGGAAGACTTCGCAACTTATTACTGTCAGCAA 
TCTTCTTATTCTCTGATCACGTTCGGACAGGGTACCAAGGTGGAG 
ATCAAA 
NLSYYGMH 

4 CK138 VL 
nucleic acid 
sequence 

5 

6 AYIASYPGYTSY 

7 RSGYSYSPYYSWFSAGMN 

8 QYHDGSA 

CK138 VH 
CDR1 
CK138 VH 
CDR2 
CK138 VH 
CDR3 
CK138 VL 
CDR1 
CK138 VL 
CDR2 
CK138 VL 
CDR3 
CK157 VII 
amino acid 
sequence 

9 YGASYL 

10 QSSYSLIT 

11 EVQLVESGGGLVQPGGSLRLSCAASGSNPYYYGGTHWVRQ 
APGEELEWVASIGSYPGYTDYADSVKGRFTISADTSKNTAY 
LQMNSLRAEDTAVYYCARHYYWYDATDYWGQGTLVTVS 
S 

DIQMTQSPSSLSASVGDRVTITCRASQSYGGVAWYQQKPGK 
APKLLIYSASYLYSGVPSRFSGSRSGTDFTLTISSLQPEDFAT 

12 CK157 VL 
amino acid 
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13 
scqucncc 
CK157 VII 
nucleic acid 
sequence 

YYCOOPSHLITFGQGTEVEIK 
GAGGTTCAGCTGGTGGAGTCTGGCGGTGGCCTGGTGCAGCCAGGG 
GGCTCACTCCGTTTGTCCTGTGCAGCTTCTGGCTCCAACCCCTAC 
TACTACGGTGGTACGCACTGGGTGCGTCAGGCCCCGGGTGAGGAG 
CTGGAATGGGTTGCATCTATTGGTTCTTACCCTGGCTACACTGAC 
TATGCCGATAGCGTCAAGGGCCGTTTCACTATAAGCGCAGACACA 
TCCAAAAACACAGCCTACCTACAAATGAACAGCTTAAGAGCTGAG 
GACACTGCCGTCTATTATTGTGCTCGCCATTACTACTGGTACGAT 
GCTACTGACTACTGGGGTCAAGGAACCCTGGTCACCGTCTCCTCG 
GATATCCAGATGACCCAGTCCCCGAGCTCCCTGTCCGCCTCTGTG 
GGCGATAGGGTCACCATCACCTGCCGTGCCAGTCAGTCTTACGGT 
GGTGTAGCCTGGTATCAACAGAAACCAGGAAAAGCCCCGAAGCTT 
CTGATTTACTCTGCATCCTACCTCTACTCTGGAGTCCCTTCTCGC 
TTCTCTGGTAGCCGTTCCGGGACGGATTTCACTCTGACCATCAGC 
AGTCTGCAGCCGGAAGACTTCGCAACTTATTACTGTCAGCAACCA 
TCTCATCTGATCACGTTCGGACAGGGTACCGAGGTGGAGATCAAA 
NPYYYGGTH 

14 4 CK157 VL 
nucleic acid 
scqucncc 

15 

16 ASIGSYPGYTDY 

17 RHYYWYDATD 

18 QSYGGV 

CK157 VH 
CDR1 
CK157 V. 
CDR2 
CK157 VH 
CDR3 
CK157 VL 
CDR1 
CK157 VL 
CDR2 
CK157 VL 
CDR3 
CK129 VH 
amino acid 
sequence 

19 YSASYL 

20 QPSHLIT 

21 

22 CK129 VL 
amino acid 
sequence 
CK129 VH 
nucleic acid 
scqucncc 

23 

EVOLVESGGGLVOPGGSLRLSCAASGFNISSYGSMHWVRO 
APGKGLEWVASIYPYSSSTYYADSVKGRFTISADTSKNTAY 
LQMNSLRAEDTAVYYCARGYGPWYAYSYFALDYWGQGTL 
VTVSS 
DIQMTQSPSPLSASVGDRVTITCRASQYGGYVAWYQQKPG 
KAPKLLIYGASLLYSGVPSRFSGGRSGTDFTLTISSLOPEDFA 
TYYCQRGHALITFGQGTKVEIE 
GAGGITCAGCIGGIGGAGICIGGCGGIGGCCIGGIGCAGCCAGGG 
GGCICACICCGTIIATCCIGIGCAGCITCIGGCIICAACATCICI 
TCITACGGTTCTATGCACIOGGIGCGICAGG GCGTAAGGGO 
CTGGAATGGGTTGCAICTAITTACCCITACICTAGCTCTACTTAC 
TAIGCCGATAGCGICAAGGGCCGIITCACTATAAGCGCAGACACA 
TCCAAAAACACAGCCTACCTACAAATGAACAGCTTAAGAGCTGAG 
GACACTGCCGICTATTATIGTGCTCGTGGTTACGGICCGTGGTAC 
GCTIACICITACTICGCITIGGACTACIGGOGICAAG COCIO 
GTCACCGTCTCCTCG 
GATATCCAGATGACCCAGICCCCGAGCCCCCTGTCCCCCICICTG 
GGCGATAGGGTCACCATCACCTGCCGTGCCAGTCAGTACGGTGGT 

24 CK129 VL 
nucleic acid 
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scqucncc TACGTAGCCTGGTATCAACAGAAACCAGGAAAAGCTCCGAAGCTT 
CIGATITAOGGTGCATCCCTICICTACIOTOGAGTCCCITOTOGC 
TTCTCTGGTGGCCGITCCGGGACGGATTICACICIGACCATCAGO 
AGTCTGCAGCCGGAAGACTICGCAACTTAITACTGTCAGCGAGGT 
CATGCICIGAICACGIICGGACAGGGIACCAÄGGIGGAGATCGAA 
NISSYGSMH 25 

26 ASIYPYSSSTYY 

27 RGYGPWYAYSYFALD 

28 QYGGYV 

29 

CK129 VH 
CDR1 
CK129 VH 
CDR2 
CK129 VH 
CDR3 
CK129 VL 
CDR1 
CK129 VL 
CDR2 
CK129 VL 
CDR3 
g Wiz - LS 
Fc ( m gG2 ) 
Hiso - linker 
TEV 
hCXCL138 

YGASLLY 

30 RGHALIT 

31 ATG 
027679AORE MOCAS 

COM 
IGA 23 

TAGS COOTER 
GIO : So 

107 - G2 
CANGUASCAIACCI AviTag 

ROSCA 
20 C 

** 2 
TI 2 

B. GET MASA . : 0 
PCAPCACTCTTCTGGCGTGGATCTG 

GGTACCGAGAACCTGTACTTC GAGCTGAGATGCCAGSGCO - GCAG 
ACCCTGCAGG CCACCCCAAGAACATCCAGAGCGTGAACGSGAAGTCCCCT 
GGCCCCCACTGCGCCCAGACCGMGTGATCGCCACCCTGAAGAACGGCCGGMG 
GCCTGCCTGAACCCCGCCAGCCCCATCGTGAAGAAAATCATCGAGAAGACGCTG 
AACAGCGACAAGAGCAAC GGCGGAGGCCIGAACGAC 

GASTGATGATAA 

32 g Wiz - LS 
Fc ( mIgG2 ) 
Hiso - linker 
TEV 
hCXCL543 . 

ATGAGGIOOOOO CICE SCOICIGOGOETSCELONA 
V. 26 . 

0 CNC 0223 CORACITE 
DATOT HAURII 

2 ca :: CASCO 

114 - G2 
AviTag 

SA 
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ROCAS CAT 
KRIT . SCOA IC CODE . 

ACTA ACCA CROCIOCRITO DI CIAO 
19 IT 

CAT 
CATCACTCTTCTO GGATCTG 

GGTACCGAGAACCIGTACTICCAAGTGCTGCGCGAGCTGAGATGCG : GTGCCTG 
CAGACCACCCAGGGCGTGCACCCCAAGATGATCAGCAACCTCCAGGTGT CGCC 
ATCGGCCCCCAGTGCAGCNGGTGGAAGTGGTGGCCAGCCTGAAGAACGGCMA 
GAGATCTGCCTGGACCCCGAGGCCCCATTCCTGAAGAAAGTGASCCAGAAGATC 
CTGGACE CAAAGAGAAC GGCGGAGOCCPGALOGACANCTICGAQQCC 
CAGALAATOUAGIGGCAOGAGTGATGATAA 

CORO 33 ATG : 
: D 104.8 

g Wiz - LS 
Fc ( mIgG2 ) 
Hisn - linker 
TEV 
hCXCL829 

TAX 
10 
OT T 

COA OOTS 
NATA 
CO 99 - G2 

CI 
COOT SOCIO 

AviTag 
19 

IGORCO2 
TAITO 

GIROCO GA090 
WOTE ZARACCATCACCATCATCACTCTTCTGGCGTGGATCTG 

GGTACCGACAACCIGTACITCCAAGCCAAAGAACTGCGGTGCCAG - GCACCAAG 
ACCTACAGCAAGCCCTTCCACCCCAAGTTCATCAAAGAACTGAGAGTGASCGAG 
AGCGGCCCTCACTGCGCCAACACCGAGATCATCGTGAAGCTGAGCGACGGCAGA 
GAGCTGTGCCT GACCCCAAAGAAAACTGGGTGCAGCGGGTG AAAAGTTC 
CTGAAGCGGGC AGAACAGCGGCGGAGGCCTGAACGACATSTTCGAGOCCCA 

ACGAGTGATGATAA 
ATG 700 08 34 
OS SA 

Cum 

gWiz - LS 
FcmlgG2 ) 
His6 - linker 
TEV 
mCXCL128 

SOCAR CIT 
ACTA DATOS ASI 

96 G2 ????? GAR 
AviTag 

. . : 
COSO 

SI 28 OCCIGSTE TI 
ITO 

CATCACTCTTCTGGCGTGGATCTG 
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GGTACCGAC TACTTCCAR CCAACGAGCTGCGGTGCCAG CGCAG 
ACCATGGCCC TCCACCTCAAGAACATCCACACCCTCAACCCCCTGCCCACC 
GGCCCTCACTGCACCCAGACCGAAGTGATCGCCACCCTGAAGAACGGCAGAGAG 
GCCTGCCTGGATCCCGAGGCCCCCCTGGTGCAGAAAATCGTGCAGAAAASGCTG 
AAGGGCGTGCCCAAGGGCGGAGGG 

GAGTGATGATAA 

35 ATGA 

T : OGST 

g Wiz - LS 
Fc ( m / gG2 ) 
Hisn - linker 
TEV 
mCXCL231 . 

DOCTO 
TE 

: .60COAG 

100 - G2 
AviTag 

16 
CA 

OSTA OCAR CA 
TUN . CAICI CHIA ITO 

::::: COR BCA 1420 
6 

CATCACTCTTCTGGCGTGGATCTG 
GCTACCGAC TACTICCA GCTGCGCI CSGAAA 

ACCCTGCCCCGGGTGGACTTCAAGAACATCCAGAGCCTGAGCGSGACCCCCCCT 
GGCCCTCACTGTGCCCAGACCGAAGTGATCGCCACCCTGAAGGGC GCCAGAAA 
GTGTGCCTGGACCCCGAGG CCTGGTGCAGAAGATCATCCAGAAGA - CCTG 
AACAAGC GCCAAC GGCG 

CACGAGTGATGATAA 

36 ATG 
TO 00 

gWiz - LS 
FcmlgG2 ) 
Hisn - linker 
TEV 
mCXCL548 

Com 
: CA 

10 
TS 

118 - G2 KOTALAS CASCO 
AICICCO MOCHODOWA AviTag 

CA. COCCA 
TI 

9 

SATOOTH TAIT 

2010 SLAG 
10 CATCRCTCTTCTGGCGTGGATCTG 
GGTACCGAGAACCTGTACITCCAAGCCACCGAGCTGAGATGCGTGSGCC GACC 
GTGACCCCCAAGATCAACCCCAAGCTGATCGCCAACCTGGAAG GATCCCTGCC 
GGCCCTCAGTGCCCCACCGTGGAAGTGATTGCCAAGCTCAAGAACCAGAAAGAA 
GTGTGCCTGGACCCCGAG GTGATCAAGAAGATCATCCAGAAGASCCTG 
GGCAGCGACAAGAAGAAAG 
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AUTGATGATAA 

37 
LS - FC - Hist 
linker - TEV 
hCXCL138 

KOVA Red PRIR DIEET CARSVEIT 
DURINOL SPM WA02 

175 SOVI 
CE 20ES 

X ? S DE KOS 512 KKHANHSSGVDL 
GTENLYFQATELRCQC + QTLQGIHPKNIQSVNVKSPGP HCAQTEV - A - LKNGRK 
ACLNPASPIVKKIIEKMLNSDKSNGGGUNDIFEAQKIEWHE 

107 - G2 
AviTag 

38 LS - FC - Hiso 
linker - TEV 
hCXCL 543 
114 - G2 

S. ::: 
SI SEX 

SITE 
SXSXOXO 8501 : STKI HHHHHHSSGVOL 

GLENLYFQVIRE POVCLOTTOGVHPKMISNLOVFAIGPOCSKVEVVASIKNGK 
EICLDPEAPFIXKVIOKI DGGNKENGGGLNDIFTAQKIRKAS 

: 
AviTag 

39 LS - FC - Hiso 
linker - TEV 
hCXCL829 

PIKKUS : OOONO 

99 - G2 
AviTag 

TOK AAAASSSSGVDL 
GTENIYFQAKELRCQCIKTYSKPFHPKFIKELRVIESGPHCANCE IVKLSDGR 
ELCLDPKENWVQRVVEKF_KRAENSGGÖLNDISSAOKIEWHX -- 

40 CAPOLOGE 
XX BY 

LS - FC - Hiso 
linker - TEV 
mCXCL128 $ s 7 . 

96 - G2 
AviTag 

WYSKOVS TIKI KHYAKSESSGVDL 
GTENLYFQANELRCQC - QTMAGIHLKNIQSLKVLPSGPHCTQTEV - A LKNGRE 
ACLDPEAPLVQKIVQKMLKGVPKGGGINDIEHAQKIHWHE 

41 LS - FC - Hisn 
linker - TEV 
mCXCL231 . 
100 - G2 

CIGAR 
PIXMASI 020 

EXT . 
VOX SIKKT 205 AT 

I9KSI KAHARNISSGVDL 
GTENLYFQASELRCQC_KTLPRVDFKNIQSLSVTPPGPHCAQTEV - A - LKGGQK 
VCLDPEAPLVQKIIQKILNKGKANGGOLNDIFTAOKIEKHE 

AviTag 

42 LS - FC - Hiso 
linker - TEV 
mCXCL548 

MKR KXDR 03 . 
16 : 9 

2985 I. 
YXEFST VOX SEKOKT 

YYSKE MK266 .. : ... IX . WKHAHRRASSOVDL 

GTENLYFQATELROVC - IVTPKINPKLIANLEVIPAGPOCPTVEV ARLKNOKE 
118 - G2 
AviTag 
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VOLDPEAPVIKKIIOKIIGSDKHXAGGGINDIFHAQKISWAX 

43 g Wiz - LS 
hCXCL135 . 
107 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

ATGA OOO.OOO.OOOOOOOOO 
0797 GCCTCTGTCGCCACCGAGCIGAGATGCCAGTGCCTGCAGACCCTGCAG 
GGCATCCACCCCAAGAACATCCAGAGCGTGAACGTGAAGTCC CCAC 
TGCGCCCAGACCGAAGTGATCGCCACCCTGAAGAACGGCCGGAAGGCCTGCCIG 
AACCCCGCCAGCCCCATCGTGAAGAAAATCATCGAGAAGATGCTGAACAGCGAC 
AAGAGCAACGSTOGAGGCGGDAGO 
G47 OSTAT : ANA 1 
COA OCT TORS GATO 
Aca 

I 

: 

CTC 
TO 

TOICI 
ICIOCCO 

0409061100020 CASAID CROR 

SA 
10 

10 C 

TECIDO 
CS 

GTATON 
CATAT 

. GAT . 
OTO 
TA 

TAT 
7 . C77 

TA ASA GALATAS 
CROT DAR 02 17 

TA 

CAN . STS 
CIII : 

CARGO 
COSTA 

GGA GCG TCC CASTGATAA 

44 gWiz - LS 
hCXCL235 . 
107 . 

ATGAGO SMRTO . COROLLA 
CATOIGCTCCTCTGGCCACAGAGCTGAGATGCCAGTGCCTCCAGACACICCAG 
GGCATCCACCIGAAGAACATCCAGAGCGTGALAGTGAAGTCCCCTGGCCCCCAC 
TGCGCCCAGACAGAAGTGATCGCCACCCTGAAGAATGGCCAGAAGGCCTGCCTG 
AACCCCGCCAGCCCTATGGTCAAGAAAATCATCGAGAAGATGCTGAAGAACGGC 
AAGAGC GGIOGO 5 

STAT CRITICO 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
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SPACE Hiso GTCAIT TOA 
TIRM70 XATAON 
COCO 

CATA TOSOA 
: 00 AUTE 

CCATO CA 

GA 

KA CITAZAS AGRACIA 

16 36 
C. 

OSOBI 
CRAIO 
CENA : 
RA 

BOX 
CCAG . 

CA 10 TOIR 
WA 

TOTOROCAR 070 COC CARO 
IT IT 97 16 

TO 
C.CO 

COM DA 
972 

SA 
To 

VOIR 
CONTICECCATO 
GGAGGGGGCGGTTCCCA ACCAPACTGATAA 

45 gWiz - LS 
hCXCL335 . 
107 

( Gly4Ser ) 2 
mouse SA 
( GlySer ) 
Hiso 

ATG TO BIO 
COA15IGCCTCTGTCGTGACCGAGCTGAGATGCCAGTGCCTCCAGACACTCCAG 
GGCATCCACCTGAAGAACATCCAGAGCGTGAACGTGCCGA CCCCTCAT 
IGTGCCCAGACAGAAGTGATCGCCACCCTGAAGAATGGCAAGAAGGCCTGCCTG 
AACCCCGCCAGCCCTATGGTGCAGAAGATCATCGAGAAGATCCTGAACAAGGGC 
AGCACCAACGGYGGAGOC 

GAR 
( CAID : CATA , 
TT TOMOTO 

MA 

C .. ACOCK 
SK 



US 2021/0246199 A1 Aug. 12 , 2021 
61 

COIS 
CARRO 

GCC 
201709 

TO 
BOSCH OG 

CA 
am 

: 10 17 
GO 

ACCARATTI 
27 DICINE 

LAVICA 
7 

32 
C 

GA027 
COCO SEIRO TA 

A. CIT : 
70 
GGAGGGGGC 

03 
GTTCCCACCAT : CACCATCASTGATAA 

46 gWiz - LS 
hCXCL432 
101 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 

ATG SOIJOS 
GASTGAGGCTGAAGAGGACGGCGATCTCCAGTGCCTGTGCGTGAAAACCACC 
AGCCAAGTGCC CAGACACATCACCAGCCTGGAAGTGATCAA CCC 
CACTGTCCTACCGCCCAGCTGATTGCCACCCTGAAGAACGGCCGGAAGATCTGC 
CIGGACCTCCAGGCCCCCCIGTACAAGAAGATCATCAAGAAGCTGCIGGAAAGC 

GGGTCG ORSTELSE 
COKIT 
07 : SO 

7 
CCRCTI CRATO CARS 

. 
*** 

To CROINT 
CILIA 

. 
TAT 

ACCOROTOS 
2 . 

mo co 
ma 

CA CA 
** 

20 
WO 

07 OTCSOK 12 
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SA 
TI 
IT 

CACTO 
RAIOVINCITOR 

2017 SITA GOOGCATTA 

SIS 22 

SURI STIGIOASA 
TOSCA 

GIOCATE 
A CIOTOCI 
COLITE 
CA 

G. 

2 

TO 
GGAGGG GTTCCCSON CANOASTGATAA 

47 gWiz - LS 
hCXCL544 
114 
( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 

ATGAS CICLO DIG 
COATGICTGCGCGAGCTGAGATGCGTGTGCCTGCAGACCAC CGTGCAC 
CCCAAGATGATCAGCAACCTCCAGGTGTTCGCCATCGGCOCO CAGCAAG 
GIGGAAGTGGTGGCCAGCCTGAAGAACGGCAAAGAGATCTGCCIGGACCCCGAG 
GCCCCATTCCTGAAGAAAGTGATCCAGAAGATCCTGGACGGCGGCAACAAAGAG 
AACGGIGGAGGCOGNAGCGGAGGOGGAGGGMG36 , GROOTTO 

TRA VAA . ATT 
GIO 

STARGO , TOSSA 
TOIT 

27 
COS 

CORO GAZOZOA 

MAT : 7 : 27 TOT 
997 

I 
T20 

CO 
In 
13 

. 

RIO 
OTS TITE GI 

ACC CA DAT 
TA 

: DO 
UGO 

C. 

COOTEGITIGT 
10 STK 

SOARA 
Com DOTCOAT 

Te 
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V CACT 
M.CIC . 

SIASAACSR CII 
SARATACATECARIOSAO79 

OGGAGGGGG GGTTCCCACCA TCAGTGATAA 

48 
g Wiz - LS 
hCXCL643 
114_ 
( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 

ATGA . SOS 

CALCIGTGCTGACCGAGCTGCGGTGCACCTGTCTGAGAGTGACCCTGCGCGTG 
AACCCCAAGACCATCGGC CTCCAGGTGTTCCCTGCCGGC ICAGTGCAGC 

AAGGTGGAAGTGGTGGCCAGCCTGAAAAACGGAAAACAAGTGTGCCTGGACCCC 
GAGGCCCCATTCCTGAAGAAAGTGATCCAGAAGATCCTGGACAGCGGCAACAAG 
AAGAACOON 

SATORII 127 
TOT CAT 

D. 
TOGG 

CTS 
C 090 

II CHCIONICIACIOTERO 
CIA AICTIC CAT AIRI 

10 

GURRA OUR 

CTAT COAC 

02 : : 10 
SAT 

TU 
210TENTO GIA 

( 1992 STA su AO 
322 

VCICA 
TAI 

ST 
CODE 70 

CA A 
56 
GE w CARC CA 

GGAGE GTTCCO APCASTGATAA 

49 g Wiz - LS 
hCXCL759 

ATGAGO ov 
COATS GCCGAGCTGCGGTGCATGTGCATCAAGACCACCAGCGGAATCCACCCC 
AAGAATATCCAGTCCCTGGAAGTGATTGGCAAGGGCACCCACTGCAACCAGGTG 
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121 GACGCC 
( Gly4Ser ) 2 

GAAGTGA ACACTGAAAGA TCTGO 
CCCAGAATCAAGAAAATCGIGCAGAAAAAGCS 

XHOTO 100 % ; T * X977 
mouse SA 

COCA ( Gly4Ser ) 
Hiso 27 

III SIGIGA 
ARSOVICI 

II 
COCO SI 

vo 

COOR 
CA 

0 CARA 7 TOCAT ARCHICCIACA 

03 OCTO : 
CATA COM CTC 

. 
07 

. :: 0 

BOTTOM TAT 
CI COTICIA 

co 
.LT 

GO S9 
SACOCCACCCCCCCCTTCCCACCAT 

1CAC TGATAA 

50 g Wiz - LS 
hCXCL828 
99 

ATG 20 . :: .. ... ... 
CONTGAGCGCCAAAGAACTGCGGTGCCAGTGCATCAAGACCIACAGCAAGCCC 
TTCCACO GTTCATCAAAGAACTGAGAGTGATCGAGAGCGGCCCTCACTGC 
GCCA GATCATCGTGAAGCTGAGCGACGGCAGAGAG CCIGGAC 
CCCAAAGAAAACTGGGTGCAGCGGGTGGTGGAAAAGTTCCTGAAGCGGGCCGAG 
AACAGCGGTGGAGGCGGTAGCGGAGGCGGAGGGTCGORGEO 

79 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

TIESIOGIA 
Com GRACTICACI 
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TI CIOR 
VOCIATION *** 

TCCITACOS SA 
ASCAICOIATTO ? 
TOROSTI 

TH To 

TOO :: 
ITO SCITA 
CO SANTO 
01 / IIG 02 

10 
TAO1 

O 

27 TO 
CES 05 

CA 

IT AT SIX 
VN 

COTA CORECTIONAT 
DOT 

GARA GC60 
SACOEU CITATOS 

TO 
SASTO 

GGAGGGGGCGGTTCCCAC 

CA 
43 
TOM 
CAFONCTGATAA 

51 gWiz - LS 
hCXCL923 
125 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His 

ATG 019 
ACCCCCGTCGTGCGGAGGGCAPGCGCT3A TCA CACAACCAG 

GGCACCA TCICCAGTCTCTGAAGGACCIGAAGCAGTIG CAGCCCC 
AGCTGCGAGAAGATCGAGATTATCGCCACACTGAAAAACGGG SCAGACCTGC 
CIGAACCCCGACAGCGCCGACGTGAAAGAACIGATCAAGAAAIGGGAGAAACAG 
GTGTCCCAGAAGAAGAAGCAGAAGAACGGAAAGAAGCACCAGAAAAAGAAAGTG 
CTGAA . SAAGTCCCAGCGGAGC AGAAGAAA 

1909 OSTAT 
6 

TA 
: ART MAONI 

CS 
M 

11 TO 
BOCA 

CHAT 
70 

CORSICAS MASTAMAS . 
CONOCIC . 000 

23 TG 
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CAT 
AA 

CICIO 1080 
CH 

ASIA 
Ova 

CATATACOAT TO 

GIAO FORMAS GB 
VIII CICI 

CA MIST 
( 7012 ON DA CO 

22 
OCT 

GIC 
SA 2 C. 

Co2 OSIA 

. 
CACOALCIOARX300 PAVASA 

3914 4:27 
GGAGGGGGC 

GGTTCCC NCASTGATAA 

52 gWiz - LS 
hCXCL1022 
98 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His 

ATG : KOJACICLOCO DICOCCA 
CO GTGCCTCTGAGCAGAACCGTGCGGTGCACCTGTATCAGCATCAGCAAC 
CAGCCCGTGAACCCCAGAAGCCIGGAAAAGCIGGAAAICATCCCCGCCAGCCAG 
TTCTGCCCCAGAGTGGAAATTATCGCCACCATGAAGAAGAAAGGCGAGAAGCGG 
TGCCTO GAGCI ACCTGCT GTCCAAA 
GAGC 

COOK 
WAAACATA 

: 

TICIO 0 TOD 

ma ACCIO COAC 
UAB 

6 . 

CETGO SATO 
TO 10 Co 

ACIO 

TACCA DA 

IGARO 
02 COIX 

27 9 
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CARKOITTA 
MOTOROLOGA 

CA 
CAN 

GE 
HOGA . 6 

TOTO 
07 

GO ORGOTT IG 

GGAGGGGGCGGTTCCCACC 
TGATAA 

come 53 gWiz - LS 
hCXCL1122 
94 

ATGICOS 
DATO : TTCCCCATGTTCAAGCGGGGCAGATGCCTGTGCATCGGCCCTGGCGTG 
AAAGCCGTGAAGGTGGCCGATATCGAGAAGGCCAGCATCATGTACCCCAGCAAC 
AACTGCGACAAGATCGAAGTGATCATCACCCIGAAAGAGAAC . GGCCAGAGA 
TGCCTGAATCCCAAGTOCH " TGATCATCAAGAAGGIGGAACGG 
AAGAACITCGGNGGAGGO A : 
CASCOATEOCIATE GATITOSCANA 

( Gly4Ser ) 2 
mouse SA 
( GlySer ) 
Hiso 

: . V. 
GO 

6 AO 
S 

Se 
TE INC . C Am CA 

CONORGET 
. 6 : 

600 
12 

B % D0 
COCA AART 

22319 2 

. TR 
GUR TOR 32 . GINT 

0:00 

SO AT 

10 De OXO 

779 TAIGI 
COA OSOAIA 
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02 CICA TOA COSTCA 
2000CCI 

120GGAGGGGGCGGTTCCCACCATCACCACCATCACTGATAA 

54 CASE g Wiz - LS 
mCXCL125 . 
96 

ATG : 
DOGGCCCCTATTGCCAACGAGCTGCGGTGCCAGTGCCTGCAGACCATGGCC 
GGCATCCACCIGAAGAACATCCAGAGCCTGAAGGTGCTGCCCAGCGGCCCTCAC 
TGCACCCAGACCGAAGTGATCGCCACCCTGAAGAACGGCAGAGAGGCCTGCCTG 
GATCCCG . TTGGT AAAATCGTGCAGAAAATGO SGGCGTG 
CCCAAGOGPGGAGGGGGTAGCO 

G C 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

ci OS 

CIASTA GATO 

CITIAT SCRAT 
CARITA AICI 

cm 

SOIT 
ca ACSI DAI 

ANTIO CUORI 

GICALOAZASTOVIGOAT OTG OCTORA 

XI 
GO CT 2 

DA . 
2 
OOOOR 

27 
CIRGINGSTA 29 TING 

D CA 
AT 

942 
09 

CD : 
27 

SIACAICO 
02 TA CE 

TOGGAGGGGGCGGTTCCCACCATCACCACCATCACTGATAA 

55 gWiz - LS 
mCXCL228 
100 

ATG730 GO 
ATT GCCGTCGTGGCCAGCGAGCTGCGGTGCCAGTGCCTGAAAACCCTGCCC 

CGGGTGGACTTCAAGAACATCCAGAGCCTGAGCGTGACCCCCCCTGGCCCTCAC 
IGTGCCCX SAAGTGATCGCCACCCTGAAGGGCGGCCAGAAAGIGTGCCTG 
GACCCCC CCCCTGGTGCAGAAGATCATCCAGAAGATCCTGAACAAGGGC ( Gly4Ser ) 2 
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AAGGCO 737 mouse SA 
( Gly4Ser ) 
Hiso 

TIROSOANS . 190 
CASAS ACT US CO2 07 

07 
SOT .. 22 

SASA 
DOA IN KANAVA 

SITE COM 
SORT 02 

76 

: A 
GA 

PART 
AC SAARI 

IT 
ROTAR 

SCOAT 
- 18 : . :: GGARAGE 
RICA 

10 . 
GAS 
SC 

2 

. 
23 

20 

DECOR C70 
02 : 

... 

GGAGGGGGCGGTTCCCACCATCACCACCATCASTGATAA 

56 g Wiz - LS 
mCXCL328 
100 

ATGA COROLOG COME TOCAT : CORO 
BIOGCTGTGGTGGCCTCTGAGCTGAGATGCCAGTGCETGAACACCCTGCCC 
CGGGTGGACTICGAGACAATCCAGAGCCTGACCGTGACCCC SGCCCTCAC 
TGTACCCAGACAGAAGTGATCGCCACCCTGAAGGACGGCCAGGAAGTGTGCCTG 
AATCCCCAGGGCCCCAGACTCCAGATCATCATCAAGAAGATCCTGAAGTCCGGC 
AAGAGCAGCGGTGGAGGOGGTAGCGGAGG SAGGGHCG 

CATROCTATASTGATII : QAITOA : 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso SIECI 

CK ST ORTO 
TA 

. 
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CATO 
CA 

: 13 . 
18 ::: A : 

: 10 

CITS . SIS 
2.1 

13 
CA 

00 
VOI 

: GGAGGGGGCGGTTCCOACCATCACCACCHICAGTGATAA 

57 g Wiz - LS 
mCXCL430 
105 

ATGA ca KC 
TOT GTGACATCTGCCGGCCCTGAGGAAAGCGACGGCGATCTGTCTTGCGTG 

TGCGTGAAAACCATCAGCAGCGGCATCCACCTGAAGCACATCACCAGCCTGGAA 
GTGATCAAGGCCGGCAGGCACTGTGCCGTGCCTCAGCTGATTGCCACCCTGAAG 
AACGGCCGGAAGATCTGCCTGGACAGACAGGCCCCCCTGTACAAGAAAGTGATT 
AAGAAGATCCTGGAAAGCS 

90X20CIA CIT 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His 37 

9370 :: SIT 
TA 

O 

CA CAT 
07 

ma 012 

ti 
SAT SAN . 

: 

7 ) TE 

CICI CIRCO 003 2 CA 
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SCITE 
Ta 

. 

BA 
CA 

SCO . 
IT0100080 

GGAGGGGGCGGTTCCCACCATCA NTCACTGA 
TAA 

58 gWiz - LS 
mCXCL548 
118_ 

ATGXKCECCATOCOCOXTOCOCOKICICO COCCA 
CXTC GCCACCGAGCTGAGATGCGTGTGCCTGACCGTGACCCCCAAGATCAAC 
CCCAAGCTGATCGCCAACCTGGAAGTGATCCCTGCCGGCCCTCAGTGCCCCACC 
GTGGAAGTGATTGCCAAGCTGAAGAACCAGAAAGAAGTGTGCCTGGACCCCGAG 
GCCCCCGTGATCAAGAAGATCATCCAGAAGATCCTGGGCAGCGACAAGAAGAAA 
GCCGGNGGAGGCSGTAGOGGAGE SIC 

TAR CA CATS 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) . 
Hiso 

474 

TA 
VO 17 V 

ST 02 : 

C 
02:07 72 9:27 

CHAT BATO 
: CIA . 22 

CI 
07 ; 

3 
IT 

OCTO CICI 

118 

. . 
17 

TO 20 
TA 

OD 
A 4 SOACHARC . 
GO :: 92141STOSOTRO 

BOGGAGGGGGCGGTTCCCACCAICACCACCATCACTGATAA 

C 
02 
17 

59 gWiz - LS 
mCXCL748 
113 . 

ATG ISAO COD CIVIVO 
COTCTATCGAGCTGCGGTGCCGGTGCACCAACACCATCAGCGGCATCCCITTC 
AACAGCATCAGCCTCGTGAACGTGTACAGACECGGCGTGCACTGCGCCGACGTG 

STGATTGCTACACTGAAGAATGGGCAGAA ACCTGCCTGGA SCC 
GATCGTGAIGAAGATTCTGGAAGGCTA 

CO DON OSTAT 
: GE . . 

( Gly4Ser ) 2 
mouse SA 
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( Gly4Ser ) 
Hiso GITS 72 

ZASTRZ 

SA 
ca SA BE 

TA 
SI 
VA 

980 0877 21 

OG 
G w 

X2 TA 
. CD 

T. 

7 . 
SITE Om 

OGLAS . 

6:37 
G25 
13.0 

. 

TA 002 
GO 
???? 

SOLO 
SIA 
ASTGATAA 

..... : CHA 
GGAGGGGGCGGT 

60 g Wiz - LS 
mCXCL922 
126_ 

ATG , ... 
COSTGIACCCICGTGATCCGGAACGCCCCGTGCAGCTGTATCAGCACCAGCAGA 
GGCACCATCCACTACAAGAGCCTGAAGGATCTGAAGCAGTTCGCC CAGCCCC 
AACTGCAACAAGACCGAGATTATCGCCACACTGAAAAACGGGGACCAGACCIGT 
CIGGACCCCGACAGCGCCAACGTGAAGAAACTGATGAAGGAATGGGAGAAGAAG 
ATCAGCCAGAAGAAGAAGCAGAAGCGGGGCAAGAAACACCAGAAAAACATGAAG 
AACCGGAAGCCCAAGACCO GAGCCGGCGGAGATCCAGAAAGACCACAGGI 

CURATO COAT 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso : , : 

DURA 13 

CONTOC TOCICI 
19 

: 

* 

0 CCIONARCO CECARGOSCA CON 
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CIT TAI 
376 70 

TA . 
NA 
IN 

GO 
6:08 

. 
02 

CA 79 

G 
GGA 

GGGGGCGGTTCCCACCATCACCACCATCACTGATAA 

61 g Wiz - LS 
mCXCL1022 
-98 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

ATG KOREA BUONGIOCIC TOUCOAC 
SATCCCA GCCAGAACCGTGCGGTGCAACTGCATCCACATCGACGAT 

GGCCCCGTGCGGATGAGAGCCATCGGCAAGCTGGAAATCATCCCCGCCAGCCTG 
AGCTGCCCCAGAGTGGAAATTATCGCCACCATGAAGAAGAACGACGAGCAGCGG 
TGCCTGAACCCCGAGAGCAAGACCATCAAGAACCIGATGAAGGCCTTTAGCCAG 
AAGCGGAGCAAGAGGGCCCCAGGYGGAGOCGG 

SCOTCO 22 
176 
574 

CA Ga . . 
GA 

w 

CB GO 7 
SIA 

RO 0 :: CIO 
TRI 

CONTRA 
KI 

SASCA 

SIR 50 
22 

TA 
ACCORROS C CASO CA 

GATE 2 CI 

GART 

COM 
To 

: 
GAT , 

80A 
2017 COTACI GC 
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DAI SOCIO 
GGA GCGGTTCCO 

TGATAA 

62 g Wiz - LS 
mCXCL1122 
-100 

ATGA COD.CRCROC.CIKACE 
CITITCCTGATGTTCAAGCAGGGCCGGTGCCTGTGCATCGGCCCTGGAATG 
AAGGCCGTGAAGATGGCCGAGATCGAGAAGGCCAGCGTGATCTACCCCAGCAAC 
GGCTGCGACAAGGTGGAAGTGATCGTGACCATGAAGGCCCACAAGCGGCAGAGA 
TGCCTGGACCCCAGATCCAAGCAGGCCC GCTGATCATGO ICGAGAAG 
AAGDATITCCT ( Gly4Ser ) 2 

mouse SA 
( Gly4Ser ) . 
Hiso CTS 

OTO Da 

AC co 
GA 
COCIO 
GR 
TO 

GA 

22 

COA 
T 

:: 16 : 9 
23 

TOO 
STOOR 12 

NO 
19 : 30 * 
192 

DOO 
* 

STA 12COAT 
SARI 

111 

2012 
OCTO 

27 
CO 
GA co 

CSC 2 
MOVIK 

GODIR 
CAICAOTGATAA 

AGGAGGGGGCGGTTCCONCIANCACCA 

63 LS 
hCXCL135 
107 

REACTORASVATELRCOCLQTLOGIHPKNIOSVNVKSPGPH 
CAQTEVIATLKNGRKACLNPASPIVKKIIEKMLNSDKSNGGG 

DOD919 
OYS 179 ( Gly4Ser ) 2 

mouse SA 
( Gly4Ser ) 
Hiso 

VIETAT YELVOIKOE 29 . 
PIERRE CAMIONETTOYGHYVESBYROSSETT 

XS3 , 9 
KE SOKI 

. ss 
NEVER 

VES 
SKE 
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KUVERRIES 

ROOSTISOK / 6000 SPOLVIREOA : GGGGSHERRAR 

64 LS 
hCXCL235 . 

QARAPLATELRCOCLQTLOGIHLKNIOSVKVKSPGPH 
CAQTEVIATLKNGQKACLNPASPMVKKIIEKMLKNGKSNGGGGSGGGGSTARK 

LIISIDOR 107 EVITE , 

Em SPEETEKSTOVE 
2 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 IoT 20 

17 . 
** NOVE TV 

68 
AR 

CAMPVOER SVERRVESH . 
BIT OO 107SEKOKO VOI ! 99 

GEN : GGGGSHAHHAR 

65 LS VASVTELRCOCLQTLOGIHLKNIQSVNVRSPGPH 
CAQTEVIATLKNGKKACLNPASPMVOKIIEKILNKGSTNGGGGSGGGGS , AKS hCXCL335 . 

107 
E918 

AV 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

KI EN128YOELEC TKVEZEMBE 
BAX : SEXE YSRS : 
OKESKUS : S 

: 22.2 . ) ... 
KA EVERTRPIO 

CEYLA 161 CORER CY 
AXO 
CIVIVES 
ORK 
KROCIAL 

C 

ICE 

KOREA GGGGSUAIKKA 

66 LS 
hCXCL432 

EAEEDGDLQCLCVKTTSQVRPRHITSLEVIKAGP 
HCPTAQLIATLKNGRKICIDLQAPLYKKIIKKLLES GSEOKSET 

101 
co 

1973 ( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

00 PRO 
YNE 
MIS 

RELEMENTESSK 972 NADELEIKOSI NKORB 
SEGUNDO . 

LYON ) : 2 . 
MONDOA KOT 1X VSEMVROS SIVIKSPIERTO 

SEKSKOTSEVIA 
KGGGGSASHRAX- 

67 LS 
hCXCL 544 . 
114 

ht ... DAK LRELRCVCLQTTQGVHPKMISNLOVFAIGPQCSK 
VEVVASLKNGKEICLDPEAPFLKKVIQKILDGGNKENGGGGSGGGGS S06 
YOKSYDAFONE COYDEVOVODA TOVARO . 
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( GlySer ) 2 
mouse SA 
( Gly4Ser ) 
His6 

OKLESARSKENZI NMSICOSOCEPS SET 
SRBS.ASENESTER MOSTARPRYTTAESOWEIT 

RPHY COOXYGE WAAROSO 
297 

** :. 
OK TEXTO EST 

TWITER : 36YOFORETYR ORTS PTIVEAARNIONVOKE 
GIOVES LOEKT 

VIETAS CIPELSKVIKKO ALENKAAKT 
1.GGGGSHRAXXH 

68 
LS 

hCXCL643 . 

* VLTELRCTCLRVTLRVNPKTIGKLQVFPAGPQCS 
KVEVVASLKNGKQVCLDPEAPFLKKVIQKILDSGNKKN BERS 
TOERNO 1769 OOKSYTEVOKE VETURAK 

KSIKTO DARYO COINVORIO 
15 . YAPELI 

114 . 
( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 

EUROTAXT KLAIDININE OKOLI . DOK 
COOKEIKKUSES 20.PALSADEVEDENVASOS 

** SOKS EAT SKOCSI CITATION 
MARY 

? ? ? 
TO QAL : KIKIN ALISI 

MERKGGGGSHAASAN VNDO . 

69 LS 
hCXCL759 . 
121 . 

GARAELRCMCIKTTSGIHPKNIQSLEVIGKGTHCNQV 
EVIATLKDGRKICLDPDAPRIKKIVOKKLGGGGSGGGGS AUKSANDALI 

0 A : 1 . 
92 87 , 

NEREN 16 : 46YXO .. 
92 . 

K ... KOKKO . 
? ?? : ? 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 OVED 

CONDS 
SISTENRV SKIRT5ZXO555IVERSI9O5TYVEK 

KOKIOS EKKO 
RAGGGGSHKAHAN 

70 LS 
hCXCL828 
99 

MRVPALOS CAR SAKELRCOCIKTYSKPFKPKFIKELRVIESGPHC 
ANTEIIVKISDGRELCIDPKENWV RVVEKFLKRAENSOOGGS 
LYNULOXOKKELVI . 
KUSSTATTFIST UNSERE A KOSE OSS 

29 : 
( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 13 

: RE : SOVER 
SOIN 

: VAK VOOR 
YOTVYVE 

GRO 
97 

::: . GOY 
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SESIVO VERPOSSI 
TUSI : VSRBSKAS TESDICOVISKEKKAINES KOKPAA ASOIKE 
** 00KVA STEADY ROSYL GGGGSARKKAM- 

71 LS 
hCXCL923 

CARTPVVRKGRCSCISTNOGTIHLOSIKDLKQFAPSP 
SCEKIEIIATLKNGVQTCLNPDSADVKELIKKWEKQVSQKKKQKNGKKHQKKKV 
LKVRKSORSROKKTTGGGGSGGGGSEKKSSTWYOREKOVAS 115 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) : 1 : 

KORADETEKTORDONESTOPIEKRESORTSAV 
YTEEVOUPIESE XEROKESCITEKT OGVXS : 

CARE R :: 
28 His6 

2 

BT VESEXOV 
ONVEKOOTUD 
RECTORIO Y 
CSV 

GSASANK 

GALVEVO 
DIT 

166 

72 LS 
hCXCL1022 
98 

* VPLSRTVRCTCISISNQPVNPRSLEKLEIIPASO 
ECPRVEIIATMKKKGEKRCLNPESKAIKNLLKAVSKERSKRSPOOGGSGGGGS 
BKSET KONVOEK OLAFSO CSIDENTVOEV OTAK AV 

VER . : 
SELY Yo 

: ... 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) . 
Hiso 

PETE 
SSKTAICOKE 

KEADI . 
6:07:21 

DIAS AR KONTI . 

L 
LEEE KNOW 

C : 
To 
BOY 

SEGET 
....... VIK 

EXEKOIVOTTORIKOT 
WISSENBOXENTAGGGGSHHASAR 

73 LS 
hCXCL1122 
94 . 

PAPAGOIN FPMEKRGRCLCICPGVKAVKVADIEKASIMYPSN 
NCDKIEVIITLKENKGQRCLNPKSKQARLIIKKVERKNFOQGGSGGGGSE 
18 GEVUSKE OTAK : 

GEROOKGEERSTETOSKO : 
PEERBEDAKCIODOOPSTEMOKYTEEVAST SOWE 

SUOMESSO 
771 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) . 
Hisa 18E 

RI 

SHEIM 
FITOYSREMEDYCYSTIKLARKMALEK JALANPR Vio 
NOVO One 

CI SEK 
29 WEEKOOIANI 

ECENT GGGGSHHHHHK 

74 LS ROSE SAPIANELRCOCLQTMAGIHLKNIQSLKVLPSGPH 
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CIQTEVIATLKNGREACLDPEAPLVQKIVQKMLKGVPK BIKSE mCXCL / 25 
96 

CLIPNIPENYEXCIROPPSVECE 
2889 ( Gly4Ser ) 2 

mouse SA 
( Gly4Ser ) 
Hiso 

OLIK NA 
TOORET.XXSC65EDIXERBATYAOLVED 

KROZS IVARROCTV 
KI COXIC VAZTU 203377 . K. 

TIPS YOADS 
EXIKOKKO 

085K 2:22 KIAGGGGSHAKKAH 

75 LS 
mCXCL228 
100 

67 . CORR AVVASELRCOCLKTLPRVDFKNIQSLSVTPPGPH 
CAQTEVIATLKGGQKVCLDPEAPLVOKIIQKILNKGKANGGGGSGGGGSPARKS 

DRAKTYORVI AK VIDEOS 
3x 1 

PEKEBALAICISIKO SEYAETONAE ) E 170 ( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

IPPADE AEL MAI IKVEREO DIERO 
TO LY K 

a 
PENOVAT OG KO 

TEKMEKTEYSERTOSSESSERE 

8. GGGGSHMHNAR 

76 LS 
mCXCL328 
100 

AVVASELRCOCLNTLPRVDFETIQSLTVTPPGPH 
CTQTEVIATLKDGQEVCLNPQGPRLQIIIKKILKSGKSSGO 

ACT ** 1969 YOEL 
KY : 

KECISO 
SRS : ... 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 

VOORUIKKO STEROTRADEINDEVERYWIAEAKELI 

PIN : 7 Nemo 
1.07 . 

KE14CCCCSHARKKA 

77 LS 

mCXCL430 
HVISAGPEESDGDISCVCVKTISSGIHLKHIISLE 

VIKAGRHCAVPOLIATLKNGRKICLDRQAPLYKKVIKKILESGGGGSGGGGS 
YNDOLOSTKOLVT . 105 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 

19 ESCIENTI IVSSKOR TUSSY 
IETEENDESEITKATDI INVEMOCOS1150SDOR 

COKEA 9879 
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Hiso C. 1,7 
VIERKY 

K & SOZS 
VOOYEXIGEGEVKIVROTOKKE 

SINESS 

BAOYOTA ED 
TEATRV : 

BK 
SGGGGS & ARSKA 

78 CATELRCYCLTVTPKINEKLIANLEVIPAGPQCET LS 

mCXCL548 
118 

VEVIAKLKNOKEVCLDPEAPVIKKIIOKILGSDKKKA GGSTAKES . 
YORSIDEWAKTUSAK 

5 : X 
OSCAR 2746 w ( Gly4Ser ) 2 

mouse SA 
( Gly4Ser ) 
His6 

-772 77XEROX ÜSK : 37 
SOBRE MALE 

YPT PACS : 79 
YHT VIII SOT 

DOKRYDYDSID IKENTEVOER KEDYSLIV 
USTVOEDIKT IMODICETAKEKLEKVINCEZKPKS EKT 
OSALLISTUMIK BORDIR NALAGGGGSHXARRA- 

79 LS 
mCXCL748 
113 

CARIELRCRCTNTISGIPFNSISLVNVYRPGVHCADV 
EVIATLKNGOKTCLDP NAPGVKRIVMKILEGYGGGGSGGGGSEX SOLAIRT 
OLMUREKOLEKSYOXYTY ANYO . 

. 
EDITPROMO EX 
TIKS 

( GlySer ) 2 
mouse SA 
( Gly4Ser ) 

D : DX Hiso 

EYE SHAK 
DEVEL 

SEXY OS 
VI KHX780 

DA ... GGGGSHAHARK 

80 
LS 

mCXCL922 

TLVIRNARCSCISTSRGTIHYKSLKDLKOKAPSP 
NCNKTEIIATLKNGDOTCLDPDSANVKKLMKEWEKKISOKKE KRGKKHQKNMK 
NRKPKTPQSRRRSRKTTGO 
STOGOSYDEREVUS AND SEAMOK 
NOV EN VE ALAX ... SOON 
27 2 

126 

99 ( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
Hiso 

FCECOXINAS MOCHOAIESKOLCOOKPILKSROCOSKYEBOT 
SOTSPOT 
*** 

TRY VRTEC 
. 

U SYVIKROTNIE . 
SORVIN MÖGGGGSHHAHAN 
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81 LS 

mCXCL1022 
-98 

( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His6 

12 398 CIPLARTVRCNCIHIDDGPVRMRAIGKLEIIPASL 
SCPRVEIIATMKKNDEQRCLNPESKTIKNLMKAF SQKRSKRAPGOGOSGGGGS : 

091YOTONAKIYO . 
SOK NOVADS 
T :: KE TING 

OOKER 
BIKE 

SOK1010 OKELEMENTOS 

90 1.687 

20 GET SANGGGGSHAHHAH 

82 LS 
mCXCL1122 

.. GAR FLMEKOGRCLCIGPGMKAVKMAEIEKASVIYPSN 
GCDKVEVIVTMKAHKRQRCLDPRSKQARLIMQAIEKKNFLRRONMGGGGSGGGG 

TAKTO 
982 . COS XX9S 

-100 

SSDRES 
( Gly4Ser ) 2 
mouse SA 
( Gly4Ser ) 
His 

CORO : 
VUOVOKUAK 2790 . 

7. DIE 

IRVIKOOK 
VESLAND : 

SEI ... 
YBIO 

NRW 
COS :: :: LENZ 

WÁGGGGSARAH 

83 ATGA 
ARR38SA . START 

7 
X 

gWiz - LS 
mouse SA 
( Gly4Ser ) 3 
scFv ( VL 
VH ) CK138 
( Gly4Ser ) 
His6 

CARCERA 
CCIO CAAT 

27 

SCOT TO2 O 
G CN GAC 

E. na 

480 AGOSCOCIO 
: CH 

TOCA CART070 
OTTO 

CAL KA .. 

A. 6.GA 
119 

C : 6 
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ATTOO 
CROCIT 

AT 207 

SAO ? CARTI 
TOIRSATATERGARA 

SCIID , TARA GIACCAT 
IT 
32 GA 

RT 
CAMOTO 

VI TOICIO ST CAT 
080 CO2 03 

2 : DA TU 
. 

020 
TA GGTGGAGGAGGCTCTGGT 

GGAGGCGGTAGCGGAGGCGGAGGGTCGGCTATCCAGATGACCCGGTCCCCGAGC 
TCCCTGTCCGCCTCTGTGGGCGATAGGGTCACCATCACCTGCCGTGCCAGICAG 
TACCACI TCTGCA CTGGTATCAACAGAAACCAGGAAAACCTCCGAAG 
CTTCTGATTTACGGTGCATCCTACCTCTACTCTGGAGTCCCTTC TCTCT 
GGTAGCCGTTCCGGGACGGATTTCACTCTGACCATCAGCAGTCTGCAGCCGGAA 
GACTTCGCAACTTATTACIGTCAGCAATCTTCTTATTCTCTGATCACGTTCGGA 
CAGGGTACCAAGGTGGAGATCAAAGGIACTACTGCCGCTAGIGGTAGTAGTGGT 
GGCAGTA SGTGCCC ITCAGCTGGTGGAGTCI GGTG 
CAGCCAGGGGGCTCACTCC TTGTCCS GCAGCITCTGGCITCAACCTCTCT 
TACTACGGTATGCACTGGGTGCGTCAGGCCCCGGGTAAGGGCCTGGAATGGGTT 
GCATACATTGCTTCTTACCCTGGCTACACTTCTTATGCCGATAGCGTCAAGGGC 
CGTTTCACTATAAGCGCA CATCCAAAAACACAGCCTACCTACAAATGAAC 
AGCTTAAGAGCTGAGGACACTGCCGTCTACTATTGTCCTCGCTCTGGTTACAGT 
TACTCTCCGTATTATTCTTGGTTCTCTGCTGGTATGAACTACIGGGGTCAAGGA 
GCCCTGGTCACCGTCTCCTCGGGAGGGGGCGGTTCCCACCANCACCACCAICAC 
TGATAG 

84 ATGA 
GRTV21 

BOOT GO 
GROOTMAITO 

CA 

gWiz - LS 
mouse SA 
( Gly4Ser ) 3 
scFv ( VL 
Vu ) CK157 
( Gly4Ser ) 
Hiso 

OTS COAT : 22 
CI 100 

0 
STOIGORTZIER WOT 

CA 

GO 
XO CAR 00 M 

7 
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CIAO ICCIO CIC 
COCO DIT 20:26 

TO 
. 

CODICE CUARTZ 
CROATO 

72 
CACIO 

: T02 10 
TO 2 : 

M02 0418 
C 

GAGAWIGIO . CAT 
7 CAT CCA OCIO COCOCITO CAVI 

m OGGTGGAGGAGGCTCTGGT 
GGAGO AGGGTCGGATATCCAGATGACCCACTCCCCGAGC 
TCCCTGTC CIGTGGGCGATAGGGTCACCATCACCTGC CCAGICAG 
TCTTACGGTGGTGTAGCCTGGTATCAACAGAAACCAGGAAAAGCCCCGAAGCTT 
CTGATTTACTCTGCATCCTACCTCTACTCTGGAGTCCCTTCTCGCTTCTCTGGT 
AGCCGTTCCGGGACGGATTTCACTCTGACCATCAGCAGTCTGCAGCCGGAAGAC 
TTCGCAACTTATTACTGTCAG CATCTGATCACG ] GACAGGGT 
ACCGAGGTGGAGATCAAAGGTACTACTGCCGCTAGTGGTAGTAGTGGTGGCAGT 
AGCAGTGGTGCCGAGGTTCAGCTGGTGGAGTCTGGCGGTGGCCTGGTGCAGCCA 
GGGGGCTCACTCCGTTTGTCCTGTGCAGCTTCTGGCTCCAACCCCTACTACTAC 
GGTGGTACGCACTGCGTGCGTCAGGC CGGGTGAGGAGCTGGAATGGGTTGCA 
ICTATTGGTTCTTACCCTGGCTACACTGACTATGCCGATAGCGTCAAGGGCCGT 
TTCACTATAAGCGCAGACACATCCAAAAACACAGCCTACCTACAAATGAACAGC 
TTAAGAGCTGAGGACACTGCCGTCTATTATTGTGCTCGCCATTACTACTGGTAC 
GATGCTACTGACTACTGGGGTCAAGGAACCCTGGTCACCGTCTCCTCGGGAGGG 
GGCGGTTCCCACCANCAQ OAYICTGATAG 

85 GONGWISGO BO GOZO ATG ARTORGSTO 
GORA 

CITY 
STA 

gWiz - LS 
mouse SA 
( Gly4Ser ) 3 
scFv ( VL 
VH ) CK129 
( Gly4Ser ) . 
His 

CAT101 
C 
( TCCIOCI DI CA 

ORTO 
::: 

: 20 
BOSTORA 

a 
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00 OK CROACIO 
OTTO COCOAST 

CTS VO CIGARE . 

20 OSTA vi 

2 
TRACCIA 

UT 27 
S. 

IRE 
ROCTAGOCICA CASA 

CORITO GE 
so BIOGGTGGAGGAGGCTCTGGT 
GGAGGCGGTAGCGGAGGCGGAGGGTCGGCTAGCGATATCCAGATGACCCAGTCC 
CCGAGCCCCCTGTCCGCCTCTGTGGGCGATAGGGTCACCATCACCIGCCGTGCC 
ACTCAGTACGGTGGTTACGTAGCCTGGTATCAACAGAAACCAGGAARAGCICCG 
AAGCTICTGATTTACGGTGCATCCCTTCTCTACICTGGAGTCCCTTCTCGCTTC 
ICTGGTG CCGGGACGGATTICACTCTGACCATCA CIGCAGCCG 
GAAGACTTCGCAACTTATTACTGTCAGCGAGGTCATGCTCTGATCACGTTCGGA 
CAGGGTACCAAGGTGGAGATCGAAGCTACTACTGCCGCTAGTGCTAGTAGTGGT 
GGCAGTAGCA SGTGCCGAGGTTCAGCTGGTGGAGTCTGGCGGTGGCCTGGTG 
CAGCC ACTCCGTTTATCCTGTGO GOTTCTGGCITCAACATCTCT 
TCTTACGGTTCTATGCACTGGGTGCGTCAGGCCCCGGGTAAGGGCCTGGAATGG 
GTTGCATCTATTTACCCTTACTCTAGCTCTACTTACTATGCCGATAGCGTCAAG 
GGCCGTTTCACTATAAGCGCAGACACATCCAAAAACACAGCCTACCTACAAATG 
AACAGCTTAAGAGCTGAGGACACTGCCGTCTATTATTGTGCTCGTGGTTACGGT 
CCGTGGTACGCTTACTCTTACTICGCITTGGACTACTGGGGTCAAGGAACCCTG 
GTCACCGTCTCCTCGGGAGGGGGCGGTTCCCACCATCACCACCAICACTGATAG 

86 ATG OTCODEC 
ATA AITO 

GATTOO . 

DOA 

gWiz - LS 
mouse SA 
( Gly4Ser ) 3 
scFv ( V1 
VH ) CK138 
ds / 

( V11000 > C / 
VH446 > C ) 
( Gly4Ser ) 
Hiso 

COM CIGOTO 22 

TI 
9:02 

2013 CICI 
COCA COT CITRACT 

BA 
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PAAR CI 
OOOR 

ACCONTACTOS DACIACAO GOSTARCO0 
TE 

2.O. 

CI ALATGAGES 
WOLKTCCCT SACCOSTCODIGORO ROSSO TE 

GOTVORITE 
CO 

7:11 

co 
G. 

CE 
SR 

NT : 
CITOMOTO 
Gm OTTO 

TAOGGTGGAGGAGGCTCTGGT 
GGAGGCGGTAGCGGAGGCGGAGGGTCGGCTATCCAGATGACCCGGTCCCCGAGC 
TCCCTGTCCGCCTCTGTGGGCGATAGGGTCACCATCACCTGCCGTGCCAGICAG 
TACCACGACGGTTCTGCAGCCTGGTATCAACAGAAACCAGGAAAAGCTCCGAAG 
CTTCTGATTTACGGTGCA TACCICTACTCTGGAG ! CICT 
GGTAGCCGTTCCGGGACGGATITCACTCTGACCATCAGCA AGCCGGAA 
CACTTCGCAACTTATTACTGTCAGCAATCTTCTTATTCTCTGATCACGTTCGGA 

OGGTACCAAGGTGGAGATCAAAGGTACTACTGCCGCTAGTGGTAGTAGTGGT 
GGCAGI GTGCCGAGGTTCAGCTGGTGGAGTCTGACG GCCTGGTG 
CAGCCAGGGGGCTCACTCC TIGTCCTGTGCAGCTTCIGGCTTCAACCICTCT 
TACTACGGTATGCACTGGGTGCGTCAGGCCCCGGGTAAGIGCCTGGAATGGGTT 
GCATACATTGCTTCTTACCCTGGCTACACTTCTTATGCCGATAGCGTCAAGGGC 
CGTTTCACTATAAGCGCAGACACATCCAAAAACACAGCCTACCTACAAATGAAC 
AGCTTAAGAGCTGAGGACACTGCCGTCTACTATTGTGCTCGCICIGGTTACAGT 
TACTCTCCGTATTATTCTTGGTTCTCTGCTGGTATGAACTACIGGGGTCAAGGA 
CCCCTGGTCACCGTCTCCTCGCCAGGCGCCCCTTCCCACCANCACCACCAICAC 
TGATAG 

87 ATG G. G. 
ATA 

06. GOS : 
20 

DOA 
ce TO GIOCATTOO 

g Wiz - LS 
mouse SA 
( Gly4Ser ) 3 
scFv ( VL 
VH ) CK138 
ds2 
( V1434 > C / 
V 1050 > C ) . 
( Gly4Ser ) 

GO 
07 

AT CA CI 
CACAO GALAICOTTA 

02:00 072CCX 
619 

SID 
His6 
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OR COTO SORAS 
SAACICARACOCCO 

TA 
10 . 

DACIA 
CORPO 20 TOIATUSTA 

DETA 23 2007 
MM CA 

STARO SEC 
TO : 7 77 : 

C TAICI 
co MOIS 222 

CAROTOCITOTOCICHOACTICABANA 

CARGA : 0 . 
2280 GGTGGAGGAGGCTCTGGT 

GGAGGCGGTAGCGGAGGCGGAGGGTCGGCTAGCGCTATCCAGATGACCCGGTCC 
CCGAGCT CCGCC TGGGCGATAGGGTCACC CGIGCC 
AGTCAGTACCACGACGGT TGCAGCCTGGTATCAACAGAAACCAGGAAAA 
CCGAAGCTTCTGATTTACGGTGCATCCTACCTCTACTCTGGAGTCCCTTCCCGC 
TTCTCTGGTAGCCGTTCCGGGACGGATTTCACTCTGACCATCAGCAGTCTGCAG 
CCGGAAGACITCGCAACTTATTACTGTC ATCTTCTTATTCTCTGATCACG 
TTCGGACAGGGTACCAAGGTGGAGATCAAAGGTACTACTGCCGCTAGTGGTAGT 
AGTGGTGGCAGTAGCAGTGGTGCCGAGGTTCAGCTGGTGGAGTCTGACGGTGGC 
CTGGTGCAGCCAGGGGGCTCACTCCGTTTGTCCTGTGCAGCTICTGGCTTCAAC 
CTCTCTTACTACGGTATGCACTGGGTGCGTCAGGCCCCGGGTAAGGGCCTGGAA 
TGGGTTGCATACATTGCTTCTTACCCTGGCTACACTTCTTATGCCGATAGCGTC 
AAGGGCCGTTTCACTATAAGCGCAGACACATCCAAAAACACAGCCTACCTACAA 
ATGAACAGCTTAAGAGCTGAGGACACTGCCGTCTACTATTCTGCICGCTCTGGT 
TACAGTTACTCTCCGTATTATTCTTGGTTCTCTGCTGGTATGAACTACTGGGGT 

CIGGTCACCGTCTCCTCG GCGGTTCCC 
CATCASTGATAG 

88 GCG.SE ATG AGASTS 
QSCONICONA 

: 27 
00 

WATT 
22 

g Wiz - LS 
mouse SA 
( Gly4Ser ) 3 
scFv ( VL 
Vu ) CK757 
ds / 
( V11000 > C / 
V444E > C ) . 

CRA VA 
CT 002 AIO 
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( Gly4Ser ) 
Hiso 

TOIOR CICI vo TOSCA 
COLOANCIO VARAOOOO 

ASMARCTOS CONTACT SOCRACCI 

21 
:: UTOCOAST 

12 MIGRACIONI 
ACCATO IT . 

2016 CITIG 
CI 

07 

TO To 
CE AT 

1. CIOCCIGAR IC1000 
16 

CI 
ho 

OS 
Go TROCOGGTGGAGGAGGCTCTGGT 
GGAGGCGGTAGCGGAGGCGGAGGGTCGGATATCCAGATGACCCAGTCCCCGAGC 
TCCCTGTCCGCCTCTGTGGGCGATAGGGTCACCATCACCTGCCGTGCCAGTCAG 
TCTTACGGTGGTGTAGCCTGGTATCAACAGAAACCAGGAAAAGCCCCGAAGCTT 
CIGATI TCTGCATCCTACCTCTACTCTGGAGTCCCTTCTC ICTGGT 
AGCCGTTCCGGGACGGATTTCACTCTGACCATCAGCAGTCTGCAGCCGGAAGAC 
TTCGCAACTTATTACTGTCAGCAACCATCTCATCTGATCACGTTCGGANGGT 
ACCGAGGTGGAGATCAAAGGTACTACTGCCGCTAGTGGTAGTAGTGGTGGCAGT 
AGCAGTGGTGCCGAGGTTCAGCTGGTGGAGTCTGGCGGTGGCCTGGTGCAGCCA 
GGGGGCTCACICCGTTTGTCCTGTGCAGCTTCTGGCTCCAACCCCTACTACTAC 
GGTGGTACGCACTGGGTGCGTCAGGCCCCGGGTGAGCTGGAATGGGTTGCA 
TCTATTGGTTCTTACCCTGGCTACACTGACTATGCCGATAGCGTCAAGGGCCGT 
TTCACTATAAGCGCAGACACATCCAAAAACACAGCCTACCTACAAATGAACAGC 
TTAAGAGCTGAGGACACTGCCGICTATTATTGTGCTCGCCATTACTACTGGTAC 
GATGCTACTGACTACTGG AGGAACCCTGGTCACCGTCTCCTCGGGAGGG 
GGCGGTTC CATCASTGATAG 

89 ATG AOATGAGE COTATORIAI 
ORATGOME 

OX 0422 

ISOTROS 
BETA GATI 

gWiz - LS 
mouse SA 
( GlySer ) 3 
scFv ( VL 
VH ) CK157 
ds2 
( V1434 > C / OX COAX COTON 

VAT 7:57 
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VH1050 > C ) 
( Gly4Ser ) 
Hiso 

RACTATICTAT : COOTAGI 
KOSCITO OSCURIOSIDA 

AAC17 VOICI SACCSCAN CAT GO 

SER PRACA 

973 ATATOCSIS 
CA 
47 

SOS . . 
WICA VE C. 

S. Ova 
GOT7 

MACNICO CARTOON CACAO 
BAT 

. 2 

:: GA ... AC30 
07 

. 
COM . 

TARGGTGGAGGAGGCTCTGGT 
GGAGGCGGTAGCGGAGGCGGAGGGTCGGATATCCAGATGACCCAGTCCCCGAGC 
TCCCTGTCCGCCTCTGTGGGCGATAGGGTCACCATCACCTGCCGTG AGTCAG 
TCTTACGGTGGTGTAGCCTGGTATCAACAGAAACCAGGAAAA CCCGAAGCTT 
CTGATTTACTCTGCATCCTACCICTACTCTGGAGTCCCTTCTCGCTICTCTGGT 
AGCCGTTCCGGGACGGATTTCACTCTGACCATCAGCAGTCTGCAGCCGGAAGAC 
TTCGCAACTTATTACTGTCAGCAACCATCTCATCTGATCACGTTCGGACAGGGT 
ACCGAGGTGGAGATCAAAGGTACTACTGCCGCTAGTGGTAGTAGTGGTGGCAGT 
AGCAGTGGTGCCGAGGTTCAGCTGGTGGAGTCTGGCGCTGGCCTGGTGCAGCCA 
GGGGGCTCACTCCGTTTGTCCTGTGCAGCTTCTGGCTCCAACCCCTACTACTAC 
GGTGGTACGCACTGGGTGCGTCAGGCCCCGGGTGAGGAGCTGGAATGGGTTGCA 
TCTATTGGTTCTTACCCTGGCTACACIGACTATGCCGATAGCGTCAAGGGCCGT 
TTCACTATAAGCGCAGACACATCCAAAAACACAGCCTACCTACAAATGAACAGC 
TTAAGAGCTGAGGACACIGCCGTCTATTATTGTGCT GCCATTACTACTGGTAC 
GATGCTACTGACTACTGGGGT WEGGAACCCTGGICACCGTCICCICGGGAGGG 
GGCGGTTCCCACCAICACCACCAICACTGATAG 

90 ATG GOTTAG 53 
MA 08. LA ... 

gWiz - LS 
mouse SA 
( Gly4Ser ) -VL 
CK157 - His 

GRA SERT 
CROCACTIC 

SAAV 
AGO OR 

Bo 










































































































































































































































































































































































































































































