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BRIEF SUMMARY OF THE INVENTION TOLEROGENIC ARTIFICIAL 
ANTIGEN - PRESENTING CELLS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

a 
[ 0001 ] This application claims the benefit of U.S. Provi 
sional Patent Application Nos . 62 / 832,957 and 62 / 916,404 , 
filed Apr. 12 , 2019 , and Oct. 17 , 2019 , respectively , the 
contents of both of which are incorporated by reference 
herein . 

a 

STATEMENT REGARDING 
FEDERALLY - SPONSORED RESEARCH 

[ 0006 ] The disclosure provides biodegradable particle 
comprising a polyester or polyester blend , a first protein that 
binds to an immune cell , and a second protein that promotes 
proliferation and / or activation of immune cells , and a third 
soluble protein or small molecule encapsulated within the 
particle , wherein ( i ) the first protein is attached to a surface 
of the particle or to a coating on the surface thereof , and ( ii ) 
the second protein is a fusion protein comprising at least a 
portion of an antibody and at least a portion of a cytokine 
and is either attached to a surface of the particle or to a 
coating on the surface thereof or encapsulated within the 
particle . The disclosure also provides methods for treating a 
disease or condition in a subject ( e.g. , an autoimmune 
disease ) comprising administering the aforementioned bio 
degradable particle to the subject . 
[ 0007 ] Certain aspects of the presently disclosed subject 
matter having been stated hereinabove , which are addressed 
in whole or in part by the presently disclosed subject matter , 
other aspects will become evident as the description pro 
ceeds when taken in connection with the accompanying 
Examples and Drawings as best described herein below . 

[ 0002 ] This invention was made with Government support 
under W81XWH - 18-1-0735 awarded by the Army Medical 
Research and Material Command , EB022148 awarded by 
the National Institutes of Health , and DGE1232825 awarded 
by the National Science Foundation . The government has 
certain rights in the invention . 

INCORPORATION - BY - REFERENCE OF 
MATERIAL SUBMITTED ELECTRONICALLY 

BRIEF DESCRIPTION OF THE DRAWING ( S ) [ 0003 ] Incorporated by reference in its entirety herein is a 
computer - readable nucleotide / amino acid sequence listing 
submitted concurrently herewith and identified as follows : 
One 18,085 Byte ASCII ( Text ) file named “ 2020-04-13_ 
38080-601_SQL_ST25.txt , ” created on Apr. 13 , 2020 . 

BACKGROUND 

Reg 

[ 0004 ] Autoimmune diseases are often treated with immu 
nosuppressants that weaken the entire immune system , 
leaving patients vulnerable to infection . An ideal autoim 
mune therapy establishes immune tolerance to the specific 
self - antigen ( s ) recognized by the host immune system , while 
the rest of the immune system remains intact . See Sabatos 
Peyton C. et al . Curr . Opin . Immunol . 2010. One strategy for 
establishing antigen - specific immune tolerance is targeting 
regulatory T cells ( TRegs ) , which maintain immune homeo 
stasis and dampen immune responses to self - antigens 
through a variety of mechanisms and are fundamental con 
trollers of the destructive arm of the immune system . Vignali 
D , et al . Nat Rev Immunol . 2008 . 
[ 0005 ] Regulatory T ( Treg ) cells comprise a heteroge 
neous subset of lymphocytes that inhibit effector T cell 
activity to orchestrate immune tolerance . Recent work 
shows that adoptive transfer of TReg cells can suppress 
effector T cells to ameliorate autoimmune diseases ( ElEs 
sawy , B. and Li , X. C. , Pharmacol Res . , 98 ( Supplement C ) : 
22-30 ( 2015 ) ; Battaglia , M. , and Roncarolo , M. G. , Semin 
Immunol . , 23 ( 3 ) : 182-194 ( 2011 ) ; Marek - Trzonkowska et 
al . , Diabetes Care , 35 ( 9 ) : 1817-1820 ( 2012 ) ) . Unfortu 
nately , logistical and manufacturing issues , coupled with 
concerns about the safety and stability of ex vivo - expanded 
T cells , impede widespread adoption of this approach 
( ElEssawy , supra ; and Roncarolo , supra ) . Moreover , expan 
sion of antigen - specific Treg cells , which are significantly 
more effective in suppressing effector T cell activity than 
polyclonal TReg cells , is challenging ( Lee et al . , Am J 
Transplant Off J Am Soc Transplant Am Soc Transpl Surg . , 
14 ( 1 ) : 27-38 ( 2014 ) ; and Tang , Q. and Vincenti , F. , J Clin 
Invest . , 127 ( 7 ) : 2505-2512 ( 2017 ) ) . 

[ 0008 ] The patent or application file contains at least one 
drawing executed in color . Copies of this patent or patent 
application publication with color drawings will be provided 
by the Office upon request and payment of the necessary fee . 
[ 0009 ] Having thus described the presently disclosed sub 
ject matter in general terms , reference will now be made to 
the accompanying Figures , which are not necessarily drawn 
to scale , and wherein : 
[ 0010 ] FIG . 1A is a schematic showing that IL - 2 activates 
both IL - 2aHigh T and IL2Razow T cells ( thereafter 
referred to as “ effector cells ” ) . FIG . 1B is a schematic 
illustrating the mechanism of action for the JES 6-1 anti 
body . 
[ 0011 ] FIG . 2 is a schematic showing the design of 
TolAPCs . Shown is a layout of an engineered nanoparticle 
( NP ) that selectively expands antigen - specific Treg cells and 
releases immunosuppressive drug . 
[ 0012 ] FIG . 3 is a schematic of the design of the IL - 2 / 
F5111 single chain fusion protein ( immunocytokine ) . 
Human IL - 2 is fused to the N - terminus of the F5111 
antibody light chain . 
[ 0013 ] FIG . 4A is a graph illustrating FPLC traces of 
recombinant F5111 antibody ( left panel ) and F5111 immu 
nocytokine ( IC ) LN15 ( right panel ) . LN15 refers to a 
15 - amino acid linker between the C - terminus of human IL - 2 
and the N - terminus of the F5111 antibody light chain . 
Pooled fractions are indicated by a solid line . FIG . 4B is an 
image of non - reducing and reducing SDS - PAGE analyses of 
purified F5111 antibody and F5111 IC LN15 . 
[ 0014 ] FIG . 5 is a graph showing that F5111 antibody 
binds human but not mouse IL - 2 cytokine . Yeast surface 
binding of F5111 antibody to human IL - 2 ( hIL - 2 , solid line ) 
or mouse IL - 2 ( MIL - 2 , dashed line ) is shown , as measured 
by flow cytometry . 
[ 0015 ] FIG . 6A is a graph depicting binding of the F5111 
antibody and IC to yeast surface - displayed hIL - 2 , as mea 
sured by flow cytometry . FIG . 6B is a graph showing 
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binding of purified F5111 antibody , hIL - 2 / F5111 complex , 
and F5111 IC LN15 to immobilized hIL - 2 , as measured by 
bio - layer interferometry . 
[ 0016 ] FIG . 7A is a graph showing bio - layer interferom 
etry binding titrations of hIL - 2 , hIL - 2 / F5111 complex , and 
F5111 IC LN15 against immobilized IL - 2Ra . FIG . 7B is a 
graph showing bio - layer interferometry binding titrations of 
hIL - 2 , hIL - 2 / F5111 complex , and F5111 IC LN15 against 
immobilized IL - 2Rß . 
[ 0017 ] FIG . 8 includes schematics and graphs illustrating 
that F5111 IC LN15 selectively activates IL - 2Rat cells . 
STAT5 activation in response to IL - 2 , IL - 2 / F5111 complex , 
or F5111 IC LN15 on YT - 1 human natural killer ( NK ) cells 
with ( FIG . 8A ) or without ( FIG . 8B ) IL - 2Ra is shown , as 
measured by flow cytometry . 
[ 0018 ] FIG.9 includes a schematic and graphs illustrating 
that systemic injection of PLGA / PBAE aAPCs bearing 
anti - CD3 and anti - CD28 and encapsulating TGF - B into mice 
induced significantly more FOXP3 + Treg cells in lymph 
nodes ( FIG . 9A ) and spleen ( FIG . 9B ) compared to controls . 
[ 0019 ] FIGS . 10A and 10B are graphs showing in vitro 
Treg - selective stimulation by IL - 2 / JES6-1 single chain IC 
( denoted JY3 or JY3 IC ) microparticles ( MPs ) ( . CD4 + T 
cells from NOD mice were stimulated with increasing 
concentrations of unconjugated JY3 IC ( FIG . 10A ) or JY3 
IC conjugated to MPs ( FIG . 10B ) . JY3 IC MPs selectively 
activated CD25 + Foxp3 + T ; cells with similar potency to 
unconjugated JY3 IC . 
[ 0020 ] FIGS . 11A - 11D are graphs showing that JY3 IC 
coated MPs stimulate biased Treg expansion . Shown is 
expansion of Treg versus total CD4 + ( FIG . 11A ) or CD8 + 
( FIG . 11B ) T cells in NOD mouse spleens after 4 daily 
intravenous ( i.v. ) injections of PBS or JY3 IC - coated MPs . 
Also shown is expansion of Treg versus total CD4 + ( FIG . 
11C ) or CD8 + ( FIG . 11D ) T cells in injected versus non 
injected lymph nodes ( LN ) of NOD mice after 2 intranodal 
( i.n. ) injections of PBS or JY3 IC - coated MPs . Statistical 
significance was assessed by two - tailed unpaired Student's 
t - test . 

[ 0021 ] FIG . 12 is a graph illustrating antigen - specific TR 
cell stimulation using aAPCs . MPs surface - conjugated with 
ovalbumin ( OVA ) peptide - loaded MHC tetramers and anti 
CD28 antibody induced OVA - specific T , Reg cells from naïve 
OT - II CD4 + T cells , while MPs with a control tetramer did 
not induce Treg cells . Titrated doses of MPs were incubated 
with naïve CD4 + T cells in the presence of IL - 2 and TGF - B 
for 3 days , then stained for FOXP3 and analyzed using flow 
cytometry . 
[ 0022 ] FIGS . 13A and 13B are graphs illustrating the 
protein conjugation efficiency of TolAPC . FIG . 13A is a 
graph showing conjugation of PLGA / PBAE MPs with the 
same amount of insulin B peptide ( InsB ) or control tetramer . 
Tetramer was conjugated to the surface of particles using 
EDC / NHS chemistry . FIG . 13B is a graph showing PLGA / 
PBAE particles conjugated with different amounts of fluo 
rescently - labeled tetramer and JY3 IC . 
[ 0023 ] FIG . 14 shows that F5111 IC LN25 and LN35 were 
produced in HEK293 cells and purified using size exclusion 
chromatography ( SEC ) . FIG . 14A is a graph showing the 
SEC trace for the F5111 IC LN35 . is expected that Peak 
1 ( P1 ) and Peak 2 ( P2 ) contain higher order oligomeric 
structures , whereas Peak 3 ( P3 ) contains the monomeric 
F5111 IC LN35 . Therefore , P3 was used for all subsequent 
experiments , and F5111 IC LN25 and F5111 IC LN35 refer 

to the pooled P3 fraction unless otherwise specified . FIG . 
14B is a graph showing SEC comparison of F5111 IC LN15 , 
F5111 IC LN25 , and F5111 IC LN35 . FIG . 14C is an image 
of SDS - PAGE analysis of F5111 IC LN35 P3 under reduc 
ing and non - reducing conditions . 
[ 0024 ] FIG . 15 shows STAT5 activation in response to 
various IL - 2 treatments on IL - 2Rat and IL - 2Ra YT - 1 
cells . STAT5 activation in response to IL - 2 , IL - 2 / F5111 
complex , or F5111 IC variants on YT - 1 cells with ( FIG . 
15A ) or without ( FIG . 15B ) IL - 2Ra is shown , as measured 
by flow cytometry . 
[ 0025 ] FIG . 16 shows binding of F5111 IC variants to 
hIL - 2 and hIL - 2 receptor subunits . FIG . 16A is a graph 
showing binding of purified F5111 antibody , F5111 / hIL - 2 
complex , and F5111 IC variants to immobilized hIL - 2 , as 
measured by bio - layer interferometry . FIG . 16B illustrates 
binding of purified F5111 antibody , F5111 / hIL - 2 complex , 
and F5111 IC variants to immobilized hIL - 2Ra , as mea 
sured by bio - layer interferometry . FIG . 16C illustrates bind 
ing of purified F5111 antibody , F5111 / hIL - 2 complex , and 
F5111 IC variants to immobilized hIL - 2RB , as measured by 
bio - layer interferometry . 
[ 0026 ] FIG . 17 shows STAT5 activation in response to 
hIL - 2 , hIL - 2 / F5111 complex , and F5111 IC variants on 
different immune cell subsets of human PBMCs isolated 
from whole blood . FIG . 17A shows STAT5 activation on 
CD3 + CD8 + cells ( CD8 + effector T cells ) , FIG . 17B shows 
STAT5 activation on the CD3 + CD4 + CD25HighFOXP3 High 

cells ) , and FIG . 17C shows STAT5 activation on 
the CD3 + CD4 + CD25LowFOXP3Low cells ( CD4 + effector T 
cells ) . 
[ 0027 ] FIG . 18 is a graph illustrating the efficiency of 
various F5111 IC LN35 loading doses into PLGA particles , 
as measured by a BCA protein assay . Maximum encapsu 
lation efficiency was observed for a loading dose of 1.25 ug 
F5111 IC LN35 per mg PLGA . 
[ 0028 ] FIG . 19 is a graph showing F5111 IC LN35 loading 
across a variety of PLGA particle synthesis parameters , as 
measured by a BCA protein quantification assay . 1.25 ug 
F5111 IC LN35 per mg PLGA was added during particle 
synthesis . Maximum loading efficiency was achieved with 
Batch # 8 . 
[ 0029 ] FIG . 20 is a graph showing F5111 IC LN35 loading 
under acidic conditions , as measured by a BCA protein 
assay . 1.25 ug F5111 IC LN35 was added per mg PLGA 
during particle synthesis . Maximum loading efficiency was 
achieved with Batch # 4 . 
[ 0030 ] FIG . 21 is a graph showing that F5111 IC LN35 
loaded MPs and unconjugated F5111 IC LN35 expanded 
Foxp3 + cells relative to untreated cells on day 0 and day 3 . 
F5111 IC LN35 - loaded microparticles or free F5111 IC 
LN35 ( at a dose equivalent to the particle loading dose ) were 
incubated with CD4 + cells from B6 mice for 3 days , and 
cells were analyzed for FOXP3 expression via flow cytom 
etry . 
[ 0031 ] FIG . 22 is a graph showing the results of B6 CD4 + 
cells stimulation with titrated encapsulated particle doses or 
equivalent free doses of F5111 for different lengths of time , 
and the analysis of pSTAT5 expression using flow cytom 
etry . A dose titration for free and MP - loaded F5111 IC LN35 
was observed , with maximum PSTAT5 expression achieved 
after 1 hour of stimulation . 
[ 0032 ] FIG . 23 is a graph showing that OVA - specific 
TOIAPCs exhibited enhanced binding to OT - II cells . PLGA / 
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ments of the inventions are shown . Like numbers refer to 
like elements throughout . The presently disclosed subject 
matter may be embodied in many different forms and should 
not be construed as limited to the embodiments set forth 
herein ; rather , these embodiments are provided so that this 
disclosure will satisfy applicable legal requirements . Indeed , 
many modifications and other embodiments of the presently 
disclosed subject matter set forth herein will come to mind 
to one skilled in the art to which the presently disclosed 
subject matter pertains having the benefit of the teachings 
presented in the foregoing descriptions and the associated 
Figures . Therefore , it is to be understood that the presently 
disclosed subject matter is not to be limited to the specific 
embodiments disclosed and that modifications and other 
embodiments are intended to be included within the scope of 
the appended claims . 
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Biodegradable Particle - Based Tolerogenic Artificial Antigen 
Presenting Cells 
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PBAE TOTAPC demonstrated significantly better binding as 
compared to PLGA TOMAPC . Fluorescent TolAPCs were 
incubated with CFSE - labelled CD4 + T cells from OT - II 
mice for 1 hour at 37 ° C. and binding was assessed using 
flow cytometry . Statistical comparisons were performed 
using one - way ANOVA with Tukey's post - test using Graph 
Pad Prism software version 6.01 . 
[ 0033 ] FIG . 24 is a graph showing that unloaded To APC 
surface - conjugated with OVA tetramer and anti - CD28 
induced OVA - specific Tregs from naïve OT - II CD4 + T cells , 
while TolAPC bearing a control tetramer did not induce T 
cells . Maximum Treg induction was achieved at a TolAPC 
dose of 0.1 mg / mL . Štatistical comparisons were performed 
using two - tailed student's t - test using GraphPad Prism soft 
ware version 6.01 . 
[ 0034 ] FIG . 25 is a graph showing that nanoscale TolAPCs 
induced up to 45 % ovalbumin - specific Treg cells in the 
absence any exogenous factors . TolAPCs were incubated at 
varying concentrations with naïve CD4 + T cells from OT - II 
mice for 3 days . FOXP3 expression was analyzed by flow 
cytometry to assess Treg cell induction . Statistical compari 
sons were performed using two - way ANOVA with Sidak’s 
post - test using GraphPad Prism software version 6.01 . 
[ 0035 ] FIG . 26 is a graph showing that ellipsoidal nano 
TOIAPCs improve Treg cell induction compared to spherical 
nano - TolAPCs at a 1 mg / mL dose . TolAPCs were incubated 1 

with naïve CD4 + T cells from OT - II mice for 3 days , and 
then stained for FOXP3 to assess Treg cell induction . 
[ 0036 ] FIG . 27 is a graph showing Treg cell induction by 
OVA - TOLAPCs loaded with different amounts of TGF - B and 
rapamycin . A 100 ug / mL dose of OVA - TolAPCs was used to 
induce T cells from naïve OT - II CD4 + T cells . A loading 
dose of 125 ng TGF - B and 25 ug rapamycin / mg PLGA 
during TOTAPC synthesis was found to be most effective for 
Treg cell induction . Statistical comparisons were performed 
using one - way ANOVA with Tukey's post - test using Graph 
Pad Prism software version 6.01 . 
[ 0037 ] FIG . 28A is a graph showing that MOG - TOIAPC 
treatment partially prevented EAE development in mice 
compared to blank particles . FIG . 28B is a graph showing 
that MOG - TO1APC treatment delayed disease onset and 
reduced disease incidence in mice , with only 30 % of 
TO1APC - treated mice developing disease as compared to 
100 % of control mice . Statistical comparisons were per 
formed using two - tailed student's t - test in GraphPad Prism 
software version 6.01 . 
[ 0038 ] FIG . 29A is a graph showing results of a MC38 
OVA tumor protection study . FIG . 29B is a graph showing 
survival of MC38 - OVA - bearing mice . Mice received blank 
MPs or MPs functionalized with OVA peptide - loaded I - A ( b ) 
MHC II tetramers , F5111 IC LN25 , or a combination of both 
via intranodal administration . OVA + F5111 IC LN25 
TOIAPC treatment conferred tumor protection , translating to 
more rapid tumor growth and shorter survival in TolAPC 
treated mice compared to mice treated with control particles . 
Statistical comparisons were performed using two - way 
ANOVA with Sidak’s post - test using GraphPad Prism soft 
ware version 6.01 
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[ 0040 ] The presently disclosed subject matter provides 
biodegradable particles for interacting with immune cells to 
generate an immunosuppressive effect . More particularly , 
the presently disclosed subject matter provides biodegrad 
able particle - based tolerogenic artificial antigen presenting 
cells ( also referred to herein as “ TolAPC ” or “ T - aAPC , " 
which are used interchangeably herein ) which can be used to 
induce proliferation of T in vitro and in vivo for auto 
immune therapy . As used herein , “ Tregs ” are a subpopula 
tion of T cells that modulate the immune system , maintain 
tolerance to self - antigens , and nt autoimmune disease . 
[ 0041 ] The presently disclosed TolAPCs can successfully 
interact with only those Tregs that recognize the same 
self - antigens that are displayed by the particles and recog 
nized by only disease - causing cytotoxic T cells . Although 
primarily used in an immunostimulatory capacity , artificial 
antigen presenting cells ( aAPC ) can recapitulate the inter 
action between tolerogenic antigen presenting cells and 
naïve CD4 + cells , thereby directing T cells toward a regu 
latory phenotype . As used herein , an “ artificial antigen 
presenting cell ” ( aAPC ) is an tificial biomimetic particle 
based platform that has been made in vitro and has not been 
made naturally by a body . As used herein , “ naïve cells ” are 
cells that have not been activated by or exposed to the 
selected antigen . 
[ 0042 ] An “ antigen ” as used herein is a substance that 
binds specifically to its respective antibody . The term “ anti 
body , ” as used herein , refers to a protein that binds specifi 
cally to a particular substance ( i.e. , an antigen ) . Typically , an 
immunoglobulin or antibody is a protein that comprises at 
least one complementarity determining region ( CDR ) . The 
CDRs form the “ hypervariable region ” of an antibody , 
which is responsible for antigen binding ( discussed further 
below ) . A whole immunoglobulin typically consists of four 
polypeptides : two identical copies of a heavy chain ( HC ) 
polypeptide and two identical copies of a light chain ( LC ) 
polypeptide . Each of the heavy chains contains one N - ter 
minal variable ( VH ) region and three C - terminal constant 
( CH1 , CH2 , and CH3 ) regions , and each light chain contains 
one N - terminal variable ( V. ) region and one C - terminal 
constant ( C_ ) region . The light chains of antibodies can be 
assigned to one of two distinct types , either kappa ( K ) or 
lambda ( a ) , based upon the amino acid sequences of their 
constant domains . In a typical immunoglobulin , each light 
chain is linked to a heavy chain by disulphide bonds , and the 

2 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0039 ] The presently disclosed subject matter now will be 
described more fully hereinafter with reference to the 
accompanying Figures , in which some , but not all embodi 
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two heavy chains are linked to each other by disulphide 
bonds . The light chain variable region is aligned with the 
variable region of the heavy chain , and the light chain 
constant region is aligned with the first constant region of the 
heavy chain . The remaining constant regions of the heavy 
chains are aligned with each other . 
[ 0043 ] The variable regions of each pair of light and heavy 
chains form the antigen binding site of an antibody . The V 
and V? regions have the same general structure , with each 
region comprising four framework ( FW or FR ) regions . The 
term “ framework region , ” as used herein , refers to the 
relatively conserved amino acid sequences within the vari 
able region which are located between the CDRs . There are 
four framework regions in each variable domain , which are 
designated FR1 , FR2 , FR3 , and FR4 . The framework 
regions form the ß sheets that provide the structural frame 
work of the variable region ( see , e.g. , C. A. Janeway et al . 
( eds . ) , Immunobiology , 5th Ed . , Garland Publishing , New 
York , N.Y. ( 2001 ) ) . In nature , antibodies are produced by 
plasma cells in response to infection or immunization , but 
antibodies may be synthetically or recombinantly generated 
using a variety of methods known in the art . 

that are generally regarded as safe and that degrade in water . 
Further , the presently disclosed particles can be fabricated to 
selectively engage only cells specific for certain autoim 
mune antigens . The presently disclosed aAPC platform can 
be adapted in a modular fashion to expand antigen - specific 
T Regs against any antigen of choice , giving it potential as an 
" off - the - shelf ' therapy for a variety of autoimmune diseases . 
[ 0046 ] In various embodiments , the presently disclosed 
particles comprise a polyester or polyester blend with at 
least one soluble protein or small molecule encapsulated 
within the polymeric particle and at least two types of 
protein attached to the surface of the polymeric particle or to 
a coating on its surface . Exemplary polyesters comprise one 
or more of poly ( lactic - co - glycolic acid ) ( PLGA ) , polycapro 
lactone ( PCL ) , polyglycolide ( PGA ) , poly ( lactic acid ) 
( PLA ) , a polyhydroxyalkanoate ( PHA ) , such as poly - 3 
hydroxybutyrate ( P3HB ) , poly ( acrylic acid ) ( PAA ) , poly ( 3 
hydroxybutyrate - co - 3 - hydroxyvalerate ) ( PHBV ) , a poly 
( beta - amino ester ) ( PBAE ) , or combinations thereof , or 
other hydrolytically biodegradable polymers . Accordingly , 
the presently disclosed biodegradable particles include one 
or more of the following polyesters : 

( PLGA ) ( PCL ) 

H ; mit they 1 

( PGA ) ( PLA ) 

th In OH ; 
n 

( P3HB ) ( PAA ) 
CH3 OH 

H. Q OH ; 
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H 
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w N 

; and 3 
R 

thatha 
ti 
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( PBAE2 ) 

N oney 
wherein each x , y , m , and 
from 1 to 10,000 . 

can independently be an integer [ 0044 ] Representative embodiments of artificial antigen 
presenting cells are provided in U.S. Patent Application 
Publication Nos . 2018/0256745 and 2014/0370099 , each of 
is incorporated by reference in their entirety . 
[ 0045 ] The presently disclosed particles can be fabricated 
from materials , for example , blends of polymeric materials , 

[ 0047 ] In particular embodiments , the presently disclosed 
subject matter includes a PBAE comprising a side chain 
monomer having two secondary amines instead of one 
primary amine that reacts with the diacrylate backbone . A 
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representative example is PBAE2 immediately hereinabove , 
which uses 4,4 ' - trimethylenedipiperidine as the side chain . 
[ 0048 ] As used herein , " biodegradable " compounds are 
those that , when introduced into cells , are broken down by 
the cellular machinery or by hydrolysis into components that 
the cells can either reuse or dispose of without significant 
toxic effect on the cells ( i.e. , fewer than about 20 % of the 
cells are killed when the components are added to cells in 
vitro ) . The components preferably do not induce inflamma 
tion or other adverse effects in vivo . In certain preferred 
embodiments , the chemical reactions relied upon to break 
down the biodegradable compounds are uncatalyzed . 
[ 0049 ] In certain embodiments , the biodegradable particle 
comprises a material having one or more degradable link 

ments , a nondegradable polymer is blended with the biode 
gradable polymer . 
[ 0051 ] Exemplary PBAEs suitable for use with the pres 
ently disclosed subject matter include those disclosed in 
U.S. Pat . Nos . 9,884,118 ; 9,802,984 ; 9,717,694 ; and 8,992 , 
991 ; and U.S. Patent Application Publication Nos . 2018 / 
0256745 ; 2018/0112038 ; 2017/0216363 ; and 2015 / 
0273071 . 

[ 0052 ] In some embodiments , a specific PBAE or end 
modified biodegradable PBAE is used , such as 1- ( 3 - amino 
propyl ) -4 - methylpiperazine end - capped poly ( 1,4 - butanediol 
diacrylate - co - 4,4 - trimethylenedipiperidine ) having the 
structure : 

omengararnitura 
ages , such as an ester linkage , a disulfide linkage , an amide 
linkage , an anhydride linkage , and a linkage susceptible to 
enzymatic degradation . Representative degradable linkages 
include , but are not limited to : 

ester 

i 
disulfide 

amide 

; and 
anhydride 

[ 0053 ] In particular embodiments , the presently disclosed 
tolerogenic artificial antigen presenting cells ( T - aAPCs ) 
comprise a three - dimensional microparticle or nanoparticle 
having a non - spherical asymmetrical shape . In such embodi 
ments , as the particle becomes flatter , the radius of curvature 
of the particle becomes larger . Conversely , as a surface on 
the particle becomes more curved , the radius of curvature 
becomes smaller . In particular embodiments , the asymmetri 
cal shape of the three - dimensional microparticle or nanopar 
ticle has at least one surface having a radius of curvature 
along at least one axis selected from one of the following 
ranges : ( a ) about 1 nm to about 10 nm ; ( b ) about 11 nm to 
about 100 nm ; ( c ) about 101 nm to about 400 nm ; ( d ) about 
401 nm to about 1 um ; ( e ) about 10 um to about 20 um ; ( f ) 
about 20 um to about 100 um ; and ( g ) about 101 um to about 
1 mm . In some embodiments , the particle has at least one 
surface that has a radius of curvature that does not include 
the range from about 1 micron to about 10 microns . 
[ 0054 ] In certain embodiments , the asymmetrical shape of 
the three - dimensional microparticle or nanoparticle is 
defined by a dimension ( a ) along an x - axis , a dimension ( b ) 
along a y - axis , and a dimension ( c ) along a z - axis , wherein 
at least one of ( a ) , ( b ) , or ( c ) is not equal to at least one other 
dimension ( a ) , ( b ) , or ( c ) . 
[ 0055 ] In yet other embodiments , the three - dimensional 
microparticle or nanoparticle comprises an ellipsoid selected 
from the group consisting of : a prolate ellipsoid , wherein the 
dimension ( a ) along the x - axis is greater than the dimension 
( b ) along the y - axis , and wherein the dimension ( b ) along the 
y - axis is equal to the dimension ( c ) along the z - axis , such 
that the prolate ellipsoid can be described by the equation 
a > b = c ; a tri - axial ellipsoid , wherein the dimension ( a ) along 
the x - axis is greater than the dimension ( b ) along the y - axis , 
and wherein the dimension ( b ) along the y - axis is greater 
than the dimension ( c ) along the z - axis , such that the 
tri - axial ellipsoid can be described by the equation a > b > c ; 
and an oblate ellipsoid , wherein the dimension ( a ) along the 
X - axis is equal to the dimension ( b ) along the y - axis , and 
wherein the dimension ( b ) along the y - axis is greater than 
the dimension ( c ) along the z - axis , such that the oblate 
ellipsoid can be described by the equation a = b > c . 

[ 0050 ] In some embodiments , the biodegradable particle 
comprises a poly ( lactic - co - glycolic acid ) polyethylene gly 
col ( PLGA - PEG ) block copolymer . In other embodiments , 
the biodegradable particle comprises poly ( lactic acid ) -based 
polymeric matrices , such as polylactic acid ( PLA ) , poly ( D , 
L - lactide - co - glycolide ) ( PLGA ) , and poly ( D , L - lactic acid ) 
( PDLLA ) . In other embodiments , the biodegradable particle 
comprises a copolymer of a poly ( lactic acid ) -based polymer 
and a non - poly ( lactic acid ) -based polymer , such as a com 
bination of PLA and PCL . In some embodiments , blends of 
polyesters may be used , such as PLGA / PCL or PLGA / 
PBAE . In some embodiments , the PLGA content is between 
about 50 to about 90 % with the remainder being PCL and / or 
PBAE . In particular embodiments , the biodegradable par 
ticle comprises a blend of PLGA and a ( PBAE ) . In yet other 
embodiments , nondegradable polymers that are used in the 
art , such as polystyrene , are blended with a degradable 
polymer or polymers disclosed immediately hereinabove to 
create a copolymer system . Accordingly , in some embodi 
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[ 0056 ] In some embodiments , the microparticle or nan 
oparticle has an aspect ratio ranging from about 1.1 to about 
5 , including about 1.1 , 1.5 , 2.0 , 2.5 , 3.0 , 3.5 , 4.0 , and 4.5 to 
about 5 . 
[ 0057 ] In some embodiments , the T - aAPC has a three 
dimensional shape that mimics a shape of a cell or a 
microorganism . In particular embodiments , the cell or a 
microorganism is selected from the group consisting of a 
bacterium , an archaeon , a protozoan , a fungus , an algae , and 
a virus . In yet more particular embodiments , the cell or 
microorganism has a shape selected from the group consist 
ing of a spiral , a cube , a rod , a comma , a star , a square , a 
column , a polyhedran , a helix , an icosahedran , a cylinder , a 
tetrahedron , and a pyramid . 
[ 0058 ] In certain embodiments , as described in part here 
inabove , the three - dimensional microparticle or nanoparticle 
comprises a material having one or more of the following 
characteristics : ( i ) one or more degradable linkages , as 
defined hereinabove ; ( ii ) a stretchable modulus ; and ( iii ) a 
glass transition temperature such that the material compris 
ing the three - dimensional microparticle or nanoparticle is a 
solid at room temperature and / or body temperature . 
[ 0059 ] As used herein , “ glass transition temperature ” 
refers to the temperature at which amorphous polymers 
undergo a transition from a rubbery , viscous amorphous 
liquid , to a brittle , glassy amorphous solid . As used herein , 
“ Young's modulus of elasticity ” quantifies the elasticity of 
the polymer . It is defined , for small strains , as the ratio of 
rate of change of stress to strain . 
[ 0060 ] As used herein , the term “ nanoparticle , ” refers to a 
particle having at least one dimension in the range of about 
1 nm to about 1000 nm , including any integer value between 
1 nm and 1000 nm ( including about 1 , 2 , 5 , 10 , 20 , 50 , 60 , 
70 , 80 , 90 , 100 , 200 , 500 , and 1000 nm and all integers and 
fractional integers in between ) . In some embodiments , the 
nanoparticle has at least one dimension , e.g. , a diameter , of 
about 100 nm . In some embodiments , the nanoparticle has a 
diameter of about 200 nm . In other embodiments , the 
nanoparticle has a diameter of about 500 nm . 
[ 0061 ] In yet other embodiments , the nanoparticle has a 
diameter of about 1000 nm ( 1 um ) . In such embodiments , 
the particle also can be referred to as a “ microparticle . ” 
Thus , the term " microparticle " includes particles having at 
least one dimension in the range of about one micrometer ( 1 
um ) , i.e. , 1x10-6 meters , to about 1000 um . The term 
" particle ” as used herein is meant to include nanoparticles 
and microparticles . 

a 

antigenic peptide in the class H binding groove , and function 
as a surrogate for recognition events that occur as part of T 
cell interaction with antigen - presenting cells . Various meth 
ods for displaying peptide - MHC class II molecules have 
been successfully used , ranging from monomeric pMHC 
bound to solid substrates or soluble in solution , to higher 
order multimers complexed with various scaffold molecules . 
The most prevalent form of multimer used in the art typi 
cally contains biotin - labeled pMHC displayed on streptavi 
din molecules , forming tetravalent or “ tetramer ” complexes 
( Nepom , G. T. , J Immmunol . , 188 ( 6 ) : 2477-2482 ( 2012 ) ; 
Rossjohn et al . , Annu Rev Immunol . , 33 ( 1 ) : 169-200 ( 2015 ) ) . 
The MHC II tetramer may be loaded with any suitable 
peptide antigen . In some embodiments , the MHC II tetramer 
is loaded with an insulin B peptide or a chromogranin 
peptide . 
[ 0063 ] The biodegradable particle also comprises a second 
protein conjugated to the surface of the particle . In certain 
embodiments , the second protein promotes expansion , pro 
liferation , activation , differentiation , etc. , of certain types of 
immune cells ( e.g. , T cells ) . Although the second protein 
preferably is conjugated to the surface of the particle , in 
some embodiments the second protein may be encapsulated 
within the biodegradable particle . In some embodiments , the 
second protein may be a fusion protein comprising at least 
a portion of an antibody and at least a portion of a cytokine . 
Such antibody - cytokine fusion proteins are referred to in the 
art as " immunocytokines . ” Immunocytokines ( IC ) have 
been used in the art to extend the serum half - life of cytokines 
or for targeting to disease antigens ( see , e.g. , Pasche , N. and 
D. Neri , Drug Discovery Today , 17 ( 11-12 ) : 583-590 ( 2012 ) ; 
and Kontermann , R. E. , Arch . Biochem . Biophys . , 526 ( 2 ) : 
194-205 ( 2012 ) ) . The term “ cytokine , ” as used herein , refers 
to a protein produced by cells that affect the behavior of 
other cells . Cytokines act on specific cytokine receptors 
expressed by target cells . Cytokines produced by lympho 
cytes often are referred to as “ lymphokines ” or “ inter 
leukins . ” The immunocytokine conjugated to the surface of 
the biodegradable particle may be comprised of any suitable 
combination of antibody and cytokine , or portions thereof . 
In one embodiment , the cytokine portion of the immunocy 
tokine is IL - 2 , and the antibody portion of the immunocy 
tokine is an anti - IL - 2 antibody . In some embodiments , the 
fusion protein is a single chain protein . For example , a single 
chain immunocytokine described herein can be a fusion 
polypeptide that includes a cytokine fused to at least a 
portion ( e.g. , an immunoglobulin heavy chain and / or an 
immunoglobulin light chain ) of an anti - cytokine antibody . 
For example , a single chain immunocytokine described 
herein can be a fusion polypeptide that includes an immu 
noglobulin heavy chain ( e.g. , an immunoglobulin heavy 
chain from an anti - cytokine antibody ) fused to an IL - 2 
polypeptide ( or fragment thereof ) that can bind an IL - 2Ra / 
IL - 2RB / yc polypeptide complex fused to an immunoglobu 
lin light chain ( e.g. , an immunoglobulin light chain from an 
anti - cytokine antibody ) . 
[ 0064 ] IL - 2 is a multi - functional cytokine that regulates 
immune cell differentiation , proliferation , survival , and 
activity . IL - 2 forms a high - affinity ( Kd - 10 pM ) quaternary 
complex with the IL - 2 receptor - a ( IL - 2Ra , also CD25 ) , 
IL - 2RB , and common Yc chains or an intermediate - affinity 
( Kd - 1 nM ) ternary complex with only the IL - 2RB and Ye 
chains ( see FIG . 1A ) ( Liao et al . , Immunity , 38 ( 1 ) : 13-25 
( 2013 ) ; and Wang et al . , Science , 310 ( 5751 ) : 1159-1163 

> 

a 

a 

Proteins Conjugated to or Encapsulated in TolAPCs 
[ 0062 ] The biodegradable particle described herein com 
prises a first protein that binds to an immune cell , and a 
second protein that promotes proliferation and / or activation 
of immune cells , and a third soluble protein or small 
molecule encapsulated within the particle , wherein the first 
and second proteins are attached to a surface of the particle 
or to a coating on the surface thereof . Exemplary proteins 
conjugated to the surface of the particle includes a first 
protein that binds to immune cells , and in particular T cells , 
such as anti - CD3 , MHC - peptide complex , including MHC - I 
and MHC - II molecules , or other T cell receptor ( TCR ) 
binder . In some embodiments , the first protein is a peptide 
loaded MHC II tetramer complex ( also referred to as an 
“ MHC II tetramer - peptide complex ” ) . It will be appreciated 
that peptide - MHC ( PMHC ) class II multimers display an 



US 2022/0160891 A1 May 26 , 2022 
7 

Reg 

Reg 

> expands Treg 

( 2005 ) . Thus , expression of the non - signaling IL - 2Ra sub 
unit regulates cytokine sensitivity , whereas IL - 2RB and Yo 
mediate signaling ( Liao et al . , supra ; and Malek , T. R. , Annu 
Rev Immunol . , 26 ( 1 ) : 453-479 ( 2008 ) ) . Since IL - 2Ra is 
abundantly expressed on Treg cells , but virtually absent from 
naïve immune effector cells ( i.e. CD4 + T , CD8 + T , and 
natural killer ( NK ) cells ) , low - dose IL - 2 treatment prefer 
entially stimulates polyclonal expansion of T , Regs over effec 
tor cells ( Liao et al . , supra , and Boyman , O and Sprent , J. , 
Nat Rev Immunol . , 12 ( 3 ) : 180-190 ( 2012 ) ) . Extensive pre 
clinical and clinical work demonstrates that low dose IL - 2 
effectively promotes Tree expansion ; however , IL - 2 also 
expands effector cells , which leads to undesirable off - target 
effects and toxicities ( Boyman , O and Sprent , J. , Nat Rev 
Immunol . , 12 ( 3 ) : 180-190 ( 2012 ) ; and Klatzmann , D. and 
Abbas , A. K. , Nat Rev Immunol . , 15 ( 5 ) : 283-294 ( 2015 ) ) . 
Development of a ' biased ' version of IL - 2 that potentiates 
the activity of T but not effector cells would represent a 
significant advance for treatment of autoimmune diseases 
such as type 1 diabetes ( T1D ) , as well as for transplantation 
medicine . It was recently found that administration of IL - 2 
in complex with the anti - IL - 2 antibody JES6-1 potently 

but not effector cells ( Boyman et al . , Science , 
311 ( 5769 ) : 1924-1927 ( 2006 ) . Subsequent work showed 
that IL - 2 / JES6-1 complexes prevent diabetes ( Tang et al . , 
Immunity , 28 ( 5 ) : 687-697 ( 2008 ) ; Grinberg - Bleyer et al . , J 
Exp Med . , 207 ( 9 ) : 1871-1878 ( 2010 ) ) and other autoimmune 
diseases in mice ( Webster et al . , J. Exp . Med . , 206 ( 4 ) : 
751-760 ( 2009 ) ; and Liu et al . , Eur J Immunol . , 40 ( 6 ) : 
1577-1589 ( 2010 ) ) . Determination of the crystal structure of 
the IL - 2 / JES6-1 complex revealed that JES6-1 acts through 
a unique exchange mechanism in which antibody binding 
sterically obstructs IL - 2 interaction with IL - 2RB and Ye , but 
IL - 2Ra allosterically displaces JES6-1 from IL - 2 to allow 
for IL - 2RB and Yc activation on IL - 2RqHigh T , cells . In 
contrast , JES6-1 ablates IL - 2 activity on IL - 2Ra ' effector 
cells via steric blockade ( see FIG . 1B ) ( Spangler et al . , 
Immunity , 42 ( 5 ) : 815-825 ( 2015 ) . 
[ 0065 ] In addition to JES6-1 , any other suitable anti - IL - 2 
antibody , or portion thereof , may be included in the immu 
nocytokine , several of which are known in the art and are 
commercially available ( see , e.g. , Letourneau et al . , Proc . 
Natl . Acad . Sci . USA , 107 ( 5 ) : 2171-2176 ( 2010 ) ) . Examples 
of antibodies whose heavy chain variable domain and / or 
constant domains can be used in a single chain immunocy 
tokine described herein include , without limitation , mono 
clonal antibody F5111 ( referred to herein as “ F5111 " ) heavy 
chains , monoclonal antibody F5111.4 heavy chains , mono 
clonal antibody F5111.7 heavy chains , monoclonal antibody 
F5111.8 heavy chains , and monoclonal antibody F5111.2 
heavy chains . Other immunoglobulins whose heavy chain 
variable domains and / or constant domains can be used in the 
single chain immunocytokine described herein also are 
described in , e.g. , Trotta et al . , Nat Med . , 24 ( 7 ) : 1005-1014 
( 2018 ) . 
[ 0066 ] For example , the single chain immunocytokine 
described herein can include an antibody heavy chain vari 
able domain having the amino acid sequence set forth in 
SEQ ID NO : 1 , or an amino acid sequence that is at least 
about 80 % identical thereto ( e.g. , about 82 % , about 85 % , 
about 88 % , about 90 % , about 93 % , about 95 % , about 97 % , 
about , 98 % , about 99 % , or 100 % sequence identity ) . In 
other embodiments , the single chain immunocytokine 
described herein can include an antibody heavy chain con 

stant domain having the amino acid sequence set forth in 
SEQ ID NO : 2 , or an amino acid sequence that is at least 
about 80 % identical thereto ( e.g. , about 82 % , about 85 % , 
about 88 % , about 90 % , about 93 % , about 95 % , about 97 % , 
about , 98 % , about 99 % , or 100 % sequence identity ) . In 
some embodiments , the immunoglobulin heavy chain 
included in the immunocytokine may also include a signal 
sequence , such as a signal sequence comprising SEQ ID 
NO : 3 or SEQ ID NO : 4. An exemplary anti - IL - 2 heavy 
chain amino acid sequence , including a signal sequence , that 
may be included in the immunocytokine comprises SEQ ID 
NO : 5 . 
[ 0067 ] A single chain immunocytokine described herein 
( e.g. , a single chain immunocytokine that can bind to an 
IL - 2Ra / IL - 2RB / yc polypeptide complex ) can include any 
appropriate IL - 2 protein ( or fragment thereof ) that can bind 
an IL - 2RO / IL - 2RB / yc polypeptide complex . For example , 
the immunocytokine can include an IL - 2 protein comprising 
the amino acid sequence of SEQ ID NO : 6 , or an amino acid 
sequence that is at least about 80 % identical thereto ( e.g. , 
about 82 % , about 85 % , about 88 % , about 90 % , about 93 % , 
about 95 % , about 97 % , about , 98 % , about 99 % , or 100 % 
sequence identity ) . 
[ 0068 ] Examples of antibodies whose light chain variable 
domain and / or constant domains can be used in the single 
chain immunocytokine described herein include , without 
limitation , monoclonal antibody F5111.7 light chains , 
monoclonal antibody F5111.8 light chains , and monoclonal 
antibody F5111.2 light chains . Other immunoglobulins 
whose light chain variable domains and / or constant domains 
can be used in the single chain immunocytokine described 
herein also are described in , e.g. , Trotta et al . , Nat Med . , 
24 ( 7 ) : 1005-1014 ( 2018 ) ) . The single chain immunocyto 
kine described herein may include an antibody light chain 
variable domain having the amino acid sequence set forth in 
SEQ ID NO : 7 , or an amino acid sequence that is at least 
about 80 % identical thereto ( e.g. , about 82 % , about 85 % , 
about 88 % , about 90 % , about 93 % , about 95 % , about 97 % , 
about , 98 % , about 99 % , or 100 % sequence identity ) . In 
other embodiments , the single chain immunocytokine 
described herein can include an antibody light chain con 
stant domain having the amino acid sequence set forth in 
SEQ ID NO : 8 , or an amino acid sequence that is at least 
about 80 % identical thereto ( e.g. , about 82 % , about 85 % , 
about 88 % , about 90 % , about 93 % , about 95 % , about 97 % , 
about , 98 % , about 99 % , or 100 % sequence identity ) . In 
some embodiments , the immunoglobulin heavy chain 
included in the immunocytokine may also can include a 
signal sequence , such as a signal sequence comprising SEQ 
ID NO : 4 or SEQ ID NO : 9. An exemplary anti - IL - 2 lig 
chain amino acid sequence , including a signal sequence , that 
may be included in the immunocytokine comprises SEQ ID 
NO : 10. An exemplary TolAPC comprising an immunocy 
tokine is schematically depicted in FIG . 2 . 
[ 0069 ] In certain embodiments , the IL - 2 protein ( or frag 
ment thereof ) portion of the immunocytokine can be fused 
to the immunoglobulin light chain ( e.g. , the immunoglobulin 
light chain variable domain ) portion of the immunocytokine . 
In such cases , the IL - 2 protein ( or fragment thereof ) and the 
immunoglobulin light chain variable domain can be fused 
via a linker . Any suitable linker of any suitable size may be 
used . In some cases , a linker can be flexible ( e.g. , to allow 
for intramolecular interaction ( s ) ) . The linker may be a 
peptide linker . A peptide linker can include any appropriate 
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of dried components . Preferably all such vehicles are sterile 
and apyrogenic so that they are suitable for injection into a 
patient without causing adverse reactions . The kit can fur 
ther include instructions for use . 

4 

2 

number of amino acids . For example , a peptide linker can 
comprise from about 10 amino acids to about 60 amino acids 
( e.g. , about 15 , 20 , 25 , 30 , 35 , 40 , 45 , 50 , or 55 amino acids ) . 
The linker may comprise any appropriate amino acids , but 
desirably comprises one or more glycine ( Gly ) and one or 
more serine ( Ser ) residues . For example , the linker may be 
a ( Gly Ser ) z linker . An exemplary fusion protein amino acid 
sequence comprising a signal sequence , human IL - 2 protein , 
a linker , and anti - IL - 2 light chain variable and constant 
regions is set forth in SEQ ID NO : 11 . 
[ 0070 ] The biodegradable particle may further comprise a 
third soluble protein or small molecule encapsulated within 
the particle . Exemplary proteins that may be encapsulated 
within the biodegradable particle includes interleukins and 
cytokines , such as the transforming growth factor ( TGF ) 
beta family of cytokines , including TGF - B1 , TGF - B2 , TGF 
B3 , and TGF - 34 . Representative interleukins include , but are 
not limited to , IL - 1 , IL - 2 , IL - 3 , IL - 4 , IL - 5 , IL - 6 , IL - 7 , IL - 8 , 
IL - 9 , IL - 10 , IL - 11 , IL - 12 , IL - 13 , IL - 14 , IL - 15 , IL - 16 , IL - 17 , 
IL - 18 , IL - 19 , IL - 20 , IL - 21 , IL - 22 , IL - 23 , IL - 24 , IL - 25 , 
IL - 26 , IL - 27 , IL - 28 , IL - 29 , IL - 30 , IL - 31 , IL - 32 , IL - 33 , 
IL - 34 , IL - 35 , IL - 36 , and IL - 37 . 
[ 0071 ] In some embodiments , the biodegradable particle 
comprises a small molecule encapsulated within the particle . 
The small molecule may be any suitable small molecule , 
such as , for example , an immunosuppressive drug . 
Examples of immunosuppressive drugs include , but are not 
limited to , rapamycin , cyclosporine A , or analogs thereof . 
Small molecule immunosuppressive drugs are described in 
further detail in , e.g. , Fantini et al . , Nature Clinical Practice 
Gastroenterology & Hepatology , 3 : 633-644 ( 2006 ) ) . 
Rapamycin and its analogs ( i.e. , “ rapalogs ” ) inhibit activa 
tion of T cells and B cells by reducing their sensitivity to 
IL - 2 through mammalian target of rapamycin ( mTOR ) inhi 
bition . Representative analogs of rapamycin include , but are 
not limited to temsirolimus ( a prodrug of rapamycin ) , evero 
limus , and ridaforolimus . 
[ 0072 ] In some embodiments , the particle has a coating 
comprising one or more synthetic and / or natural lipids 
and / or lipid membranes . In particular embodiments , at least 
two types of protein are attached to the coating comprising 
one or more synthetic and / or natural lipids and / or lipid 
membranes . In other particular embodiments , at least one 
type of protein is attached to the coating comprising one or 
more synthetic and / or natural lipids and / or lipid membranes . 
Representative lipids suitable for use in coating the presently 
disclosed particles include , but are not limited to , fatty acids , 
glycerolipids , glycerophospholipids , sphingolipids , sterol 
lipids , prenol lipids , saccharolipids , and polyketides . 

Methods of Treating an Autoimmune Disease 
[ 0074 ] The disclosure also provides method for treating a 
disease or condition in subject in need of treatment thereof , 
as well as a method for modulating an immune response in 
a subject , which comprises administering to the subject a 
therapeutically effective amount of the biodegradable par 
ticle described herein . The presently disclosed TolAPCs can 
be useful for treating multiple autoimmune diseases in a 
modular , flexible way . For example , in type 1 diabetes 
( T1D ) , incorrect information is sent to target immune cells , 
generating an autoimmune response that destroys pancreatic 
islet B cells . To alleviate this disease , the presently disclosed 
biodegradable particles can be designed as artificial , syn 
thetic cells to reprogram the immune response to not attack 
and actively defend the pancreatic islet ß cells . Selective 
induction and expansion of these diabeto - protective Tregs 
will allow them to act as an army of protectors to effectively 
shield the pancreatic islet B cells from harm to allow for 
normal and healthy insulin production . 
[ 0075 ) More generally , the disease or condition to be 
treated can be immune disorder . As used herein , the term 
“ immune disorders ” includes diseases involving the immune 
system that can include but not be limited to allergies , 
autoimmune diseases , immune complex diseases , immuno 
deficiency diseases and cancers of the immune system . 
Autoimmunity is the failure of an organism to recognize its 
own constituent parts ( down to the sub - molecular levels ) as 
“ self , ” which results in an immune response against its own 
cells and tissues . Any disease that results from such an 
aberrant immune response is termed an autoimmune disease . 
An unwanted immune response may be , for example , 
immune responses associated with an autoimmune disorder , 
transplants , allergies , or inflammatory disorders . 
[ 0076 ] Exemplary autoimmune diseases and disorders that 
may be treated with the presently disclosed methods include , 
for example , inflammatory responses , such as inflammatory 
skin diseases , including psoriasis and dermatitis ( e.g. , atopic 
dermatitis ) ; dermatomyositis ; systemic scleroderma and 
sclerosis : responses associated with inflammatory bowel 
disease ( such as Crohn's disease and ulcerative colitis ) ; 
respiratory distress syndrome ( including adult respiratory 
distress syndrome ; ARDS ) ; dermatitis ; meningitis ; encepha 
litis ; uveitis ; colitis ; glomerulonephritis , allergic conditions , 
such as eczema and asthma , and other conditions involving 
infiltration of T cells and chronic inflammatory responses ; 
atherosclerosis ; leukocyte adhesion deficiency ; rheumatoid 
arthritis ; systemic lupus erythematosus ( SLE ) ; diabetes mel 
litus ( e.g. Type 1 diabetes mellitus or insulin dependent 
diabetes mellitus ) ; multiple sclerosis ; Reynaud's syndrome ; 
autoimmune thyroiditis ; allergic encephalomyelitis ; 
Sjogren's syndrome ; juvenile onset diabetes ; and immune 
responses associated with acute and delayed hypersensitiv 
ity mediated by cytokines and T - lymphocytes typically 
found in tuberculosis , sarcoidosis , polymyositis , granuloma 
tosis and vasculitis ; pernicious anemia ( Addison's disease ) ; 
diseases involving leukocyte diapedesis ; central nervous 
system ( CNS ) inflammatory disorder ; multiple organ injury 
syndrome ; hemolytic anemia ( including , but not limited to 
cryoglobinemia or Coombs positive anemia ) ; myasthenia 

Kits 

[ 0073 ] In other embodiments , the disclosure provides a kit 
comprising the presently disclosed T - aAPC . In general , a kit 
contains some or all of the components , reagents , supplies , 
and the like to practice a method according to the presently 
disclosed subject matter . In some embodiments , the term 
“ kit ” refers to any intended article of manufacture ( e.g. , a 
package or a container ) comprising the disclosed biodegrad 
able particle formulation . In some embodiments , the kit can 
be packaged in a divided or undivided container , such as a 
carton , bottle , ampule , tube , etc. The disclosed biodegrad 
able particle , or compositions comprising same , can be 
packaged in dried , lyophilized , or liquid form . Additional 
components provided can include vehicles for reconstitution 
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gravis , antigen - antibody complex mediated diseases ; anti 
glomerular basement membrane disease ; antiphospholipid 
syndrome ; allergic neuritis ; Graves ' disease ; Lambert - Eaton 
myasthenic syndrome ; pemphigoid bullous ; pemphigus ; 
autoimmune polyendocrinopathies ; Reiter's disease ; stiff 
man syndrome ; Bechet disease ; giant cell arteritis ; immune 
complex nephritis ; IgA nephropathy ; IgM polyneuropathies ; 
immune thrombocytopenic purpura ( ITP ) or autoimmune 
thrombocytopenia and autoimmune hemolytic diseases , 
Hashimoto's thyroiditis , Wegener’s granulomatosis , cold 
agglutinin disease associated with indolent lymphoma , 
acquired factor VIII inhibitors disease , and the like . 
[ 0077 ] The term " chronic inflammatory diseases ” may 
include but not be limited to Tuberculosis , Chronic cho 
lecystitis , Bronchiectasis , ulcerative colitis , silicosis and 
other pneumoconiosis , as well as the above listed autoim 
mune diseases . 
[ 0078 ] In particular embodiments , the disease or condition 
is diabetes . In yet more particular embodiments , the disease 
or condition is type 1 diabetes . In other embodiments , the 
presently disclosed TolAPCs can be useful for preventing 
rejection in transplantation . Thus , in such embodiments , the 
subject to be treated is an organ transplant recipient or a 
subject who is treated in advance of becoming an organ 
transplant recipient . 
[ 0079 ] In yet more particular embodiments , the presently 
disclosed subject matter provides a method for modulating 
an immune response in a subject , the method comprising 
administering an effective amount of a presently disclosed 
biodegradable particle . In certain embodiments , the subject 
is afflicted with an autoimmune disease . 
[ 0080 ] As used herein , the term “ treating ” can include 
reversing , alleviating , inhibiting the progression of prevent 
ing or reducing the likelihood of the disease , disorder , or 
condition to which such term applies , or one or more 
symptoms or manifestations of such disease , disorder or 
condition . Preventing refers to causing a disease , disorder , 
condition , or symptom or manifestation of such , or wors 
ening of the severity of such , not to occur . Accordingly , the 
disclosed compounds can be administered prophylactically 
to prevent or reduce the incidence or recurrence of the 
disease , disorder , or condition . 
[ 0081 ] In general , the “ effective amount ” of an active 
agent refers to the amount necessary to elicit the desired 
biological response . As will be appreciated by those of 
ordinary skill in this art , the effective amount of an agent 
may vary depending on such factors as the desired biological 
endpoint , the agent to be delivered , the composition of the 
encapsulating matrix , the target tissue , and the like . As used 
herein , a " dose ” refers to the amount of TolAPC adminis 
tered to a subject that is sufficient to treat the subject for a 
disease , disorder , or dysfunction . 
[ 0082 ] An “ immune response ” can entail , for example , 
antibody production and / or the activation of immune effec 
tor cells ( e.g. , T cells ) . 
[ 0083 ] In the various embodiments described above , the 
TolAPC can be administered in a variety of forms depending 
on the desired route and / or dose . The TolAPC can be 
administered in a pharmaceutically acceptable carrier . As 
used herein , “ pharmaceutically acceptable carrier ” is 
intended to include , but is not limited to , water , saline , 
dextrose solutions , human serum albumin , liposomes , 
hydrogels , microparticles and nanoparticles . 

[ 0084 ] Depending on the specific conditions being treated , 
the TolAPCs may be formulated into liquid or solid dosage 
forms and administered systemically or locally . The agents 
may be delivered , for example , in a timed- or sustained - low 
release form as is known to those skilled in the art . Tech 
niques for formulation and administration may be found in 
Remington : The Science and Practice of Pharmacy ( 20th 
ed . ) Lippincott , Williams & Wilkins ( 2000 ) . Suitable routes 
may include oral , buccal , inhalation , sublingual , rectal , 
transdermal , vaginal , transmucosal , nasal or intestinal 
administration ; parenteral delivery , including intramuscular , 
subcutaneous , intramedullary injections , as well as intrath 
ecal , direct intraventricular , intravenous , intra - articular , 
intra - sternal , intra - synovial , intra - hepatic , intralesional , 
intracranial , intraperitoneal , intranasal , intraocular injec 
tions , or other modes of delivery . 
[ 0085 ] While the form and / or route of administration can 
vary , in some embodiments the TolAPC or pharmaceutical 
composition is administered parenterally ( e.g. , by subcuta 
neous , intravenous , or intramuscular administration ) , or in 
some embodiments is administered directly to the lungs . 
Local administration to the lungs can be achieved using a 
variety of formulation strategies including pharmaceutical 
aerosols , which may be solution aerosols or powder aero 
sols . Powder formulations typically comprise small par 
ticles . Suitable particles can be prepared using any means 
known in the art , for example , by grinding in an airjet mill , 
ball mill or vibrator mill , sieving , microprecipitation , spray 
drying , lyophilization or controlled crystallization . Typi 
cally , particles will be about 10 microns or less in diameter . 
Powder formulations may optionally contain at least one 
particulate pharmaceutically acceptable carrier known to 
those of skill in the art . Examples of suitable pharmaceutical 
carriers include , but are not limited to , saccharides , includ 
ing monosaccharides , disaccharides , polysaccharides and 
sugar alcohols such as arabinose , glucose , fructose , ribose , 
mannose , sucrose , trehalose , lactose , maltose , starches , dex 
tran , mannitol or sorbitol . Alternatively , solution aerosols 
may be prepared using any means known to those of skill in 
the art , for example , an aerosol vial provided with a valve 
adapted to deliver a metered dose of the composition . Where 
the inhalable form of the active ingredient is a nebulizable 
aqueous , organic or aqueous / organic dispersion , the inhala 
tion device may be a nebulizer , for example a conventional 
pneumatic nebulizer such as an airjet nebulizer , or an 
ultrasonic nebulizer , which may contain , for example , from 
1 mL to 50 mL , commonly 1 mL to 10 ml , of the dispersion ; 
or a hand - held nebulizer which allows smaller nebulized 
volumes , e.g. 10 ul to 100 UL . 
[ 0086 ] For injection , the disclosed biodegradable particles 
may be formulated and diluted in aqueous solutions , such as 
in physiologically compatible buffers ( e.g. , Hank's solution , 
Ringer's solution , or physiological saline buffer ) . 
[ 0087 ] Use of pharmaceutically acceptable inert carriers to 
formulate the compounds herein into dosages suitable for 
systemic administration is within the scope of the disclosure . 
With proper choice of carrier and suitable manufacturing 
practice , the compositions of the present disclosure , in 
particular , those formulated as solutions , may be adminis 
tered parenterally , such as by intravenous injection . The 
compounds can be formulated readily using pharmaceuti 
cally acceptable carriers well known in the art into dosages 
suitable for oral administration . Such carriers enable the 
compounds of the disclosure to be formulated as tablets , 
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pills , capsules , liquids , gels , syrups , slurries , suspensions 
and the like , for oral ingestion by a subject ( e.g. , patient ) to 
be treated . 
[ 0088 ] For nasal or inhalation delivery , the agents of the 
disclosure also may be formulated by methods known to 
those of skill in the art , and may include , for example , but 
not limited to , examples of solubilizing , diluting , or dispers 
ing substances such as , saline , preservatives , such as benzyl 
alcohol , absorption promoters , and fluorocarbons . 
[ 0089 ] The “ subject ” treated by the disclosed methods is 
desirably a human subject , although it is to be understood 
that the methods described herein are effective with respect 
to all vertebrate species , which are intended to be included 
in the term “ subject . ” Accordingly , a “ subject " can include 
a human subject for medical purposes , such as for the 
treatment of an existing condition or disease or the prophy 
lactic treatment for preventing the onset of a condition or 
disease , or an animal subject for medical , veterinary pur 
poses , or developmental purposes . Suitable animal subjects 
include mammals such as , but not limited to , primates ( e.g. , 
humans , monkeys , apes , etc. ) ; bovines ( e.g. , cattle , oxen , 
etc. ) ; ovines ( e.g. , sheep ) ; caprines ( e.g. , goats ) ; porcines 
( e.g. , pigs , hogs , etc .; equines ( e.g. , horses , donkeys , zebras , 
etc. ) ; felines , including wild and domestic cats ; canines , 
including dogs ; lagomorphs ( e.g. , rabbits , hares , etc. ) ; and 
rodents ( e.g. , mice , rats , etc. ) . An animal may be a transgenic 
animal . In some embodiments , the subject is a human 
including , but not limited to , fetal , neonatal , infant , juvenile , 
and adult subjects . Further , a “ subject " can include a patient 
afflicted with or suspected of being afflicted with a condition 
or disease . Thus , the terms “ subject ” and “ patient ” are used 
interchangeably herein . The term “ subject ” also refers to an 
organism , tissue , cell , or collection of cells from a subject . 

a 

followed by size - exclusion chromatography on a Superdex 
200 column ( GE Healthcare ) on an FPLC instrument , equili 
brated in HEPES buffered saline ( HBS , 150 mM NaCl in 10 
mM HEPES PH 7.3 ) . Purity ( > 99 % ) was verified by SDS 
PAGE analysis . For immunocytokine ( IC ) production , the 
human IL - 2 ( hIL - 2 ) cytokine was fused to the full F5111 
antibody at the N - terminus of the LC , connected by either a 
flexible 15 - amino acid ( Gly Ser ) z linker ( LN15 ) , 25 - amino 
acid ( Gly_Ser ) s linker ( LN25 ) , or a 35 - amino acid 
( Gly Ser ) , linker ( LN35 ) to allow for intramolecular inter 
action . Separate plasmids were prepared in the gWiz vector 
( Genlantis ) encoding the F5111 HC and the hIL - 2 - fused 
F5111 LC . ICs were expressed and purified via transient 
co - transfection of HEK 293F cells , as described for the 
F5111 antibody . 
[ 0092 ] The full hIL - 2 cytokine ( residues 1-133 ) and the 
extracellular domains of the hIL - 2Ra ( residues 1-214 ) and 
hIL - 2RB ( residues 1-214 ) receptor subunits were cloned into 
the gWiz vector ( Genlantis ) with a C - terminal hexahistidine 
tag . Proteins were expressed via transient transfection of 
HEK 293F cells , as described for HEK , and purified via 
Ni - NTA affinity chromatography followed by size - exclusion 
chromatography on a Superdex 200 column ( GE Healthcare ) 
on an FPLC instrument , equilibrated in HBS . Purity ( > 99 % ) 
was verified by SDS - PAGE analysis . 
[ 0093 ] For expression of biotinylated hIL - 2Ra and hIL 
2RB , protein containing a C - terminal biotin acceptor peptide 
( BAP ) -LNDIFEAQKIEWHE was expressed and purified 
via Ni - NTA affinity chromatography and then biotinylated 
with the soluble BirA ligase enzyme in 0.5 mM Bicine pH 
8.3 , 100 mM ATP , 100 mM magnesium acetate , and 500 mM 
biotin ( Sigma ) . Excess biotin was removed by size exclusion 
chromatography on a Superdex 200 column ( GE Healthcare ) 
on an FPLC instrument , equilibrated in HBS . 
[ 0094 ] Cell lines . HEK 293F cells were cultivated in 
Freestyle 293 Expression Medium ( Thermo ) supplemented 
with 0.01 % penicillin - streptomycin ( Gibco ) . Unmodified 
YT - 136 and IL - 2Ra + YT - 1 human natural killer cells ( Kuz 
iel et al . , J. Immunol . , 150 ( 8 ) : 3357-3365 ( 1993 ) ) were 
cultured in RPMI complete medium ( RPMI 1640 medium 
supplemented with 10 % fetal bovine serum , 2 mM L - glu 
tamine , minimum non - essential amino acids , sodium pyru 
vate , 25 mM HEPES , and penicillin - streptomycin [ Gibco ] ) 
and maintained at 37 ° C. in a humidified atmosphere with 
5 % CO2 
[ 0095 ] The subpopulation of YT - 1 cells expressing 
IL - 2Ra was purified via magnetic selection as described 
previously ( Ring et al . , Nat . Immunol . , 13 ( 12 ) : 1187-1195 
( 2012 ) ) . Ten million unsorted IL - 2Ra + YT - 1 cells were 
washed with FACS buffer ( phosphate - buffered saline ( PBS ) 
pH 7.2 containing 0.1 % bovine serum albumin ) and incu 
bated in FACS buffer with PE - conjugated antihuman 
IL - 2Ra antibody ( Biolegend , clone BC96 ) for 2 hours at 4 ° 
C. PE - labeled IL - 2Rat cells were then incubated with 
paramagnetic microbeads coated with an anti - PE IgG for 20 
min at 4 ° C. , washed once with cold FACS buffer , and sorted 
on an LS MACS separation column ( Miltenyi Biotec ) 
according to the manufacturer's protocol . Purified eluted 
cells were re - suspended and grown in RPMI complete 
medium . Enrichment of IL - 2Rat cells was evaluated using 
a CytoFLEX flow cytometer ( Beckman Coulter ) and per 
sistence of IL - 2Ra expression was monitored by PE - con 
jugated anti - human IL - 2Ra antibody ( Biolegend ) labeling 
and flow cytometric analysis of sorted IL - 2Rat YT - 1 cells . 

EXAMPLES 

[ 0090 ] The following Examples have been included to 
provide guidance to one of ordinary skill in the art for 
practicing representative embodiments of the presently dis 
closed subject matter . In light of the present disclosure and 
the general level of skill in the art , those of skill can 
appreciate that the following Examples are intended to be 
exemplary only and that numerous changes , modifications , 
and alterations can be employed without departing from the 
scope of the presently disclosed subject matter . The syn 
thetic descriptions and specific examples that follow are 
only intended for the purposes of illustration , and are not to 
be construed as limiting in any manner to make compounds 
of the disclosure by other methods . 

a 

Materials and Methods 

H 

[ 0091 ] Protein expression and purification . The published 
variable heavy and light chain sequences ( Vh and V ) of 
F5111 were used to formulate the recombinant antibody on 
the human immunoglobulin ( IgG ) 1 lambda isotype plat 
form . The heavy chain ( HC ) and light chain ( LC ) of the 
F5111 antibody were separately cloned into the gWiz vector 
( Genlantis ) . Antibodies were expressed recombinantly in 
human embryonic kidney ( HEK ) 293F cells via transient 
cotransfection of plasmids encoding the HC and LC . HC and 
LC plasmids were titrated in small - scale cotransfection tests 
to determine optimal ratios for large - scale expression . 
Secreted antibodies were purified from cell supernatants 5 
days post - transfection via protein G affinity chromatography 
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[ 0096 ] Yeast surface binding studies . For antibody binding 
studies on yeast , hIL - 2 ( residues 1-133 ) or mIL - 2 ( residues 
1-149 ) were cloned into the pCT302 vector and presented on 
the surface of yeast , as described previously ( Boder et al . , 
Nat . Biotechnol . , 15 ( 6 ) : 553-557 ( 1997 ) ) . Yeast displaying 
human or mouse IL - 2 were incubated in PBSA containing 
serial dilutions of recombinant F5111 antibody for 2 hours 
at room temperature . Cells were then washed and stained 
with a 1 : 200 dilution of Alexa647 - conjugated streptavidin 
( Thermo ) in PBSA for 15 minutes at 4 ° C. After a final wash , 
cells were analyzed for antibody binding using a CytoFLEX 
flow cytometer ( Beckman Coulter ) . Background - subtracted 
and normalized binding curves were fitted to a first - order 
binding model and equilibrium dissociation constant ( KD ) 
values were determined using GraphPad Prism . Studies 
were performed three times with similar results . 
[ 0097 ] Bio - layer interferometry binding studies . For IL - 2 
versus immunocytokine affinity titration studies , bioti 
nylated human IL - 2 cytokine or IL - 2Ra or IL - 2RB receptor 
chains were immobilized to streptavidin - coated tips for 
analysis on an OCTET® Red96 bio - layer interferometry 
( BLI ) instrument ( ForteBio ) . Less than 5 signal units ( nm ) 
of receptor was immobilized to minimize mass transfer 
effects . Tips were exposed to serial dilutions of hIL - 2 , 
IL - 2 / F5111 complex , or single - chain IL - 2 / F5111 IC con 
structs in a 96 - well plate for 300 seconds and dissociation 
was measured for 600 seconds . An irrelevant protein was 
included in a reference well to subtract non - specific binding . 
Surface regeneration for all interactions was conducted 
using a 15 second exposure to 0.1 M glycine pH 3.0 . 
Experiments were carried out in PBSA ( phosphate - buffered 
saline , pH 7.3 plus 0.1 % bovine serum albumin ( BSA , 
Thermo Fisher Scientific ) ) at 25 ° C. Data was visualized and 
processed using the Octet® Data Analysis software version 
7.1 ( Molecular Devices ) . Equilibrium titration curve fitting 
and KD value determination was implemented using Graph 
Pad Prism , assuming all binding interactions to be first order . 
Experiments were reproduced two times with similar results . 
[ 0098 ] YT - 1 cell STAT5 phosphorylation studies . 
Approximately 2x10 % IL - 2Ra YT - 1 or IL - 2Rat YT - 1 cells 
were plated in each well of a 96 - well plate and re - suspended 
in RPMI complete medium containing serial dilutions of the 
indicated treatments . Cytokine / antibody complexes were 
formed by incubating a 1 : 1 molar ratio of F5111 antibody to 
hIL - 2 for 1 hour at 37 ° C. Cells were stimulated for 20 
minutes at 37 ° C. and immediately fixed by addition of 
formaldehyde to 1.5 % and 10 minute incubation at room 
temperature . Permeabilization of cells was achieved by 
resuspension in ice - cold 100 % methanol for 30 minutes at 4 ° 
C. Fixed and permeabilized cells were washed twice with 
FACS buffer ( phosphate - buffered saline [ PBS ] pH 7.2 con 
taining 0.1 % BSA [ Thermo Fisher Scientific ] ) and incubated 
with Alexa Fluor® 647 - conjugated anti - STAT5 pY694 ( BD 
Biosciences ) diluted in FACS buffer for 2 hours at room 
temperature . Cells were then washed twice in FACS buffer 
and mean fluorescence intensity ( MFI ) was determined on a 
CytoFLEX flow cytometer ( Beckman - Coulter ) . Dose - re 
sponse curves were fitted to a logistic model and half 
maximal effective concentrations ( EC50s ) were calculated 
using GraphPad Prism data analysis software after subtrac 
tion of the mean fluorescence intensity ( MFI ) of unstimu 
lated cells and normalization to the maximum signal inten 
sity . Experiments were conducted in triplicate and 
performed three times with similar results . 

[ 0099 ] Human PBMC STAT5 phosphorylation studies . 
Human PBMCs were isolated from whole blood of healthy 
donors via Ficoll gradient following manufacturer protocols 
and then incubated with ACK lysis buffer for removal of red 
blood cells . Approximately 1x106 human PBMCs were 
plated in each well of a 96 - well plate and re - suspended in 
RPMI complete medium containing serial dilutions of the 
indicated treatments . Cytokine / antibody complexes were 
formed by incubating a 1 : 1 molar ratio of F5111 antibody to 
hIL - 2 for 1 hour at 37 ° C. Cells were stimulated for 20 
minutes at 37 ° C. and immediately fixed by addition of 1X 
Fix / Perm Buffer ( BD Biosciences ) and 50 minute incubation 
at 4 ° C. Permeabilization of cells was achieved by resus 
pension in Perm Buffer III ( BD Biosciences ) overnight at 
-20 ° C. Fixed and permeabilized cells were washed twice 
with FACS buffer ( phosphate buffered saline [ PBS ] pH 7.2 
containing 0.1 % BSA [ Thermo Fisher Scientific ] ) and incu 
bated with an appropriate panel of antibodies ( for human 
PBMCs : anti - CD3 , anti - CD4 , anti - CD8 , anti - FOXP3 , anti 
CD25 , anti - CD127 , and anti - phosphorylated STAT5 ) diluted 
in FACS buffer for 2 hours at room temperature . Cells were 
then washed twice in FACS buffer and MFI was determined 
on a CytoFLEX flow cytometer ( Beckman - Coulter ) . Dose 
response curves were fitted to a logistic model and half 
maximal effective concentrations ( EC50s ) were calculated 
using GraphPad Prism data analysis software after subtrac 
tion of the mean fluorescence intensity ( MFI ) of unstimu 
lated cells and normalization to the maximum signal inten 
sity . Experiments were conducted in triplicate and 
performed two times with similar results . 
[ 0100 ] Manufacturing and characterization of TolAPCs 
coated with MC - peptide complexes and immunocytokines . 
PLGA / PBAE particles were fabricated via standard emul 
sion methods . PLGA ( 50:50 copolymer ratio ; 46 kDa MW ) 
was blended with PBAE at a 75/25 mass ratio , and this blend 
was dissolved in dichloromethane ( DCM ) . The polymer 
solution was emulsified in a poly ( vinyl alcohol ) ( PVA ) 
solution to create a single emulsion . Particles were hardened 
for 4 hours , washed , and lyophilized . To prepare TolAPCs , 
EDC / NHS chemistry was used to couple the carboxylic 
acid - terminated PLGA to primary amines on one of two 
tetramer MHC - peptide complexes : ( i ) the BDC12-4.1 
mimotope mouse Insulin B peptide ( B9 : 23 ) variant pE8 , 
denoted Bpep , loaded in the I - A ( b ) Class II MHC protein 
( Crawford et al . , Proc . Natl . Acad . Sci . USA , 108 ( 40 ) : 
16729-16734 ( 2011 ) ; or ( ii ) the chicken ovalbumin peptide 
( 329-337 ) , denoted Ova , loaded in the I - A ( b ) Class II MHC 
protein . Both peptide - MHC complexes were obtained from 
the NIH Tetramer Core Facility , and were described previ 
ously ( Meyer et al . , Small , 11 ( 13 ) : 1519-1525 ( 2015 ) . EDC ) 
NHS chemistry was also used to coat the particle surface 
with protein G , which binds the Fc region on proteins of 
interest . Tetramer- and protein G - functionalized particles 
were then incubated with IC to generate two TolAPC 
formulations : TolAPCBpep and TolAPCChrA that present 
correctly oriented proteins on their surface . Similarly , 
TolAPCCon particles were produced that contained MHCS 
loaded with an irrelevant peptide . Surface protein conjuga 
tion efficiency and density on the TolAPC surface was 
measured by conjugating fluorescently - labeled peptides and 
ICs and measuring fluorescence intensity with a Biotek plate 
reader , and the protein incubation concentrations were 
adjusted so that all TolAPCs displayed the desired protein 
amount on their surface ( protein density to be optimized , 
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ous injection of an emulsion of MOG peptide and complete 
Freund's adjuvant ( MOG / CFA ) on t = 0 and intraperitoneal 
injection of 100 ng pertussis toxin ( PTX ) on t = 0 and t = 1 day , 
according to instructions from the kit manufacturer ( Hooke 
Laboratories , Lawrence , Mass . ) . Starting from t = 7 days until 
euthanasia at t = 28 days , mice were scored according to 
severity of disease following the manufacturer's protocol . 
[ 0104 ] Melanoma tumor protection mouse model . Four 
milligrams of TolAPCs were injected into the inguinal 
lymph nodes of female C57BL / 6 mice ( 9 weeks old ) ( 2 mg 
per lymph node ) on t = -1 day . TolAPCs consisted of iron 
dextran microbeads surface - conjugated with ( 1 ) tetramer 
loaded with ovalbumin ( ova ) peptide ( I - A ( b ) chicken ova 
329-337 ) ; ( 2 ) F5111 IC LN25 ; ( 3 ) ova tetramer and F5111 
IC LN25 ; or ( 4 ) nothing ( blank ) on t = -1 day . On t = 0 , 5x105 
MC38 - ova murine colorectal cancer cells were injected 
subcutaneously on the flank of each mouse . Tumor size was 
measured over time to determine the ability of TolAPCs to 
protect tumors from rejection . Mice were euthanized either 
when tumors reached 200 mm ? or when tumors ulcerated . 

Example 1 

with 0.2 ug / mg protein as the initial standard amount ) . 
Particle size was analyzed via a LEO field - emission scan 
ning electron microscope ( SEM ) and Hitachi 7600 trans 
mission electron microscope ( TEM ) , and surface charge and 
size were measured via Malvern Zetasizer . 
[ 0101 ] In vivo immune cell subset expansion studies in 
mice . Microparticles coated with IC ( 1 mg dose per mouse ) 
were injected into NOD mice for 4 consecutive days via 
intravenous ( i.v. ) or intranodal ( i.n. ) injection . Mice were 
sacrificed 24 hours after the final injection and spleens and 
lymph nodes were harvested . Single - cell suspensions were 
prepared by mechanical homogenization , and treated with 
ACK lysis buffer to remove red blood cells . Absolute cell 
counts for each organ were assessed for each spleen by 
automated cell counter ( Vi - CELL ; Beckman Coulter ) . Cells 
were resuspended in PBS and subsequently stained for 30 
minutes on ice with fluorophore - conjugated anti - mouse anti 
bodies for phenotyping of Treg ( CD4 + IL - 2Ra * Foxp3 + ) or 
CD8 + effector T cells ( CD8 + ) using BV605 - conjugated 
anti - CD4 ( clone RM4-5 ; BioLegend ) , PeCy7 - conjugated 
anti - IL - 2Ra ( clone PC61.5 ; eBioscience ) , and PerCP - Cy5 . 
5 - conjugated anti - CD8 ( clone 53-6.72 ; eBioscience ) anti 
bodies . Fixable Blue Dead Cell Stain Kit ( Life Technolo 
gies ) was used to assess live cells . Cells were then washed 
twice with FACS buffer ( 1 % BSA , 1 % sodium azide ) and 
fixed in Foxp3 Transcription Factor Fixation / Permeabiliza 
tion Buffer ( eBioscience ) for 30 minutes on ice . After two 
washes in Permeabilization Buffer ( eBioscience ) , Treg cells 
were stained with FITC - conjugated anti - mouse / rat Foxp3 
antibody ( clone FJK - 16s ; eBioscience ) for 1 hour on ice . 
Two final washes were conducted in Permeabilization Buf 
fer , and cells were resuspended in FACS buffer for flow 
cytometric analysis on CytoFLEX flow cytometry ( Beck 
man Coulter ) . Data were analyzed using FlowJo X software 
( Tree Star ) . Ratios of the absolute numbers of T , cells to 
either CD8 + effector T cells or total CD4 + T cells are 
presented . Statistical significance was determined by two 
tailed un - paired Student t - test . Experiments were performed 
three times with similar results . 
[ 0102 ] Encapsulation of F5111 IC LN35 , TGF - B , and 
rapamycin into MPs . To synthesize F5111 IC - loaded 
microparticles , 25 ug F5111 IC was diluted into 500 uL of 
a 5 mM NaCl solution ( unless otherwise indicated ) . 20 mg 
of polymer was dissolved in 5 mL dichloromethane . F5111 
IC solution was added dropwise to the polymer solution 
during sonication to generate the first emulsion . The poly 
mer solution was then homogenized into a 2 % PVA solution 
to generate the second emulsion , and subsequently diluted 
into a 1 % PVA solution . TGF - B was loaded into particles 
using the same technique , except 2.5 ug TGF - B was diluted 
into 200 uL of a 5 mg / mL BSA solution in diH , O . To 
synthesize rapamycin - loaded particles , rapamycin was 
added at indicated amounts to the polymer solution in 
dichloromethane . Particles were then synthesized using 
single or double emulsion techniques . 
[ 0103 ] Experimental autoimmune encephalomyelitis 
( EAE ) mouse model . Four milligrams of blank ( unconju 
gated ) MPs or TolAPCs surface - conjugated with F5111 IC 
LN15 and tetramer loaded with myelin oligodendrocyte 
glycoprotein ( MOG ) peptide [ I - A ( b ) mouse MOG 38-49 ] 
were injected into the inguinal lymph nodes of female 
C57BL / 6 mice ( 9 weeks old ) ( 2 mg per lymph node ) on t = -1 
day . Mice were also administered 4 mg MPs or TolAPCs 
intravenously on t = 1 day . EAE was induced by subcutane 

Reg 

[ 0105 ] This example demonstrates the production of an 
immunocytokine comprising the F5111 antibody and IL - 2 in 
mammalian cells . 
[ 0106 ] To combine the potency of cytokines with the 
pharmacokinetically favorable properties of antibodies in a 
targeted fashion , human IL - 2 ( hIL - 2 ) was fused to the 
cytokine - biasing F5111 antibody to create an immunocyto 
kine ( IC ) ( FIG . 3 ) . A rapid small - scale HEK 293F cell 
transfection assay was developed to optimize immunocyto 
kine expression . Cells were transfected in 6 - well plates with 
predefined ratios of heavy chain ( HC ) and IL - 2 - fused light 
chain ( LC ) plasmid DNA . After a 3 - day incubation , secreted 
protein was captured from the supernatant with protein G 
resin , eluted with 0.1 M glycine pH 2.0 , and analyzed via 
SDS - PAGE . This assay was validated using an immunocy 
tokine comprised of hIL - 2 fused to the full - length F5111 
human IgG1 lambda antibody at the LC N - terminus , con 
nected by either a flexible 15 - amino acid ( Gly_Ser ) z linker 
( LN15 ) , 25 - amino acid ( Gly Ser ) s linker ( LN25 ) , or a 
35 - amino acid ( Gly_Ser ) , linker ( LN35 ) . Titration of the 
HC : LC ratio revealed the optimal expression conditions . 
Immunocytokine expression was scaled up in HEK 293F 
cells and the secreted protein was purified via protein G 
affinity chromatography followed by size - exclusion chro 
matography . F5111 IC constructs were purified to homoge 
neity on an FPLC instrument ( FIG . 4A ) , and purity was 
verified via SDS - PAGE analysis ( FIG . 4B ) . To verify bind 
ing of the recombinant F5111 antibody to the target hIL - 2 
cytokine , soluble antibody was titrated binding to yeast 
displayed hIL - 2 or mIL - 2 . As expected , the antibody bound 
hIL - 2 with an apparent bivalent affinity of KD = 430 PM . The 
antibody did not cross react with mIL - 2 ( FIG . 5 ) . 

a 

a 

Example 2 

[ 0107 ] This example demonstrates that the recombinantly 
expressed single - chain IL - 2 / F5111 immunocytokine is prop 
erly assembled . 
[ 0108 ] To demonstrate that hIL - 2 is intramolecularly 
bound to the antibody within the IC , the binding affinity of 
F5111 IC LN15 for hIL - 2 was measured and compared to 
F5111 antibody ( Ab ) . The binding of purified F5111 anti 
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body and IC to yeast surface - displayed hIL - 2 , as measured 
by flow cytometry , is shown in FIG . 6A . The binding 
affinities were also evaluated using bio - layer interferometry 
on an OCTET® instrument with biotinylated hIL - 2 immo 
bilized on a streptavidin - coated tip ( FIG . 6B ) . For both yeast 
surface and bio - layer interferometry studies , a significant 
reduction in binding affinity was observed for F5111 IC 
LN15 relative to F5111 Ab , confirming intramolecular cyto 
kine / antibody assembly . Bio - layer interferometry based 
binding studies were also conducted to assess the interaction 
between F5111 IC LN15 and the IL - 2Ra and IL - RB 
receptor chains , to ensure that the single - chain antibody / 
cytokine fusion was biased toward engagement of IL - 2Ra 
( which is highly expressed on Treg cells but not effector 
cells ) compared with IL - 2RB . Indeed , biophysical assess 
ment showed that F5111 IC LN15 bound IL - 2Ra with equal 
potency to the free IL - 2 cytokine ( FIG . 7A ) , whereas F5111 
IC LN15 exhibited significantly impaired binding to IL - 2RB 
relative to the free IL - 2 cytokine ( FIG . 7B ) . These data 
corroborate the proper folding , intramolecular binding , and 
activity of the IC . 

Reg 

Example 3 
[ 0109 ] This example demonstrates that the immunocyto 
kine selectively biases IL - 2 signaling . 
[ 0110 ] IL - 2 signals through activation of signal transducer 
and activator of transcription 5 ( STAT5 ) , which translocates 
to the nucleus to effect transcriptional programs ( Murray , P. 
J. J Immunol Baltim Md 1950 , 178 ( 5 ) : 2623-2629 ( 2007 ) ; 
and Bromberg , J. , and Wang , T. C. , Cancer Cell , 15 ( 2 ) : 
79-80 ( 2009 ) ) . To characterize IC variant - mediated immune 
bias , the YT - 1 NK cell line was employed ( Yodoi et al . , J 
Immunol Baltim Md 1950 , 134 ( 3 ) : 1623-1630 ( 1985 ) , which 
inducibly expresses IL - 2Ra ( Kuziel et al . , supra ) . Flow 
cytometry - based studies were performed to quantify STAT5 
signaling elicited by IL - 2 , the IL - 2 / F5111 complex , and 
F5111 variants on induced IL - 2Rat versus uninduced 
IL - 2Ra YT - 1 cells as a surrogate for T , Reg versus effector 
cell activation . Untethered IL - 2 signals on both IL - 2Ra * and 
IL - 2Ra- cells , and IL - 2 / F5111 complex , fully activated 
IL - 2Rat cells and exhibited only mildly impaired activity 
on IL - 2Ra cells and no activity on IL - 2Ra , cells . In 
contrast , F5111 IC LN15 activity was only mildly impaired 
on IL - 2Ra * cells , but its activity was dramatically reduced 
on IL - 2Ra cells . 
[ 0111 ] These results indicate that the F5111 immunocyto 
kine effectively biases IL - 2 activity toward Treg cells over 
immune effector cells , even more effectively than the mixed 
IL - 2 / F5111 complex ( FIG . 8 ) . 

to suppress the proliferation of potentially pathogenic cyto 
toxic T cells . It was also shown that these early particle 
based formulations effectively expanded TReg . cells in both 
the spleens and lymph nodes of treated mice ( FIG . 9 ) . 
Through these results , it was also discovered that particles 
fabricated from a novel combination of biodegradable poly 
mers ( poly ( lactic - co - glycolic acid ) [ PLGA ] and poly ( beta 
amino ester ) [ PBAE ] ) at a 75:25 mass ratio resulted in 
enhanced capacity to engage and program T cells . These 
studies also demonstrated the potential of engineered arti 
ficial cells to treat autoimmune disease by concomitantly 
presenting peptide - loaded MHC molecules and the dis 
closed engineered Treg - biased ICs , as MHC - peptide com 
plexes will promote the engagement of antigen - specific T 
cells , and single - chain IL - 2 / antibody ICs direct the selective 
delivery of IL - 2 to IL - 2RqHigh T cells , based on the 
molecular bias enacted by the component anti - cytokine 
antibodies . At the same time , the selectivity conferred by ICs 
caused other potentially autoreactive naïve T cells to receive 
only tolerogenic TCR signals ( i.e. , MHC - peptide engage 
ment in the absence of co - stimulation ) , enhancing the regu 
lation of self - antigen reactivity ( Clemente - Casares et al . , 
Nature , 530 ( 7591 ) : 434-440 ( 2016 ) ) . To further prevent the 
activation and expansion of disease - promoting effector T 
cells , the Treg cell permissive immunosuppressive drug 
rapamycin ( Raimondi et al . , J Immunol Baltim Md 1950 , 
184 ( 2 ) : 624-636 ( 2010 ) ; and Turnquist et al . , J Immunol . , 
178 ( 11 ) : 7018-7031 ( 2007 ) ) can be encapsulated into 
TOIAPCs , similar to an approach used previously ( Jhunj 
hunwala et al . , J Control Release Off J Control Release Soc . , 
133 ( 3 ) : 191-197 ( 2009 ) ) 
[ 0114 ] To further establish feasibility for the TolAPC 
platform , an IL - 2 / JES6-1 single chain IC ( denoted JY3 or 
JY3 IC ) was conjugated to PLGA / PBAE microparticles 
( MPs ) without loss of function . In vitro coculture of bulk 
mouse CD4 + T cells with JY3 IC - coated MP and flow 
cytometry - based measurement of pSTAT5 induction dem 
onstrated that JY3 IC - coated MPs specifically stimulate 
IL - 2Ra * Foxp3 + Tregs over other populations of T cells both 
in vitro ( FIG . 10 ) and in vivo ( FIG . 11 ) . Notably , increased 
TReg expansion following in vivo dosing of JY3 IC - coated 
MP was observed in the spleen of i.v. - injected animals and 
the injected lymph node but not a non - injected lymph node 
of i.n. - injected animals . 
[ 0115 ] The results of this example reveal the ability for 
selective Treg stimulation from the surface of particles , 
laying the foundation for development of TolAPCs . 

Example 4 

[ 0112 ] This example demonstrates that coated nanopar 
ticles can stimulate Treg cells . 
[ 0113 ] To establish proof of concept for the TolAPC 
approach , successful stimulation of Treg cells was demon 
strated using conjugated nanoparticles . As a preliminary 
demonstration , aAPCs were synthesized conjugated with a 
polyclonal T cell stimulator ( anti - CD3 and anti - CD28 anti 
bodies ) and encapsulating a tolerogenic agent ( TGF - B ) for 
sustained local release . These early particle - based formula 
tions engaged and stimulated T cells polyclonally and sig 
nificantly increased the polarization of primary T cells to a 
Treg phenotype . These polarized T , cells were in turn able 

Example 5 
[ 0116 ] This example demonstrates that MHC tetramer 
conjugated particles induce antigen - specific Treg cell expan 
sion . 
[ 0117 ] As preliminary evidence of the potential to achieve 
antigen - specific activation with MHC - coated nanoparticles , 
MHCII tetramers carrying the OVA peptide were conjugated 
to the surface of nanoparticles . In particular , PLGA MPs 
conjugated with an OVA tetramer and an anti - CD28 anti 
body were incubated with naïve CD4 + T cells obtained from 
harvested spleens of OT - II mice ( a transgenic strain with T 
cells specific for OVA ) in the presence of IL - 2 and soluble 
TGF - B . After 3 days , cells were stained for FoxP3 to 

cell induction via flow cytometry ( a sign of 
successful engagement ) . MPs conjugated with the OVA 
tetramer and anti - CD28 antibody induced Treg cells from a 
evaluate Treg 
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induce Treg 
naïve OT - H CD4 + T cell pool in a dose - dependent manner , 
whereas MPs conjugated with a control tetramer did not 

cells ( FIG . 12 ) . 
[ 0118 ] The results of this example demonstrate that an 
OVA tetramer on the surface of NPs can engage OVA 
specific T cells , further supporting the utility of the TolAPC 
approach for induction of antigen - specific Treg cells . 

a 
Example 6 

9 

[ 0119 ] This example describes the formulation and char 
acterization of TolAPCs . 
[ 0120 ] Building on the successful conjugation of both IC 
and MHC - peptide complexes to particles , an initial iteration 
of TolAPCs were synthesized . Specifically , microparticles 
( MPs ) approximately 1 um in diameter were fabricated from 1 
a 75:25 ( w / w ) blend of poly ( lactic - co - glycolic acid ) ( PLGA ) 
to poly ( beta - amino ester ) ( PBAE ) . EDC / NHS chemistry 
was used to conjugate JY3 IC alone or a combination of the 
BDC12-4.1 mimotope mouse Insulin B peptide ( B9 : 23 ) 
variant pE8 ( InsB9 : 23 ) I - A ( 97 ) ( obtained from the NIH 
tetramer core ) and JY3 IC to the surface of the particles to 
generate JY3 IC - MPs or TolAPCs . It was first verified that 
InsB tetramer conjugation efficiency was the same as that of 
a control I - A ( 97 ) tetramer ( FIG . 13A ) . A series of TolAPC 
variants were then synthesized by adding various amounts of 
InsB tetramer and JY3 IC to MPs activated with EDC / NHS . 
Ranges of 0.33-0.56 ug tetramer and 0.5-1.3 ug JY3 IC per 
mg of TolAPCs were measured ( FIG . 13B ) . The maximum 
total protein conjugation efficiency was about 53 % . 
[ 0121 ] The TolAPC platform described above represents a 
significant advance for the treatment of autoimmune disease 
and for transplantation medicine by providing a safe , off 
the - shelf therapeutic that activates Treg cells directly in 
patients . The targeted nature of this platform circumvents 
the generalized immunosuppression that is observed with 
current clinical therapies , and the modular design of 
TolAPCs allows for substitution of any desired peptide 
MHC specificity and for controlled release of other factors 
( in addition to rapamycin ) that impact the migration and / or 
expansion of Treg to maximize therapeutic performance 
( Dawson et al . , Front Immunol . , 8 : 1460 ( 2017 ) ; and Blue 
stone , J. A. and Tang , Q. T. , Science , 362 ( 6411 ) : 154-155 
( 2018 ) ) . 

tures , whereas P3 represents the monomeric F5111 IC LN35 
( FIG . 14A ) . The SEC traces for F5111 IC LN25 and LN35 
were compared to the SEC trace for F5111 IC LN15 ( FIG . 
14B ) . As seen in FIG . 14B , most of the produced the F5111 
IC LN15 was oligomerized , demonstrated by its coincident 
elution with P1 and P2 of F5111 IC LN25 and LN35 from 
the SEC column . Furthermore , P3 of F5111 IC LN25 and 
LN35 eluted at a volume close to the molecular weight of an 
antibody , suggesting that this peak consists of the mono 
meric IC . Therefore , P3 was used for evaluation in further 
experiments with F5111 IC LN25 and LN35 , and references 
to F5111 IC LN25 and LN35 represent P3 unless otherwise 
specified . F5111 IC LN35 contained overall less oligomer 
compared to F5111 IC LN25 . SDS - PAGE was performed to 
verify purity ( > 99 % ) . 
[ 0124 ] It was demonstrated that F5111 IC LN25 and LN35 
selectively activate IL - 2Ra * Treg -like cells over IL - 2Ra T 
effector ( TEA ) -like cells with greater bias than F5111 IC 
LN15 and the hIL - 2 / F5111 complex . A cell signaling assay 
was performed on YT - 1 human NK cells with or without 
IL - 2Ra . FIGS . 15A and 15B show STAT5 phosphorylation 
in response to hIL - 2 , hIL - 2 / F5111 complex , F5111 IC LN15 , 
F5111 IC LN25 , or F5111 IC LN35 on IL - 2Rat cells ( FIG . 
15A ) or IL - 2Ra cells ( FIG . 15B ) , as measured by flow 
cytometry . F5111 IC LN25 and LN35 activated IL - 2Ra + 
cells at sub - nanomolar concentrations , whereas the activity 
of F5111 IC LN25 and LN35 on IL - 2Ra cells was immea 
surable . 

( 0125 ] Experiments were conducted to demonstrate that 
hIL - 2 is intramolecularly bound to the antibody within the 
F5111 IC LN25 and LN35 and that the F5111 IC LN25 and 
LN35 selectively direct hIL - 2 to Treg cells by blocking the 
IL - 2RB binding site to favor interaction with cells that 
express high levels of IL - 2Ra . Binding interactions between 
IL - 2 and F5111 IC LN25 and LN35 were evaluated using 
bio - layer interferometry on an Octet® instrument with bioti 
nylated hIL - 2 immobilized to streptavidin - coated tips ( FIG . 
16A ) . Additionally , binding interactions between F5111 IC 
LN25 and LN35 with the human IL - 2Ra ( hIL - 2Ra ) and 
hIL - 2RB subunits were measured using bio - layer interfer 
ometry on an Octet® instrument by immobilizing bioti 
nylated hIL - 2Ra and IL - 2RB on streptavidin - coated tips . As 
shown in FIG . 16B , F5111 IC LN25 and LN35 had similar 
binding affinities toward hIL - 2Ra compared to free hIL - 2 , 
hIL - 2 / F5111 complex , and F5111 IC LN15 . In contrast , 
there was a significant reduction in the binding affinity to 
hIL - 2Rß for the F5111 IC LN25 and LN35 compared to free 
hIL - 2 , hIL - 2 / F5111 complex and F5111 IC LN15 , further 
illustrating the improved molecular bias of F5111 IC LN25 
and LN35 compared to F5111 IC LN15 ( FIG . 16B ) . 
[ 0126 ] Immunocytokine activity was also interrogated on 
human PBMCs , isolated from healthy donor whole blood . 
STAT5 phosphorylation was measured to quantify activation 
of 3 cell populations : CD3 + CD8 + cells ( CD8 + effector T 
cells ) ( FIG . 17A ) , CD3 + CD8 + CD25HighFOXP3High cells 
( TReg cells ) ( FIG . 17B ) , and CD3 + CD8 + CD25LowFOXP3Low 
cells ( CD4 + effector T cells ) ( FIG . 17C ) . F5111 IC LN35 
demonstrated significantly more potent activation of CD3 * CD8 + CD25HighFOXP3High T cells compared to both 
CD3 + CD8 + CD8 + effector T cells and CD3 + CD8 + 
CD25LowFOXP3Low CD4 + effector T cells . In contrast , hIL 
2 / F5111 complex treatment showed no T cell subset bias 
compared to free hIL - 2 . 

9 

a 

Example 7 
[ 0122 ] This example describes experiments to optimize 
expression and function of the F5111 immunocytokine . 
[ 0123 ] F5111 IC LN15 includes a 15 - amino acid flexible 
linker between the C - terminus of hIL - 2 and the N - terminus 
of the light chain of the F5111 antibody . Alternative F5111 
IC constructs were designed substituting the 15 - amino acid 
linker with a 25 - amino acid linker ( F5111 IC LN25 ) and a 
35 - amino acid linker ( F5111 IC LN35 ) . Expression of F5111 
IC LN25 and LN35 was conducted in HEK 293F cells via 
transient co - transfection of plasmids encoding the F5111 
heavy chain and the IL - 2 - fused F5111 light chain . The 
protein was purified from cell supernatants via protein G 
affinity chromatography followed by SEC on a fast protein 
liquid chromatography ( FPLC ) instrument . Three peaks 
were observed by SEC for F5111 IC LN25 and LN35 
( labeled P1 , P2 , P3 ) and each peak was pooled for analysis . 
It was expected that since P1 and P2 elute earlier from the 
SEC column , they contain higher order oligomeric struc 
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Example 8 
[ 0127 ] This example describes the fabrication of a 
microparticle encapsulating the F5111 immunocytokine . 
The immunocytokine used in this example is F5111 IC 
LN35 . 
[ 0128 ] Encapsulation of F5111 IC within the TolAPC core 
was explored . Three loading doses of F5111 IC were tested 
during particle synthesis , ancapsulated F5111 IC was mea 
sured using a BCA protein assay . The highest loading dose 
( 1.25 ug F5111 / mg PLGA ) led to the most efficient encap 
sulation and was used for subsequent experiments ( FIG . 18 ) . 
Next , particle synthesis parameters were varied to further 
optimize F5111 encapsulation efficiency , including particle 
size , concentration of NaCl in the external phase , and the pH 
of the internal aqueous phase ( Table 1 ) . 

[ 0132 ] To evaluate the functionality of F5111 IC - loaded 
particles , mouse CD4 + T cells were stimulated with F5111 
IC - loaded microparticles to identify an optimal stimulation 
time for maximum PSTAT5 expression , and pSTAT5 expres 
sion was compared to that of cells stimulated with free 
F5111 IC . CD4 + T cells were isolated from C57BL / 6 mice 
and incubated with various doses of F5111 IC - loaded 
microparticles or equivalent doses of free F5111 IC for 20 , 
40 , 60 , or 120 minutes . CD4 + T cells were activated by both 
F5111 IC - loaded microparticles and free F5111 IC in a 
dose - dependent manner , and maximum pSTAT5 activation 
was observed after a stimulation time of 60 minutes ( FIG . 
22 ) . These results suggest that encapsulation of F5111 IC 
can be used as an alternative to surface - conjugated F5111 IC 
to generate antigen - specific TolAPCs . 

a 

TABLE 1 

External 
NaCl Batch # Diameter Inner Phase 

Amino 2 
3 
4 

1 um 
7-8 um 
>> 8 um 
1 um 
1 um 
1 um 
1 um 
1 um 

None 
None 
None 

125 mM 
400 mm 
None 
None 
None 

5 mM NaCl 
5 mM NaCl 
5 mM NaCl 
5 mM NaCl 
5 mM NaCl 
PBS pH 7 
PBS pH 6 
PBS pH 5 

6 

Example 10 
[ 0133 ] This This example demonstrates antigen - specific 
engagement of T cells by peptide / MHC - coated MPs . 
[ 0134 ] MPs of ~ 1 um diameter were fabricated from 
poly ( lactic - co - glycolic acid ) ( PLGA ) or a 75:25 ( w / w ) blend 
of PLGA to poly ( beta - amino ester ) ( PBAE ) . EDC / NHS 
chemistry was used to conjugate I - Ab OVA ( 329-337 ) 
loaded MHC H tetramer to the surface of the particles to 
generate ova - MPs . A control I - A ( b ) tetramer was used to 
generate control MPs . CD4 + T cells were enriched from 
OT - II mice , labelled with CFSE , and incubated with 0.01 mg 
fluorescent MPs for 1 hour at 37 ° C. to evaluate the extent 
of OVA - specific binding using flow cytometry . Compared to 
blank particle controls , OVA peptide - loaded MHC - coated 
MPs demonstrated enhanced engagement of OVA - specific 
CD4 + T cells , illustrating that coated MPs can achieve 
antigen - specific T cell engagement ( FIG . 23 ) . 

7 
8 

Maximum loading efficiency was achieved under acidic 
conditions ( FIG . 19 , Batch # 8 ) , and loading efficiency also 
increased when water was used as the inner aqueous phase 
( Batch # 1 ) instead of PBS ( Batch # 6 ) . F5111 IC - loaded 
particles were synthesized substituting various buffers at pH 
5 into the inner aqueous phase ( Table 2 ) . 

TABLE 2 

External 
NaCl Batch # Diameter Inner Phase 

1 
2 
3 

1 um 
1 um 
1 um 

None 
None 
None 

5 mM NaCl 
PBS pH 5 

Citrate Buffer 
pH 5 

Acetate 
Buffer pH 5 

4 1 um None 

Example 11 
[ 0135 ] This example describes the generation of TolAPCs 
that effect antigen - specific Treg induction . . 
[ 0136 ] OVA peptide / MHC tetramer - coated and control 
TolAPCs were synthesized as in example 10 , except that 
during conjugation , a monoclonal antibody directed against 
CD28 was also added as a costimulatory signal . Naïve CD4 + 
T cells were harvested from OT - H mice and incubated with 
TolAPCs for 3 days in the presence of IL - 2 and TGF - B . 
Following incubation , cells were stained for FOXP3 to 
assess Treg cell induction . TolAPCs surface - conjugated with 
OVA peptide / MHC tetramers and anti - CD28 induced OVA 
specific Treg cells from naïve OT - II CD4 + T cells , whereas 
TOIAPC surface - conjugated with control tetramer did not 
induce TR cells , as shown in FIG . 24. These data indicate 
that TolAPCs can induce Treg cells in an antigen - specific 

Reg 
manner . 

[ 0129 ] The first three batches of particles encapsulated 
similar amounts of F5111 IC , and the highest loading was 
achieved using an inner phase consisting of a sodium acetate 
buffer at pH 5 ( FIG . 20 ) . 
[ 0130 ] To determine whether F5111 IC - encapsulated MPs 
could induce in vitro Treg cell expansion , CD4 + T cells were 
isolated from the spleens of B6 mice and incubated with 
unconjugated F5111 IC or F5111 IC - loaded PLGA MPs for 
3 days . Cells were then stained for CD4 , CD25 , and FOXP3 , 
and analyzed using flow cytometry . As shown in FIG . 21 , 
both unconjugated F5111 IC and F5111 IC - loaded MPs 
expanded FOXP3 + cells as compared to untreated cells on 
day 0 and day 3 . 

[ 0137 ] Nano - scale TolAPCs with surface - conjugated pro 
teins also were generated . Specifically , PLGA or PLGA / 
PBAE nanoparticles ( ~ 200 nm in diameter ) were synthe 
sized using emulsion techniques . Four proteins were 
chemically coupled to the surface of TolAPCs to provide 
specificity and regulatory cues for Treg cell induction : ( i ) 
OVA peptide / MHC tetramers , ( ii ) a monoclonal antibody 
against CD28 , ( iii ) TGF - B , and ( iv ) IL - 2 . TolAPCs were 
cultured with primary naïve CD4 + T cells isolated from 
OT - II mice . Flow cytometry was used to assess TolAPC / T 
cell binding and Treg cell induction based on FOXP3 stain 
ing . Nanoscale Tol?PCs induced up to 45 % ovalbumin 

Example 9 
[ 0131 ] This example describes Treg cell stimulation with 
F5111 IC - loaded microparticles . The immunocytokine used 
in this example is F5111 IC LN35 . 
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specific TReg cells without the presence of any exogenous 
factors ( FIG . 25 ) , further supporting the use of TolAPCs for 
antigen - specific Treg cell induction . 
( 0138 ] Anisotropic nano - TolAPCs with surface - conju 
gated signals also were prepared . PLGA or PLGA / PBAE 
nanoparticles ( ~ 200 nm in diameter ) were synthesized using 
emulsion techniques . Using an automated thin - film stretch 
ing device , spherical particles were mechanically stretched 
along one axis to an aspect ratio of 2 : 1 to generate ellipsoidal 
particles . Four proteins were chemically coupled to the 
surface of spherical or ellipsoidal TolAPCs to provide speci 
ficity and regulatory cues for Treg cell induction : ( i ) OVA 
peptide / MHC tetramers , ( ii ) a monoclonal antibody against 
CD28 , ( iii ) TGF - B , and ( iv ) IL - 2 . TolAPCs were cultured 
with primary naïve CD4 + T cells isolated from OT - II mice . 
Flow cytometry was used to assess TolAPC / T cell binding 
and Treg cell induction via FOXP3 staining . Ellipsoidal 
nano - To1APCs improved TR Reg cell induction compared to 
spherical nano - TolAPCs , as shown in FIG . 26 . 

MPs ( -3 um diameter ) were chemically conjugated with 
OVA peptide - loaded I - A ( b ) MHC II tetramers ( 5 ug / mg ) 
and / or F5111 IC LN25 ( 5 ug / mg ) to generate TolAPCs . 
TolAPCs or blank control MPs were injected into the 
inguinal lymph nodes of 9 - week - old female C57BL / 6 mice 
( 2 mg / lymph node ) one day before tumor implantation . The 
following day , 5x10 % MC38 - OVA cells were inoculated 
subcutaneously into the right flank . Tumors were measured 
starting on day 7 post - inoculation , and mice were euthanized 
when tumors reached an area of 200 mm ? or when tumors 
ulcerated . Treatment with MPs coated with both OVA pep 
tide / MHC tetramer + F5111 IC LN25 TolAPC treatment con 
ferred tumor protection , translating to more rapid tumor 
growth ( FIG . 29A ) and shorter survival ( FIG . 29B ) com 
pared to mice treated with blank control MPs . Taken 
together , these studies demonstrate that TolAPCs induce 
antigen - specific expansion of T cells in vivo and prevent 
autoimmune disease pathogenesis in mice , illustrating their 
therapeutic potential for autoimmune disorder treatment and 
transplantation medicine . 

Reg 
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Example 12 

[ 0139 ] This example describes the generation of TolAPCs 
comprising a protein or small molecule encapsulated within 
the particle core . 
[ 0140 ] PLGA microparticles loaded with varying amounts 
of the TGF - B cytokine and the small molecule immunosup 
pressive drug rapamycin were synthesized using a double 
emulsion technique . Rapamycin loading efficiency was 
determined by UV spectrophotometry and TGF - B release 
was measured by ELISA . Particles were surface - function 
alized with ova peptide - loaded I - A ( b ) MHC II tetramers and 
anti - CD28 to generate TolAPCs . Naïve CD4 + T cells iso 
lated from OT - II mice were incubated with TolAPCs for 3 
days in the presence of IL - 2 . Cells were then analyzed for 
FOXP3 levels via flow cytometry . TolAPCs containing 
TGF - B and rapamycin elicited robust Treg cell induction , 
and loading doses of 125 ng TGF - B and 25 ug rapamycin / mg 
PLGA during TolAPC synthesis were found to be most 
effective ( FIG . 27 ) . 
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Example 13 
[ 0141 ] This example describes the generation of antigen 
specific TolAPCs with surface - conjugated F5111 IC and 
their use in vivo to target and expand Treg cells . 
[ 0142 ] An EAE prevention study was performed in mice . 
PLGA / PBAE MPs ( ~ 1 um diameter ) were synthesized using 
emulsion techniques . Particles were chemically conjugated 
with MOG peptide - loaded I - A ( b ) MHC II tetramers ( 5 
ug / mg ) and F5111 IC LN15 ( 5 ug / mg ) to generate TolAPCs . 
TolAPCs or blank control MPs were injected into the 
inguinal lymph nodes of 9 - week - old female B6 mice ( 2 
mg / lymph node ) one day before EAE induction . One day 
after induction , 2 mg To1APCs were injected intravenously . 
Mice were scored according to disease severity ( 0 = no 
paralysis ; 3 = complete hind limb paralysis ) . TolAPC treat 
ment significantly prevented EAE development in mice 
compared to blank particles ( FIG . 28A ) . Moreover , treat 
ment delayed disease onset and reduced disease incidence in 
mice , with only 30 % of TolAPC - treated mice developing 
disease compared to 100 % of mice treated with blank 
control MPs . 
[ 0143 ] An OVA - expressing tumor protection study was 
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[ 0192 ] The use of the terms “ a ” and “ an ” and “ the ” and “ at 
least one ” and similar referents in the context of describing 
the invention ( especially in the context of the following 
claims ) are to be construed to cover both the singular and the 
plural , unless otherwise indicated herein or clearly contra 
dicted by context . The use of the term “ at least one ” 
followed by a list of one or more items ( for example , " at 
least one of A and B ” ) is to be construed to mean one item 
selected from the listed items ( A or B ) or any combination 
of two or more of the listed items ( A and B ) , unless 
otherwise indicated herein or clearly contradicted by con 
text . The terms " comprising , " " having , ” “ including , ” and 
" containing ” are to be construed as open - ended terms ( i.e. , 
meaning “ including , but not limited to , " ) unless otherwise 
noted . Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring indi 
vidually to each separate value falling within the range , 
unless otherwise indicated herein , and each separate value is 
incorporated into the specification as if it were individually 
recited herein . All methods described herein can be per 
formed in any suitable order unless otherwise indicated 
herein or otherwise clearly contradicted by context . The use 
of any and all examples , or exemplary language ( e.g. , " such 
as ” ) provided herein , is intended merely to better illuminate 
the invention and does not pose a limitation on the scope of 
the invention unless otherwise claimed . No language in the 
specification should be construed as indicating any non 
claimed element as essential to the practice of the invention . 
[ 0193 ] Preferred embodiments of this invention are 
described herein , including the best mode known to the 
inventors for carrying out the invention . Variations of those 
preferred embodiments may become apparent to those of 
ordinary skill in the art upon reading the foregoing descrip 
tion . The inventors expect skilled artisans to employ such 
variations as appropriate , and the inventors intend for the 
invention to be practiced otherwise than as specifically 
described herein . Accordingly , this invention includes all 
modifications and equivalents of the subject matter recited in 
the claims appended hereto as permitted by applicable law . 
Moreover , any combination of the above - described elements 
in all possible variations thereof is encompassed by the 
invention unless otherwise indicated herein or otherwise 
clearly contradicted by context . 

Sequences : 

SEQ ID NO : 1 
F5111 VH 
QLQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTYYNPS 
LKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARTPTVTGDWFDPWGRGTLVTVSS 

SEQ ID NO : 2 
Human IgGi Chi , CH2 , and CH3 
ASIKGPSVFPL PSSKSTSGGTAALGCLVKDYFPEPVT1SWNSGALTGVHIFPAVLOSS 
GLYSLSSVVTVISSSLGTQIYICNNHKPSNTKVDKKVEPKSCDKTHTCIPCPAPELLGG 

, 
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-continued 

Sequences : 

PSVFLFPPKPXLTLMISRTPEVTCVVVDVSHEDPEVIENMYYDGVEVHNAKTKPREEQ 
YNSTYRVVSYLTVLHODWLNGKEYAKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSR 
EEMTKNOVSLICLVKGFYPSDI VEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKS 
RWQQGNVFSCSV MHEALINHYTOKSLSLSPGK 
SEQ ID NO : 3 
Signal sequence 
METDTLLLWVLLLWVPGSTGD 

SEQ ID NO : 4 
Signal sequence 
MRVPAQLLGLLLLWLPGARC 

SEQ ID NO : 5 
Signal sequence - F5111 VH - human IgGi Chl , CH2 , and CH3 
METDTLLLWVLLLWVPGSTGDQLQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWI 
ROHPGKGLEWIGYIYYSGSTYYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARTPTVTG 
DWFDPWGRGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG 
ALTSGVHTFPAVIQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVIKKVEPKSCDK 
TATCPPCPAPALIGGPSVILPPP.P.DTLMISRTPEVTCVVVDVSHEDSV.ONVYYDG 
VEVENAKT.PRE QYNSTYRWVSVLTVIRODNINGEYKCAVSNKALPAPIEATISKAK 
GOPREPOVYTLPPSREET.INDYSLTALYAGFYPSDIAVRYESNGOPENNYATTPPYLD 
SDGSFTLYSKLIVSKSROOGNVISCSYMHEALENHYTOKSLSLSPGK 

SEQ ID NO : 6 
Human IL - 2 
APTSSSTKKTQLOLEHLLLDLOMILNGINNYKNPKL TRMLTFKFYMPKKATEL KHLQCLE 
EELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWI 
TFCQSIISTLT 

SEQ ID NO : 7 
F5111 VL 
NFMLTOPHSVSESPGKTVTISCTRSSGSIASNYVOWYQORPGSSPTTVI YEDNQRPSGVPDRFS 
GSIDSSSNSASLTISGLKTEDEADYYCOSYDSSNVVFGGGTKLTVL 

SEEQ ID NO : 8 
Human Lambda Cu 
GOPKAAPSVTLFPPSSEELQANKATLVCIT SDFYPGAVTVANKADSSPVKAGVETTTPSK 
QSNNKYAASSYISLTPEQWKSHRSYSCOVTHEGSTVEKTYAPTECS 

SEQ ID NO : 9 
Signal sequence 
MYRMQLLSCIALSLALVTNS 

SEQ ID NO : 10 
Signal sequence - F5111 Vi - human Lambda Cz 
MRVPAQLLGLLLLWLPGARCGSNFMLTQPHSVSESPGKTVTISCTRSSGSIASNYVQWYQ 
QRPGSSPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISGLKTEDEADYYCOSYSSNVVFGG 
GTKLTVIGOPKAAPSVTLFPPSSERLQANKATLV LISDFYPGAVTVANKADSSPVKAGVE 
TTTPSKOSNNKYAASSYLSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS 

SEQ ID NO : 11 
Signal sequence - human IL - 2 - Linker - F5111 V2 - human Lambda Ci 
MYRMOLLSCIALSLALVTNSAPTSSSTKKTQLQLEHLLLDLQMILNGINNYKNPKL TRM 
LTFKFYMPKKATELKHLQCLEEELKPLEEVLNLAQS KNFHLRPRDLISNINVIVLELKGSE 
TTFMCEYADETATIVEFLNRWITFC STLTGGGGSGGGGSGGGGSNFMLT ISVSESP 
GKTVTISCTRSSGSIASNYVQWYQORPGSSPTTVIYEDNQRPSGVPDRFSGSIDSSSNSASLTISG 
LKTEDEADYYCQSYDSSNVVFGGGTKLTVIGOPKAAPSVTLFPPSSEELQANKAYLVCLISD 
FYPGAVTVAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCOVTHE 
GSTVEKTVAPTECS 

SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 11 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 121 
< 212 > TYPE : PRT 
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- continued 

< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 1 

Gin Leu Gin Leu Gin Glu Ser Gly Pro Gly Leu Val Lys Pro Ser Gin 
1 5 10 15 

Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Gly Ser Ile Ser Ser Gly 
20 25 30 

Gly Tyr Tyr Trp Ser Trp Ile Arg Gin His Pro Gly Lys Gly Leu Glu 
35 40 45 

Trp Ile Gly Tyr Ile Tyr Tyr Ser Gly Ser Thr Tyr Tyr Asn Pro Ser 
50 55 60 

Leu Lys Ser Arg Val Thr Ile Ser Val Asp Thr Ser Lys Asn Gln Phe 
65 70 75 80 

Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr 
85 90 95 

Cys Ala Arg Thr Pro Thr Val Thr Gly Asp Trp Phe Asp Pro Trp Gly 
100 105 110 

Arg Gly Thr Leu Val Thr Val Ser Ser 
115 120 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 330 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 2 

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

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

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

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

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

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

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

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

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

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

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

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu 
180 185 190 
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His Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 
195 200 205 

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

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

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

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

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

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn 
290 295 300 

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

Gin Lys Ser Leu Ser Leu Ser Pro Gly Lys 
325 330 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 21 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 3 

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro 
1 5 10 15 

Gly Ser Thr Gly Asp 
20 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 20 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 4 

Met Arg Val Pro Ala Gin Leu Leu Gly Leu Leu Leu Leu Trp Leu Pro 
1 5 10 15 

Gly Ala Arg Cys 
20 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 472 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 5 

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro 
1 5 10 15 

Gly Ser Thr Gly Asp Gin Leu Gin Leu Gin Glu Ser Gly Pro Gly Leu 
20 25 30 

Val Lys Pro Ser Gin Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Gly 
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35 40 45 

Ser Ile Ser Ser Gly Gly Tyr Tyr Trp Ser Trp Ile Arg Gin His Pro 
50 55 60 

Gly Lys Gly Leu Glu Trp Ile Gly Tyr Ile Tyr Tyr Ser Gly Ser Thr 
65 70 75 80 

Tyr Tyr Asn Pro Ser Leu Lys Ser Arg Val Thr Ile Ser Val Asp Thr 
85 90 95 

Ser Lys Asn Gln Phe Ser Leu Lys Leu Ser Ser Val Thr Ala Ala Asp 
100 105 110 

Thr Ala Val Tyr Tyr Cys Ala Arg Thr Pro Thr Val Thr Gly Asp Trp 
115 120 125 

Phe Asp Pro Trp Gly Arg Gly Thr Leu Val Thr Val Ser Ser Ala Ser 
130 135 140 

Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr 
145 150 155 160 

Ser Gly Gly Thr Ala Ala Leu Glycys Leu Val Lys Asp Tyr Phe Pro 
165 170 175 

Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val 
180 185 190 

His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser 
195 200 205 

Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile 
210 215 220 

Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val 
225 230 235 240 

Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala 
245 250 255 

Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro 
260 265 270 

Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val 
275 280 285 

Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val 
290 295 300 

Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln 
305 310 315 320 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin 
325 330 335 

Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala 
340 345 350 

Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro 
355 360 365 

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met Thr 
370 375 380 

Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser 
385 390 395 400 

Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr 
405 410 415 

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr 
420 425 430 

Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe 
435 440 445 
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Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys 
450 455 460 

Ser Leu Ser Leu Ser Pro Gly Lys 
465 470 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 133 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 6 

Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin Leu Glu His 
1 5 10 15 

Leu Leu Leu Asp Leu Gin Met Ile Leu Asn Gly Ile Asn Asn Tyr Lys 
20 25 30 

Asn Pro Lys Leu Thr Arg Met Leu Thr Phe Lys Phe Tyr Met Pro Lys 
35 40 45 

Lys Ala Thr Glu Leu Lys His Leu Gin Cys Leu Glu Glu Glu Leu Lys 
50 55 60 

Pro Leu Glu Glu Val Leu Asn Leu Ala Gin Ser Lys Asn Phe His Leu 
65 70 75 80 

Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val Ile Val Leu Glu Leu 
85 90 95 

Lys Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala Asp Glu Thr Ala 
100 105 110 

Thr Ile Val Glu Phe Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile 
115 120 125 

Ile Ser Thr Leu Thr 
130 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 110 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 7 

Asn Phe Met Leu Thr Gin Pro His Ser Val Ser Glu Ser Pro Gly Lys 
1 5 10 15 

Thr Val Thr Ile Ser Cys Thr Arg Ser Ser Gly Ser Ile Ala Ser Asn 
20 25 30 

Tyr Val Gin Trp Tyr Gin Gin Arg Pro Gly Ser Ser Pro Thr Thr Val 
35 40 45 

Ile Tyr Glu Asp Asn Gin Arg Pro Ser Gly Val Pro Asp Arg Phe Ser 
50 55 60 

Gly Ser Ile Asp Ser Ser Ser Asn Ser Ala Ser Leu Thr Ile Ser Gly 
65 70 75 80 

Leu Lys Thr Glu Asp Glu Ala Asp Tyr Tyr Cys Gin Ser Tyr Asp Ser 
85 90 95 

Ser Asn Val Val Phe Gly Gly Gly Thr Lys Leu Thr Val Leu 
100 105 110 
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- continued 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 106 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 8 

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

Glu Glu Leu Gin Ala Asn Lys Ala Thr Leu Val Cys Leu Ile Ser Asp 
20 25 30 

Phe Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala Asp Ser Ser Pro 
35 40 45 

Val Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys Gin Ser Asn Asn 
50 55 60 

Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro Glu Gln Trp Lys 
65 70 75 80 

Ser His Arg Ser Tyr Ser Cys Gin Val Thr His Glu Gly Ser Thr Val 
85 90 95 

Glu Lys Thr Val Ala Pro Thr Glu Cys Ser 
100 105 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 20 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 9 

Met Tyr Arg Met Gin Leu Leu Ser Cys Ile Ala Leu Ser Leu Ala Leu 
5 10 15 1 

Val Thr Asn Ser 
20 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 238 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 10 

Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp Leu Pro 
1 5 10 15 

Gly Ala Arg Cys Gly Ser Asn Phe Met Leu Thr Gin Pro His Ser Val 
20 25 30 

Ser Glu Ser Pro Gly Lys Thr Val Thr Ile Ser Cys Thr Arg Ser Ser 
35 40 45 

Gly Ser Ile Ala Ser Asn Tyr Val Gin Trp Tyr Gin Gin Arg Pro Gly 
50 55 60 

Ser Ser Pro Thr Thr Val Ile Tyr Glu Asp Asn Gin Arg Pro Ser Gly 
65 70 75 80 

Val Pro Asp Arg Phe Ser Gly Ser Ile Asp Ser Ser Ser Asn Ser Ala 
85 90 95 

Ser Leu Thr Ile Ser Gly Leu Lys Thr Glu Asp Glu Ala Asp Tyr Tyr 
100 105 110 
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Cys Gin Ser Tyr Asp Ser Ser Asn Val Val Phe Gly Gly Gly Thr Lys 
115 120 125 

Leu Thr Val Leu Gly Gin Pro Lys Ala Ala Pro Ser Val Thr Leu Phe 
130 135 140 

Pro Pro Ser Ser Glu Glu Leu Gin Ala Asn Lys Ala Thr Leu Val Cys 
145 150 155 160 

Leu Ile Ser Asp Phe Tyr Pro Gly Ala Val Thr Val Ala Trp Lys Ala 
165 170 175 

Asp Ser Ser Pro Val Lys Ala Gly Val Glu Thr Thr Thr Pro Ser Lys 
180 185 190 

Gin Ser Asn Asn Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu Thr Pro 
195 200 205 

Glu Gin Trp Lys Ser His Arg Ser Tyr Ser Cys Gin Val Thr His Glu 
210 215 220 

Gly Ser Thr Val Glu Lys Thr Val Ala Pro Thr Glu Cys Ser 
225 230 235 

< 210 > SEQ ID NO 11 
< 211 > LENGTH : 384 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Synthetic 

< 400 > SEQUENCE : 11 

Met Tyr Arg Met Gin Leu Leu Ser Cys Ile Ala Leu Ser Leu Ala Leu 
1 5 10 15 

Val Thr Asn Ser Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu 
20 25 30 

Gin Leu Glu His Leu Leu Leu Asp Leu Gin Met Ile Leu Asn Gly Ile 
35 40 45 

Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met Leu Thr Phe Lys Phe 
50 55 60 

Tyr Met Pro Lys Lys Ala Thr Glu Leu Lys Hi 
65 70 75 

Leu Gin Cys Leu Glu 
80 

Glu Glu Leu Lys Pro Leu Glu Glu Val Leu Asn Leu Ala Gin Ser Lys 
85 90 95 

Asn Phe His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val Ile 
100 105 110 

Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala 
115 120 125 

Asp Glu Thr Ala Thr Ile Val Glu Phe Leu Asn Arg Trp Ile Thr Phe 
130 135 140 

Cys Gin Ser Ile Ile Ser Thr Leu Thr Gly Gly Gly Gly Ser Gly Gly 
145 150 155 160 

Gly Gly Ser Gly Gly Gly Gly Ser Asn Phe Met Leu Thr Gin Pro His 
165 170 175 

Ser Val Ser Glu Ser Pro Gly Lys Thr Val Thr Ile Ser Cys Thr Arg 
180 185 190 

Ser Ser Gly Ser Ile Ala Ser Asn Tyr Val Gin Trp Tyr Gin Gin Arg 
195 200 205 

Pro Gly Ser Ser Pro Thr Thr Val Ile Tyr Glu Asp Asn Gln Arg Pro 
210 215 220 
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Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Ile Asp Ser Ser Ser Asn 
225 230 235 240 

Ser Ala Ser Leu Thr Ile Ser Gly Leu Lys Thr Glu Asp Glu Ala Asp 
245 250 255 

Tyr Tyr Cys Gin Ser Tyr Asp Ser Ser Asn Val Val Phe Gly Gly Gly 
260 265 270 

Thr Lys Leu Thr Val Leu Gly Gin Pro Lys Ala Ala Pro Ser Val Thr 
275 280 285 

Leu Phe Pro Pro Ser Ser Glu Glu Leu Gln Ala Asn Lys Ala Thr Leu 
290 295 300 

Val Cys Leu Ile Ser Asp Phe Tyr Pro Gly Ala Val Thr Val Ala Trp 
305 310 315 320 

Lys Ala Asp Ser Ser Pro Val Lys Ala Gly Val Glu Thr Thr Thr Pro 
325 330 335 

Ser Lys Gin Ser Asn Asn Lys Tyr Ala Ala Ser Ser Tyr Leu Ser Leu 
340 345 350 

Thr Pro Glu Gin Trp Lys Ser His Arg Ser Tyr Ser Cys Gin Val Thr 
355 360 365 

His Glu Gly Ser Thr Val Glu Lys Thr Val Ala Pro Thr Glu Cys Ser 
370 375 380 

1. A biodegradable particle comprising a polyester or 
polyester blend , a first protein that binds to an immune cell , 
and a second protein that promotes proliferation and / or 
activation of immune cells , and a third soluble protein or 
small molecule encapsulated within the particle , wherein ( 1 ) 
the first protein is attached to a surface of the particle or to 
a coating on the surface thereof , and ( ii ) the second protein 
is a fusion protein comprising at least a portion of an 
antibody and at least a portion of a cytokine and is either 
attached to a surface of the particle or to a coating on the 
surface thereof or encapsulated within the particle . 

2. The biodegradable particle of claim 1 , wherein the 
polyester or polyester blend is selected from the group 
consisting of poly ( lactic - co - glycolic acid ) ( PLGA ) , poly 
caprolactone ( PCL ) , polyglycolide ( PGA ) , poly ( lactic acid ) 
( PLA ) , a polyhydroxyalkanoate ( PHA ) , poly - 3 - hydroxybu 
tyrate ( P3HB ) , poly ( acrylic acid ) ( PAA ) , poly ( 3 - hydroxy 
butyrate - co - 3 - hydroxyvalerate ) ( PHBV ) , a poly ( beta - amino 
ester ) ( PBAE ) , and combinations or blends thereof . 

3. The biodegradable particle of claim 1 or claim 2 , 
wherein the immune cell to which the first protein binds 
comprises a T cell . 

4. The biodegradable particle of any one of claims 1-3 , 
wherein the first protein is selected from an anti - CD3 
monoclonal antibody , major histocompatibility complex 
( MHC ) -peptide complex ( including human leukocyte anti 
gen ( HLA ) complex ) , and one or more T - cell receptor ( TCR ) 
binders . 

5. The biodegradable particle of claim 4 , wherein the first 
protein is a MHC tetramer - peptide complex . 

6. The biodegradable particle of claim any one of claims 
1-5 , wherein the cytokine is IL - 2 . 

7. The biodegradable particle of any one of claims 1-6 , 
wherein the antibody is an anti - IL - 2 antibody . 

8. The biodegradable particle of any one of claims 1-7 , 
wherein the fusion protein is a single chain protein . 

9. The biodegradable particle of any one of claims 1-8 , 
wherein the fusion protein comprises the amino acid 
sequences of SEQ ID NO : 5 and SEQ ID NO : 11 . 

10. The biodegradable particle of claim 9 , wherein the 
third soluble protein is an interleukin and / or a cytokine . 

11. The biodegradable particle of any one of claims 1-9 , 
wherein the small molecule is an immunosuppressive drug . 

12. The biodegradable particle of claim 11 , wherein the 
immunosuppressive drug is rapamycin , cyclosporine A , or 
analogs thereof . 

13. The biodegradable particle of any one of claims 1-12 , 
which is microparticle having an average diameter of from 
about 1 micron to about 5 microns . 

14. The biodegradable particle of any one of claims 1-12 , 
which is a nanoparticle having an average diameter of from 
about 50 nm to about 1000 nm . 

15. The biodegradable particle of any one of claims 1-14 , 
which is anisotropic and has a non - spherical shape . 

16. The biodegradable particle of any one of claims 1-14 , 
which has a prolate ellipsoidal shape . 

17. The biodegradable particle of any one of claims 1-16 , 
which comprises a coating comprising one or more synthetic 
and / or natural lipids and / or lipid membranes . 

18. The biodegradable particle of claim 17 , wherein the 
first and second proteins are attached to the coating , which 
comprises one or more synthetic and / or natural lipids and / or 
lipid membranes . 

19. The biodegradable particle of any one of claims 1-18 , 
wherein the first protein and the second protein are present 
on the particle in a 1 : 1 molar ratio . 

20. The biodegradable particle of any one of claims 1-19 , 
which comprises a combination of poly ( lactic - co - glycolic 
acid ) ( PLGA ) and poly ( beta - amino ester ) ( PBAE ) . 

21. A method for treating a disease or condition in subject 
in need thereof , which comprises administering to the sub 
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ject a therapeutically effective amount of a biodegradable 
particle of any one of claims 1-20 . 

22. The method of claim 21 , wherein the disease or 
condition is an autoimmune disease . 

23. The method of claim 22 , wherein the autoimmune 
disease is type 1 diabetes , multiple sclerosis ( MS ) , colitis , 
Crohn's disease , inflammatory bowel disease , rheumatoid 
arthritis , lupus , Gullian - Barre syndrome , psoriasis , chronic 
inflammatory demyelinating polyneuropathy , or vasculitis . 

24. The method of claim 23 , wherein the condition 
includes treating a subject pre - transplantation or post - trans 
plantation . 

25. A method for modulating an immune response in a 
subject , which comprises administering an effective amount 
of a biodegradable particle of any one of claims 1-20 . 

26. The method of claim 25 , wherein the subject is 
afflicted with an autoimmune disease or is the recipient of a 
transplant . 

27. The biodegradable particle of any one of claims 1-19 , 
which comprises a combination of poly ( lactic - co - glycolic 
acid ) ( PLGA ) and poly ( 1,4 - butanediol diacrylate - co - 4,4 
trimethylenedipiperidine ) . 

28. A kit comprising the biodegradable particle of any one 
of claims 1-20 and instructions for use . 


