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WO 2015/140648 PCTABZ015/001145

GLYCOTARGETING THERAPEUTICS

CROSS-REFERENCE TQ BELATED APPLICATION
{001] This application ¢laims priority from co-pending provisional application U.8. Serial No.
£51/942,942 filed February 21, 2014, entitled "GLYCOTARGETING THERAPEUTICS,” which is hereby
incorporated by reference hergin.

FIELD OF THE DISCLOSURE
{002] The field of the disclosure relates to pharmaceutically acceptable compositions that are
useful in the treatment of transpiant rejection, autaimmune disease, food ailergy, and immune response
against a therapsutic agent.

BACKGROUND OF THE DISCLOSURE
[003] Applications LIS 2012/0039989, US 2012/0178139 and WO 2013/121296 descrine the
fargeting of antigens 10 erythrocytes o take advantage of the erythrocytes’ role in antigen presemalion
for tolerization. Notwithstanding the positive results generated 16 date with this approach, the possibility
of alternative approaches has remained of interest.

SUMMARY OF THE DISCLOSURE
{004] An aspect of the disclosure provides a composition comprising a compound of Formuia 1.

X+y—2z|,

Formula 1
where:

m is an integer from about 1 10 100;

X comprises an antigen against which a patient develops an unwanied immune response, of a
toleragenic portion thergof; or

X cormprises an antibody, antibody fragment or ligand that specifically binds a circulating protein
or peptide or antibody, which circulaling protein or peptide or antbody is causatively
involved in transplant rejection, immune response againgt a therapeutic agent,
autcimmune disease, hypersengitivity and/cr allergy;

Y comprises a linker moiety; and

£ comprises a liver-targeting moiety.

{o05] Z can alse comprise galactose, galactosaming or N-agstyigalactosamine, for example,
conjugated atits C1,C2 01 S8 1o V.

[006] Y can be Y is selected from N-hydroxysuecinamidyl linkers, malaemide linkers,
vinvisulfone linkars, pyridyl di-thiol-polyfethylens giycol} linkers, pyridyl di-thio! finkers, n-nitrophanyl
carbonate linkers, NHS-ester linkers, and nitrophenoxy poly(sthylene glycoliester linkers.
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{007 Y can also comprise:  an antibody, antibody fragment, peptide or other ligand that
specifically binds X; g disulfany! ethyl ester; a structure represented by one of Formuiae Ya to Yp:

o
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a
Formuie Ya
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or has a portion represented by Formula Y'-CMP:

Formula Y-CMP
where: the left bracket "(" indicates the bond between X and Y, the right or bottom bracket and ")
indicates the bond between Y and Z; n i an integer from about 1 {0 100; p is an integer from about 2
{0 150; q Is an integer from about 1 10 44, B2 ig ~CHz~ 0r ~CHe-CHe-C{CHzH{ON~; B¥ ig a direct bond
of =CHy-CHa—NH-C{O)—; and Y' represents the remaining portion of Y.
[008] in another aspect of the above, n is about 40 {0 80, pis about 1010 100, q is about 3 to 20,
K& i ~CHa-CHe C{CHa}(CN)—; and when R® 18 —~CHz-CHe-NH-CG(C}-, 7 is gatactose or N-
acetylgalactosamine conjugated at its C1.
[009] In still another aspect of the above, Y comprises Formula Ya, Formula Yb, Formula Yh,
Formula i, Formula Yk, Formula Ym or Formuia Yo, particularty Formula Ya, Formula Yo, Formula Ym
or Formuta Yn.
[010] X can further comprise: a foreign transplant antigen against which transplant recipients
develop an unwanted immune response; a foreign food, animal, plant or environmertal antigen aganst
which patients develop an unwanted immung response; a foreign therapeutic agent against which
patients develop an unwanied immune response; or a synthetic self-antigen against the endogenous
varsion of which patients develop an unwantad immunea response, or a inlerggenic portion thereof,
fo11] The disclosure alse pertaing to a methed of reatment for an unwanted immune response
against an antigen by administering to a mammal in need of such treatment an effactive amount of a
composition comprising a compound of Formula 1 as discussed above. In such method the composition
can be administered for slaarance of & circufating protein or peptide or antibody that specifically binds
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o antigen meiety X, which circulating protein or peplide or antibody is causatively involved in transplant
rejection, immune response against a therapeutic agent, autoimmune disease, hypersensitivity and/or
allergy. The composition can be administered in an amount effective 10 reduce a conceniration of the
antibodies that are causatively involved in transglant refection, immune response against a therapeutic
agent, autoimmune disease, hypersensitivity and/or ailergy in blood of the patient by at least 50% wiw,
as measured at a time between about 12 to ebout 48 hours after the administration. The composition
can administered for tolarization of a patient with respect fo antigen moiety X,

[012] Yet another aspect of the disciosure provides a compaosition comprising & compound of
Formula 2:
X—Yz-tby—x],
Formuia 2

where: m'is zero or an integer from about 1 10 10, m” is zero or an infeger from about 1 10 10, and the
sum of m' + m™is an integer from about 1 to 10 but is at least 1; each X is a fareign antigen or self-
antigen against which 2 patient develops an unwanted immune response, or a iolerogenic portion
thereof;, each Y is a tinker moiety or a direct bond, or an antibody, antibody fragment, peptide or other
ligand that specifically binds X; and Z i a liver-targeting moigty, provided that X is not interferon,
Ribavirin, Nexavar/ Sorafenib, Erbilus/Cetuximab, Avaslatinbevacizumab or Herceptinfrasiuzumab
when m'+m” eguais 1 and Z is DOM 26h-196-61
{013] In the above aspect involving Formuia 2, Z can comprise an ASGPR-targeted antibody, an
ASGPR-targeted antibody fragment, an ASGPR-targeted pegtide, an ASGPR-targeted scFv, or ancther
ASGPR ligand. Y canbe alinker having an immunoprotecsome cleavage site. X can comprise 4 group
of related antigens against which a patient develops an unwanted immune response or a group of
tolercgenic fragments thereof. For example, X can be selected from the groups comprising:
« wo or more of insulin, proinsulin, preproinsulin, glutamic acid decarboxytase-65 GAD-67,
glucose-6 phosphatase 2, insulinoma-assosiated protein 2, insulinoma-associated protein 23,
ICABS, ICA12, carboxypeptidase H, Imogen 38, GLIMA 38, chromogranin-A, HSP-80.
caboxypeptidase [, peripherin, glucose  transporier 2,  hepalocarcinoma-intestine-
pancreas/pancreatic associated protein, 81 O(}B, glial fibriliary acidic protein, regenerating gene
i, pancreatic ducdenal homeobox 1, dystrophia myotonica kinase, islet-specific glucose-6-
phosphatase catalytic subunit-retaied protein, and 88T G-protein coupled receptars 1-5;
+ hwo or more of myelin basic protein, myelin oligodendrocyte glycoprotein, myelin proteolipid
protein, SEQ ID NO:11, SEQ ID NO:12, 8EQ ID NO:13, SEQ 1D NO:4, SEQ D NG5, 8EQ
ID NC:16, and SEQ I NO:17; and
«  bwo or more of SEQ D NO:24, SEQ 1D NO25, 8EQ 1D NO26, and SEQ ID NO:27.
{014] The disclosure also pertains to a method of reatment for an unwanted immune response
against an antigen by administering to & mammal in need of such treatment an effective amount of a
composition comprising a compound of Formula 2 as discussed above. In such method the composition
can be administered for clearance of a circulaing protein or peptide or antibody that specifically binds
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o antigen meiety X, which circulating protein or peplide or antibody is causatively involved in transplant
rejection, immune response against a therapeutic agent, autoimmune disease, hypersensitivity and/or
allergy. The composition can be administered in an amount effective 10 reduce a conceniration of the
antibodies that are causatively involved in transglant refection, immune response against a therapeutic
agent, autoimmune disease, hypersensitivity and/or ailergy in blood of the patient by at least 50% wiw,
as measured at a time between about 12 to ebout 48 hours after the administration. The composition
can administered for tolarization of a patient with respect fo antigen moiety X,

BRIEF DESCRIPTION OF THE DRAWINGS
{015] Fig. 1 is series of graphs showing galactose conjugation [F1aA-PE-me-ne {Gal-PE)]
preferentially targets OVA to cells of the liver, including the following: (A)) sinuscidal endothelial celis
{LERCs), (B.) Kupffer calls (KT}, (C.) hepatocytes, and (D.) other antigen-prasenting cells (APCs),

{o18] Fig. 2 is a graph showing profiferation of OTI CD8+ T calis n mice treated with F1aA-OVA-
ma-nas (Gal-OVA), OVA or saline {i.e. naive).
017] Fig. 3 is & series of graphs showing the percentage of OT-1 CD8* T cells preseniing surface

markers (A PD-1+ and (B.) Annexin-V+ in generations of proliferating T cells treatad with saling, OVA
or F1aA-OVA-ma-nge (GAL-OVAL

{018] Fig. 4 is a graph showing galactose conjugation [F1aA-OVA-ma-ns (Gal-OVA)] decreases
the immunogenicity of OVA as determined by OVA-specific antibody titers {shown in Ab fiters log™).
{019] Fig. & shows that F1aA-OVA-ma-ngo (Gal-OVA) is able {0 deplete OVA-specific antibodies
from the serum.

[020] Fig. & shiows that F1aA-OVA-ma-na (MGal-OVA), F1b-OVA-m1-nwu-pa (0Gal-OVA), and N'-
DOM-GlyzSer-CVA-GlyaSer-6xHis—C" {Dom-OVA) are able o mitigate the OVA-specific immune
response in draining lymphnodes after intradermal challengs with OVA and the andjuvani LPS.

{021] Fig. 7 shows the characterization of F1a8A-CVA-ma-nes and F1B-OVA-m-nas-pae. (A). Size-
exclusion HPCL traces of F1aA-OVA-mas-nge (magenta), F1b-OVA-mi-na-pae {blue) and unconjugaied
OVA (black). Shift 10 the left represents an increase in molecular weight. (B} Polyacryiamide gel
demanstrating increased molecular weight after OVA conjugation: {1.) Unconjugated OVA, (2.) F1aA-
OVA-me-nen and (3.) F1-OVA-M-naa-Das.

[022] Fig. 8 is & graph showing the normalized guantity of N-OVA-GiysSer-6xHis-C (OVA),
N-DOM-GlyaSer-OVA-GlyaSer-6xHis-C  (DOM-OVA},  or  N-OVA-GlyaSer-DOM-GlysSer-6xHis-C
{OVA-DOM) in the circulation of mice after injection as an Lv. bolus.

[023] Fig. 9 is a series of graphs showing the titer of anti-OVA 1gG antibodies In the circulation of
individual mice giter reatment with salineg, DOM and CVA, DOM-GVA, or OVA-DOM. Production of
anti-OVA IgG was induced by Lv. injections of QVA alone (&) or OVA and CpG-B (). Treatment times
arg indicated by vertical dashed lines. Titer is calculated as togie of the maximal foid dilution of plasma
with detectable anti-OVA 1gG.

DETAILED DESCRIPTION
{oz4] The wo known asialoglycoprotein receptors {“"ASGFRS") are expressed on hepatocyles
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and fiver sinusoldal  endothelial  cells  (or "LSECS"). Cther galactose/galactosaming/N-
acetylgaiactosamineg receptors can be found in various forms on multiple cell fypes [e.g., dendritic cells,
hepatocytes, LSECs, and Kupffer cellsl. Dendritic cells are considerad "professicnal antigen prasenting
cells,” because their primary function is to present antigens to the iImmune system for generating
immune responses. Some cells within the liver are known o be abie to present antigens, but the liver
is more known to be involived in tolerogenesis. The liver is understood to be a tolercgenic organ. For
exampls, lowsr incidences of rejsction are reported in cases of multiple organ transplants when the liver
ig one of the organs transplanted. L8ECs are much newer 1o the literature; conseguently their role in
folerogenasis antd/or moderation of inflammatory immune responses is not yet widely acknowtedged or
well understood. However, it is becoming clear that they also can play a significant role in the induction
of antigen-specific folerance.

[025] One of the distinctive features of the erythrocyte surface is its glycosylation, ie,, the
presence of signiticant numbers of glycosyiated proteins. indeed, the glycophoring {(.g., glycophorin
A} have been employed as targets for erythrocyte binding.  Giycophoring are proteins with many
covalently attached sugar chaing, the end terminus of which is sialic acid. As an erythrogyte ages and
hecomes ripe for clearance, the terminal sialic acid of its glycophorins tends (0 be iost, leaving N-
acetylgalactosamine at the free end. N-acetylgalactosamine is a ligand selectively raceived by the
ASGPR associated with hepatic cells, leading to binding of N-gcetyigalactosamine-containing
substances by hepalic cells and their subseguent uptake and processing in the liver,

[026] Heretofors, it has been understood by those skilled in the art that glycosylation of a
therapeutic agent in & manner that results in hepatic targeting should be aveided due to first-pass
clearance by the liver resulting in poor circutation half-life of the therapeutic agent. By the same token,
some monoclonal antibodies nead to be specifically glycosylated at ASN287 for optimai binding to their
Fc recepiors. it has now surprisingly heen found that galactosyiation can be used in a manner thas
induces iolerpgenesis.

[027] The present disclogure provides certain therapeutic compositions thal are targeted for
delivery 1o {and for uptake by) the liver, parficularly hepatoeytes, LEECs, Kupffer celis and/or stellate
cells, more particularly hepatocytes andfor LSECs, and even more particularly to specifically bind
ASGPR. Livertargeting facilitates two mechanisms of treatment: tolerization and clearance.
Tolarization takes advantage of the liver's rola in clearing apoptotic celis and processing their proteins
o be recognized by the immupe systern as “self,” as well as the liver's role in sampling peripheral
proteins for immune lolerange. Clearance takes advaniage of the liver's role in blood purification by
rapidly removing and breaking down toxing, polypeptides and the like. Targeting of these compositions
fo the liver is accomplished by a galaciosylating moiety (e.g., galactose, galactosamine and N-
acetylgalactosamine, pasticularly conjugated at G1, G2 or G6), by another liver-largeting moisty (e.g., &
mongclonal antibody, or a fragment or an sckv thereof, or by de-sialylating a polypeptide for which
such liver-targeting is desired. The galactosylating or other liver-targeting moiety ¢an be chemically
conjugated or recormbinantly fused to an antigen, whereas desialyiation exposes a gaiaciose-like molety
on an andigen polypeptide. The antigen can be endogencus (a self-antigen) or exogenous {a foreign
antigen), including but not limited fo: a foreign rangplant antigen against which transplant recipients
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develop an unwanted mmune response {e.g., transplant rejection), a foreign food, animal, piant or
environmental antigen to which patients develop an unwanted immune (e.g., aliergic or hyparsensitivity)
responss, & therapautic agent io which patients develop an unwanted immune respense (e.g.,
hypersensitivity and/or reduced therapeutic activity}, a self-antigen to which patients develop an
unwanted immune response (e.g., autoimmuneg disaase), or a lolerogenic porfion {(2.g., a fragment or
an epitope) thereof, these compaositicns are useful for inducing tolerization to the antigen. Alternatively,
the gataciosylating or other liver-targseting moiety can be conjugated io an antibody, antibody fragment
or ligand that specifically binds a circulating protein or geptide or antibody, which circulating protein or
peptide or antibody is causatively involved in transplant rejection, immune response against a
therapeutic agent, autoimmune disease, and/or allergy {as discussed above); these compositions are
useful for clearing the circulating protein, peptide or antibody. Acceordingly, the compositions of the
present disclosure can be used for treating an unwanted immune response, e.g., ranspiant rejection,
an immuneg response against & thergpeutic agent, an autoimmune dissase, and/or an allergy. Also
provided arg pharmaceutical compositions containing a therapeutically effective amount of a
composition of the disclosure admixed with at least one pharmaceutically acceptable excipisnt. In
another aspect, the disciosure provides methods for the treatment of an unwanted immune response,
such as transplart rejection, response against a therapautic agent, autoimmune disease or ailergy.

[028] Definitions

{029] As used in the present specification, the foliowing words and phrases are generally
infended to have the meanings as set forth below, except to the extent that the context in which thay
are used indicates otherwise.

{030] The singular forms "a," "an,” and "the” include plural referents, unless the context clearty
indicates otherwise.

{031] The term “aboul” when used in connection with a numerical value is meant to encompass
numerical values within a range typically having a lower limi that is, e.0., 5-10% smaller than the
indicated numerical value and having an upper limit that is, e.g., 5-10% targer than the indicated
numerical value.

[032] An “antigen” is any substance that serves as a target for the receptors of an adaptive
frmmune respeonse, such a5 the T cell receptor, B cell receptor or an antibody. An antigen may originate
from within the body {*self,” “aute” or “endogenous™. An aniigen may originate from outside the body
{'non-seif,” “foreign” or "exogenous™), having entered, for example, by inhalation, ingestion, injection, or
transplantation. Foreign antigens inciuds, but are not limitad to, food antigens, animal antigens, plant
antigens, environmental aniigens, therapeutic agenis, as well as antigens present in an allograft
fransplant.

[033] An "antigen-binding molecule” as used harein relates to molecuies, in particular o proteing
such as immunoglobulin melecutes, which contaln antizody variable regions providing a specific binding
o an epitope. The antibody variable region can be present in, for example, & complete antibody, an
antibody fragment, and a recombinamt derivative of an antibody or antibody fragment. The term
“antigen-binding fragment” of an antibedy {or "hinding portion”}, as used herein, refers 10 one o morg
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fragments of an antibody that retain the ability to specifically bind a target sequence. Antigen-binding
fragments containing antibody variable regions include (without limitation) "Fv', "Fab", and "F(ab’)2"
ragions, "single domain antibodies {sdAb}", "nanobodies”, "single chain Fv (scFv)" fragments, "tandasm
schvs” {VEA-VLA-VuB-VLB}, "diabodies”, "triahodies” or "tribodies’, "single-chain giabodies (schb)”, and
‘bi-apecific T-cell engagers (BiTEs)".

{034] A “chemical modification” refers to a change in the naturally-cccurring chemical siructure
of one or more amino acids of a polypeptide. Such meodifications can be made to a side chain or a
terminus, e.g., changing the amino-terminus or carboxyt terminus.  In some embodiments, the
modifications are useful for creating chemical groups that can conveniently he used to link the
palypeptides to other materials, or to attach a therapeutic agent.

[035] The term “comprising”, which is synonymous with ‘“including,” “cortaining,” or
‘characterized by,” is inclusive or open-ended and does not exclude additional, unrecited slemernts or
method steps. The phrase “consisting of” exciudes any element, step, or ingredient not specified. The
phrage "consgisting essentially of” limits the scope of described subject matter 1o the specified materials
or steps and those that do not materially affect its basic and novel characteristics.

[038) ‘Conservative changes” can generally be made to an aming acid sequance without altering
activity. These changes are termed "conservative substitutions” or mutations; that ig, an aming acid
belonging to a grouping of amino acids having a particular size or characteristic can be substituted for
another amino acid. Substiiutes for an amino acid sequence can be selacted from other members of
the class 1o which the amino acid helongs. For example, the nonpolar {hydrophobic) aming acids
include alanine, feucine, iscleucine, valine, proline, phenylalanine, tryptophan, methioning, and
tyrosine.  The polar neutral aming acids include glycine, sering, threonine, cysteine, tyrosine,
asparagine and giutaming. The positively charged (basicy amino acids include argining, lysine and
histidine. The negatively charged (acidic) amino acids include aspartic acid ang glutamic acid. Such
substitutions are not expected to substantially affect apparent molecular weight as determined by
polyacrylamide gel electrophoresis or isoeiectric point.  Conservative substitutions also include
substituting optical isomers of the sequences for other optical isomers, specifically D aming acids for L
amino acids for one or more residues of a sequence. Moreover, ali of the amino acids in a sequence
can underge a D to L isomer substitution. Exemplary conservative substitutions include, but are not
fimited to, Lys for Arg and vice varsa to maintain a positive chargs; Glu for Asp and vica versa o
maintain a negative charge; Ser for Thr so that a free -OH is maintained; and Gin for Asn 1o maintain a
free -NHz. Yot another type of conservative substitution constutes the case where amino acids with
dasired chemical reactivities are introduced to impart reactive sitss Tor chemical conjugation reactions,
if the need for chemical derivativization ariseg. Such aming acids include but are not Himited 1o Cys {1
insert a suifhydryl group), Lys (to ingert a primary amine), Asp and Glu (fo insert a carboxylic acid
group), or specialized noncancnical aminoe acids containing kKetone, azide, alkyne, alkene, and teirazing
side-chains. Conservative substitutions or additions of free -NHz or -8H bearing amino aclds can de
particularty advantageous for chemical conjugation with the linkers and galactosylating moieties of
Formula 1. Moreover, point mutations, deletions, and insertions of the polypeptide sequences or
sorresponding nucleic acid seguencas can in some cases be made without & loss of function of the
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polypeptide or nucleic acid fagment. Substitutions caninclude, eg., 1,2, 3,4,5,8,7,. 8,9, 14, 15, 20,
25, 30, 35, 40, 45, 50 or more residues. A variant usable in the present invention may exhibit 2 total
numberof up 0 200 (upto 1,2, 3,4,5, 6,7, 8,8, 10, 15, 20, 25, 30, 35, 40, 45, 50, b5, 60, 65, 70, 75,
80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 19G, or 200} changes in the amino acid
seguence {i.e. exchanges, insertions, deletions, N-terminal fruncations, and/or C-terminal fruncations).
The amino acid residues descrited harein employ either the single lefter amino acid designator or the
three-letter abbreviation in keeping with the standard polypeptide nomsanclaturs, J. Biol. Chem., (1869},
243, 3552-3559. Al amino acid residue sequences are represented herein by formulae with left and
right orientation in the conventional direction of amine-terminus to carboxy-terminus.

{037] The terms “effective amount” or "therapeutically effective amount” refer to that amount of a
composition of the disclosure that is sufficient to effect treatment, as defined below, when administered
o a mammal in need of such treatmeant, This amaount will vary depending upan the subject and disease
condition being trealed, the weight and age of the subject, the severity of the dissase cordition, the
particular composition ¢of the disclosure chosen, the dosing regimen 10 be followed, timing of
agminigtration, manner of administration and the like, all of which can readily be determined by ¢ne of
ardinary skiil in the art.

[038] An "epitope”, also known as antigenic determinani, is the segment of a macromoleculs,
e.¢. & protein, which is recognized by the adaptive immune system, such as by antibodies, B cells, or
T celis. An epitope is thal part or segment of a macromolecule capabie capable of binding 1o an antibody
or antigen-binding fragment theraof. (n this context, the term "binding” in particular relales to a specific
binding. In the context of the present invention it is preferred that the term “epitope” refers to the
segment of protein or polyprotein that is recognized by the immune system.

[039] The term galaclose is well known in the art and refers 10 a monosaccharide sugar that
exists both in open-chain form and in cyglic form, having B- and L- isomers. Inthe cyclic form there are
two anomers, namely alpha and beta. in the alpha form, the C1 alcohol groug is in the axial position,
whereas in the beta form, the G1 alcoho! group is in the equatorial position. In particular, “galaclose”
refers to the cyelic six-membered pyranose, more in particular the D-isomer and even more particularly
the alpha-B-form (a-D-galactopyranosel. The structure and numbering of galactose is iliustrated below.

[040]

{041)] The term “galactosylating moiely” refers to a particular type of liver-largeting mgoiety.
Galactosylating moieties include, but are not limited to a galactose, galactosamine and/or N-
acetylgalactosamine residus.

{042] The term “liver-targeting maolety”, refers 0 moieties having the abiity t¢ direct, e.g., a

10
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polypeptide, 1o the liver, The liver comprises different cell types, including but not Emited to hepatocytes,
sinusoidal epithelial cells, Kupifer cells, stellate cells, and/or dendritic cells. Typically, a fiver-targeting
moisty directs a polypeptide to one or mare of these celis. On the surface of the respactive liver cells,
receptors are present which recognize and specifically bind the liver-targeting moiety. Liverdargeting
can be achieved by chemical conjugation of an antigen or ligand t¢ a gealactosylating moiety,
desialyiation of an antigen or ligand o expcse underlying galactosy! moisties, recombinant fusion or
chemical conjugation of an antigen or ligand to an ASGPR-binding moiety, or specific binding of an
endogenous antibody to an antigen or ligand, where the antigen or ligand is: desialylated o expose
underlying galactosyl muoieties, conjugated to a galactesylating moiety, or recombinantly fused or
chemically conjugated o an ASGPR-binding moigty. Naturally occurring desialylated proiging are not
encompassed within the scope of the present disclosure.

[043] The "numerical values” and "ranges” provided for the various substituents are intended {0
encompass all integers within the recited range. For example, when defining n as an integer
representing & mixiure including from about 1 10 100, particulariy about & to 80 and more particularly
about 40 1o 80 ethylene glycol groups, where the mixture typically encompasses the integer spegified
as n * about 10% {or for smalier integers from 1 10 about 25, £3), it should be understeod thai n can he
an integer from abowt 110 100({e.9., 1, 2,3, 4,5, 6,7, 8, 9,10, 11,12, 13, 14, 15,16, 17, 18, 18, 20,
22,25, 30, 34, 35, 37, 40, 41, 45, 50, 54, 55, 59, 680, 65, 70, 75, 80, 82, 83, 85, 88, 90, 95, 99, 100, 105
or 110) and that the disclosed mixiure encompases ranges such as 1-4, 2-4, 2-6, 3-8, 7-13, 6-14, 18-
23, 26-30, 42-80, 46-57, 60-78, 85-80, 90-110 and 107-113 ethyleng glycol groups. The combingd
terms "about” and “£10%" or “+£3" should be understood to disclose and provide specific support for
equivalent ranges wherever used.

[044] The term *optional” or “optionally” means that the subsequenily dascribed event or
circumstance may or may ngt ogcur, and that the description includes instances where said event or
circumstance oceurs and instances in which it does not.

[045] A peptide that specifically binds a particular target is referred 10 as a "ligand” for that target.
[048] A "polypeptide” is a term that refers to a chain of aming acid residues, regardless of post-
transtational modification (e.g., phosphorylaticn or glycosylation) and/or complexation with additional
polypeptides, and/or synthesis inte multisubunit complexas with nucleic acids and/or carbohydrates, or
other moleculss, Proleoglycans thersfore also are referred to herein as polypeptidss. A long
polypeptide (having over about 5C amino acids) is referred to as a "protein.” A short polypeptide {having
fewer than about 50 aming acids) is refarred 1o as a “peptlide.” Depending upon size, aming acid
somposition and three dimensional structure, certain polypeptides can be referred to as an an “antigen-
binding molecule,” "antibody,” an "antibody fragment” or a "ligand.” Polypeptides can be produced by
a number of methods, many of which are well known in the art. For example, polypeptides can be
obtained by extraction (e.g., from isolated cells), by expression of a recombinant nucleic acid encoding
the polypeptide, or by chemical synthesis. Polypeptides can be produced by, for example, recombinant
technology, and expression vectors encoding the polypeptide introduced into host cells {e.g., by
transformation or transfection) for exprassion of the encoded polypeptida

{047] As used harsin, "pharmacsutically acceptable carrist™ or “pharmaceuticsily acceptable
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excipient” includes any and al selvents, dispersion media, coalings, antibacterial and antifungal agents,
isotonic anc absorption delaying agents and the lke. The use of such media and agenis for
pharmaceutically active substances is wall known in the art. Except insofar as any conventional media
or agent is incompativle with the active ingredient, its use In the therapeutic compositions is
conternplated. Supplementary active ingredienis can alsc be incorporated into the compositions.
{048] The term “purified” as used herein with reference to a polypeptide refers to a polypeptide
tha! has been chemically synihesized and is thus substantially uncontaminated by other polypeptides,
or has been separaied or isclated from most other cellular compeonents by which it is naturally
accompanied {e.g., other cellular proteins, polynuclectides, or cellular components). An example of a
purified polypeptide is one that is at ieast 70%, by dry weighi, free from the proteins and naturally
ocecurring organic motecules with which it natwrally asscciates. A preparstion of a purified polypeptide
therefore can be, for example, af |east 80%, at least 90%, or al least 89%, by dry weight, the
polypeplide. Polypeptides also can be engineered 1o contain a tag seguence {e.g., a poiyhistidine fag,
a myc tag, a FLAG® tag, or other affinity tag) that facilitates purification or marking {e.q., capture onto
an affinity matrix, visyalization under a microscope). Thus a purified compoesition that comprises a
aolypeptide refers 1o a purified polypepide unless otherwise indicated. The term “isolated” indicales
that the polypeptides or nugleic acigs of the disclosure are not in their natural environment.  isclated
products of the disclosure can thus be contained in a culiure supernatant, partially enriched, produced
from heterclogous sources, cloned in & vecior or formulated with a vehicle, eic.
{049] The term “seguence identity” is used with regard ¢ polypepiide sequence comparisons.
This expression in particular refers 1o a percentage of sequence identity, for example at least B0%, at
feast 81%, at least 82%, at least 83%, at least 84%, alleast 55%, at least 86%, at least 87%. at least
88%, at least 89%, ai least 90%, al least 1%, at |sast 92%, at least 93%, at least 84%, atl least 5%,
at least 96%, at least 97%, al least 98%, or at least 89% 1o the respective reference polypeptide or to
the respective reference polynuclectide. Particuarly, the polypeptide in question and the reference
polypeplide exhibit the indicated seguence identity over a continuous sireich of 20, 30, 40, 45, 50, 60,
70, 80, 80, 100 or more amino acids ¢f over the entire length of the reference polypeptide.
[050] “Specific binding,” as that term is commonly used in the biclogical arts, refers to a molecule
that binds to a target with a refatively high affinity as compared to non-targe! tissues, and generally
involves & plurality of non-govalent interactions, such as slectrostatic interactions, van der Waals
interactions, hydrogen bonding, and the like. Specific binding interactions characterize antibody-
antigen binding, enzyme-substrate binding, and cerain protein-receptor interactions; while such
molecules might bind tissues besides their specific targsts from tims o time, to the extent that such
non-target binding is inconseguential, the high-affinity binding pair can still falt within the definition of
specific binding.
[051] The term "treatment” or "trgating” means any treatment of a disease or disorder in a
mammal, including:

preventing or protecting against the disease or disorder, that is, causing the clinical

symgatoms not to develop;
inhibiting the dissase or discrder, that is, arresting or supprassing the deveiopment of
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clinical symptoms; and/or
relieving the disease or disorder, that is, causing the regression of clinical symptoms.

{052] The term “unwanted immune response” refers [0 a reaction by the immung system of a
subject, which in the given situation is not desirable. The reaction of the immune system is unwanted
if such reaction does not lead to the prevention, reduction, or healing of a disease or disorder but instead
causes, enhances or worsens a disorder or disease. Typically, a reaction of the immune system
causes, enhances or worsens a disease if it is directed against an inappropriate targst. Exemplified,
an unwanted immune response inciudes but is not kimited 1o transplant rejection, immune response
against a therapeutic agent, autoimmune disease, and allergy or hypersensitivity.

{053] The term "variant” is 10 be understood as a protein which differs in comparison to the protein
from which it is derived by one or more changes in its length, seguence, or structure. The polypeptide
from which a protein variant is derived is also known as the parent polypeptide or polynucleatide. The
ferm "variant” comprises “fragments” or "derivatives” of the parent molecute. Typically, "fragments” are
smaller in length or size than the parent molecuie, whilst "derivatives” exhibit one or more differences
in their sequence or structure in comparison to the parent mofecule. Aiso encompassed modified
molecules such as but not limited io posttranslationally modified proleins (e.g. glycosylated,
phosphorylated, ubiquitinated, palmitoyiaied, or proteclytically cieaved proteins) and modified nugieic
acids such as methyiated DNA. Also mixtures of different molecules such as but not limited to BNA-
DNA hybrids, are encompassed by the term "varignt”. Naturally cccuring and artificially constructed
varianis are 1o be understood 10 be encompassad by the term “varlant” as used hergin. Further, the
variants usable in the present invention may also be derived from homologs, orthologs, oF paralogs of
the parent molecule or from artificially constructed variant, provided that the variant exhibits atleast one
biological activily of the parent molecule, Le. is functionally active. A variant can be characterized by a
certain degree of sequence identity to the parent polypeptide from which it is derived. More precisaly,
a protein variant in the context of the present disclosure may exhibit at teast 80% sequence identity to
its parent polypaptide. Preferably, the sequence identity of protein variants is over a continuous streich
of 20, 30, 40, 45, 50, 60, 70, 80, 90, 100 or morg amino acids.

{054] Composilions
[055] Ong aspect of the present disclosure ralates to compositions, pharmaceutical formulations,
and metheds of reaiment employing such compositions, as represented by Formuia 1:

X+Y—2|,

Formuia 1
where:
m is an integer from apout 1 {o 100, particularly from about 1 {o 20, and most particulary 1 1o
about 10;
X is an antigen moigty, particularly a foreign antigen or self-antigen against which a patient
develops an unwanted immung response, or a tolerogenic portion (8.9., a fragment or
an epitope) of such an antigen moiety;
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Y s g linker moiety or 4 direct bond, or an antibody, antibody fragment, peptide or other ligand
that specifically binds X; and

Z is a liver-targsting molsty, in particular galactosyiating maoisty.
The value for m in Formuia 1 will degend upon the nature of X, in that each antigen, antibody, antibody
fragment or ligand will have an individual numbear and density of sites (predominantly the N-terminal
amine, lysine residues and cysteine residues) tc which a linker or gatactosylating moiety can be bound,
Antigens having a limited number of such sites can be derivatized, for example, at the N or G terminus,
by adding lysine or cysteine residues {optionally via a cleavable linker, particularly a linker having an
immunoproteosome tleavage site}. Generally, it is preferred to provide an adequate degree of
galastosylation in compositions of Formuia 1 so as to facilitate uptake by liver celis. Pharmacsutical
formulations and methods of the disclosure can employ & cocktail of compositions of Formula 1,
raspectively bearing different X moieties (e.g., several epitopes associated with a particular unwanted
immune response).
{056] The compositicns of Formuig 1 incluge the sub-genuses where X is a foreign transplant
antigen againgt which transplant recigients develop an unwanted immune response (e.g., transplant
reiection), a foreign food, animal, piant or envirenmantal antigen against which patients develop an
unwantad immuneg {e.g., allergic or hyparsansitivity} response, a foreign therapsautic agent against which
patients develop an unwanted immune response (e.9., hypersensitivity and/or reduced therapeutic
activityl, or a ssli-antigen against which patients develcp an unwanied immune response (e.3.,
autoimmuneg disease); where Y is g finker of Formulag Ya through Yp; and/or where Z is galactose,
galactosaming or N-acetylgalactosamine, as iHlustrated by Formulae 1a through 1p as described below
with reference to the Reaction Schemes.
[057] The disclosure further provides a pharmaceutically acceptable composition represented by
Formula 2:

X—Yz-+y—x].

Formula 2
where:

m'is zero or aninteger from about 110 10, m™ is zero or an integer from about 1 10 10, and the
sum of m’ + m" is an integer from about 1 to 10 but is at least 1;

X is an antigen moiety, pariicularly a foreign antigen or self-antigen against which a patient
davalops an unwanted immung rasponse, of a (olerogenic portion (e.g., a fragment or
an epitope) of such an antigen moiety;

Y is & linker moiety or a direct bond, or an antibody, antibody fragment, peptide or other ligand
that specifically binds X; and

Z is a fiver-targeting moiety, in particular an ASGPR-targeted antivody, an ASGPR-targeted
antibody fragment, an ASGPR-largeted peptide, an ASGPR-targeted scFy, or another
ASGPR ligand,

such composition eptionally including amino acid sequences to fagilitate isolation and purification [e.g.,
a "His tag” or "6xHig” having the sequence; HHHHHH (SEQ ID NOM and addiional linkers [e.g.,
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‘GlysSer” having the sequence: GGGS (SEQ 1D NO:2YL In the compositions of Formuia 2 where m' +
m*is greater than one, the X moisties can be the same or different, and the ¥ moieties can be the same
or different. The value for m’ + m” will be smailer (2.g., 3 or less) when X ig a full protein, or larger (Up
to about 10) when X i a peptide. The linker(s} "Y" can advantageously comprise a cleavage site,
particulariy an immunoeproteosome cleavage site.

{058] The compositicns of Formuia 2 include the sub-genuses where X is a foreign transplant
antigen against which franspiant recipients develop an unwanied immune response (e.g., transplant
relection), a foreign food, animal, plant or envirgnmental antigen against which palients develop an
unwanted immune (2.g., allergic or hypersensitivity) response, a foreign therapeutic agent against which
patients develep an unwanted immune response (8.9., hvpsersensitivity and/er rgduced therapeutic
activity}, or a self-antigen against which patients develop an unwanted immune response (e.g.,
autoimmune disease).

{059] Alternatively, in the compositions of Formula 1 and/or Formula 2, X can be an antibody,
antibody fragment or ligand that specifically binds & circulating protein or peptide or antibody, which
girculating protein or peptide or antibody i8 causatively involved in transplant relection, immune
rasponse against a therapeutic agent, auloimmune disease, hypersensilivity and/or allergy.

[o6qQ] The compositions of Formula 2 can be prepared as fusion proteins and can include several
ecomponents useful in their preparation and purification, such as a signal or leader seguence that directs
the expressed polypeptide to a specific transport pathway and is subsequently cleaved from the
polypeptide; therefore the signal sequence can be part of the expressed profein and DNA ancoding it
but not part of the final composition. One exampla of & mamgmalian signal sequence used in expression
systems is the Ig k—chain sequence, which directs protein secretion: METDTLLIWVLLLWVPGETG
(SEQ 1D NO:3). Similarly, one examgle of a cornmeon bacterial signhal sequence used in expression
systems is the pelB signal sequence, which dirgcts expressed protein inte the bacterial peripiasm:
MKYLLPTAAAGLLLLAAQPAMA (SEQ 1D NG 4).

[061] Antigens
{062) The antigen employed as X in the compositions of Formuta 1 and/or Formuia 2 can be a
protein or & peptlide, e.g. the antigen may be a complete or partial therapeutic agent, a fuli-length
transplant protein or peptide thereof, a full-langth autoantigen or peptids thereof, a full-langth allsrgen
or peptide thereof, and/or a nudieic acid, or a mimetic of an gforementioned antigen.
{063] Antigens employed in the practice of the present disclosure can be one or more of the
following:
+  Therapeutic agents that are proteins, peptides, antibodies and antibody-like molecuies,
including antibody fragmenis and fusion proteins with antibodiss and antibody fragmants.
These include human, nos-human (such as mouse) and non-naturad (.., enginesred) proteins,
antibodies, chimeric antibodies, humanized antibodies, and non-antibody binding scaffolds,
such as fibronecting, DARPIns, knoiting, and the like.
= Human allograft transplantation antigens against which transpiant recipients develop an

unwanted immune responss.
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»  Self-antigens that cause an unwanted, autoimmune response. Those skilled in the art will
appreciale that while self-antigens are of an endogenous origin in an autoimmune disease
patient, the polypeptides employed in the disciosed compositions ara typically synthesized
exogenousty (as opposad o being purified and concentrated from a scurce of origin.

« Foreign antigens, such as food, animal, plant and envirgnmental antigens, against which a
patient experiences an unwanied immung response. Those skilled in the art will appreciate
that while a therapeutic protein can aiso be congidered & foreign antigen due 10 its exogenous
ongin, for purposes of clarity in the description of the present disclosure such tharapeulics are
dascribed as a separate group. Similarly, a plant or an anima!l antigen can be eaten and
considered a food antigen, and an environmental antigen may originate from a plant. They are,
however, all foreign antigens. In the interest of simplicily no aliempt will be made 1o describe
distingiush and define ail of such potentially overlapping groups, as those skilied in the art can
appreciate the antigens that can be employed in the compositions of the disclosure, particularly
in light of the detailled description and examples.

The antigen can be a complete protein, a portion of a complete protein, a peplide, or the like, and can
be derivatized (as discussed above) for attachment 0 a linker and/or galactosylating moiety, can be a
variant and/or can contain conservative substitutions, particularly mairdaining sequence identity, and/or
can Do desialylated.

[064] In the embodiments where the antigen is a therapeutic protein, peptide, antibody or
antibody-like molecule, specific antigens can be selected from: Abatacept, Abciximab, Adalimumab,
Adenosing deaminase, Ado-trastuzumab emiansine, Agalsidase alfa, Agalsidase beta, Aldeslukin,
Alglucerase, Alglucesidase alfa, a-1-profsinase inhibitor, Anakinra, Anistreplase (anisoylated
plasminogen streptokinase activator complex), Antithrombin I, Aniithymocyte globulin, Ateplase,
Bevacizumab, Bivalirudin, Betulinum toxin type A, Botulinum toxin type B, Cil-esterase inhibitor,
Canakinumab, Carboxypeptidase G2 (Glucarpidase and Voraxazej, Certolizumab pegol, Cetuximab,
Collagenase, Crotalidae immune Fab, Darbepoetin-a, Denosumab, Digoxin immune Fab, Dornase alfa,
Eoulizumab, Etanercept, Factor Vilg, Factor VI, Factor X, Factor X1, Factor XIH, Fibrinogen, Filgrastim,
Gaisulfase, Golimumab, Histrelin acetate, MHyaluronidase, idursulphase, Imiglucerase, Infliximab,
insutin [including recombinant human insulin ("rHu insulin®) and boving insudin], Interferon-a2a,
interferan-a2b, Interferon-pia, Interferon-Bib, interferon-y1, Ipilimumab, L-arginase, L-asparaginase,
L-methionase, Lactase, Laronidase, Lepirudin / hirudin, Mecasermin, Mecasermin rinfabate, Methoxy
Natalizumab, Octreotide, Ofatumumab, Oprelvekin, Pancreatic amylase, Pancreatic lipasse, Fapain,
FPeg-asparaginase, Peg-doxorubicin HCL PEG-spoetin-g, Pegfilgrastim, Peg-Interferon-a2a, FPeg-
Interferon-g2b, Pegloticase, Pegvisomant, Phenylalanine ammonia-lyase (FAL), Protein G,
Rasburicase (uricase), Sacrosidase, Salmon calcitonin, Sargramostim, Streptokinase, Tenectepiase,
Tetiparatide, Tocllzumab {fatlzumaty), Trastuzumab, Type 1 alpha-interferon, Usiekinumab, vw factor,
The therapeutic protein can be oblained from natural sources {e.g., concentrated and purified) or
synthesized, £.9., recombinanily, and includes antibody therapeutics that are typically igG mongcional
or fragrnents or fusions.

[065] Particular therapeutic protein, peptide, antibody or antibody-like molecutes include
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Abciximab, Adalimumab, Agalsidase alfa, Agalsikdase beta, Aideslukin, Alglucosidase alfa, Factor Vi,
Factor X, infliximab, insulin (including rHu Insulin), L-asparaginase, Laronidase, Natalizumab,
Qctreotide, Phenvialanine ammonia-lyase (PAL), or Rasburicase (uricase) ang generally igG
menoclonal antibodies in their varying formats.
{068)] Another particular group includes the hemostatic agents (Factor VI and [X), insulin
{including rHu Insuling, and the non-human therapgeutics uricase, PAL and asparaginase.
{067] Unwanted immuneg response in hematology and transplant includes autoimmuna aplastic
anemia, ransplant rejection {generally}, and Graft ve. Host Disease (bone marrow transglant rejection).
in the embodiments where the antigen is a human allograft transplantation antigen, specific seguences
can be selected from: subunits of the various MHC class | and MHC class I haplotype proteins {for
example, donorfrecipient differences identified in tissue cross-maiching), and singie-aming-acid
polymaorphisms on minor blood group antigens including BhGE, Kell, Kidd, Duffy and 8s. Such
compositions can be prepared individually for a given donor/recipient pair.
{068] in the embodiments where the antigen is a seif-antigen, specific anfigens {and the
autgimmune disease with which they are associated; can be seiected from:
« in type 1 diabstes melitus, several main antigens have been identfied: insulin, proinsulin,
praproinsuling glutamic acid decarboxylase-65 (GAD-65 or glutamate decarboxylase 2, GAD-
67, gluccse-6 phosphatase 2 (IGRP or islet-specific glucose 6 phosphatase catalytic subunit
refated protein), insulinoma-associated protein 2 {1A-2}, and insulinoma-associated protein 23
(1A-2B); other antigens include ICAB9, ICA1IR2 (SOX-13), carboxypeptidase H, Imogen 38,
GLIMA 38, chromogranin-A, H3P-G0, caboxypeplidase E, peripherin, glucose transporter 2,
hepatocarcinoma-intesting-pancreas/pancreatic associated protein, 1000, ghal fibrillary acidic
protein, regenerating gene i, pancreatic duadenal homechox 1, dystrophia myotonica kinase,
islet-specific giucose-6-phosphalase catalytic subunitrelated protsin, and 887 G-protein
coupled receptors 1-5. it should be noted that insulin is an example of an antigen that can be
characierized both as a ssif-antigen and a therapeutic protein antigen. For exampie, rHu insulin
and bovine insuiin are therapeutic protein antigens (that are the subject of unwanted immune
attack), whereas endogenous human insulin is a self-antigen {that is the subject of an unwanted
immune atiack). Because endogenous human insulin is not available to be employed in a
pharmaceutical composition a recombinant form is emploved in the compositions of the
disclosure.
o Human insulin, including an exogensusly obtained form useful in the compositions of
the disclosure, has the following seguence (UNIPROT PO1308):
MALWMBLLPL LALLALWGPD PAAAFVNOHL CGBHLYEALY LVCGERGFFY
TPRKTRREAED LOVGOVELGS GPOAGSLAPL ALEGSLOKRS WEQGETSIC
SLYQLENYGN {SEG ID NO:D).
o GAD-85, including an sxcgencusly obtained form usefu! in the compositions of the
disciosure, has the foliowing sequence (UNIPROT Q05329):
MASPGSGPWSE FOREDGRGDS ENPGTARAWC CVAGKFTGG! GNKLCALLYG
DAEKPAESGE SOPPRAMARK AACACDOKPC SCEKVDVRNYA FLHATDLLPA

17



(134) JP 2020-121981 A 2020.8.13

WO 2013/140648 PCT/AB2015/001143

COGERPTLAF LODVMNILLO YWVKSFDRET KVIDFHYPRE LLOGEVYNWELA
DOPONLEEL MHCQTTLEYA IKTGHPRYFN QLSTOLDMVE LAADWLTSTA
NTNMFTYEIA PYPVLLEYVT EKKMRREGW PGGSGDGIFS PGGAISNMYA
MAMIARFKMEFF EVIERKGMAAL PRLUAFTEEH SHFSLKKGAA ALGIGTDEY!
LCDERGHKM IPEDLERRIL EAKGKGFVRF LYBATAGTTY YOAFDPLLAY
ADICKIVIIW MHYDAAWGGE LIMSRKHKWE LEGVERANSV TWNPHEMMEY
PLOCSALLYR EEGLMONCNG MHASYLFQQD KHYDLEYDTG DKALGCGRHY
DVFKLWLMWE AKGTTGFEAH VDKCLEDLADY LYNEKNBEG YEMVFDGKPG
HTNVOFWYIF PELRTLEDNE ERMSRLEKVA PYIKARMMEY GTTMVSYOFL
GORVYNFFRMY ISNPAATHOD IDFLIEEIER LGQDL (SEQ 1D NOCB).

o IGRP, including an exogenously obtained form useful in the compositions of the
disclosure, has the following sequence (UNIPROT QNSQRY):
MOFLHRNGVLHGHLQKDYRAYYTFLNFMENVGDPRNIFFIYFPLOFOQFNQTVGTEMI
WVAVIGDWLNLIFKWILFOHRPYWWVQETQIYPNHSSPCLEQFPTTCETGPGSPSC
HAMGASCVYWYVMVTAALSHTVCOMDKFSITLHRLTWSFLWSVFWLIQISVCISRVFI
ATHFPHQVILGVIGGMLVAEAFEHTPGIQTASLGTYLKTNLFLFLFAVGFYLLLRVLNI
DLLWSVPIAKKWCANPDW IHIDTTPFAGLVRENLGVLFGLGFAINSFEMFLESCRGGNN
YTLSFALLCALTSLTILQLYHFLGIP THEEHLFYVLSFCKSASIPLTVVAFIPYSVEMLM
KGSGKKSQ (SEQ ID NO:T).

s inautcimmune disgases of the thyroid, including Hashimoto's thyroiditis and Graves’ disease,
main antigens inciude thyroglobulin {TG), thyroid peroxidase (TPO) and thyrotrapin recepicr
{TSHR}; other antigens include sodium ioding symporter (NIS) and megalin. In thyroid-
associated ophihaimopathy and dermopathy, in addition to thyroid autoantigens including
TSHR, an antigen is insulin-like growth factor 1 receptor.  In hypoparathyroidism, a main
antigen is calcium sernsitive receptor.

« In Addison's Disease, main antigens include 21-hydroxylase, 17 -hydroxylase, and P450 side
chain cleavage enzyme {P450sce); other antigens include ACTH receptor, P450c21 and
P4h0ct7.

« In premature ovarian failure, main antigens inglude FSH receptor and  -enolase.

« inautoimmune hypophysitis, or pituitary autoimmune disease, main antigens include pituitary
gland-specific protein factor (PGSR} 1a and 2; another antigen s type 2 iodothyronine
deipdinase.

+ in multiple sclerpsis, main antigens include myelin basic protein  ("MBPT, myslin
oligodendrocyte glycoprotein (‘MOG™ and myelin proleolipid protein (*PLF™}.

o MBP, including an exogencusly obtained form useful in the compositions of the
disclosure, has the following sequence (UNPROT PC2686):
MGNHAGKREINAEKASTNSETNRGESEKKBNLGELSRTTSEDNEVFGEADANGONN
GTSSQDTAVTDSKETADPRKNAWODAHPADPGSRPHLIBLFSRDAPGREDNTFKDR
PSESDELQTIQEDSAATSESLDVMASCKRPSQRHGSKYLATASTMDHARHGFLPRH
ROTGILDSIGRFFGGDRGAPKRGSGKDSHHPARTAHYGSLPOKSHGRTOQDENPVY
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HFFKNIVTPRTPPPSQGHKGRGLILSRFSWGAEGQRPGFGYGGRASDYKSAHKGFK
GVDAQGTLSKIFKLGGRDSRSGSPMARR (SEQ ID NC8).

o MOG, including an sxcgencusty obtained form useful in the compositions of the
disclosure, has the following sequence (UNFPROT Gi16653):
MASLERPSLPSCLCSFLLLLLLQVSSSYAGOFRVIGPRHPIRALVGDEVELPCRISPG
KNATGMEVGWYRPPFSRVVHLYRNGKDQDGDOQAPEYRGRTELLKDAIGEGKVTLR
IRNVRFSDEGGFTCFFRDHSYGEEAAMELKVEDPFYWVYSPGVLVLLAVLPVELLGIT
VGLIFLCLGYRLRGKLRAEIENLHRTFLPHFLRVPOWKITLFVIVPVLGPLVALHCYNW
LHRRLAGGFLEELRNPF (SEQ I3 NC:8).

o PLP, including an exogenously cbiained form wseful in the compositions of the
digclosura, has the foliowing seguence (UNIPROT P60201):
MGLLECCARCLVGAPFASLVATGLOCFFGVALFCGOGHEALTGTEKLIETYFSKNYQD
YEYLINVIHAFQYVIYGTASFFFLYGALLLAEGFYTTGAVROIFGDYKTTICGKGLSAT
VTGOGKGRGSRGOHQAHSLERVCHCLGKWLGHPDKFVGITYALTVVWWLLVFACSA
VPVYIYENTWTTCQSIAFPSKT SASIGELCADARMYGVLPWNAFPCKVCGSNLLSIC
KTAEFOMTFHLFIAAFVGAAATLVSLLTFMIAATYNFAVLKLMGRGTKF (SEGQ D
NG10).

o Peptides/epitopes useful in the compositiong of the disclosure for treating multiple
sclerosis include some or al of the foliowing sequences, individually in a composition
of Formula 1, together in a cocktall of compositions of Formula 1, or fused in one or
more compositons of Formula 2:

= MBP13-32: KYLATASTMDHARHGFLPRH (SEG 1D NG:11);

«  MEP83-88: ENPWHFFKNIVTPRTP {(SEQ ID NO:12);

«  MBP111-128: LOSRFSWGAEGQARPGFGYGG (SEQ 1D NO:13);

= MBP146-170; AQGTLSKIFKLGGRDSRSGSPMARR (SEQ 1D NO:4);
= MOGT-200 GAFRVIGPRHPIRALVGDEV {(SEQ 1D NO:15),

= MOG35-55: MEVGWYRPPFSEWHLYBNGK (SEQ 1D NO:16); and

= PLP139-154; HCLGKWLGHPDKFVGI (S8EQ ID NO:17).

= in rheumatoid arthritis, main antigens mclude collagen I, immunoglobulin binding protein, the
fragment crystaliizabla region of immunoglobulin G, double-stranded DNA, and the natural and
cirtullinated forms of proteins implicated in rheumatoid arthritis  pathology, incluging
fibrinffibrinogen, vimenlin, collagen | and il, and alpha-enclase.

» Inauicimmune gastritis, a main antigen is H+, K+-ATRase.

* N pernicious angemis, a main antigen is infrinsic factor,

» in celiac disease, main antigens are tissue transgiutaminase and the natural and deamidated
forms of gluten or gluten-like proteins, such as aipha-, gamma-, and omega-gliadin, glutenin,
hordeirs, secalin, and avenin. Those skilied in the art will aporeciate, for example, that while
the main antigen of celiac disease is alpha gliadin, alpha gliadin twums more immunogenic in
the body through deamidation by tissue giutaminase converting alpha gliadin's glutamines fo
glutamic acid. Thus, white alpha gliadin is originally a foreign food antigen, once it has been
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modified in the body 1o become more immunogenic it can be characterized as g seff-antigen,

»  invitiligo, & main antigen is fyrosinase, and tyrosinase related protein 1 and 2.

o MART?!, Mslanoma antigen recognized by T cells 1, Melan-A, including an
exogenously obtained form useful in the compositions of the disclosure, has the
following sequence (UNIPRCT Q16655)
MPREDAHFIYGYPRKGHGHSYTTAEEAAGIGILTVILGVLLLIGCWYCRRRENGYRAL
MOKSLHVGTQCALTRRCPQEGFDHRDSKVSLQEKNCEPVYPNAPPAYEKLSAEQS
PRPPYSP (SEQ ID NO:18).

o Tyrosinase, including an exogancusly obtained form useful in the compositions of the
disclosure, has the foliowing seguence (UNIPROT P14678):
MLLAVLYCLLWSFQTSAGHFPRACVESKNLMEKECCPPWSGDRSPCGOLSGRGS
CONILLSNAPLGPOFPFTGYDDRESWPSVFYNRTCQCSGNFMGFNCGNCKFGFW
GPNCTERRLLVRRNIFDLSAPEKDKFFAYLTLAKHTISSDYVIPIGTYGOMKNGSTPM
FNOINIYDLEVWMHYYVEMDALLGGSEIWRDIDFAHEAPAF LPWHRLFLLEWEQEIQ
KLTGDENFTIPYWDWRDAEKCDICTDEYMGGQHPTNPNLLSPASFFSSWQIVCSRL
EEYNSHQSLOCNGTPEGPLRRNPGNHDKSRTPRLPSSADVEFCLSLTQYESGSMDK
AANFSFRANTLEGFASPLTGIADASQSSMHNALHIYMNGTMSQVOQGSANDPIFLLHHA
FVDSIFEQWLRRHRPLOEVYPEANAPIGHNRESYMVPEIFLYRNGDFFISSKDLGYD
YSYLQDSDPOSFOQDYIKSYLEQASRIWSWLLGAAMVGAVLTALLAGLVSLLCRHKRK
QLPEEKQPLLMEKEDYHSLYQSHL {SEG 1D NC:18).

o Melanocyle protein PMEL, gp100, including an exogenously obtained form useful in
the compositions of the disclosure, has the following sequence (UNIPROT P40987):
MDLVLKRCLLHLAVIGALLAVGATKVPRNQDWEGVYSROQLRTKAWNRQLYPEWTEA
QRLDCWRGGQVSLKYSNDGPTLIGANASFSIALNFPGSQKVLPDGOVIWVNNTIING
SQVWGEGGPVYPQETDDACIFPDGGPCPSGSWSGKRSFVYVWKTWGQYWOQVLGG
PVSGLSIGTGRAMLGTHTIMEVTVYHRRGERSYVPLAHSSSAFTITDOVPFEVSVIGL
RALDGONKHFLRNQPLTFALOLHDPSGYLAEADLSYTWDFGDSSGTLISRALVYTH
TYLEPGPVTAQVVLOAAIPLTSCGSSPVPGTTDGHRPTAEAPNTTAGQVPTTEWG
TTRGQAPTAEPSGTTSVQVPTTEVISTAPYOMPTAESTGMTPERKVPVSEVMGTTLA
EMSTPEATGMTRPARVSIVVLSGTTAAQVTTTEWVET TARELPIPERPEGPDASSIMST
ESITGSLGPLLDGTATLRLVKRGQVPLODCVLYRYGSFEVTLDIVQGIESAEILQAVPSEGE
GODAFELTVSCOGGLPKEACMEISSPGCQPPAQRLCGPVLPSPACQLVLHGILKGGS
GTYCLNVSLADTNSLAVWSTGLIMPGQEAGLGOVPLIVGILLVIMAVVLASLIYRRREL
MKQDFSVYPOLPHSSSHWLRLPRIFCSCPIGENSPLLEGAQV (SEQ 1D NO:20).

* inmyasthenia gravis, a main antigen is acetylcheline receptor.

+ in pemphigus vulgaris and variants, maln antigens are desmoglein 3, 1 and 4, other antigens
inciude pemphaxin, desmocoliing, plakoglobin, perplakin, desmoplaking, and acetylcholine
receptor.

« In bullous pemphigoid, main antigens include BP180 and BF230; other antigens include plectin
and laminin 5.
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» in dermatitis herpetiformis Duhring, main antigens inciude endomysium  and tissue
ransglutaminase.

« in epidermolysis bullosa acguisita, a main antigen is coilagen Vil.

« In systemic sclerosig, main antigens include matrix metalloproteinase 1 and 3, the collagen-
specific molecular chaperone heat-shock protein 47, fibrillin-1, and FDGF receptor; other
antigens inciude Sck-70, U1 RNP, Th/To, Ku, Jo1, NAG-2, centromere proteins, topoisomerase
t nucleglar proteins, BNA polymerase |, H and 1, PM-Sle, fibrillarin, and B23.

» Inmixed connective tissue disease, a main antigen is UtsnBNP,

» in Sjogren’s syndrome, the main antigens are nuclear antigens 85-A and §3-B; other antigens
inciude fodrin, poly(ADP-ribose) polymerase and topoisomerase, muscarinic receptors, and the
Fo-gamma receptor 1o,

« in sysiemic lupus erythematosus, main antigens include nuclaar proteins including the “Smith
antigen,” 38-A, high mobility group box 1 (HMGB1), nucieosomes, histone proteing and double-
strandsd DNA (against which autp-antibodies are made in the disease progess).

« in Goodpasture’s syndrome, main antigens include glomerular basement membprane proteing
inciuding coliagen IV,

« Inrheumatic heart disease, a main antigen is cardiac myosin.

+ In autoimmung polyendocrineg syndrome type 1 antigens include aromatic L-aming acid
decarboxylase, histidine decarboxylase, cysteine sulfinic acid decarboxylase, iryptophan
hydroxylase, tyresing hydroxylase, phenylalaning hydroxylase, hepatic P450 cyiochromes
PABOIAZ and BAB, BOX-9, S8OX-10, calcium-sensing receptor protein, and the type 1
interfarons interferon alpha, beta and omega.

« in neuromyelitis optica, a main antigen is AQP4,

o Aquaporin-4, including an exogencusly obiained form useful in the compositions of the
disclosurs, has the following sequence (UNIPROT PBBOR7):
MSDRPTARRWGKCGPLCTRENIMVAFKGVYWTQAFWKAVTAEFLAMLIFVLLEBLGST
INWGGTEKPLPVDMYLISLCFGLSIATMVQCFGHISGGHINPAVTVAMVCTRKISIAKS
VEYIAAQCLGAHGAGILY LVTPPSVYGGLGVTMVHGNLTAGHGLLVELHTFQLVFTIF
ASCDSKRTDVTGSIALAIGFSVAIGHLFAINYTGASMNPARSFGPAVIMGNWENHWI
YWVGPIGAVLAGGLYEYVFCPDVEFKRRFKEAF SKAAQQTKGSYMEVEDNRSOVE
TODLILKPGVVHVIDVERGEEKKGKDQSGEVLSSY (SEQ ID NO:21).

» inopveitls, main antigens include Retinal S-antigen or "S-amrestin” and interphotoreceptor
retinold binding protein (IRBP) or retinol-binding protein 3.

o S-arrestin, including an exagsnously obtained form ussful in the compositions of the
disclosure, has the foliowing sequence (UNIPROT P10523):

MAASGKTEKE EPNHVIFKKI SRDKEVTIVL GNRDYIDHVS QVCPVDGYVL
VIPDLVRGKK VYVTLTCAFR YGQEDIOVIG LTFRRDLYFS RVQVYPPVGA
ASTPTKLGES LLKKLGENTY PELLTFRDYL PCBYMLOPAP QDBGRSCEVD
FEVEAFATDS TOAEEDKIPK KESVRLLIBK VOHAPLEMGP QPRAEAAWGF
FRMSDKPLHLA VELNKEIYFH GERPIPVTVTY TNNTERKTVRK IKAFVEQVAN
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VWYL YESDYYY KPYAMEEAGE KVPPNSTLTH TETLLPLLAN NRERRGIALD
GIIKMEDTNL ABSTIKEG DRTVLGILVE YQIKVKLTVS GFLGELTSSE
VATEVPFRLM HPQPEDPAKRE SYQDANLVFE EFARHNI KDA GEAEEGKRIDK
NOVDE (SEQ ID NO:22).

o {RBP, including an exogenously obtained form useful in the compositions of the
disclosure, has the foliowing sequence (UNHPROT P107458):
MMREWVLLMSVLLCGLAGPTHLFOPSLVLDMAKVLLDNYCFPENLLGMQEAICGQAI
KSHEILSISDPOTLASVLTAGVQSSLNDPRLVISYEPSTPEPPPQVPALTSLSEEELLA
WLQRGLRHEVLEGNVGYLRVDSVPGQEVLSMMGEFLVAHVWGNLMGTSALVLDL
RHCTGGQVEGIPYHSYLHPGNTILHVDTIYNRPSNTTTEIWTLPQVLGERYGADKDY
VVLTSSQTRGVAEDIAHILKOMRRANVGERTGGGALDLRKLRIGESDFFFTVPVSRS
LGPLGGGSQTWEGSGVLPCVGTPARQALEKALAILTLRSALPGYVHCLQEVIKDYY
TLYDRVPTLLQHLASMDFSTYVSEEDLVTKLNAGLOAASEDPRLLVRAIGPTETPEW
PAPDAAAEDSPGVAPELPEDEAIRGALVDSVFQVEVLPGNVGYLRFDSFADASVLG
VLAPYVLRGVWEPLQDTEMLIMDLRHNPGGPSSAVPLLLSYFOGPEAGPVHLFTTY
DRRTNITQEHFSHMELPGPRYSTQRGVYLLTSHRTATAAEEFAFLMQSLGWATLVG
FITAGNLLHTRTVPLLDTPEGSLALTVRPVLTFIDNHGEAW L GGGVVPDAIVLAFFALD
KAQEVLEFHOSLGALVEGTGHLLEAHYARFEVVGOTSALLRAKLAQGAYRTAVOLE
SLASQLTADLGEVSGDHRLLVFHSPGELVVEEAPPPPPAVPSPEELTYLIEALFKTEY
LPGOLGYLRFOAMAFLETVKAVGPQLYRLVWQQLVOTAALVIDERYNPGSYSTAIRL
LCSYFFEAEPRQHLYSVFDRATSKVTEVWTLPQVAGORYGSHKDLYILMSHTSGSA
AEAFAHTMODLORATVIGEPTAGCGALSVGIYOQVGSSPLYASMPTOMAMSATTGKA
WDLAGVYEPDITVPMSEALSIAQDIVALRAKVPTVLOQTAGKLVADNYASAELGAKMAT
KLSGLQSRYSRVTSEVALAEILGADLOMLEGDPHLKAAHIPENAKDRIPGIVPMQIPS
PEVFEELIKFSFHTNVLEDNIGYLRFDMEGDGELLTOQVSRLLVEHIWKKIMHTDAMID
MARFNIGGPTSSIPILCSYFFDEGPPVLLDKIYSRPDDSVSELWTHAQVVGERYGSKK
SMVILTSSVTAGTAEEFTYIMKRLGRALVIGEYTSGGCQPPQTYHVDDTNLYLTIPTA
RSVGASDGSSWEGVGVTPHVVVPAEEALARAKEMLOHNQLRVKRSPGLODHL
(SECH 1D NG:23).

[069)] In the smbodiments whare the antigen is a foreign antigen against which an unwanted
immune response can be developed, such as food antigens, specific antigens can be:
» from peanut: conarachin (Ara i 1), allergen li (Ara h 2}, arachis agglutinin, congiutin {Ara h 8);

o coharaching for example has the sequence identified as UNIPROT QePSUS

+ from apple: 31 kda major allerger/disease rasistance protein hornolog {Mal d 2), lipid transier
protein precursar (Mal d 3), major allergen Mal d 1.03D (Mal d 1);

»  from milk:  o-lactalbumin (ALA), lactotransferrin; from Kiwi: actinidin {Act ¢ 1, Act d 1),
phytocystatin, thaumatin-like protein (Act d 2), kiwellin {Act d 5},

» from egg whites: ovomucoid, ovalbumin, ovotransferria, and lysozyms;

» from egg yolks: livelin, apoviiiliin, and vosvetin,

« from mustard: 28 albumin (8in & 1), 118 gichulin (8in a 2), lipid transfer protein {Sin a 3),
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profilin (Sin a 4);

= from celery: profilin (Api g 4), high molecular weight glycoprotein (Apig 5

« fromshrimp: Penat allergen (Pen a 1}, allergen Pen m 2 {Pen m 2}, tropomyosin fastiscform;

+ from wheat and/or other cerials: high molecular weight glutenin, low molecular weight glutenin,
alpha-, gamma- and omega-glhadin, hordein, secalin andfor avenin;

o peptices/epitopes useful in the compositions of the disclosure for treating Celiac
Risease includa some or all of the foliowing sequences, individually in a composition
of Formula 1, together in a cockiall of compositions of Formula 1, or fused in one or
more compositions of Formula 2:

= D2 relevant, Alpha-gliadin "33-mer” native:
LGLAPFPOGPOLPYPOQPQLPYRPOPQLPYPOPOPF (SEQ 1D NG:24)
= DQ-2 relevant, Alpha-gliadin "83-mer” deamidated:
LOLOPFPQPELPYPQPELPYPQPELPYPQPQPF (SEQ 1D NO:25)
»  DQ-& relavant, Alpha-gliadin:
QQYPSGQGSFQPSQGNPQ (SEQ 18 NO26)
«  DG-8 relevant, Omega-gliadin (wheat, USLIA46):
QPFPQPEQPFPW (SEG 1D NO:27)

= from strawberry: major strawberry aliergy Fra g 1-E (Fra a 1); and

« from banana: profilin (Mus xp 1).

[070] In the embodiments wherg the antigen is a foreign antigen against which an unwanied
immune response is developed, such as to animal, plant and environmental antigens, specific antigens
can, for example, be: cat, mouse, dog, horse, bee, dust, tree and gaidenrod, including the following
oroteins or peptides derived from;

» weeds, {including ragweed allergens amb & 1, 2, 3, 5, and 6, and Amb t 5; pigweed Che g 2
and 5; and other weed allergens Par } 1, 2, and 3, and Par o 1);

» grass {including major allergens Cynd 1, 7, and 12; Dac g 1, 2, ang 5; Hol | 1.01203; Lolp 1,
2,3, 5,and 11; Mera 1, Phaa 1, Poap 1 and b},

« nolien from ragweed and other weeds (including curly dock, lambs guarters, pigweed, plantain,
sheep sorrel, and sagebrush), grass (including Bermuda, Johnson, Kentucky, Grehard, Sweet
vernal, and Timothy grass}, and trees {including catalpa, elm, hickory, olive, pecan, sycamore,
and walnuti;

e dust {including major allergens from species Dermafophagoides pleronyssinus, such as Der p
1,2, 3,4,5 6,7, 8 9,10, 11, 14, 15, 18, 20, 21, and 23; from species Dermatophagoides
faring, such as Der 11,2, 3,8, 7,10, 11, 13, 14, 15, 16, 18, 22, and 24, from species Blomia
tropicalfissuchas Blo 11, 2,3, 4, 5,6, 10, 11,12, 13, 18, and 21; also allergens Eur m 2 from
Euroglyphus maynei, Tyr p 13 from Tyrophagus pulrescentiae, and allergens Bla g 1, 2, and 4;
Per a1, 3, and 7 from cockroach};

+ pets (inciuding cats, dogs, rodents, and farm animals; major cat allergens include Fel d 1
through 8, eat igA, Bla g 2, and cat alburmin; major dog allergens include Can 11 through 6,
and dog albumin;
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»  bee stings, including major allergens Apim 1 through 12; and
+ fungus, including allergens derived from, species of Aspergiflus and Penicfffium, as well as the
species Alternaria afternala, Davidiefla tassiana, and Trichophyton rubrum.

[O71] As will be appreciated by those skilled in the art, a patient can be tested to identify an
antigen against which an unwanted immune response has developsd, and a prolein, peplide or the likg
can be developed based on that antigen and incorporated as X in & compasition of the present

disciosure.
{072) Siglated Antigens, Antibodies, Antibody Fragments
{073) Following are exampies of antigens, antibodies, antibody fragments having sialylation that

can be removed 1o leave glycosylation specificaily targeting the ASGPR: foilicle stimulating hormaone
{FSH). human choricnic gonadotropin (HCG), luteinizing hormone {LH), osteopontin, thyroid stimuiating
hormone (TSH), agalsidase alfa, agalsidase beta (FABRAZYME®, Genzyme), epoetin alfa and epoetin
beta, folitropin alfa (GONAL-F®; Merck/Serong) and follitropin beta (FOLLISTIM®; Schering-Plough),
insulin growth factor binding protein & (IGFBP-8), lutropin alfa (LUVERIS®; Merck/Serono),
transforming growth facter 81, antithrombin  (ATryn@TROMBATE-II®; Genzyme/Talecris
Biotherapeutics}, thyrotropin aifa (THYROGEN®,; Genzyms), lenograstim, sargramostim (LEUKINES;
Genzyme), interleukin-3, prourokinase, lymphotoxin, C1-esterase inhibitor (Berinernt®; C8L), lgG-ike
antibodies, interferon beta, coagulation factor Vila (NOVOSEVEN®; Novo Nordisk}, coagulation factor
Vil {morociocog alfa), coagulation factor X {(nonacog alfa) (BENEFIX®,; Wyeth), and the pb5 fumor
recresis receptor fusion protein, {(See: Byrne et al., Drug Discovery Today, Vol 12, No, 7/8, pagses
319-326, Apr. 2007 and Sola sf al., BioDrugs. 2010; 24(1): 9-21). Pharmacsutically relevant proteins
that have previousty been hyperglycosylated and can be desialylated for hepatocyte-ASGPR taregeting
include: interferon aifa and gamma, luieinizing hormone, Fv antibody fragmenis, asparaginase,
cholinesterase, darbepoetin alia (AraNESP®; Amgen), trombopoietin, leptin, F8H, IFN-u2, serum
alburain, and corifollitropin alfa.

[074] Proteinsg with glycans that do not normally terminate in sialic acids, including proteins
produced in bacteria or ygast {such as arginase, some insuling, and uricass) wouid not be amenable 1o
desialytation.

[075) Those skilled in the art will appreciaie that publicly available references, such as UNIPROT,
disclose the prasence and location of sites for desialylation on mast if not all antigens, antibodies,
antibody fragments and ligands of interest.

[078] Antibodies and Peptide Ligands
{0771 in the embodiments employing an antibedy, antibody fragment or ligand, such moigties are

chosen 1o specifically bind a targeted circulating protein or peptide or antibody, and result in hepatic
uptake of the circulating targeted moiely, possibly as an adduct with the targeting moiely, ultimately
resulting in the clearance and inactivation of the circulating targeted moiety. For example, liver-targeted
Factor VIH will bind and clear circulating Factor Vil antibodies. Procedures for the identification of such
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maoieties will be familiar to those skilled in the art.

[078] Linkers

{079] The linkers employed in the compositions of the present disclosure (Y in Formula 1) can
include N-hydroxysuccinamidyl linkers, malaemide linkers, vinylsulfone linkers, pyridyt di-thiol-
polyiethylene giycel) linkers, pyridyl di-thiol linkers, n-nitrophenyl carbonate linkers, NHS-ester linkers,
nitrophenaxy poly(athviene glycoliester linkers and the like.

[080] One particular group of linkers Formula Y-CMP below {where Y indicates the remaining
portion of the linker and R and Z are as defined). More particulady, in the group of linkers incluging
Formula Y-CMP, the R® substituent is an ethylacetamido group, and even more particularly the
sthylacetamido is conjugated with C1 of N-acetylgalactosamine.

¥

Rlp 5
a
Formula Y-CMP

{081] Di-thiol-containing  linkers, particularly particuiarly disulfanylethyl carbamate-containing
finkers {named including a free amine of X, otherwise named a "disulfanyt ethyl ester” without including
the free amine of X} are particularly advantageous in the prasent compositions as having the ability to
cleave and release an aniigen in it8 ¢riginat form onge inside a ¢eli, for exampie as ilusirated below
{where Y indicates the remaining portion of the linker and X’ and £ are as defined).

H
N k<) &
x-'/ Y \r/\s/ \Y‘-Z

© Y

N, t 8 O % u§
x Y vz
{082} ¢
{083] Particularly with regard t¢ the finkers Hiustrated below in Formula Ya through Formula Yp:

the the left bracket "{* indicates the bond between X and Y,

the right or bottom bracket ")" indicates the bond between Y and Z;

n Is an integer representing a mixture ingiuding from about 1 1o 100, particularly about 8 to 80
(e.g., 7,8, 8, 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 2C, 28, 30, 35, 40, 45, B0, 55, 60,
65 70, 75, 80, 85, 90 ur 95}, more particularly about 40 10 80 (e.g., 39, 40, 43, 45, 46,
48, 50, 52, 53, BE, §7, 80, 82, 65, 86, 88, 70, 73, 75, 78, 80 or 81} ethylene ghycol
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groups, where the mixture typically encompasses the integer specified as n £10%;

pis is an integer representing a mixture including from about 2 to 156, particularly about 20 o
100 (e.g., 18, 19, 20, 25, 34, 35, 40, 45, 50, 55, 64, 65 70, 75, 80, 85, 80, 85, 100 or
105} and more particularly about 30 t¢ 40 (e.g., 28, 29, 30, 31, 32, 33, 34, 35, 38, 37,
38, 39, 40, 41, 42, 43 or 44), where the mixture fypically encompasses the integer
specified as p £10%;

g is is an integer representing a mixture including from about 1 1o 44, particularly about 3 to 20
{.9.,3,4,56,7,8 8,10, 11,12 13, 14,15, 16, 17, 18, 19, 20, 21 or 22) and more
particularly about 4 to 12 (2.g.. 4, 5, 6, 7, 8, 9, 10, 11, 12 or 13}, where the mixture
typicaily encompasses the integsr specified as g $10%; and

R8s —CHo— ("methyl™) or —=CHe-CHe-C{CH:)(CN}— {"1-cyano-1-methyl-propyl” or "CMP™).

RY is a direct hond or —CHz-CHe—NH-G{O)— (an ethylacatarmnido group or “LIAcNT), as
llustrated in the following structures of Formula 1 {(where the ETAcN group i3 shown

and the rest of the linker is referred 10 a5 Y
XY o Xy o W

~

NH

I f |
SoqiiVe gi¥e o/

and Z is gaiactose, galactosamine or N-acetyigalactosamine conjugated at G1.

o

[084) Formula Ya

b

[085] Farmula Yh

;T
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{Linkers of Formula Yn ¢can be synthisized via certain pracursors that render Yn particutarly suitable for

Formisla Y

conjugation to hydrophobic antigens.}
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{088} Formula Yp
[0100] The linkers shown above as Formulae Yh through Yn are synthesized as isomers that are
employed without separation. For example, the linkers of Formulae Yh, Yi, ¥Yj and Yn will be a mixture
of the 8,9-dihydro-1H-dibenzolb, 41,2, 3itriazolol4,5-d]azocin-8yl and 8,9-dihydro-3H-
dibenzolb,A1,2,3lirazolol4,.5-dlazocin-8yl structures illustrated below:

o G

The linkers of Formuiae Yk, YL and Ym will be a mixture of the 8,9-dihydro-1H-
dibenzof3.4.7 8leyeloocta1,2-d)1,2,3]triazol-8-yt and 8,9-dihydro-1 H-dibenzel3,4:7 8eyclooctal1,2-
dlf1,2,3iriazol-8-yl structures illustrated below:

B

-8Byl

The presence of such isomeric mixtures does not imgair the functionality of the compaositions employing

such linkers,
{0101] i lating Moi
{01021 The gatactosyiating moieties employed in the compositions of the present disclosure serve

o target the compositions 1o liver cells {far example, specifically binding hepatocytes) and can be
salected from: galactose, galactosamine or N-acetylgalactosamine. It has heen reported that ASGPR
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affinity can be retained white modifying either side of galactose’'s C3/C4 —diol anchor (Marmidyala,
Sreeman K., et al., J. Am. Chem. Soc. 2012, 134, 1978-1981), therefore the points of conjugation are
particularly et G1, G2 and G6.

{01631 Particular galactosylating moieties Include galactose conjugated at €1 or 6,
gelactosamine conjugated at G2, and N-acetylgalactosamineg conjugated at 6. Other particutar
galactosylating maieties include N-acetylgalactosamine conjugated at C2, more particutarly conjugated
to a linker bearing an R® substituent that is CHz. Still other particular galactosylating moisties include
galactose, galactosaming or N-acetylgalactosaming conjugated at C1, more particularly conjugated 1o
alinker bearing an F® subslituent that is an ethylacetamido group.

[0104] ASGPR Targeting Antibodies
[0105] The ASGPR-specific anthodies employed in the compositions of the prasent disclosure

also serve to target compositions of the disclogure (o liver cells and can be selectad from commaercially
available products, such as: Anti-Asiaioglycoprotein Receptor 1 antibody {ab42488) from Abcam ple,
Cambridge, UK and ASGPR1/2 (FL-291) {8c28877) from Santa Cruz Biotechnology, Inc., Dallas, TX.
Altarnatively, such antibodies can be expressed using any of a number of published seguences, such
as the Dom26h-196-61, single-domain anti-ASGPR antihody:
EVOLLESGGGLVOPGGEELRLBCAASGFTFEK YAMAWYROAPGKALEW VERISARGVTTYY
ADSYHGRETISADNSKNTLYLOMNSLRASDTAVY YO ASHKREHEHTRFDSWGLRGTLVTVES
{SECLID.NOE)
[Coulstock E, et al., {2013} "Liver-targeting of interferon-alpha with tissue-specific domain antibodies.”
PLOS One. 5(2):257283 and US 2013/0078218], or such a seguence having conservative substitutions.
The above-referenced US palent application discloses liver-targeting moleculss such as DOM28h-186-
&1 for delivering certain therapeutics [including  interferon {interferon alpha 2, interferon alpha 5,
interferon alpha B8, or consensus interferon), Ribaviin, Nexavar/Scrafenib, Erbitus/Cetuximalb,
Avastatin/bevacizumab, and Hercepiinfdrastuzumab] for the treatment of liver diseases. The
compositions of matter corresponding to Formula 2 employing DOMZ6h-196-61 o ancther liver-
targeting molecule described in US 2013/0078216 do not include irterferon (interferon aipha 2,
interferon alpha 5, interferon aipha 6, or consensus interferon), Ribavirin, Nexavar/Sorafenib,
Erbitus/Cetuximab, Avastatin/bevacizumab, and Harceptin/trastuzumab within their scope.
{0108} New sequences for an antibedy, antibody fragment, or peptide that specitically targets
ASGPR can be discovered using various methods known by those skilled in the art. These methods
ean Include, but are not limitad to, vaccination technoiogy, hybridoma tachnology, libraty display
technologies (including bacterial and phage platforms}, endogenous repertoire screening technologies,
directed evolution and rational design.

[0107)  Nomenclature

{01081 The compaositions of Formula 1 can be named uging & combination of IUPAC and trivial
names. For example, @ compound corresponding to Formula 1 where X is a cyclobutyl moiety (shown
instead of an antigen for illustraive pupeses), Y is Formula Ya, mis 1, nis 4 and Z is N-
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acetylgalactosamin-2-yl
NHCF g HO s}

aH
S\s/\\v/o\/\o/\\/o\/«“o/\)j\ oH

i

OH
can be named {(2)-(21-cyclobutyl-1-0x0-1-((2.4,5-trinydroxy-8-(hydroxymethyijtetrahydro-2 H-pyran-3-
yllaming)-4,7,10,13-tetraoxa-16,17-dithiahenicosan-21 -ylidene)iriaz-1-yn-2-ium  chioride, sc the
corresponding composition of the disclosure where X is tissue transgiutaminase can be named {£)-(21-
{tissue transglutaminase}-1-oxo-1-{(2,4,5-trihydroxy-6-(hydroxymethylitetranydro-2 H-pyran-3-
yiiaming)-4,7,10, 13-{etraoxa- 16,1 7-dithiahenicosan-21 -ylidene)iriaz-1-yn-2-ium  chigride. The
corresponding compaoesition of the discioswre where X' is tissug transglutaminass, mis2, nis4and 2
is N-acetylgalactosamin-2-yl can be named (3Z2}-({lissue transgultaminase}-1,3-diylbis(1-ox0-1-({2,4,5~
trihydroxy-6-(hydroxymathyiitetrahydro-2H-pyran-3-yljaming}-4,7,10,13-tetraoxa-16,17-
dithizhenicosan-21-yl-21-ylidene))bis(triaz-1-yn-2-ium} chioride.
[0108] in the interest of simplification, the compositions of Formula 1 can be named using an
alternative naming system by reference to X and corraspondence 1o one of Formulas 1a to 1p (8s
fliustrated in the reaction schemaes) followed by recitation of the integers for variables m, i, p andfor q.
A3, B? and identification of the galactosylating moiety and the position at which it is conjugated. Under
this system, the composition of Formula 1a where X is ovalbumin, mis 2, nis 4 and Z is N-
agetyigalactosamin-2-yl can be named “F1a-0OVA-mz-ne+-2NACGAL.”
{0110} Similarty, the following composition of Formula 1

wie L
Imlinw/o\/\s/ﬂmﬂjj\ﬁ/\)km NC\._/OV\G/\‘/O\,/\G L]
8
g | N/?N ‘J\ T

HO &

oH
can be named "2-({2-(((3-{3-(22-{{3-acetamido-4 b-dihydroxy-6-(hydroxymethyl)tetrahydro-2 H-pyran-2-
yhoxyi-18-cyano-16,18-dimethyl-13,18-dioxoe-18-((phenyicarbonothioylithic)-3,6,9, 1 2-tetraoxa-20-
azadocosyl)-3.8-dihydro-8H-gibanzolb,M1,2 3]triazolo[4.5-dlazocin-8-yi)-3-
oxgpropylicarbamaoyloxylethyiidisulfanyliethyl insulin carboxylate.” The isomer:

clwww%hg
i A

et ¢

OH

can be named "2-({2-(((3-{1-(22-{(3-acetamido-4 h-dihydroxy-6-(hydroxymethyli tetrahydro-2 H-pyran-2-
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yhoxy)-16-cyans-18,18-dimethyi-13,18-dioxo-18-({phenylcarbonothioylthio)-3,6,9, 1 2-tetraoxa-20-
azadocosyl)-1,9-dihydro-8 H-cibenzo[b, 1] 1.2, 3]triazolo[4,5-dlazocin-8-yi)-3-cxopropylicarbamaoyl) -
oxy)ethylidisidfanyliethyl insulin carboxylate” (bold letisring highlights added for convenience in
identifying the difference between the formal names). Employing the naming system asopted for the
present disclosure, both isomers can be named “Fin-insulin-m+-ni-p-ga-CMP-EtACN-1NACGAL where
CMP indicates that R® is 1-cyano-1-methyl-propyl, EtAcN indicates that R® is ethylacetamido and
1NAcGAL indicates Z* is N-acetylgalactosamine conjugated at G1. Absence of the abbreviation EtAcN
before the designation for £ would indicate that R% is a direct bond.
[0111] In the compositions of Formula 2, left-io-right orientation of should not be taken as
specifying N to C ordering absent specific indication to the contrary. For example, the compound of
Formula 2 where m'is 1, m” is 0, X is Ovalbumin, Y is GlyaSer and Z is Ant-ASGPR Dom26h-186-61,
can be named OVA-Gly=Ser-DOM and read as covering both of the following:
N- OVA- GiysSer- DOM-C
and
N- DOM- Giy:Sar- OVA- C
The compositions of Formuia 2, for exampie where m'is 1, m” is 0, X is Ovalbumin, Y is GlysSer and Z
s Anti-ASGPR Dom26h-196-681 (having a purification tag attached via an additional linker) can be
named as follows:
N OVA- GlysSer- DOM- GlysSer-6xHis ~C
of
N- DOM- GlyaSer- OVA- GlyaSer-6xHis -C
where the C terminal GlyaSer-6xHis group represants an amino acid sequence that facilitates isolation
and purification.
[0112] The composition of Formula 2 wherem'is 1, m"is 1, each X is Factor VI, each Yis GlyaSer
and Z is Anti-ASGPR Dom26h-198-81 (having a purification tag attached via an additional linker) can
be named FVIII-Gly:Ser-DOM-Gly;Ser-FVII-Gly:Ser-8xHis and covers both of the following:
N-FVIH-GivsSer-DOM-CGly:Ser-FVill-Gly:Ser-6xHis—C

and
N-BxHis-GlysSer-FVHI- Gly:Ser-DOM-GlysSer- FVIH-C.
[0113] The compuosition of Formuia 2 where m' is 3, m”is 0, ong, the three X anligens, respactivaly,

are Alpha-gliadin "33-mer” deamidated (SEQ D NO:25), Alpha-gliadin (SEQ 1D NO:28) and Omega-
gliadin {SEQ ID NO:Z7), each Y is a linker having an immunopratecsome cleavage site ("IPC™), and Z
s Anti-ASGPR Dom26h-1968-61 can be named:

Aipha-gliadin "33-mer” deamidatea-IPC-Alpha-ghiadin-IPC-Omega-gliadin-1PC-DOM.

[0114] Preparation of the Compositions of The Disclosure

[0115] The compaositions of Fermuia 1 can be prepared, for example, by adjusting the procedures
descriped in Zhy, L., et al., Bioconjugate Chem. 2010, 27, 2119-2127. Syntheses of certain
compositions of Formula 1 are also describad below with reference to Reaction Schemes 1 to 14, Othar
synthetic approaches will be apparent to those skilled in the art.
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{0116] Fomrmula 101 (below} is an alternative representation of X
x = xfe
14}
101

wherg R! is a free surface aming {-NHz) or thict {-8H) moiety positioned on X's hree-dimensional
structure so as o be accessible for conjugaltion to a linker, and X' represents the remainder of X
excluding the identified free amine group(s) [(X" is used in the reaction schemes {0 represent the
remaindar of X excluding free thiol group(sil. Depending upon the identity of X, there will be at least
one (the N-terminal aming) and can be muitipie R' groups (predominantly from lysine residues or
cysteine residues that are not involved in disuifide bonding), as represented by m, which is an integer
from about 1 10 100, more typically 1 or from about 4 10 20, and most typicaily 1 to about 10.
[0117] Variables employed in the reaction schemas are as defined above, and additionally include
the foflowing, which should be understood o have these meanings absent any specific indication
otherwise with regpect to & particufar reaction scheme or step.

+ RZig OH or a protecting group;

s [R¥is OH, NH=, NHAc, a protecting group or NH-protecting group;

+ RB%ig OH or a protecting group;

= RS OH or a protecting group;

*« R®is OH or a protecting group;

» 7 is galactose conjugated at 1 or €8, galactosamine conjugated at G2, or

N-acetylgalactosamine conjugated at C6;

s Rfig -CHe or -CHe-CHz-G{CHa}(CN}-; and

» [%ig adirect bond and Z" is N-acetyigalaciosamine conjugated at C2;

» R%is an ethylacetamido group and Z7 is galactose, galactosamine or N-gcetylgalactosaming

conjugated at G1.

[0118] Synthetic Reaction Parameters
[0119] The terms "soivent”, "inert arganic solvent” or "inert sclvent” mean a solvent inert under the

conditions of the reaction being described in conjunction therewith {including, for exampie, benzene,
foluene, acetonitrile, tetrahydrofuran ("THF"), dimethyiformamide ("DMF", chioroform, maethylene
ehloride {or dichloromethane), diethyl ether, methanol, pyridine and the like]. Unless specified to the
contrary, the solvents used in the reactions of the present disclosure are ingrt grganic solvenis.

[0120] The term "1.5." means adding a quantity sufficient to achieve a stated function, e.g., to bring
a sofution o the desired volume (L.e., 100%;).

[0121] isplation and purification of the compounds and intermediates describec herein can be
effecied, if desired, by any suitable separation or purification procedure such as, for example, filtration,
extraction, crystaltization, column chromatography, thin-ayer chromatography or thick-layer
crromatography, cantrifugal size exclusion chromatography, high-periormance fiquid chromatography,
recrystailization, sublimation, fast protein fiquid chromatography, gel slectrophoresis, dialysis, or a
combination of these procedures. Specific Hlustrations of suitable separation and isolation procedures
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can be had by reference 1o the exarmples hereinbelow, However, other equivalent separation or isolation
procedures can, of course, also be used.

{0122] Unless otherwise specified (including in the examplss), all reactions are concucted at
standard atmospheric pressure (about 1 atmosphere) and ambient {or room) temperature {about 20°C),
at about pH 7.0-8.0.

{0123} Characterization of reaction products can ba made by customary means, e.9., proton and
carbon NMR, mass spectromelty, size exclusion chromategraphy, infrared spectroscopy, gel

glectrophaoresis.

{0124] Reaction Scheme 1 itlustrates the preparation of compositions of Formula 1 where Z can
be galactose, galactosamine or N-acetyigalactosamine. In that regard and as defined above, £ as
employed in Reaction Scheme 1 encompases galactose conjugated at G1 and C8 and corresponding
to the following structures according to Formula 1:

OH OH
HO HO
GH O-Y-X
(o] &)
HO HO
0-¥-X OH ,

galactosamine conjugated at C2 and corresponding 1o the following structure according to Formula 1:
£H

HO
CH
XYHN
OH

1

and N-acetylgalactosamine conjugated at C6 and corresponding to the following struciure aceording
to Formuia 1:
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[0125] HBeaction Scheme 1
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[0130] Formula 12
{0131] As illustrated above in Reaction Scheme 1, Step 1, surface thiol group{s} can be generated

on an antigen, antibody, antibady fragment ar ligand having free surface amine group(s} (Formula 1017}
by contact with a Traut reagent (Formula 102) at g pH of about 8.0 for about 1 hour 1o give the Formula
103, from which unreacted Traut's reagent is removed, e.g., via centrifugal size exclusion
chromatography. The two structures shown halow, iltustrate the product of Reastion Scheme 1, Step
1, respectively showing the free surface amino group(s) originally found on X {i.e., Formula 103 where
X' represents the remainder of X excluding the identified free surface amino groups) and omitting the
free surface amino groupis) (i.e., Formula 103}. This parallels the distinclion iliustratied as between X
and Formula 101, The convention has been followed in the subsequant reaction schemas.

or cr
NNz N
SH e X SH
N
X m H m
103 103
[0132] In Reaction Scheme 1, Btep 2, & pyridyl di-thiol-poly(ethylene glycol)-NHS ester (Formuia

104 is contacted with galactosamine (Formuia 105 where R is NHe and R2, R*, R® and R® are OH) with
stirring at about pH 8 for about 1 hour o give the corresponding pyridyl di-thiol-poly(ethylena glycoly-
sugar of Formula 1084, which can be used without further purlffication.
{0133} in Reaction Scheme 1, Step 3, 4, 4'dithiodipyridine {Formula 107) is contacted with a thiol-
poly(ethytens giycolipropanoic acid {(Formula 108) to give the corresponding pyridyl di-thicl-
poly(ethyiene glycolpropancic acid (Formula 109).
[0134] in Reaction Scheme 1, Step 4, the acid of Formula 102 is contacted with a protected
galactose or N-acetylgalactosamine of Formula 105 where R2is OH and B3, R4, R® and R® are protecting
groups ("PG™), where R® is OH and R®, 8%, R* and R are PQ, or where R is N-acetyi and R?, R3, R
and R® are PG to give the corresponding pyricy! di-thiol-poly{ethylene glycol)-sugars of Formuiae 108B,
106C and 1060, which can be used following de-protedtion.
{0135} In Reaction Schame 1, Step 5, 10 a stirred solution of the product of Step 1 {Formula 1037}
ie added an excess (corresponding to the value of m) of the product of Step 2 or Step 4 (Formula 108,
Le., 106A, 108B, 108C or 108D) for about 1 hour, followed by centrifugal sized exclusion
chromatography o remove any free remaining reactants o yigld the correspending product according
o Formuia 1a, respectively, Formula 1aA, Formula 1aB, Formuia 1aC and Formula 1al,
[0136] The compositions comresponding to Formula 1a can be named, respeclively, eg., as
follows:

“FraA-X-mm-na” or "Fla-X-man-ne-2NGAL”
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"F1aB-X'-mm-na" or "Fla-X-mm-nn-1GAL"
“FtaC-X-mm-no” of "Fla-X'-mm-n-6GAL"
‘Flal-X'-mm-na” or "Fla-X-mm-nn-6NAGGAL"
respectively, for products made emgploying an intermediate according to Formulae 108A-0.
{0137} Turning to Beaglion Schemes 2-14 and for the purposes of the nomenclature employed
therewith, except as expressly stated otherwise, Z" refers to N-acetylgalactosamine conjugated at C2:

OH
HEG
OH
(]
HN
OH

of to galactose, galactosamine or N-agstyigalactosamine conjugated at C1. It shouid be noted that the

%
-
;:mo

C1 conjugated compositions need o be protected during synthesis, for example by cyclizing the amine
with the C3 hydroxyl and de-protecting following incorporation of the protected galactosamine into the
adjacent portion of the linker.

[0138] The poly(galactose methacrylate) reactants of Formulae 201, 401, 501, 601, 701, 803 and
1401 can pe prepared by methacrylating galactose, e.g., contacting galactosamine and methacrylate
anhydride, followed by reversible addition-fragmentation chain transfer {(RAFT) polymerization with a
corresponding RAFT agaent in the presence of azebisisgbutyronitrile (AIBN) in a suitable solvent, starting
with freeze-thaw cycles followead by heating at about 80-80°C, preferably 70°C for about 5-8, preferably
about 8 hours. The polymer can be precipitated in a lower alkanol, preferably methanol.

[O139] Reaction Scheme 2

R 8
201 ]
»
I
N
X \E/\/\S \L/\
NHg*
o
[014@} Formala 1b
{0141} As lustrated in Reaction Scheme 2, an antigen, antibody, antibody fragment or ligand

having free surface thiol group(s) prepared, e.¢., as described with reference to Heaction Scheme 1,
Step 1 {Formula 103') s contacied with an excess (corresponding to the vaiue of m) of a pyridy! di-thiol-
poly{ethytene glycol} of Formula 201 for about 1 hour © vield the corresponding product according to
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Formula b,
[0142] The compasitions of Formula 1b can be named as foliows:

F-X M-t Re-2NACGAL” or "F1b-X -mn-nn-pp-EIACN-Z".
For example, the compesition of Formula th where X' is uricase, mis 1, nis 4, pis 4 and 2" is N-
acetylgalactosaming conjugated st G2 can be named "Fib-uricase-mi-neps-2NACGAL" or "30-
{uricase}-3,5,7, 8-tetramethyl-12-0x0-1-phenyl-1-thicxo-3,5,7 9-tetrakis((2,4,5-irihyCroxy-6-
{hydroxymethyljiistrahydro-2H-pyran-3-vijcarbamoyl}-13,16,19,22 1etracxa-2,25,28-rithiatriacontan-

30-Iminium”.

[0143] Beaction Scheme 3
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[0144] Formitia ke
[0145] Ag Hlustrated in Beaction Scheme 3, an antigen, antibody, antivedy fragment or ligand

having native free surface thiol group{s) (cysteines} [Formula 1017 corregponding to Formula 101 and
fliustraling where X, as the term will be subsequently employed, represents X excluding the identified
free surface thiol group(s}] is contacted with an excess (corresponding to the value of m) of a pyridyl di-
thiol-poiy{ethylene giveol) of Formula 201 to vield the corresponding product according to Formuia 1c.
{0146} The compaositions corresponding to Formula ¢ can be named as foliows:

F1o-X Mm-fin D 2NACGAL" or *F1e-X “Mu-Nr-pp-EtASN-Z°.
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[0147] Heaction Scheme 4
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[0148] Formmla 1d

{0149] As Hllustrated in Reaction Scheme 4, an antigen, antibody, antibody fragment or ligand

having native free surface thiol group(s) of Formula 101" is contacted with an excess (conresponding to

the value of m) of a pyridyl dithiol of Formula 401 to yield the corresponding product according 1o

Formula 1d.

[0150] The compositions corresponging to Formula 1d can be named as foliows:
FAG-X-Mm-ppeNACGAL” or "F1d-X-mm-pp-EtACN-Z2",

[0t51] Reaction Scheme 5

[0152} Formula ic
[0153] As illustrated in Feaction Scheme 5, an antigen, antibody, antibedy fragment or ligand

having native iree surface amino group(s) of Formuia 1017 15 contacted with an excess (corresponding

o the value of mj of a n-nitropheny! carbonate of Formula 501 to yield the corresponding produst

according to Formula 1e.

{0154] The compositions corresponding to Formula e can be named as foliows:
"Fla-X-Mm-Pe-2NACGAL™ or "Fle-X'-mn-pp-E1ACN-Z".
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[0155] Reaction Scheme §
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[01 56} Pormaula If
{0157] As Hllustrated in Heaction Scheme 8, an antigen, antibody, antibody fragment or ligand

having native free surface aminc group(s} of Formuia 101" is contacted with an excess {corresponding
to the value of m) of a n-nitrophenyt carbonate poly{ethyleng givechester of Formula 601 10 yield the
corresponding product according to Formula 1.
{0158} The compasitions corrasponding to Formula 1f can be named as follows:

"FH-X - Po-2NACGAL” or "FH-X -Mm-tin-pPp-ELACN-Z,

[0159] Beaction Scheme 7
Q
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X! 8
N
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il P m
[0‘; 69] Formuialg
(0181} As Hlustrated in Reaction Scheme 7, an antigen, antibody, antibody fragment or ligand

having native free surface aminc group{s) of Formula 101" is contacted with an excess (corresponding
1o the value of m} of a NHS-gster poly(ethylene glycollester of Formula 701 to yleld the corresponging
product according to Formula 1g.
{0162} The compositions corrasponding to Formula 19 can be named as foliows:

“F1g-X -Fim-pe-2NACGAL" O “F1g-X-Mm-Pp-ELACN-Z
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[0163] Reaction Scheme 8
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[0165] Both, Formulz ik
[0166] As Hlustrated in Reaction Scheme 8, Step 1, an antigen, antibody, antibody fragment or

figand having native free surface amino group(s) of Formula 101 is contacted with an excess
{corresponding to the value of m) of an amine-reactive tinker for Click chernistry of Formula 801 to yield
the corresponding product according to Formula 802.

[0167] In Reaction Scheme 8, Step 2, the product of Formula 802 is then contacted with an
equivalent amount (again corresponding to the value of m} of a galactos(aming) polymer of Formula
803 to yield the correspending isomeric product according to Formula th. The two isomers, illustrated
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dbove, result from nen-specific cyclization of the arzide of Formula 803 with the triple bond of Formula
802, Such non-specific cyclization occurs in the synthesis of other compositions where Y is selected
from Farmulag Yh through Yn, but will not be iliustrated in each instance,
fo168] The compositions corresponding to Formula 1h can be named as foliows:

"FTh-X M- -Dp-Qa-2NACGAL” or "F1h-X'-Mm-nNa-pp-Ge-EACN-Z7,

[0169] Reaction Schame &
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[0171]

{0172] As #Hustrated in Reaction Scheme 9, Step 1, an antigen, anticody, antibody fragment or
figand having native free surface thiol group(s} of Formuia 101" is conlacted with an excess
{corresponding to the value of m) of & thickreactive linker for Click chemistry of Formula 901 1o yield
the corresponding product according to Formula 902"

[0173] in Reaction Scheme 9, Step 2, the product of Formula 802" is then contacted with an
eguivalent amount (again corresponding to the value of m} of a galactos(amine) polymer of Formula
803 te yield the corresponding isomeric product according to Formula 1t

{0174} The compositions corresponding to Formula 1i can be named as follows:
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X -mim-nPpeQy-eNACG AL or "F1EX-mm-1-po-gq-E1ACN-Z7.
[0175] By following the procadures described with regard to Reaction Scheme 2, but substituting
starting matenal 101" with a compound of Formula 103" (derivatized with the Traut reagent) therg is
obtained the corresponding isomeric product of Formuta 1j as shown below.

H
v /Sw{/\ '}/\/" ™
X 3 [
Formula [ W?
[0176] Fad

{0377} The COmDOSIi\{)I’lS COH@SPO?}GII’%Q to Formula 3 san be named as follows:
“FA X -Mim-M-Pp-Ca-2NACGAL” 0f *F1J-X -Mm-in-Po-Ga-ETAGN-Z",

[0178] Reaction Schemse 10
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[0181] As illustrated in Reaction Scheme 16, Step 1, an anfigen, antibody, antibody fragment or
tigand having native free surface thiol group{s; of Formuia 101" is contacted with an excess
{corresponding to the value of m) of a thict-reactive linker for Click chemistry of Formula 1001 to yield
the corresponding product according to Formuia 1002,
{0182} In Reaction Scheme 10, Step 2, the preduct of Formula 1002 s then contacted with an
eguivalent amount (again corresponding to the valus of m} of a galactos(aming) polymer of Formula
803 to vield the correspending isemeric product according 1o Formula 1k,
[0183] The compositions corresponding to Formula Tk can be named as follows:
“F1K-X -Mim-Dr-Po-Ga-2NASG AL” 0 “F1K-X -Mim-Nn-Pa- G- ELACN-Z.

[0184] By following the procedures described with regard to Reaction Scheme 13, but substituting
starting material 1017 with & compound of Formula 108" (derivatized with the Traut reagent) there is
obtaingd the correspending isomeric product of Formuta 1L as shown haiow.

Wi N

a \\N ]
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{0-! 85} b Formala it

o

[0186] The compaositions corresponding 1o Formula 1L can be named as follows:
FH-X -Ma-teDe-Qa2NACGAL” or "F1i-X'-Mn-nn-Pe-Ga-BIACN-Z7,
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{0195] As ilustrated in Reaction Scheme 11, Step 1, galactoss, protected galactosaming or N-

Acetyl-D-galactosamine (Formuia110t where R® and Rt are OH, R? 8 NH-protecting group (e.g.,
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cyclized with B¥) or R%is NHAC and R*is OH, respectively) is contacted with 2-chioroethan-1-ol followed
hy cooling and the dropwise addition of acetyichloride. The solution is warmed o room temperature
and then heated to 70°C for severgl hours. Ethanol is added fo the crude product and the resulting
solution is stirred in the presence of carbon and then filtered foliowed by solvent removat o yield the
corresponding product of Formuia 1102,
[0196] As iflustrated in Feaction S8cheme 11, Step 2, the product of Formula 1102 is added to an
excess of sodium azide and heated to 80°C for several hours, then filtered followed by solvent removal
o vield the corresponding product of Formula 1103,
[0197] As illustrated in Reaction Scheme 11, Step 3, the product of Formuia 1103 is added o &
solution of palladium on carbon and ethanol, and stirred under hydrogen gas (3 atm} for several hours,
then filtered followed by solvent removal to vield the corresponding product of Formula 1104.
{0198} As illustrated in Reaction Scheme 11, Step 4, the product of Formuia 1104 is added to &
solution of methacrylate anhydrida. Triethylamine is added and the reaction stirred for 2 hours followed
by solvent removal and isolation to yield the corresponding product of Formala 1108
[0198] As illustrated in Reaction Scheme 11, Step 5, an azide-modified uRAFT agent (Formuia
1106} is added to a salution of the product of Formeda 1105 with azobisisobutyronitrile, sublected 1o 4
free-pump-thaw cycles and then stirred at 70°C. After several howrs the correspanding polymer product
of Formuta 1107 is precipitated by addition of a lower alkano! followed by solvent removal. Where R?
is NH-proteciing group (8.9., oyelized with R4 the protecting group(s} is(are} ramoved ai this point.
[0200] As illustrated in Reaction Scheme 11, Step 6, an antigen, antibody, anticody fragment or
ligand having native free surface amino group(s) of Formula 161" is added 1o a pH 8.0 buffer and
contacted with an excess (corresponding to the value of m) of a dioxopyrreliding of Formula 1108 with
stirring. Afler 1 hour unreacted Formula 1108 is removed and the resuiting product of Formula 1109 is
used without fusther purification.
{02011 As illustrated In Reaction Scheme 11, Step 7, the product of Formuia 1107 is added 0 2
oH 8.0 buffer, to which is added the product of Formuia 1108, After stirring for 2 howrs, the excess
Formula 1107 is removed to visld the corresponding isomeric product of Formuda 1m.
{02021 By substituting MN-(2.4 5-trinydroxy-6-(hydroxymethyletrahydro-2 Hpyran-3-
yiimethacrylamide for the preduct of Formuia 1105 in Step 5 and continuing with Steps & and 7, the
corresponding isomeric product of Formula 1m where Z7 is N-acetylgalactosaming conjugated at G2
are obtained.
{0203] The compaositions corrgsponding t¢ Formula 1m can be named as follows:

“FIm-X-Marfin-Dp-Qo- EYACN-Z” where Z7 is 1GAL, INGAL or 1NAcGAL, or

"FAM-X -Mim-Nin-De-Oq 2NACGAL”.
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[G204] Reaction Scheme 12
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[0205] The synthetic approach of Reaction Scheme 12 is particularly suitable for hydrophobic
antigens, antibodies, antibody fragments and ligands (e.9., Insulin due 10 the use of organic solvents.
[0206] As illustrated in Reaction Scheme 12, Step 1, an antigen, antibody, anticody fragment or
ligand having native freg surfage amino groupis; of Formula 101 is dissolved in an organic solvent
(e.g., DMF) containing triethylamine. To this is added an amount {corresponding to the value of m) of
a compound of Farmula 1201 followed by stirring and the addition of t-butyl methyl ether. The
gorresponding product of Formula 1202 is recovered as a precipitate.

[0207] The product of Formula 1202 is resuspended in the organic solvent and an amount
{corresponding 1o the value of m} of Formula 1107 (obtained, e.q., as described with reference 1o
Reaction Scheme 11) is added followed by stirring. The reaction product is precigitated via the addition
of dichloromsthane, followed by filtration and solvent removal. Purification (e.¢., resuspension in PBS
foliowed by cenirifugal size exclusion chromatography yields the corresponding isomeric product of
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Formula 1a.
[0208] The compasitions corresponding to Formula tn can be named as follows:

“F1n-X -Mm-Na-Pp-da EACN-Z" where 77 is 1GAL, INGAL or INAGGAL, or
“FAm-X-Nm-ne-Pp-Qe-2NACGAL ™.

[0209] Reaction Scheme 13
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{021 1] Formula fo
{0212] In Reacticn Scheme 13, Step 1, a nitrophencxycarbonyl-oxyalkyl di-thiol-poly(sthylene

glvcol)-NHS ester {(Formula 1301) is contacted with galactose, galactosamine or N-acetylgalactosamine
{Formula 108) to give the corresponding product of Formula 1302, slong with the other two illustrated
products, from which the desired nitrophenoxycarbonyl di-thiol-poly{ethyvieng glycoi)-carboxyethy!
galactose, galactosaming or N-acetylgalactosamine of Formula 1302 is isolated before proceading 1o
the next step.
[0213] As illustrated in Reaction 8cheme 13, Step 2, an antigen, antibody, antivody fragment or
figand having native fres surface amino group(s) of Formula 101 is contacted with an excess
{corresponding 1o the value of m) of the proeuct of Formula 1302 1o yield the corresponding produst
agcording to Formula 1o,
[0214] The compaositions corresponding to Formula 1o can be named as follows:

F1G-X Mg Z.”
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[0215] Reaction Scheme 14
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{021 6} Formula 1p
{02171 As illustrated in Reaction Schems 14, an antigen, antibody, antibody fragment or ligand
having native free surface amino group(s) (Formula 1017 is contacted with an excess (corresponding
to the value of m} of a pyridyl di-thiol-poly(ethylene glycol}-NHE ester of Formula 1401 to vield the
gorresponding product according to Formula 1p.
{0218] The compositions corresponding to Formula ip can be named as foliows:

TFp-X M- Po-2NACGAL” or "F1p-X-Ma-Na-pp-EIACN-Z7.

[0219] Preparation of Fusion Proteins

[0220] Fusion protein compositions of Formula 2 can be expressed via art-accepted methodoiogy
using commercially avallable mammalian, bacterial, yeast, or insect cell expression vectors, and
published, discoverad, or engineered gene sequences. Sequences enceding X, Y and Z together with
tag sequences can be cloned info an expression vector, for exampie, intc the mammalian expression
vector pbecTag A, where the fusion protein is nserted C-terminal to the Ig w-chain secretion leader
sequence. Various other cloning techniques can be emploved, including site-directed mutagenesis and
variations of the QuikChange protocol {Geiser, et al), and are known by those skilled in the art. Fusion
proteins can be ransiently expressed in mammalian cells {e.g., in human embryonic Kidney (HEK283)
cells or Ghinese hamster ovary {CHO) ceils] by transient gansfection with the above-described veciars
using polyethylanimine. Transfected cells are cultured in 2 suitable medium {&.g., FreeStyle 283
meadium, Life Technologies) supptementad, for example, with vaiprole acid or DMSO for about 7 days,
after which the celis are removed by centrifugation and the culture supernatants are coliected and
steritized by filtration.

[o2211 Alternatively, the fusion proteins can be siably expressed by creating stably transfected
mammalian cell lines. Additionally, expressicn vectors can be used to produce fusicn proieins in
bacteria, such as Escherichia coli, Corynebacterium, or Pseudomonas flucrescens by using compatible
media (e.g LB, 2XYT, 808, 30C, TB and other broths), supplements {e.g. glyeerol, glucose, and other
supplements), and appropriate growth and expression conditions. Expression systems in ygast can
commonly use Saccharomyces cerevisiae and Pichia pastoris, or other organisms for the geners
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Saccharomyces, Pichia, Kluyveromyces, and Yarrowia, and less commonly used organisms like the
filamentous fungl Aspergifius, Trichoderma, or Myceliophthora thermophita G1. Insect expression
systems can utilze baculovirus infected insact cells or non-ivtic insect cell expression 10 achieve proisin
expression levels in high quantiiy, most common insect celis include but are not limited to 519 and 521
{from Spodoptera frugiperda), Hi-5 (from Trichopiusia i), and Schneider 2 and 3 (from Drosophiia
melanogasten.

fo222] The expressed fusion protein products can be purified from the cuiture supernatants by
affinity chromatography {e.g., using a HisTrap Ni#* sepharcse column, GE Healthcare, for a His-tagged
fusion protein}, foliowed by other chromatographic polishing steps such as size exclusion
chromatography (8.9., using a Superdex 75 column, GE Healthcare) o ion exchange chromatography.
Protein purity can be verified, e.g., by Coomassig Brilllant Blue staining of SDS-PAGE gels and westemn
blotting (e .g. anti-BxHis tag western blotting for a His-tagged fusion protein). Protein concentration can
be determined using the Beer-Lambert Law, for which the absorpance at 280 nm can be measurad,
0., uging a NanoDrop 2800 {Thermo Scientificy. The motecular weight and extingtion coefficient can
be eslimated from the protein's aming acid sequence, 2.9., using the ExPASy ProtParam ool
Endotoxin teveis can be measured, 8.g., using the HEK-Blue TLR4 reporter cell line {Invivogen)
according to manufacturer's instructions.

[0223] Preparation of Desialylated Antigens, Antibodies, Antibody Fragments and Ligands
[o224] Desialylated proteins can be produced via art-agcepted methodology using commaercially

available neuraminidase {(also known as acetyl-neuraming hydrolase or siglidase) enzyme or sulfuric
acid. For enzymatic desialylation of a protein of interest, the protein can be incubated together with
neuraminidase at 37°C for 1 hour, or longer as nacessary. For chemical desialylation through acid
hydrelysis, a protein of interest can be treated with 0.025 N sulfuric acid at 80°C for 1 hour, o longer
as necessary. The desialylated protein can then be purfied from the reaction mixture by immaobilized
metal ion affinity chromatography (2.9., using a HisTrap Ni2+ sepharose column, GE Healthcare),
followed by size exclusion ehromatography (e.g., using a Superdex 74 column, GE Healthcare). Protein
ourity can be verified, e.g., by Coomassie Brilliant Blue staining of 85S-PAGE gels and anti-BxHis tag
western bioting. Desialylation can be verified, e.g. by lectin-based detection of proiein sialic acid
content in western blots or colorimetric quantification of sialic acid content using commarcially available
kits {e.g. Abcam, PraZyme, or Sigma). Deslalylated protein concentration can be determined using the
Beer-Lambert Law, for which the absorbance at 280 nm can be measuwed, e.g., using a NanoDrop
2000 (Thermo Scientific). The molecular weight and axtinction cosfficient can be astimated from the
protein’s amino acid seguence, &.g., using the ExPASy ProiParam tool  Endofoxin levels can be
measured, e.g., using the HEK-Biue TLR4 reporter cell line (Invivogen} according to manufacturer’s
instructions.

{0225] Particular Processes and Last Steps
[0226] A compound of Formuta 103 is contacted with an excess {corresponding to the value of m}

of a compound of Formula 106 to give the corresponding product of Formula ta.
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fo227] A compound of Formuta 103" is contacted with an excess {corresponding 1o the value of m)
of a compound of Formula 201 to give the corresponding product of Formula 1bh.

{0228} A compound of Formula 802, 802 or 1002 is contacted with an excess {corresponding 1o
the value of m) of g compound of Formula 803 to give the corresponding product of Formula 1h, Formula
1i or Formula 1k, respectively.

[0229] A compound of Formula 1102 iz contacted with an excess (corresponding to the vaiue of
m} of a compound of Formuta 1107 to give the correspanding product of Formula 1m, particularly where
nis about 80, pis about 30, g is about 4, and m being a function of the antigen is about 2 {0 10.
[0230] A compound of Formula 1202 is contacted with an excess (corresponding to the value of
m} of a compound of Formula 1107 to give the corrgsponding product of Formula 1n, particularly whare
nig about 1, p is about 30, g is about 4, and m being a function of the antigen is about 2 1o 10.

[0231] Particular Compositions

{02321 By way of non-limiting example, a particutar group preferred for the compositions,

pharmaceutical formuiations, methods of manufacture and use of the present disclosure are the

following combinations and permutations of substifuent groups of Formuda 1 (sub-grouped, respectivaly,
iningreasing order of preterence):

« X5 aforeign franspiant antigen against which transplant recipienis develop an unwanied immune
respanse, a foreign antigen to which patients develop an unwanted immune response, a therapeutic
protein 1o which patients develop an unwanteg immune response, a self-antigen to which patients
develop an unwanted immune response, or a tolerogenic portdon thereot.

» X is g therapeutic protein to which palisnts develop an unwantad immune responss selected from:
Abatacept, Abciximab, Adalimumab, Adengsing deaminase, Ade-trastuzumalby emiansine,
Agalsidase alfa, Agalsidase beta, Aldesiukin, Algiucerase, Alglicosidase alfa, o-1-proteinase
inhibiter, Anakinra, Anistreplase {anisoviated plasmincgen sirepiokinase activator complex),
Antithrombin i, Antithymocyte globuiin, Ateplase, Bevacizumab, Bivalirudin, Botulinum toxin type
A, Bomlinum loxin fype B, Cil-esterage inhibitor, Canakinumab, Carboxypeptidage G2
{Glucarpidase and Voraxaze), Gertolizumab pegol, Cetuximab, Collagenase, Crotalidae immuns
Fab, Darbepostin-u, Denosumab, Digoxin immune Fab, Dornase alfa, Eculizumab, Etanercept,
Factor Vila, Factor VI, Factor iX, Factor Xi, Factor X, Fibrinogen, Figrastim, Galsuifase,
Golimumaly, Histrelin acetate, Hyaluronidase, Idursulphase, Imiglucerase, Infliximab, insulin
{including rHu insulin and bovine insuliny, Inferfercn-a2a, Interferon-aZb, interferon-g1a, Interferon-
Bib, Interferon-yib, Ipilimumab, L-arginase, L-asparaginase, L-methicnase, Lactase, Laronidase,
Lepirudin / hirudin, Mecesermin, Mecasermin rinfabale, Methoxy Ofaiumumab, Natalizumab,
Octreotide, Oprelvekin, Pancreatic amylase, Pancreatic lipase, Papain, Peg-asparaginase, Peg-
doxorubicin . HCI,  PEG-spoetin-g, Peagfilgrastim, Peg-Interferon-a2a, Peg-intetferon-a2b,
Pegloticase, Pegvisomant, Phenylalanine ammonia-lyase (PAL), Protein C, Rasburicase {uricase),
Sacrpsidase, 3almon calcionin, Sargramostim, Streptokinase, Tenecteplase, Teriparatide,
Tocilizumab (atlizumab), Trastuzumab, Type 1 alpha-interfercn, Ustekdnumab, and vW factor,

o Especially where X s Abeiximab, Adalimumab, Agalsidase aifa, Agalsidase beta,

52



(169) JP 2020-121981 A 2020.8.13

WO 2013/140648 PCT/AB2015/001143

Aldeslukin, Alglucesidase alfa, Factor VI, Factor X, Inflidimab, L-gsparaginase,
Laronidase, Natalizumab, Oclreotide, FPhenylaianine ammonia-iyase (PAL), or
Rasburicase {Uricass).

= Particularly where X is Factor VI, Factor IX, uricase, PAL or asparaginase.

» X is a self-antigen polypepiide selected for treating type 1 diabetes mallitus, pediatric multiple
scierosis, juvenile rheumaloid arthritis, celiac dissase, or aiopeacia universalis,

o Especially whaere X is a self-antigen pclypeptide selectsd for frealing new onset type 1
diabetes mellitus, pediatric multipte sclerosis or celiac disease.

» X is aforeign antigen to which patients develop an unwanted immung response

o From peanut, including conarachin (Ara h 1)

o From wheal, including Alpha-gliadin “33-mer” native (SEQ D NO:24), Alpha-gliadin "33-
mer’ deamidated (SEQ 1D NO:25), Alpha-gliadin (SEQ 1D NO:28) and Omegs-gliadin (SEQ
D NO:2T7).

o From eat, inciuding Fel d 1A (UINIPROT P30438) and Cat albumin (UNIPROT P49064).

o From dog, including Can f 1 (UNIPROT 018873} and Doy alumin (UNIPROT P42822).

» X is g foreign fransplant antigen againgt which transplant recipienis develop an unwanted immuneg
response, e.g. a human leukocyte antigen protein.

» Xis an antibody, antibody fragrnent or ligand that specifically binds a circuiating protein or peptide
or antibody, which circulating protein or peptide or antibody gives rise to transplant rejection,
immune response against a therapeutic agent, autcimmune disease, and/or allergy.

< Especially where X binds an endogsnous circulating protein or peptide or antibody.
» Yis g linker selected from: Formula Ya, Formuia Yk, Formula Yh, Formula Yi, Formula Yk, Formula
¥m, Formula Yn, Formuia Yo and Formula Yp.
o Especiallywherenis 810 80 +10%, pis 2010 100 £10%, and q is 3 1o 20 £3.
= Particularly whare n is 4 1o 80 £10%, p i5 3010 40 £10%, and q is 4 to 12 43.
o Especially where Y is Formula Ya, Formula Yb, Formula Ym or Formula Yn.
»  Particularly whare n is 8 to 80 210%. p is 2010 100 +10% and g is 3 to 20 £8.
«  More particularly where n i 40 0 80 £10%, pis 3010 40 210%, and g is 4
012 £3.
»  Particularly where Z is conjugated to Y via an ethylacetamido group.
» More particularly where Z ig conjugated to Y atits C1.
o More particularly where R? is CMP,
»  More particularly where R8 is CMP.
s Particularly where R® iz CMP.
+ 7 is galaciose, galactosamine or N-acetylgalactosamine.
o Especially where Z is galactose or N-acetyigalactosamine conjugated at C1, C2 or C8.
»  Particularly where Z ig galactose or N-geetylgalactosamine conjugated at G1 or G2.
»  More particulary where Z is N-acetylgalactosaming conjugated at C1.

{02331 Each of the above-dascribad groups and sub-groups are individually preferred and can e

combined 1o describe further preferred agpects of the disclosure, for example but not by way of
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fimitation, as follows:
» Xis a self-antigen polypeptide selected for treating type 1 diabetes mellitus, pediatric muitiple
sclerosis, juvenile rheumatoid arthritis, caliac disease, or alopacia universalis.
o Especiaily where X is a self-antigen polypeptide selected for reating new onset type 1
diabetes mellius, padialric multiple sclerosis or celian disease.

=  Particularly where Y is a linker selected from: Formula Ya, Formula Yh,
Formula Yh, Formula Yi, Formula Yk, Formula Ym, Formula Yn, Formula Yo

and Formuia ¥Yp.
s Especially where nis 810 80 +10%, pis 20 t0 160 +10%, and qis 3 to

20 £3.
o Particularly where nis 49 tc 80 £10%, p i 30 10 40 £10%, and
gis4to 12 £3.
=  Egpecially where Y is Formula Ya, Formulg Yb, Formula Ym or
Formula Yn.
o Particularly where nis 810 80 £10%, pis 20 10 100 £10% and
gis 31020 £3.

»  More particularly where nis 4010 80 210%, pis 30 1o
A0 H10%, and gis4 012 3.
o Even more particularly where Z is conjugated
1o Y via an ethytacstamido groug.
= More particularly where Z is conjugated to Y via an
ethylacetamido group.
o [Particularly where Z is conjugated to Y via an ethylacetamido
group.
= [specially wheore £ is  galaciose, galactosaming or N-
acetylgalactosamine.
o Particularly where Z is galactose or N-acetylgalactosamine
coniugated at C1, ©2 or C6.
»  More particularly where Z is galaciose or N-
acetylgalactosamine conjugated at G1 or G2,
« [Even more particulardy where Z s N-
acetylgalaciosamine conjugated at C1.
«  Puoticularly whera Z is galactose, galactosaming or N-acetylgalactosamine.
» Especialiy where Z i3 galactose or N-acetyigalactosamine conjugated
atG1, Gz or C6.
o Particularly where £ is galactose or N-acetylgalactosamine
coniugated at C1 ar G2,
»  More particularly where Z is N-acetylgalactosamine
conjugated at G1,
o Especiaily where Y is a linker selected from: Formula Ya, Formula Yb, Formula Yh,
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Formula Yi, Formula Yk, Formula Ym, Formula Yo, Formula Yo and Formula Yp.
= Paritcularly where nis 8 {0 80 210%, p is 20 10 100 £10%, and q is 3 to 20 £3.
s More particularly where i 8 40 to 80 +10%, £ i3 3010 40 £10%, and g
is 41012 23,
= Particularly where Y is Formulza Ya, Formula Yb, Formula Ym or Formuia Yn.
s More particutarly where nis 8 10 90 210%, p 18 20 10 100 210% and g
531020 £3..
o More preferably where nis 40 {0 80 £10%, pis 30 10 40 +10%,
and gis 410 12 +3.
*  More particutarly whare Z is conjugated to Y via an ethylacetamido
group.
o Especially whars 7 is galactose, galactosaming or N-acetylgalactosamina.
= Particularly where Z is galactose or N-acetylgaiactosamine conjugated at C1,
Czor G6.
« More paricularly where Z Is galactose ¢or N-acelylgalactosamineg
conjugated at C1 or C2.
o More preferably where Z is N-acetylgalactosamine conjugated
atG1.
*« M is an infeger from about 1 to 100.
a misl,2, 3 4,5,6,7,8 9, 10, 1%, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65 70, 75, 80, 85, 90, 85, 100 or 110,
o Parficularly mis from aboui 1 to 20.
= mis1,234,56,7,8,9 10,11, 12,13, 14,15, 16, 17, 18,19, 20, 21 or 22.
= More particuiarly m is about 10.
» misg, 10ort.
» nis aniniager representing a mixiure including from about 1 to 100
o nisg1,2,3,4,5,6.7,86,8 10,11, 12, 13,14, 15,16, 17, 18, 19, 20, 22, 25, 30, 34, 35,
37,40, 41, 45, 50, 54, 55, 59, 60, 65, 70, 75, BC, 82, B3, 85, 88, 90, 95, 99, 100, 105
or 118
= Particularly n is about 8 to 90.
= Particularly nis 8,9, 10, 11,12, 13, 14, 15, 18, 17, 18,19, 20, 22, 25, 30, 34,
35, 37, 40, 41, 45, 50, 54, 55, 59, 60, g5, 70, 75, 80, 82, &3, 85, 88, 80, 95 or
99.
« More particularty n is about 40 to 80.
» More particularty n s 37, 40, 41, 45, 50, 54, B5, 58, 60, 65, 70, 75, 80,
82, 83 or 88.
o nrepresents & mixiure encompassing the ranges 1-4, 2-4, 2-6, 3-8, 7-13, 6-14, 15-25,
26-30, 42-50, 46-57, 80-82, 85-90, 30-110 and 107-113,
«  Particularly n represenis a mixture encompasing the ranges 7-13, 6-14, 15-25,
26-30, 42-b¢, 46-57, 60-82, 85-90 and 52-89.
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»  More particutarly n represents a mixture encompasing the ranges 36-
44, 42-50, 48-57, 60-82 and 75-85.
o pigis aninteger representing a mixture including from about 2 10 150.
= pis2,3, 4,5 6,7,8,9,10, 11,12, 13, 14, 15,18, 17, 18,19, 20, 25, 30, 35,
40, 45, B0, &5, 80, 65 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160
or 165,
= Particularly where n is an integer representing a mixture including from about
110 100,
= Paticularlynis 1,2, 3,4,5,6,7, 8,9, 10, 11, 12,13, 14, 15, 16, 17,
18,19, 20, 22, 25, 30, 34, 35, 37, 40, 41, 45, 50, 54, 55, 58, 60, 65,
70,75, 80, 82, 83, 85, 88, 90, 95, 89, 160, 105 or 110.
o More particularty where nis about 8 1o 90,
o More particularly nis 8, 8, 10, 11, 12, 13, 14, 15, 1§, 17, 18,
19, 20, 22, 25, 30, 34, 35, 37, 40, 41, 45 3G, 54, 58, 59, €0,
65, 70, 75, 80, 82, 83, 85, 88, 90, 95 or 88.
« Even more particularly where n is about 40 fo 80.
= Even more particularly nis 37, 40, 41, 45, 50, 54, 55,
59, 80, 85, 70, 75, 80, 82, 83 or 88,
+ More particularly pis 18, 19, 20, 25, 38, 35, 40, 45, 50, 55, 60, 85 70,
75, 80, 85, 90, 85, 100 or 110.
o FParticularly where n is an integer representing a mixture
ingluding from about 1 to 100.
* Particulariynis 1,2, 3,4,5,86,7,8,9,1G, 11, 12, 13,
14, 15,16, 17,18, 18, 20, 22, 25, 30, 34, 35, 37, 40,
41, 45, B0, B4, 55, 59, 60, 65, 70, 75, 80, 82, 83, 85,
88, 80, 85, 99, 100, 105 or 110
« More particularly whare n is about 8 10 80,
» More particulatly nis 8, 9, 10, 11,12, 13, 14,
15,16, 17, 18,19, 20, 22, 25, 30, 34, 35, 37,
40, 41, 45, B0, 54, b5, 59, 80, 85, 70, 75, 80,
82, 83, 85, 88, 90, 95 or 99,
o Even more particularly where n is
about 40 1o 80.
o EBvenmore particularly nis 37, 40, 41,
45, B0, 54, b5, 58, 60, 65, 78, 75, 80,
82, 83 or 88.
o More particuiarly p is 27, 28, 28, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, or 44.
»  Particularly wherenis 1,2, 3, 4,5, 8,7, 8,8, 10, 11,
12,13, 14, 15,16, 17, 18, 19, 20, 22, 25, 30, 34, 35,
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37,40, 41,45 50, b4, 55, 59, 60, 65, 70, 75, 80, 82,
83, 85, 88, 90, 95, 89,100, 1G5 or 110,
= Morg particularly where n is about 8 10 80.
» More particularly ris 8, @, 10, 11,12, 13, 14,
15,16, 17,18, 19, 20, 22, 25, 30, 34, 35, 37,
40, 41, 45, 50, b4, 55, 59, 80, 65, 70, 75, 80,
82, 83, 85, 88, 90, 95 or 99.
o Even more particularly where n is
apout 40 10 80.
o Even more particulariy nis 37, 40, 41,
45, 50, b4, 55, 53, 60, 65, 70, 75, 80,
82, 83 or 88.
o gisis an integer representing a mixture including from about 1 fo 44.
= i51,2,3,4,5,8,7,8,9,10, 11,12, 13, 14,15, 16,17, 1§, 19, 20, 25, 30, 35,
40, 44 or 48,
[0234] By way of nondimiting example, a particular group preferred for the compositions,
pharmaceutical formuiations, methods of manufacture and use of the present disclosure are the
following combingtions and permutations of substituent groups of Formula 2 (sub-grouped, respectively,
in increasing order of preference):
= X is atherapeutic protein o which patients develop an unwanted immune response selected from:
Abatacept, Abciximab, Adalimumab, Adenoasine deaminase, Ado-frasiuzumab emiznsine,
Agaisidase alfa, Agalsidase beta, Aldeslukin, Alglucerase, Alglucosidase affa, o-1-proteinase
inhibitor, Anakinra, Anigtreplase {(anisoyiated plasmincgen sireptokinase activator complex),
Antithrombin I, Antithymocyte globuiin, Ateplase, Bevacizumab, Bivalirudin, Botulinum toxin type
A, Botulinum ioxin type B, Cl-esterase inhibitor, Canakinumab, Carboxypeptidase G2
{Glucarpidase and Voraxaze}, Certolizumab pegol, Cetuximab, Collagenase, Crotalidae immune
Fab, Darbepoetin-a, Denosumaly, Digoxin immune Fab, Borase alfa, Eculizumab, Etanercept,
Factor Vila, Factor VI, Factor iX, Factor Xi, Factor XIil, Fibrinogen, Filgrastim, Galsulfase,
Golimummab, Histrelin acetate, Hyaluronidase, Ildursulphase, imiglucerase, Infliximab, Insulin,
inlerferon-a2a, Interferon-a2b, interferon-fia, Interferon-g1b, Interferon-yib, Ipilimumab, L-
arginase, L-asparaginase, L-methionase, Lactass, Laronidass, Lepirudin / hirudin, Mecasarmin,
Mecasermin rinfabate, Methoxy Ofatumumab, Natalizumab, Octreotide, Oprelvekin, Pancreatic
amylase, Pancreatic lipase, Papain, Peg-asparagingse, Peg-doxorubicin HCI, PEG-epostin-B,
Pegiitgrastim, Peg-Interferon-aZa, Peg-interferon-a2b, Pegloticase, Pegvisomant, Phenylalaning
ammonia-lyase {PAL), Protein C, Rasburicase {(uricass), Sacrosidase, Saimon caleitonin,
Sargramostim, Streptokinase, Tenecteplase, Teriparatide, Toclizumab (atiizumab), Trastuzumab,
Type 1 ajpha-interferon, Ustekinumab, and vW factor; provided that interferon (interferon alpha 2,
interferon alpha 5, interferon aipha 8, or consensus interferon), Ribavirin, Nexavar/ Sorafenib,
Erbitus/Cetuximal, Avastatinfbevacizumab, and Herceptin/trastuzumab are excluded from the
scope of Formula 2 when m'+m” equals 1 and Z is DOM 28h-138-61 or another of the fiver-targeting
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molecules described in US 2013/0078216.

o Especially where X s Abciximab, Adalimumab, Agalsidase aifa, Agalsidase beta,
Aldeslukin, Alglucosidase alfa, Factor VI Factor X, Infliximab, |-asparaginase,
Laronidase, Natalizumab, Octreotide, Phenylalanine ammonia-iyase (PAL), or
Hasburicase {uricase).

= Particularly where X is Facior VI, Factor IX, uricase, PAL or asparaginase.

« X is a self-antigen polypeptide selected for treating type 1 diabetes meilitus, pediatic multiple
scierosis, juvenile rheumaicid arthritis, celiac disease, or algpecia universalis.

o Especially whera X is a self-antigen polypeptide selectad for trealing new onsat iype 1
diabetes mellitus, pediatric multipte sclerosis or celiac disease.

+ X is a foreign antigen to which patients develop an unwanted immune response

o From peanut, including conarachin (Ara h 1).

o From wheat, including Alpha-gliadin *33-mer” native (SEQ D NO:24), Alpha-gliadin "33-
mer” deamidated (SEQ 1D NO:28}, Alpha-gliadin (SEQ 1D NO:28) and Omega-gliadin (SEQ
D NG:27).

o From ¢at, including Fel d 1A (UNIPROT P30438) and Cat albumin (UNIPROT P40064).

o From dog, including Can f 1 (UNIPROT 018873) and Dog albumin {UNIPROT P42822).

« X sisaforeign fransplant antigen against which transplant recipients develop an unwanted immung
response, 6.¢. a human leukocyle antigen protain.

= Xis an antibody, antibody fragment or ligand that specifically binds a circulaling protein or peptide
or aribody, which circulgting protein or peptide or antibody gives rise to transpiant rejection,
immune response againsi a therapeutic agent, autoimmune disease, and/or allergy.

o Especially where X binds an endogenous circulating protein or peptide or antibody.

+  Yizs GlysSer.

* Zis Anti-ABGPR Dom26h-196-61 or a conservative substitution.

= m +m'equals 1 or 2 and X is a full length protein, incluting protein therapsutics.

« m+mequalstor2wherem’istandm is0or1.

* m +mequals 2 to about 10 whare X is a group of self-antigen peplides (epilopes) known to be
associated with a particular autoimmune disease or for freatment of genetically diverse target
poputations.

o m +m* equals acoul 4 10 7 where the autoimmune disease is mulliple sclerosis and X is
indpendently selected from: MBP13-32 (SEQ 1D NO:11}, MBP83-99 {(SEG 1D NO:12),
MEP111.128 (SEQ 1D NO:13), MBP146-170 (SEQ ID NO:14), MOGT-20 (SEG ID NO:15),
MOG35-55 (SEG ID NO:16) and PLP139-154 {(SEQ 1D NOU1T).

*  m +m”equals 7 and X is, respeclively, MBP13-32 {8EQ 1D NO:11}, MBPE3-28
{(SEQ 1D NO:12), MBP111-129 {SEQ 1D NO:13), MBP146-170 (SEQ ID NO:14),
MOG1-20 (SEQ 1D NO:18), MOG35-55 (SEQ 1D NO:16) and PLP139-154 (BEQ
1D NC:I17)

[0235] As with the above discussion regarding Formuia 1, each of the above-described groups

and sub-groups for Formula 2 are individually preferred and can be combinad 1o describe further
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preferred aspects of the disclosure.,

[0236] Utility, Testing and Adminisiration

[0237]  General Utility

[0238] The compositions of the disclosure find use in a variety of applications including, as will be
apprecisted by those in the art, treatment of fransplant rejection, immune response against a
therapeutic agent, autoimmune disease, and food allergy.

[0239] In a preferred embodiment, the compasitions of the diselosure are used to modulate,
particulariy down-reguiate, antigen-specific undesirable immune response.

[0240] The compesitions of the disclosure are useful to bind and clear from the circuiation specific
undesired proteins, including antibodies endogenously generated in a patient {i.e., not exogenous
antibodies administered to a patient), peptides and the like, which cause sulcimmunity and associated
pathologies, allergy, inflammatory immune responses, and anaphyiaxis.

[D241] In the present disclosure, antigens are targeted o the fiver for presentation via antigen-
oresenting cells to spscifically down-regulate the immune system or for clearance of unwanted
gircuiating proteins. This is distinct from pravious uses of liver targeting, for example as described in
US 2013/0078218, where the purpose of liver-targeting molecules such as DOME6h-186-61 was the
delivery of therapeutic agents to teat liver diseases such as fibrosis, hepatitis, Girrhosis and liver
canger.

[0242] The prasent disclosure provides compositions and methods 1o treat unwanted immune
response to self-antigens and foreign antigens, including but not limited t0: a foreign transplant antigen
against which transplant recipients develop an unwanted immune response (8.9.. ransplant rejection),
a foreign antigen to which patients develop an unwanted immung {e.g., allergic or hypersensitivity}
response, a therapeutic agent fo which patients develog an unwanted immune response (e.g.,
hypersensitivity ang/or reguced therapeutic activity}, a self antigen o which patients develop an
unwanted immune response {e.g., autoimmune disease)

[0243] Autoimmune disease states that can be freated using the methods and compesitions
provided herein include, but are not limited to: Acute Disseminated Encephalomyelitis (ABEM}; Acute
interstital aliergic naphritis (drug allergias); Acute necrotizing hemorrhagic leukoencephalitis; Addison's
Disease; Alogecia areata; Alopecia universalis, Ankyiesing Spondylitis; Arthritis, juvenile; Anthritis,
psonatic; Arthritis, rheumatoid; Atopic Bermatitis; Autoimmune aplastic anemia; Autcimmunsg gastritis;
Autoimmune hepatitis; Autoimmuns hypophysitis; Autolimmune oophoritis; Autoimmung  orchitis;
Autcimmune polyendocrine syndrome type 1; Autoimmune polyendocring syndrome type 2;
Aulcimmune thyroiditis; Behcet's disease; Branchiolitis obliterans; Bullous pemphigoid; Celiac disease;
Churg-Strauss syndrome; Chronic inflammatory demyslinating polyneuropathy,; Cicatricial pemphigoeid;
Crohn's disease; Coxsackie myocarditis; Dermalitis herpetiformis Dubring; Diabetes meliitus (Type 1);
Erythema nodosum; Epidermolysis bullosa acquisita, Giant cell avteritis Gemporal arteritis); Giant celi
myocarditis; Goodpasture’'s syndrome; Graves disease; Guillein-Barre syndrome; Hashimoto's
encephalitis; Hashimoto’s thyroiditis; IgG4-related sclerosing disease; Lambert-Eaton syndrome; Mixed
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connective tissue disease; Mucha-Habermann disease; Multiple sclerosis; Myasthenia gravis; Optic
neuritis; Neuromyelitis oplica; Pemphigus vulgaris and variants; Pernicious angemis; Pituitary
autoimmune disease; Polymyositis; Postpericardiotomy syndromse; Framature ovarian failure; Primary
Bitiary Cirrhosis; Primary sclerosing cholangitis; Psoriasis; Rheumatic heart disease; Sjogren's
syndrome; Systemic lupus ervthematosus; Systemic sclerosis; Ulcerative colitis; Undifferentiated
connective tissue disease {UCTD); Uveitis; Vitiligo; and Wegener's granulomatosis.

{02441 A particutar group of autoimmune disease siates that can be ireatad using the methods
and compositicns provided herein include, but are not limited to:  Acuie necretizing hemorrhagic
leukoencephalitis; Addison's Disease; Arthyitis, psoriatic; Arthritis, rheumatoid; Autoimmune aplastic
anemia; Autoimmune hypophysitis; Autoimmune gasiiis; Autoimmune polyendocrine syndrome type
1; Bullous pemphigcid;, Cellac diseage; Coxsackie myocarditis; Dermatitis herpetiformis Duhving;
Diabetes mellitus (Type 1), Epidermolysis bullosa acquisita; Giant cell myocarditis; Goodpasture's
syndrome; Graves' dissase; Hashimoto's thyrokditis; Mixed connsctive tissue diseage; Multiple
sclerosis; Myasthenia gravig; Neuromyelitis optica; Pernicious angemis; Pemphigus vulgaris and
variants; Pifuitary autoimmune disease; Premature ovarian failure; Rheumalic heart disease; Systemic
sclaerosis; Sjogren's syndrome; Systemic lupus erythematosus; and Vitiligo,

[0245] in the embodiments employing an antigen against which an unwanted immune response
is developed, such as food antigens, treatment can be provided for reactions against, for example:
peanut, apple, milk, egg whites, egg yolks, mustard, celery, shrimp, whea! {(and other cersals),
strawherry and banana.

{0246} As will be appreciated by those skilled in the art, a patient can be tested to identify a foreign
antigen against which an unwanted immune response has developed, and a composition of the
disclosure can be develiopead based on that antigen.

{0247] Testing

[0248] in esiablishing the utiity of the compositions and methods of the disclosure, specificity in
binding to antigen-presenting celis in the liver {particylarly binding o hepatocytes and specifically
ASGPR) should initially be determined. This can be accomgplished, for examgple, by employing a marker
{such as the flucresceni marker phycoerythrin {"PE")) in & composition of the disclosure. The
composition s adminisiered to suitable experimantal subjects. Conirols, e.g., unconjugatad PE or
vehicle {saling) are administered to other group(s) of subjects. The composition and cantrols are
allowead to circulate for a period of 1 to b hours, after which the spleens and livers of the subjects are
harvested and measurad for fluorescence. The specific cells in which Huorescence is found can be
subsequently identified. Compesitions of the disclosure, when tested in this manner, show higher levels
of concentration in the antigen-presenting cells of the liver as compared with unconjugated PE or
vehicle.

fo249] Effectiveness in immune modulalion can be tested by measuring the proliferation of OT-
CDher celis (rangplanted into host mice! in response o the administration of a composition of the
disclosure incorporating a known antigen, such as ovalbumin {“OVA’}, as compared with administration
of the antigen alone or just vehicle. Compasitions of the disclosure, when tested in this manner, show
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an increase of OT1 ceff proliferation as compared with antigen alone or vehicle, demonstrating
increased CD8+ T-cell cross-priming. To distinguish T cells being expanded into a functional efiector
phenctype from those being expanded and delsted, the proliferating OT-1 CD8&* T cells can be
phenctypicaily analyzed for molecular signitures of exhaustion {such as programmed death-1 (PD-1),
FasL, and cthers], as well as annexin-V as a halimark of apoptosis and thus deletion, The O7-1 CD8&
T cells can also be assessed for their responsivenass {o an aniigen challenge with adjiuvant in order to
demonstirate functional non-esponsivenass, and thus immune olerance, towards the antigen. To do
s0, the cells are analyzed for inflammatory signaturgs after administration of compositions of the
disclosure into host mice followed by an antigen challenge. Compositions of the disclosure when tasted
in this mannser demonstrate very low (8.g., background) levels of inflammatory OT-1 CD&* T cell
responses towards OVA, thus demonstrating immune tolerance.

[0250] Humoral immune respense can be tested by administering a composition of the disclosure
incorporating & known antigen, such as OVA, as compared with the administration of the antigen alone
or just vehicle, and measuring the levels of resulting antibodies. Compositions of the disglosure when
fested in this manner show very low (e.g., background) levels of antibody formation responsive 1o their
administration and the administration of vehicle, with significantly higher levels of antibody formation
rasponsive 1o administration of the antigen.

fozs1l Effectiveness in wolerization against an antigen can be tested as above with reference to
humoral immune response, where several weeks following treaiment(s) with a composition of the
disclosire a group of subjects is chalienged by administration of the antigen along, foliowed by
measuring the levels of antibodies to the antigen. Compeostiions of the disclosure when tested in this
manrer show low levels of antbody formation responsive to challenge with the antigen in groups
pratreated with such compositions as comparsd to groups that are not pretreated.

[0252] Disease-focused experimental models are well known to those skilled in the art and include
the NOD {or non-obese diabetic) mouse model of autoimmunity and tolerance and the EAE
{experimental autoimmune encephalomyelitis} model for the human inflammatory demyalinating
gisease, multipte sclerosis. In particular, the NQD mouse deveiops spontaneous aufcimmuneg diabetes
{similar to type 1a diabetes in humans). Groups of NOD mice are reated with test compound or &
nagative control, followed by measurement of BLOCD GLUCOSE. Successful treatment corresponds
to likelihood of treating diabetes in humans or proof of mechanism for approaches to the treatment of
other autoimmune diseases. (See, e.g., Anderson and Bluestone, Annu. Reyv. Immungl. 2005,23:447-
8h.

[0253] Administration

[0254] The compositions of the disclosure are administered at a therapeutically effective dosage,
2.g., a dosage sufficient to provide treatment for the disease states previously descrined. Administration
of the compeunds of the disclosure of the pharmaceutically acceptable salts thereof can be via any of
the accepted modes of administration for agents that serve similar utilities.

[0255] While human dosage leveis have yet tc be optimized for the compounds of the disclosure,
these can initially be exirapolated from the about 10 ;g 0 100 pg dosss administered for mice.
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Generally, an individual human dose is from about 0.01 to 2.0 mg/kg of body weight, preferably about
0.1 10 1.5 mg/kg of body weight, and most preferably about 0.3 1o 1.0 mg/kg of body weighi, Treaiment
can be administered for a single day or a period of days, and can be repealed al intervals of several
days, one or several weeks, or one or several months. Administration can be as a single dose (e.g., as
a bolus) or as an initial bolus followed by continuous infusion of the remaining portion of & complete
dose over time, e.g., 110 7 days. The amount of aclive compound administered wili, of course, be
dependent on any or ail of the following: the subject and diseass state being ireated, the severity of
the alfliction, the manner and scheduls of administration and the judgment of the presceribing physician.
i will also be appreciated that amounts administerad will depend upon the molecular weight of the
antigen, antibody, antibedy fragment or kgand as well as the size of the linker.

[0258] The compositions of the disclosure can be administered either alone or in combination with
other pharmaceutically acceptable excipients,  While ali typical routes of administration are
contemplated, it is presently preferred to provide liquid dosage forms suitable for injection. The
formulations will typically include a conventional gharmaceutical carrier ¢r excipient and a composition
of the disclosure or a pharmageutically acceptable salt thereof. In addition, these compositions can
include other medicinal agents, pharmacsutical agents, carriers, and the like, including, but not fimited
{o the therapeutic protein, peptide, antibody or antibody-like molgcule corresponding 1o the antigen (X}
employed in the compoesition of the disciosure, and other active agenis that can act as immune-
modulating agents and more specifically can have inhibitory effects on B-cells, including anti-folates,
Immune suppressants, cyostatics, mitetic inhibitors, and anti-metabotiles, or combinations thereof.
[0257] Generally, depending on the intended mode of administration, the pharmaceutically
aceeptable composition will contain about 0.1% to 95%, preferably about 0.5% to 50%, by weight of &
composition of the disclosura, the remainder being suitable pharmaceutical excipients, carriers, &tc.
Dosage forms or compositions containing active ingredient in the range of 0.005% 1o 85% with the
balance made up from non-toxic carrier can be grepared.

[0258] Liquid pharmaceutically adminisirable compositions can, for example, be prepared by
dissolving, dispersing, etc. an active composition ¢f the disclosure {e.g., a lyophilized powder) and
optional pharmaceutical adjuvants in a carrier, such as, for example, water (waler for injection), saline,
agueocus dextrose, giycerol, glycols, ethanol or the like (excluding galacteses}, to thereby form a solution
or suspension. if desirad, the pharmaceutical composition 1o ba administerad can also scontain minor
amounts of nontoxic auxiliary substances such as wetting agenis, emuisifying agents, stabilizing
agents, solubilizing agents, pH buffering agenis ang the like, for example, sodium acetfate, scdium
eitrate, cyclodextrine derivatives, sorbitan monolaurats, tristhanclamine acetate and triethanolamine
oleate, etc., osmolytes, aming acids, sugars and carbohydrates, proteins and polymers, salts,
surfactants, chelators and antioxidants, preservabives, and specific ligands. Actual methods of
preparing such dosage forms are known, or will be apparent, to those skilied in this arl; for example,
sae Remington: The Science and Practice of Pharmacy, Pnharmaceutical Prass, 22nd Edition, 2012.
The composition or formuiation to be administered will, in any event, contain a quantity of the active
compound in an amount effective to treat the symptoms of the subject being freated.
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EXAMPLES
[0259] The following examples serve to more fully describe the manner of using the above-
descrined disclosure, as well as to set forth the best modes contemplated for carrying out various
aspects of the disclosure. It is understood that these examples in no way serve to limit the true scope
of this disciosure, but rather are presented for Hlustrative purposes. Al references cited herein are
incorporated by reference in their entirely.

[02601 Example 1
F1aA-OVA-ma-nag (Or Fla-OVA-my-ng-2NGAL)
[0261] 1A, Formula 103 where X is OVA andmis 4
[0262] In an endotoxin-free tuze, OVA (5.0 mg, 0.00012 mmol} was added to 100 pl of pH 8.C
PBS containing 5 mM EDTA and stirred. Separately, 1 mg of Traut's Reagent was dissolved in 1G0 i

of pH 7.0 PBS, and 16 W {0.00119 mmol} of the Traut's Reagent solution so cbiained was added 10 the
stirred sofution of OVA with continued stirring. After 1 hour, excess Traut's Reagent was removed using
a centrifugal size exciusion column to afford the corresponding product of Formuta 103"

{0263] 18, Formulz 106A where nis 80

{0264] in an sndotoxin-free {ube, galaciosaming (10.0 mg, 0.04638 mmol) was dissolved wilh

stirring in 100 yi of pH 8.0 PBS containing 5 mM EDTA. Pyridyl dithiol-poly{ethylene giveol-NHS ester
(Formula 104 where n is 80) {18.23 mg, 0.00484 mmol) dissalved in 100 ul of pH 7.0 PBS was addad
{0 the stirring solution of galactesaming. After 1 hour, the resulting pyridyl dithiok-poly(ethylane glycol)-
N-acetylgalactosamine (Formula 106A) was ready to be used without further purification.

[0265] 1C.  Formula 1aA where X is OVA . mis 4, nis 80 (and Z' is C2 galactgsamine)

[0266] The puritied OVA-Traut conjugate of Formula 103 prepared in Example 1A was added

diractly o the stirring product of Formula 106A prepared in Example 1B. After Thour, the resuiting
product of Formula 1a was purified by passing the reaction mixiure through a centrifugal size exclusion
ccluma. Characterization {UHPLC SEG, gel electrophoresis) confirmed product identity. (See Fig. 5.)
{02671 1B, QOther Compounds of Formuia 103

{0268] By foliowing the procedure described in Example 1A and substituling OVA with the

following;
* Abciximab,
+ Adalimumab,
»  Agaisidase affa,
*  Agalsidase beta,
»  Aldeshukin,
+  Alglucosidase alfa,
s Faotor VI
» Factor IX,
e |-gsparaginase,
» Larcnidase,
»  Octrectide,
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+ Phenylalanine ammonia-iyase,

» Rasbuticase,

* insulin (SEQ 1D NG5),

»  GAD-65 (SEQ D NO:B),

* IGRP(SEQIDNOT)

»  MBP (SEQ ID NOB),

»  MOG {SEQ 1D NO®),

e PLP(BEQIDNCIG),

= MBP13-32 (BEQ IR NO:11y,

»  MBPS3-99 (BEQ ID NC:12y,

»  MBP111-129 (SEQ D NO13),

«  MBEP148-170 (SEQ D NO:14),

e MOG1-20 (5EQ ID NO:15),

»  MOG35-55 (SEQ D NO18),

»  PLP139-154 {SEQ 1D NO:17),

+  MART? (SEQ ID ND:18),

»  Tyrosinase (SEQ ID NG:19),

»  PMEL (SEQ ID NO:20),

o Aguaporin-4 (SEG ID NO:21),

»  S-arrastin (SEQ 1D NO223,

»  IRBP{SEQ ID NO23),

+  Conarachin (UNIPROT G6PSUS),

» Alpha-gliadin “33-mer” native {(SEQ 1D NO:24),

»  Alpha-gliadin “33-mer" deamidated (SEQ 1D NG:25},

« Alpha-gliadin (S£Q 1D NO:28},

«  Omega-gliadin (SEQ 10 NO:273,

»  Feld 1A {UNIPROT P30438),

+  Catalbumin (UNIPROT P43064),

s Canft (UNIPROT O18873),

+ Dog atbumin (LUNIPROT P49822), and

* RhCE example (UNIPROT P18577),
there are obtained the foliowing corresponding compounds of Formuta 103 where:

¢ Xis Abciximab and m s 10,

¢ Xis Adalirnumab and mis 11,

+ Xis Agalsidase alfa and mis 14,

»  XIs Agalsidase beta and m is 14,

*»  Xis Aidesiukin and mis 8,

» Xis Alglucosidase alfs and mis 13,

s Xis Factor Vill and m is 100,
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»  Xis Factor X and mis 18,
»  Xls L-asparaginase andmis 5,
» Xis Laronidase and mis 7,
+  Xis Qctreotideand mis 1,
« Xls Phenyiglanine ammonig-lyase and m s 12,
+ Xis Rasburicase and mis 12,
*  Xis Insulin (SEQ ID NOB) and m is 2,
¢ Xis GAD-65 (SEQ IDNO:g) and m is 8,
» XiglGRP (SEQIDNOZyandmis 7,
» Xis MBP(SEQIDNOB) and misg,
» XisMOG (BEQ IDNOQ @) and mis 5,
e XisPLP(BEQIDNC1D and mis g,
e Xis MBEP13-32 (SEQIDNO1Yand mis 1,
»  Xiz MBP23-99 (SEQ IDNO:12)and mis 1,
= Xis MBP111-120 (BEQ ID NO13Yand mis 1,
»  Xis MBP148-170 (8EQ 1D NO14and mis 2,
*  Xis MOG1-20 (SEQ IDNO:15) andmis 1,
o Xig MOG35-55 (SEQ IDNOgyand mis 2,
o Xis PLP129-154 (SEQ ID NO:17) and m s 3,
s Xis MARTT (BEQID NOigyand mis 4,
»  Xis Tyrosinase (SEQ IDNO1®)andm is B,
s Xis PMEL(SEQIDNO:20)and mis B,
= Xig Aguaporin-4 (8EQ 1T NO:21) and m is 4,
e Xis S-arrestin (SEQ D NO:22) and m is 12,
e Xis IBBP (S£4 1D NO23) and m is 21,
« Xis Conarachin and m is 21,
»  Xis Alpha-gliadin "33-mer" native (SEC 1D NG:24) and m is 1,
»  Xis Alpha-gliadin "33-mer” deamidated (SEQ ID NO:25) and mis 1,
+«  Xis Alpha-gliadin (SEQ ID NG:28) and m is 1,
*»  Xis Omega-gliadin (SEQ ID NOZ7yand m is 1,
» XisFeldtandmis 4,
+ Xig Catalbuminand mis 18,
» XisCanfiandmiss,
+  Xis Dog albumin and m is 23, and
» Xis RhCE example and m is 10.
{0269] 1E. Other Compounds of Formuia 1aA
[o270] By foliowing the procedure described in Example 10 and substituting the compounds of

Formula 183, for example as obtained in Example 10, there are obtained the following corresponding
compounds of Formula 1aA;

65



(182) JP 2020-121981 A 2020.8.13

WO 2013/140648 PCT/AB2015/001143

« FiaA-Abeidmab-mio-nee,

»  FlaA-Adalimumab-mi-Nan,

»  FlaA-Agalsidase afa-misneo,

»  FilaA-Agalsidase beta-misna,

» FiaA-Aldeslukin-me-neo,

+ FlaA-Alglicosidase affa-mig-nao,
» FiaA-Faotor VIlE-Mige-teo,

+  FraA-Factor X-mis-Nao,

*» FiaA-l-asparaginase-msnao,

« FlaA-Laronidase-my-nae,

»  FlaA-Dgtreotide-mi-nao,

e F1aA-Phenylalanine ammaonia-tyase-mis-nas,
+  [taA-Rasburicase-miz-an,

s FlaA-insulin-me-na,

»  F1aA-GAD-85-ma-nac,

s  F1aA-IGRP-my-ng,

»  FtaA-MEP-me-nso,

s F1aA-MOG-msnao,

s F1aA-PLP-ms-nao,

*  F1aA-MBP13-32-minso,

»  F1aA-MBP83-99-mi-nem,

+  F1aA-MBP111-128-ms-nao,

»  F1aA-MBP146-170-mznee,

e F1aA-MOG1-20-mi-na,

+  F1aA-MOG35-85-mz-neo,

e F1aA-PLP139-154-ms-Nao,

»  F1aA-MART 1-ma-ns,

»  FlaA-Tyrosinase-ms-ns,

*  FtaA-PMEL-ms-nac,

+  FlaA-Aquaporin-d-ma-nao,

+  FlaA-S-arrastin-mis-Nao,

»  F1aA-IRBP-mas-nao,

»  FtaA-Conarachin-mei-nag,

+  FiaA-Alpha-gliadin “33-mer” native-m:-nag,
+ FlaA-Alpha-gladin "33-mer” deamidated-mi-nao,
+ FlaA-Alpha-gliagdin-mi-ne,

+  FlaA-Omega-gliadin-ms-ne,

+  FlaA-Feld 1-Mee,

« F1aA-Cat albumin-mies-nao,
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[0271]
[0272]

FtaA-Can  1-ms-Neo,
F1aA-Dog albumin-ma-Nso, and
F1aA-BhCE-mic-fis.
1E. Other Compounds of Formuia 106A
By following the procedure descrived in Example 1B and substituting the pyridyl dithiol-

poly{ethytene glycol)-NHS ester (Formula 104 where n is 80} with the following:

»

-

Formula 104 where n is 12,
Formula 104 where 1 is 33,
Formula 104 where n is 40,
Farmula 104 whare 11 is 43,
Formula 104 where n is 50,
Formula 1804 where n is 80,
Formula 104 where n ig 75, and
Formula 104 where n is 80,

there are obtained the foliowing corresponding compounds of Formula 106A where:

foz2731
[0274]

nisiz,
nis 33,
118 40,
s 43,
nis 50O,
nis 60,
nis 75, and
rnis 84,
16, Other Compounds of Formula 1aA

By following the procedure described in Example 1k and substituting the compourd of

Formula 106A with the compounds obtained in Example 1F, there are obtained the corresponding
sompounds of Formuta 1aA where nis 12, 33, 40, 43, 50, 80, 75 and B4, such as:

]
»

[0277]

F1aA-insulin-mz-niz,
FtaA-insulin-me-nas,
FiaA-insulin-mz-nag,
F1aA-Insulin-mz-naa,
FtraA-insulin-mz-nsao,
FiaA-insulin-ma-nea,
FiaA-insulin-mez-nys, and

FtaA-insulin-me-nNas.

[0275} Example 2
[0276] F1b-OVA-my-ne-Dza-2NACGAL
2h. . Formula 103 where X' is Ovalbumin and m.is 1
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{02781 In an enclotoxin-free tube, OVA (8.5 mg, 0.000155 mmol) was added to 200 pl of pH 8.0
PBS containing 5 mM EDTA and stirred. Separately, 1 mg of Taut's Reagent was dissolved in 100 ul
of pH 7.0 PES, and 43 W {0.00310 mmel} of the Traul's Reagent solution s chiained was added 0 the
stirred solution of OVA with continued stirring. After 1 hour, non-reacted Traut's Reagent was removed
using a centrifugal size exclusion column to afford the product of Formula 103,

[02749] 2B.  Formula 1b whare X' is Qvalbumin, mis 1. nis 4, pis 34, R* is a direct bond and Z°
is 2NACGAL

[0280] in a miero centrifuge tube, poly{Galaciosamine Methacrylate)-{pyridy! disuifide) (Formula
201} {20.0 my, 0.0020 mmek was solubilized in 50 pi of pH 8.0 PBS confaining 5 mM EDTA. To this
was added the purifisc CVA-Traui product from Example 2A followsd by stiring for 1 hour. The

resulting product of Formula 1b was purified by passing the reaction mixiure through a centrifugal size
exclusion column. Gharacterization {LIHPLC SEC, gel electrophoresis) confirmed the identity of the
product. (See Fig. 5.)

[0281] 2G.  Other Compoungs of Formuia 1b

{02621 By following the procedure described in Example 2B and substituting the compounds of

Formula 103, for example as obtained in Example 10, there are obtained the foliowing corresponding
compounds of Formuta 1b:

¢ Fib-Abciximab-mio-ne-pas-2NACGAL,

*» Fib-Adalimumab-ms -na-pas-2NACGAL,

»  Fib-Agalsidase alfa-mis-na-ps-2NACGAL,

+  Fib-Agealsidase beta-mis-ne-paa-2NACGAL,

¢« Fib-Aldesiukin-me-na-pa-2NACGAL,

+ Fib-Alglucosidase alfa-mus-ne-pu-eNACGAL,

»  Fib-Factor Vil-mioo-na-pae-2NACGAL,

»  Fib-Factor IX-mis-na-pae-2NACGAL,

»  Fib-L-asparaginase-ms-ns-fue-2NACGAL,

»  Fib-Laronidase-mrna-paa-2NACGAL,

¢ Fib-Octreotide-m:-ne-psa-2NACGAL,

« Fib-Phenylalanine ammonia-lvase-mie-na-Pa-2NACGAL,

* Fib-Rasburicase-mi-na-pas-2NACGAL,

o Fib-Insulin-me-na-pes-2NACGAL,

¢ Fib-GAD-85-me-na-pas-ENACGAL,

v Fib-IGRP-m7-ne-pae-2NACGAL,

«  Fib-MBP-me-ns-pae-2NACGAL,

o F1h-MOG-ms-ra-pae-2NACGAL,

¢ Fib-PLP-me-Na-pac-eNACGAL,

*»  Fib-MBP13-32-mi-napa-2NACGAL,

*  Fib-MBP83-98-m-ns-paa-2NACGAL,

»  Fib-MBP111-128-mi-rs-paa-2NACGAL,

68



(185) JP 2020-121981 A 2020.8.13

WO 2013/140648 PCT/AB2015/001143

+  Fib-MBP148-170-me-na-Pa-2NACGAL,

»  Fib-MOG1-20-mi-na-Pa-2NACGAL,

*»  Fib-MOG35-55-me-na-pa-2NACGAL,

s Fib-PLP138-154-ms-nsepaa-2NACGAL,

s Fib-MART1-me-ns-pa-2NACGAL,

* Fib-Tyrosinase-me-ne-pas-2NACGAL,

o Fib-PMEL-ms-na-paa-2NACGAL,

¢ Fib-Aguaporin-4-ma-na-pa-2NACGAL,

»  Fib-8-arrestin-miz-nepa-2NACGAL,

»  Fib-IRBP-mz-ns-pas-2NACGAL,

»  Fib-Congrachin-mai-nepau-2NASGAL,

e Fib-Alpha-gliadin "33-mer” native-mi-na-paa-2NACGAL,
*  Fib-Alpha-ghiadin "33-mer” deamidated-mi-na-paa-2NACGAL,
» Fib-Alpha-ghadin-mi-na-pas-2NACGAL,

»  Fib-Omega-gladin-mi-na-pa-2NACGAL,

»  Fib-Fel d t-mans-pos-2NACGAL,

»  Fib-Cat albumin-mie-na-pas-2NACGAL,

+ Fib-Canf 1-me-ns-pas-2NACGAL,

+ Fib-Dog albumin-ma-ns-em-2NACGAL, and

»  F1b-RhCE-mio-Ne-pas-2NACGAL.

[0283} Example 3
[0284] F1{-OVA-m-ne-pa-2NACGAL

{o285] 3A. Formula 1fwhere X is Ovalbuminandmis 1. nls4 pis 33 R%is a direct bond and
Z' s 2NACGAL

[0286] in an endotoxin-free tube, OVA (4.0 mg, 8.0000952381 mmol) was added to 0.1 mi of pH
7.4 PBS and sthired. Separately, poly-{n-Acetylgalactosaming)-p-nitrophenyo! carhonate of Formula
801 where n s 4 and p is 33 (33.0 my, 0.002380952 mmol} was added 10 100 i of pH 7.5 PBS and
vortexed until dissolved. The two solutions were combined and the mixture was stirred vigorously for 1

hour. The mixture was then collected and dialyzed for 3 days against pH 7.4 FBS (30 kDa molecular
weight cut off 1o afford the produgt of Formula 1.

(0287} Example 4
[o288] Fig-PVA-my-pe-ZNACGAL

[0289] 4A.  Formula 1g where X is Ovalbbuminand mis 1, pis 80, R%is a direct bend and 2" is
2NACGAL

{0290} In an endotoxin-free tube, OVA (5.0 myg, 0.000119048 mmol) was added to 0.2 mi of pH
74 PBS and stirred. To the stiring solution was added 75 mg (0.00297819 mmol} of
Poly{Galactosamine Methacrylate)-NHS (Formula 701} dissolved in 3.4 ml of pH 7.4 PRS. The mixlure
was allowed to stir for 2 hours. The mixiure was then collected and dialyzed for 3 days against pH 7 4
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PBS (30 kDa molecular weight cut off) to afford the product of Formuda 1g.

[0291] Example 5
[0292] F1h-OV A-mz-nes-pss-ga-2NACGAL
{0293] BA . Formula 802 where X' is Ovalbumin, mis 2and nis 45
[0204] In an endotoxin-fres fube, OVA (3.0 mg. 0.0000714288 mmeol) was added 1o 150 pi of pH
8.0 PBS containing 5 mM EDTA and stirred. Dibenzocyclooctyne-PEG-(p-nivopheny! carbonaie}
{Formuia 801) (5.265 myg, 0.002142887 mmol} dissolved in DMF was added to the OVA solution and
stirred for 1 hour. The excess dibenzocyclooctyne-PEG-(p-nitrophenyl carbonate) was removed using

a centrifugal size exciusion column to afford the product of Formuia 802",

[0295] 5B, Formula 16 where X' is Ovalbumin, mis 2 nis 45 pis 55 gis4 RPis CH: Ris a
direct bond and 7" is 2NACGAL

{0296] Poly(Galactosaming Msathacrylate)-N3 (Formula 803 where p is 55, g is 4 and 27 is N-
acstylgalactosamine) {33 mg, 0.002142857 mmaoh was dissoived in 100 wl of pH 7.4 PBS and added
o the product of Examgle DA with stirring. After 1 hour, the resulting product of Formula th was purified

by centrifugal size exclusion chromatography.

[0287) Example 6
[0298] F1j-OVA-mio-Nas-Pas-Qe-ZNACGAL
fo298] gA. _ Formula 103 where X is Ovalbumin and m is 10
{0300} In an endotoxin-free tube, OVA (5.0 mg, 0.00018 mmol) was added to 150 pyl of pH 8.0
PBS containing 5 mM EDTA and stired. Separately, 1 mg of Taut's Reagent was dissoived in 100

of pH 7.0 PBS, and 16 ul (0.0019 mmol) of the Traut's Reagent sclution 3o oblained was added to the
stirred solution of OVA with continued stirring. After 1 hour, non-reacted Traut's Reagent was removed
using a centrifugal size exclusion column to afford the product of Formula 103,

[03011 8B,  Formula 902" where X' is Ovalbumin, mis 10 and n is 45

[0302] Dibenzocycloortyne-PEG-(pyridy! disulfide) {Formula 901 where n is 45) (6.0 mg, 0.00238
mmoel) was dissclved in DMF and the resulting solution was added to the OVA solution obtained in

Exampie 8A and stimed for 1 hour. The excess dibenzocyclooctyne-PEG-(pyridyl gisulfide) was
ramoved using centrifugal size exclusion chromatography 1o afford the product of Formula 802",
{0303] 8C.  Formula Yjwhere X is Qvalbumin, mis 10, nis 45. pis 55, qis 4 R®is CHz Ris g
direct bond and 7" is 2NACGAL

[0304] Poly(Galactosamine Methacrylatei-N3 (Formula 803 whare p is 55, g is 4 and Z” is N-

acetylgalactosamine) (36 mg, 0.00238 mmol) was dissolved in 150 ul of pH 7.4 PBS and added to the
product of Example 83 with stirring.  After 1 hour, the resulting product of Formula 1] was purified
{excess p(GMA)-NG removed) by cenirifugal size exclusion chromatography. Characterization {LIHPLG
SEC, gel electrophoresis) confirmed the identity of the product.

[0305] Example 7
{0306} F1L-QVA-m 2—H30~§J&5~Q4-2NACGAL
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{03071 7A. Formula 1002 where X' is Ovalbumin. m is 2 and n is 80
{0308} Dibenzocyciooctyne-PEG-{pyridyl disuifide) (Formula 1601 where nis 80) (9.0 mg, 0.00238
mmol) was dissolved in DMF and the resuiting solution was added to a purified OVA solution of Formuda

103" (where X' is Ovalbumin and m is 2}, for example prepared as described in Example 6A and stirred
for 1 hour. The excess dibenzocyclooctyne-PEG-{pyridyl disulfide) was removed using centrifugal size
exclusion chromatography to afford the preduct of Formula 1002,

{0308} 7B, Formula 1L where X' is Ovalbumin, mis 2 nis 80, pis 58, gls 4, R%isCHe, Reis a
direct bond and 2 Is 2NACGAL

[0310] Poly(Galactosaming Methacrylate}-N3 (Formula 8§03 where p is 55, g is 4 and Z° is N-

Aceatylgaiactosamine} (36 mg, 0.00238 mmol) was dissolved in 1580 pgl of pH 7.4 PBS and added to the
product of Example 7A with stiring.  After 1 hour, the resuliing product of Formula 1L was purified
{excess poly(Gaiactosamine Methacrylate)-N3 removed) by centrifugal size exclusion chromatography.
Characterizetion {LUHPLC SEC, gel electrophoresis) confirmed the identity of the product.

[0311}] Example 8
{0312} Preparation of poly{Galactosamine methacrylate) Polymers

{0313] 8A __ Galaciosamine Methacrylate

{0314] To stired galactosaming hydrochloride (215 g, 10.0 mmaol) was added 0.5 M sodium
methoxide {22 mi, 11.0 mmol). After 30 minutes, methacrylate anhydride (14.6894 g, 11.0 mmol) was
added and stirring continued for 4 hours. The resulling galactosamine methacrylate was loaded onle
silica gel via rotovap and purified via column chromalography using DOM:MeOH (85:15).

[0315] gl Formula 20l wherenisdand pis 30

[0316] Galactose methacrylate {600 my, 243 mmot), 2-{2-{2-(2-(pyridin-2-
vidisulfanyljethoxy)sthoxyiethoxylethyl 2-((phenylcarboncthioyi)ihiolacetate {(44.8 mg, 0.081 mmal)
and AIBN (3.174089069 mg, 0.016 mmol} were added to 1.5 mi of DMF in a Schlenk Flask. The
reaction mixture was subjected to 4 freeze-thaw chycies and then stirred at 70°C for 6 hours. The

dasired polymer product of Formula 201 was precipitated in 12 mi of methanol, and excess solvent was
removed under reduced pressure.

[0317] Example 8
[0318] Preparation of F1aA-PE-ma-ns
[0319] 2A. Formula 103 where X' is Phycoerythrin
[0320] In an endotoxin-free tube, phycoerythrin ("PE"} {purchased irom Pierce) (200 i, 6.000004
mmol) was added o 50 pl of pH 8.0 PBS containing 5 mM EDTA and stirred. Separately, 1 mg of Taut's

Reagent was dissoived in 100 pl of pH 7.0 PBS, and 2 ul (0.00013 mmol) of the Traut's Reagent solution
$0 obtained was added to the stirred solution of PE with continued stirring. After 1 hour, excess Traut's
Feagent was removed using a cenlrifugal size exclusion column 1o afford the product of Formula 103,
[0321] g8, Formula 106A where nis 80

[0322] in an endotoxin-free fube, galactosamine {7.C¢ mg, 0.03246 mmol} was dissolved with
stirring in 100 i of pH 8.0 PBS containing 5 mM EDTA. Pyridyl dithiol-poiy{ethylens giycol)-NHS ester
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{Formuia 104 where n is 80) {16.23 mg, £.00464 mmol) dissalved in 50 @ of pH 7.0 PBS was added fo
the stirring solution of galactosamine. After 1 hour, the resulting product of Formula 106A was ready io
be used without further purification.

[0323] 8C.  Formulg 1a where X' is Phycoerythrin, mis 3, 11 is 80 and 2’ is galactgsamine

[0324] The purified PE-Traut conjugates prepared in Example 83A were added directly to the
stirring product of Formula 106A prepared in Exampie 8B, After 1hour, the resulting product of Formuia
1a was purified by passing the reaction mixiure through a centrifugal size exclusion column.
Characterization (UHPLC SEC, gel electrophoresis) confirmed the identity of the product.

[0325] Example 10

{0326} OVA-DOM
[0327] 10A. _Preparation of Expression Vector
{0328] The mammalian cell exprassion vector pSecTag A was purchassd from Life Technciogies.
The gene encoding the anti-ASGPR domain antibody, Dom26h-196-81, herein referred o as "ROM",
was purchased as a codon-optimized sequence for protein expression in human celis, from the provider
Genscript. Seguences encoding OVA, DOM, the flexible linker GlysSer, and the BxHis tag wers cloned
info mammalian expression vector pSecTag A, C-terminal 0 the lg x-chain secretion leader sequence,
by site-directed mutagenesis, following & variation of the QuikChange protocol (Geiser, ef al}

{0329] 108, txpression and Purification of Formuia 2 where m'is 1, m"is 0. X is Ovalbumin. ¥
is GiyaSer, 7 is Anti-ASGPRE Dom26h-196-61
[0330] HEK293 cells were transiently transfected with modified pSecTag A vectors, prepared for

example as described in Example 10A, using polyethylenimine. Transfected celis were cuitured in
FreeSiyie 283 medium (Life Tachnologies) supplemented with valproic acid for 7 days, after which the
cells were removed by centrifugation and the culture supernatants were collected and sterllized by
fiitration. The OVA/DOM fusion profeins of Formula 2 were purified from the culture supernatants by
immobilized metal ion affinity chromatography using a HisTrap Ni#* sepharose column (GE Healthcare),
followed by size exclusion chromatography using a Superdex 75 column (GE Healthcare), having the
following generalized structure:

N- QVA- Glys8er- DOM- GlysSer-6xHis ~C
and the following amino acid seguence:
GOIGAASMEFOFDVFELKYHHANENIFYOPIAIMBALAMYYLGAKDETRTOQINKYVRFOKLPGFGDE]
EAQGGTSVNVHSSLRDILNGITKPNDVYYSFELASRLYAEERYRILPEYLOCOVRELYRGGLEPINFGTAA
DRAHELINSWVESQTNGHRNVLOPSEVISQTAMVIVMNAVFKGLWEKAFKDEDTGAMPFRVTEQES
KPVOMMYQIGLFRVASMASERMKILELPFASGTMSMLVLLPDEVEGLEQLESHNFERLTEW TSSMNYM
EERKIVYLPRMIMEEKYNLTSVEMAMGITOVFS5SANLESGISSAESLKISQAVHAAHAE INEAGEEVY
GRAFAGVDAASVSEEFRADHPFLFGIKHIATNAVLFFGROYSPGGGSEVOL LESGGGLVGPGGELRL
SCAABGFTRERXYAMAWVROQAPGKGLEWVERIBARGYTTYYADSVRGRFTISRDNSKNTLYLOMNSL
BAEDTAVYYOASHKRHEHTRFDEWGQGTLVTVESGGGSHHHMHM (SEQ ID NO:28)
{0331] Protein purity was verified by Coomassie Briliant Biue staining of SD3-PAGE gels and anti-
SxHis tag westermn blotting.  Protein concentration was determined using the Beer-Lambert Law, for
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which the absorbance ai 280 nm was measured using a Nanobrop 2000 (Thermao Scientific), and the
motecular weight {57.3 kDa) and extinction coefficient {57,080 M cm?} were estimated from the
protein’s amino acid sequenca, using the ExPASy ProtParam (ool Endotoxin levels were measured
using the HEK-BLUE TLR reporter cell fine {invivogen) agcording to manufacturer's instructions.
{0332] 106G, Other Gompaesitions of Formula £
{0333} By foliowing the procedures described in Examples 10A and 10B and substituting the
pSecTag A vectors accordingly, there were obtained the following fusion proteins of Formuta 2:
N-DOM-GlyaSer-OVA-GlyaSer-8xHis—C
having the foliowing amine acid sequence:
EVOLLESGGGLVOPGGSLRLSCAASGFTFERYANAWYVROAPGKGLEWVIRISARGVYTITYYADSVK
CRFTISRDNSKNTLYLOMNSLRAEDTAVYYCASHKRHEHTRAFDSEWGQGOTLIVTVEEGOOSGSIGAAS
MEFOFDVPKELAYHHANENIFYCPIARSALAMVYYLGAKDETRTOINKVYRFDKLPGFGDSIEAQCGTS

SWVESQTNGHRNYVLQPSSVDIQTAMYLVNANFRGLWEKAFKDEDTQAMPFRYTEQESKPVOMMY
CHOLFAVASMASERMIGLE PFASGTMSMLVLLPDEVSGLEQLESINFEKLTEWTESNVMEERKIKYY
LPAMKMEEKYNLTSVEMAMGITOVFSESANLSG ISRAESLKIBGAVHAAHAEINEAGREVVGSAEAGY
DAASVSFFFRADHPFLFGIKFHATNAY] FFEGROVBPGGGESHHHHRHH (SEG I NO:2EY; and

N— GVA-Gly:Ser-DOM-Glys8er-OVA-GlysSer-6xHis -C
having the following amine acid sequence:
GSIGAASMEFCFOVFKELKVHHANENIFYCRIAIMSAL AMVYLGAKDIS TRTGINRVVEF N PGRGOS!
EAQCGTSVYNVHSSLRDLNQITKPNDVYSFELASRLYAEERYPILPEYLOCOVKELYRGGLEPINFOTAA
COAREUINSWVESGTNGHRNVLGPSEVISGTAMVIVNANFKGLW EKAFKDEDTOAMPFRVTEQES
KPVOMMYQIGLFRVASMASERMEILELPFASGTMEMLVLLPDEVSGLEGLESHNFERLTEWTSENYM
EERKIKVYLFRMKMEERYNLTAVIMAMGITOVFSESANLIGISEAEBL KISGAVHAAHAE INEAGREVY
GRAEAGVDAASVSEEFRADHFFL FGIKHIATNAVLFFQRRCVEPGGGSEVOLLESGGGLVQPGGELRL
SCAASGFTFEKYAMAWVROAPGRGLEWVERIEARGYTTYYADSVRGRFTISADNSKNTLYLOMNEL
BAEDTAVYYOASHKRHEHTRFDEWGQGTLVTVESGGESGSIGAASMEFCFDVFKELKVHHANENF
YOPIAIMSALAMY YL GAKDESTRTGINKYVRFDKLPGFERSIEAQOGTEVNVHEEL BDINQITKPNDYY
SFSLASRLYAEERYPILPEYLOGVKELYRGGLEPINFQTAADQARELINSWYESGTNGHRNVLGPSEY
DSUTAMYLVYNAVIKGLWERAFKDEDTCGAMPFRVTEQESKPYOMMY CHGLFRVASMASEKMIKILELP
FASGTMSMLVLLPCEVSCGLEQLESHNFERLTEWTESSNVMEERKIKVYLPREMREMEERKYNLTSVLMAMG
TOVFSESANLESGISSAESLKISQAVHAAHADINEAGREVVGSAEAGYDAASVSECFRADHPFLFGHGH
ATMAVLFFGROVEFPGGGSHMHHHH (SEGHD N30
{0334} 100,  QOther Compositions of Formula 2
{0335] By following the procedures described in bxamples 10A and 10B and substituting for

GlysSer the vectors for a linker having an immunoproteoseme cleavage site {"IPCY), and for OVA the
vectors for:

MBP13-32 (SEQ 1D NO:11),

MBPS83-99 (SEQ ID NG:12},

MBP111-128 (SEQ D NON 3),
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MBP146-170 (SEQ 1D NO:14),
MOG1-20 (SEQ ID NO:15),
MOG35-55 (SEQ 1D NG:18), and
PLP139-184 {SEQ 1D NO:17),
grthe veciors for:
Alpha-gliadin *33-me* deamidated (SEQ 1D NO:25)
Alpha-gliadin (SEQ 1D NO:28), and
Omega-ghiadin (SEQ 1D NO=27),
there are obtained the foliowing fusion proteing of Formula 2:
s MBP13-32-[PC-MBP83-98-1PC-MBP111-129-IPC-MBP148-170-IPC-MOGT -20-IPC-MOG35-
55-1PC-PLP139-154-IPC-DOM, and
¢ Alpha-gliadin "33-mer” deamidated-1PC-Alpha-gliadin-IPC-Omega-gliadin-1FC-DOM.

[0334] Example 11
[0337] Desialylated OVA
[0338] 11A. Preparation of Expression Vector

[0339] The mammalian cell expression vector pSecTag A was purchased from Life Technologies.
Sequances encoding OVA, the flexible linker Gly3S5er, and the 6xHis tag were cloned info pSecTag A,
C-terminal to the lg k-chain secretion leader sequence, by site-direcied mutagenesis, following a
variation of the QuikChange protocol {Geiser, et al.)

{0340] 118, Expression and Purification of OVA

[0341] HEK283 celis wara transiently transfectad with modified pSecTag A vector, prepared for

example as described in Example 10A, using polyethylenimine. Transtected cells were cultured in
FreaStyle 293 medium (Life Technolcgies) supplemented with valproic acid for 7 days, after which the
cells were removed by centrifugation and the culiure supemnatants are collected and sterilized by
flitration.  OVA protein was purified from the culture supematant by immobilized metal fon affinity
etromatography using & HisTrap Ni2+ sepharose column (GE Healtheare), followed by size exclusion
chromatography using a Superdex 75 column (GE Healthoare), having the following structure:

N'— OVA Gly3Ser SxMis ~{’
and the following amino acid sequence:
GSIGAASMEFCFDVFKELKVHHANENIFYCPIAIMSALAMVYLGAKDSTRTQINKVYRFOKLPGFGDS!
EAQCGTESVNVHSSLRDILNQITKPNDVYSFSLASRLYAEERYPILPEYLOCVKELYRGGLEPINFGTAA
DOARELINSWVESQTNGHRNVLGPSSVDEQTAMYLVNAIVFKGLWEKAFKDEDTQAMPFRVTEGES
KPYOMMYQIGLFRVASMASEKMKILELPFASGTMSMLYLLPDEVSGLEGLESINFEKLTEW TSSNVM
EERKIKVYLPRMKMEEKYNLTSVEMAMGITDVFSSSANLSGISSAESLKISOAVHAAHAEINEAGREVY
GSAEAGVDAASVSEEFRADHPFLFCIKHIATNAVEFFGRCVSPGGGSHHHEHH (SEQ 1D NO:31}
[0342] Protein purity was verified by Coomassie Briliant Biue staining of SDS-PAGE gels and anti-
BxHis tag wastam blotting.  Protein concentration was determinad using the Beer-lambert Law, for
which the absorbance ai 280 nm was measured using a Nanabrop 2000 (Thermo Scientific), and the
motecular weight {43.8 kDa) and extinction coefficient {31,525 M-1 cm-1} were estimated from the
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protein's amino acld sequence, using the ExPASy ProtParam tool.

[0343] 111G, Degsialviation

{03441 OVA Is desialylated by incubation with neuraminidasse for 1 hour at 37°C (New England
Biclabs). Desialylated OVA is purified from the reaction mixture by immobilized metal ion affinity
chromatography (e.g., using & HisTrap Ni2+ sepharose column, GE Healthcare), followed by size
exclusion chromatography (e.g., using a Superdex 75 coiumn, GE Hesalthcare).

{0345} Protain purity is verified by Cocmassie Brilliant Biue staining of SDS-PAGE gels and anti-
BxHis tag western hiofting. Desialylation is verified by Sambucus nigra lectin-based detection of protein
stalic acid content in westemn biots {Vectar Biolabs) and by a sialic acig-mediated fluorescence assay
{ProZyme]. Dasialylated protein concentration is determined using the Beer-Lambert Law, as described
apove for the protein before deslalylation. Endotoxin leveis are measured using the HEK-Blue TLR4
reporter cell line (Invivogen} according to manuiacturers instructions,

{0346] Example 12

{03471 Hepatic Distribution
[0348] 124, F1aA-PE-ms-nso was prepared, for example, as described in Example 9. A
301g/100u! solution in sterile saline was prepared for injection.
[0349] The F1aA-PE-mas-nse solution (30ug) was administered to one of three groups of C57 black
& mice 3 per group) via tail vein injecticn. The two cther groups of mice received an equivalent volume
of phycoarythrin in 100 pi of saline or saling vehicle. Three hours after administration, the livers and
spleens of these animals were harvested and the level of cellular fluorescents in these organs was
determined by flow cytametry as an indication of cellular PE content.
{0350] As shown in Fig. 1, sinusoidal endothslial celis (LSECS), hepaiooyles, kupfer celis (KG,
and other antigen-presenting celis {APCs) from the livers of mice treated with F1aA-PE-mgnw exhibited
at least a three-fold increase in fluorescence as compared with animals thal received PE solution. No
detectible difference in fluorescence was found in spleen cells harvasted from the three groups. These
results confirm that F1aA-PE-mane has sufficient specificity for binding ta antigen-presenting cells in
the liver,
[0351] 12B. By following the procedure described in Example 12A and substituting F1aA-PE-m3-
nao with the compounds F1b-PE-ma-ne-pee-2NACGAL, FI-PE-Mane-pax-2NACGAL, F1g-PE-mapoo-
ZNACGAL, F1h-PE-ma-nas-pss-g+-2NACGAL, F1-PE-ma-nes-pes-qa-8NACGAL, FI1L-PE-ms-nas-pss-gs-
2NAcGAL, F1m-PE-mae-ns-pao-g-CMP-2NHAC, FIm-PE-ms-Ne-Pu-ge-CMP-20H, Fin-PE-ms-ni-Pao-
a-CMP-2NHAC and Fin-PE-msnas-pa-Qe-CMP-20H, prepared, lfor example, as described with
reference to Example 9 by substitution for X in Examples 28, 3, 4, 58, 68, 78, 198G, 19L, 208 and 2CF,
raspectively it is confirmed that the compounds F1aA-Pk-mz-nss with the compounds F1b-PE-ma-ns-
Pa-2NAGGAL, FIf-PE-me-na-paa-2NACGAL, Flg-PE-ma-pa-2NACGAL, Fih-PE-ms-nas-pes-ga-
ENACGAL, F1j-PE-ma-nes-pss-g-2NACGAL, F1L-PE-ms-nep-pas-0s-2NACGAL, Fim-PE-ma-nas-pao-Qe-
CMP-2NHAC, Fim-PE-mane-pso-Ge-CMP-Z0H, FIn-PE-ma-nr-puw-g+-CMP-2NHA: and Fin-PE-ms-
fes-pao-ge-CMP-20H have sufficient specificity for binding to anfigen-presenting cells in the liver.
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{0352] Example 13

[0353] Proliferation of Antigen-specific OT1 CD8+ Teelis
{03541 13A, F1aA-OVA-me-na synihesized, for exampie, as described in Example 1, was
prepared as a 10pg/100p saling solution for injection. Onday 0, 108 GT-1 T cells were {luorecently
labeled and adoptively transferred into 3 groups of CD 45.2 mice (5 per group) via tail vein
injection. The next day (i.e. Day 1}, to each of the 3 groups of mice were administed,
respectively, 10 ug of F1aA-OVA-ma-nse, OVA or saline via tail vein injection. On day 8, the animals
were sacrificed and the % of splenic proliferating OT-1 ¢ells was determined via florescence activated
cell sorting.
{0355] The results from this study (see Fig. 2) show that the percentage of proliferating OT! T cells
In mice treated with F1aA-OVA-ms-nse ("Gal-OVA” in Fig. 2) was significantly greater than the
percentage of proliferating O71 cells in the spleens of mice treated with OVA ¢r saline {'naive” in Fig.
2). The increase in OTI cell-proliferation demensirates the increased CD8+ T-gell cross-priming in
animals treated wilh F1aA-OVA-ma-neo versus the cther theragies. I concert with the resulls from
Exampie 12, these results indicale that the ability of F1aA-OVA-ma-nss to target aniigens to the liver
increases OVA presentation by antigen presenting cells in the fiver 1o OVA-specific OT1 T celis.
[0356] 138. Tedistinguish T celis being expanded into a funciional effector phenotyps from thoss
being expanded and deleted, the proliferating OTI CD8* T cells were analyzed for annexin-V, as a
halimark of apoptosis and thus deletion, as well as the exhaustion marker programmed deaih-1 {PD-
1). As shown in Fig. 3, F1aA-QOVA-me-ne {*Gal-OVA” in Fig. 3) induced much higher numbers of
annexin-V+ and PD-1+ proliferating QT GO8* T cells than scluble OVA,
[0357]1 13C. By following the procedure described in Examples 13A and 13B, and substituting
FilaA-OVA-mens with the compounds of Formuta 1 obtained, for example, as described in Examples
3A, 4A, 5B, 8C, 7B and 18G, it is shown the compounds from Examgles 3A, 4A, 5B, 6C, 7B and 198G
induge much higher numbaers of annexin-V+ and PD-1 proliferating OTI CD&* T cells than soluble OVA.
{0358} 13D. By following the procedure described in Examples 13A and 13B and substituting
FlaA-OVA-msne with the compounds of Formulae 1 and 2 obtained, for example, as described in
Examples 15, 1G, 2C, 100D, 181, 121, 208, 20D and 20F, and substituting OVA with the antigens
corresponding to X {or X' or Xy, respectively, it i3 shown that the compounds from Examples 1E, 1G,
2C, 10D, 181, 19k, 208, 20D and 20F induce much higher numbers of annexin-v+ and PD-1+
proliferating OF1 GD8* T cells than sciuble antigen X.

[0359] Example 14
F1aA-0VA-mu-ng does not induce an OV A-specific antibody response
[0360] 14A. In order to assess the humoral immune response 10 F1aA-OVA-ms-n: we freated
mice with a weekly i.v. injection of either F1aA-0OVA-ma-ns or OVA, then measured the levels of OVA-
specific antibedies in the bicod. Onday 0, 7, and 14 of the experiment, mice were adminisiered ani.v.
injection of 100 ut of saline contining one of the following: 1.) 6 pg of OVA: 2.) 6 ug of F1aA-OVA-m.-
na; 3.) 30 pg of OVA; 4.) 30 pg of Fl1aA-OVA-ms-ns, or 5.) saline alone. Each group contained & mice.
On day 19, the mice were bled via cheek puncture, and the titer of OVA-gpecific antibodies in each
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mouse’s blood was determined via ELISA. The results for this study show that although mice treated
with 6 and 30 yg of OVA had increased OVA-specific antibody titers, mice treated with both 8 and 30
pg of F1aA-OVA-ma-na ("Gal-OVA” in Fig. 4) had bicod titers similar fo mice treated with saline {i.e.
vehicle treated animals) (Fig. 4. For example mice treated with 6 and 30 pg of OVA had an average
antibody titer of 3.5 and 2.5, respectively; whereas, mice treated with 6 and 30 pg of GVA had an
average antipody fiter of 0.75 and 0.25, respectively.

[o361] 14B. By following the procedure described in Example 14A and substiuting

FiaA-CVA-ma-ne with the compounds of Formuia 1 obtained, for exampie, as described in Examples
3A, 4A, 5B, 6C, 7B and 18G, it is shown that mice treated with the compounds from Examples 3A, 4A,
56, 8C, 7B and 12G have OVA-specific antibody liters similar to mice treated with saline.

[0362] 14C. By following the procedure described in Example 14A and substituting
F1aA-OVA-ms-ne with the compounds of Formulae 1 and 2 obtained, for example, as described in
Exampies 15, 1G, 2C, 10D, 181, 18, 208, 200 and 20F, and substituting OVA with the antigens
corresponding fo X (or X' or X7, respectively, it is shown that mice treated with the compounds from
Examples 1k, 1G, 2C, 10D, 191, 194, 208, 20D and 20F have antigen X-gpecific antibody titers similar
o mice treated wilhy saline.

[0363]) Example 15
[0384] F1aA-OVA-my-n; depletes OVA-specific antibodies

{0365] 15A. We treated mice that had different OVA-antibody bload titers {each mouse had a titer
from O to 4.5) with an iv. injection of 20 ug of F1aA-OVA-ma-nasolubilizad in 100 pl saline, Mice were
given i.v. injections of F1aA-OVA-me-nsondays 0,5, 7,12, and 14 (Injections of F1aA-OVA-ma-nzare
Igbeted as "Gal-OVA" and shown as green arrows on the x-axis of Fig. 5).  In order to determine the
abifity of F1aA-OVA-ms-ns to deplete serum OVA-gpecific antibodies, the mice were bled on day -1 1o
establish an intital antibody titer and then subsequent bieeds were carried out after each injection of
F1aA-OVA-mens On days 2, 6, 9. 13, and 16. The antibody titer for each mouse was determined via
ELISA. The results from this study show that F1aA-OVA-ma-ns is able to deplete serum antibody levels
in mice. For example, one day after the first F1aA-OVA-ms-ns injection (i.e. day 2}, mice with postivia
OVA-antibody titers axperience a 5 to 100-fold decraase in serum antibody tevels (Fig. 8. Our results
show that aithough over the course of the 19 day experiment, antibedy titers dig increase for certain
mice, the titer levels never reached the initial antibody titer measured on Day -1 and subseguent doeges
of F1aA-OVA-me-nzwere effective in reducing these transient increases in antibody liters. These results
demonstrate that F1aA-OVA-ma-ns has the speciicity to bind serum QOVA-specific antibodies and the
kinetics required to depiete OVA-specific serum antibogies.

[0366] 158, By foliowing the procedure described i Example 18A and substituting F1aA-OVA-
ms-ns with the compounds of Formula 1 obtained, for example, as described in Examples 3A, 44, BB,
&G, 78 and 138G, it is shown that the compounds from Examples 3A, 4A, 5B, 6C, 78 and 189G have the
specificity 1o bind serum OVA-specific antibodies and the kinefics required to deplete OVA-specific
sarurn antibodies.

{0367] 15C. By following the procedure described in Exampte 15A and substituting FlaA-OVA-
ma-ne with the compounds of Formulae 1 and 2 obtained, for example, as desoribed in Examples 1£,
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1G, 2C, 10D, 121, 191, 208, 200 and 20F, and substituting GVA with the antigens corresponding 1o X
{or X' or X"}, respectively, it is shown that the compounds from Examples 1E, 1G, 2C, 10D, 191, 18L,
208, 200 and 20F have the spacificity to bind serum anitigen X-specific antibodies and the kinstics
required to deplete antigen X-specific serum antibodies.

{0368) Example 16
{03681 OT-1 chatlenge-to-tolerance model

[0370] 18A. Using an established OTI challenge-to-tolerance model (Liy, lyeds, et al., 2002), the
apifity  of  FlaA-OVA-mans  (mGal-Ova),  Fib-OVA-mi-ne-pas (pGat-OVAY,  and  N-
DOM-GlysSer-OVA-GlysSer-8xHis~C  (Dom-OVA) o prevent subsequsnt #mmune responses 1o
vaccine-mediated antigan challenge were demonstrated - even with a challenge involving a very strong
hacteriaily-derived adjuvant (i.e. lipopolysaccharide). To tolerize, 233 nmoi of sither F1aA-OVA-ma-ng,
Fib-OVA-mi-nspae, N-DOM-Gly:Ser-OVA-GlysSer-6xHis-C, or soluble OVA were intravenously
administered in 100 yi saline at 1 and 6 days following adoptive transfer of OTI CD8* (CD45.2 T celis
fo CD45.1+ mice {n = & mice per groug). After 9 additional days to allow potential deletion of the
transferred T cells, the recipient mice were then chalienged with OVA (10 ug) adjuvanied with
lipopolysaccharide {LFS) (50 ng) by intradermal injsction. Characterization of the draining lymph nodes
4 d after chalienge atiowed a determination as to whether or not deletion aciually took place.

[0371] 168. Intravenpus administraton of F1aA-OVA-ms-na, F1b-OVA-mi-ne-pse, and N-
DOM-GlysSer-OVA-GlysSer-6xHis—C resulted in profound reductions in OT1 CD8+ T cell populations in
the draining lymph nedes as compared to mice treated with unmodified OVA prior to antigen chalienge
with LPS, demonsirating deletionatl tolerance. For example, Fig. 6 shows that the draining lymph nodes
from mice treated with gither F1aA-QVA-ma-ng (mGal-OvVA), F1b-OVA-mi-na-pae {pGal-OVA}, and N-
DOM-Gly:Ser-CVA-GlysSer-8xHis—C {Dom-QVA} contained over 9-fold fewer OT1 CD&* T cells as
compared to OVA-treated mice, and more than 43-fold fewer than the chalienge control mice that did
not receive intravencus injections of antigen; responses in spleen celis were similar. These results
demeonstrate that F1a8A-OVA-ma-na, F1B-OVA-mi-na-pas, and N-DOM-Gly:Ser-OVA-Gly:Ser-8xHis—C
mitigated an OVA-specific immune response afier adjuvented OVA chalienge.

[0372] 16C. By following the procedurs described in Examples 16A and B, and substituting F1aA-
OVA-ma-na, F1B-CVA-M1-ns-pae, and N-DOM-GlysSer-OVA-GlysSer-6xHis-C with the compounds of
Formula 1 obtained, for example, as described in Examples 3A, 44, B8, 6C, 7B and 198G, it is shown
that the compounds from Examples 3A, 4A, 58, 6C, 7B and 19G mitigats an OVA-spacific immune
response after adjuvented OVA challenge.

[0373] 18D. By following the procedure described in Examples 16A and B, and substituting F1aA-
OVA-ma-ng, FID-OVA-M1-Na-Paas, and N-DOM-GlysSer-OVA-GlysSer-6xHis-C with the compounds of
Formulag 1 and 2 obtained, for example, as descrived in Examples 1, 1G, 2C, 100D, 19, 120, 20B,
20D and 20F, and substituting OVA with the antigens correspending to X {or X or X7, respectively, it
is shown that the compounds from Examples 18, 1G, 2C, 10D, 181, 181, 20B, 20D and 20F mitigate an
antigen X-specific immuns response after adjuvented antigen X challenge.
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{0374] Example 17

[0375] Pharmacokinetics
{03761 17A. OVA  and  fusion proteing  N-DOM-Gly2Ser-OVA-Gly.Ser-6xHis—C  and
N-OVA-GlyaSBer-DOM-Glya8er-6xHis-C (prepared, .g., as described in Example 10) are labeled with
iRDye 800CW (Li-COR Biosciences) according to manufacturer's instructions.  Unreacted dye is
removed using Zeba desalting columns (Thermo Scientific). The labeled proteins, 50 yg in 100 pl PBS
per dose, are administered Lv. or s.c into CB7BL/S mice (5 mice per group). Attime =0, 0.25 0.5, 1,
2, 4, 8, 24, 48, and 96 hours after injection, blood samples are cofiected from the tip of the tall into
heparin-coated capiliary tubes. Samples are store at 4°C, protected from light, until analysis.
{03771 On the day of analysis, blood samples are centrifuged to remove celluiar components.
Plasma is transferred to fresh capiilary fubes and scanned using an Odyssey infrared Imaging System
{LI-COR Biosciences). Signalis acquired in the 800 nm channel, Using the image-processing pragram
imaged {LIS National Institutes of Health), each sample is approximated ag a ling of width 2 and the
mean iniensity along the line is determined as a relative measure of the amount of cirgulating protein at
that time point.
[0378] Fuorescence signals (normatized to fluorescence at time = 0} vs. time for GVA and fusion
proteins DOM-OVA and OVA-DOM, along with curvs fits in the form of bi-exponential decays, in Figure
8, show that the ASGPH-targeted OVA fusion proteing are cleared from circulation more quickly than
unmodified OVA,
fo37g] 178. By following the progedure described in Example 17A and subsiituting
N-DOM-GlysSer-OVA-GlyaSer-6xHis—C fusion protein and OVA with asialo-Factor VI and Factor Vi,
respectively, it is shown that asiale-Factor Vil is cleared from cireulation much more quickly than
unmedified Factor VL

{0380] Example 18
f0381] Biodistribution

[0382] 18A. OVA and N—DOM-GlyaBer-OVA-GlysSer-6xiis—C fusion protein (prepared, 6.9, as
deseribed in Example 10) are iabeled with Alexa Fluor 647 (Life Technologies) according to
manufacturer's instructions.  Unreacted dye is removed using Zeba desalting columns (Thermo
Scientific;. Labeled proteins, 50 ug in 100 pl PBS par dose, are administared iv. or s.cinto CE7BL/B
mice {5 mice per group). Two hours after injection, mice are euthanized by CO» asphyxiation. The
blood, heart, intestines, kigneys, liver, lungs, stomach, spleen, and remaining carcass are imaged using
ar VIS Spectrum imaging system (Caliper Life Sciences). Datais acquired and analyzed using Living
image software {Caliper Life Sciences). Single cell suspensions of liver and spleen are prepared and
stained with fluorescently conjugated antibodies against MHG class I, GD1¢, GD3, G4, CD8a, GD11b,
CD11g, CD14, GD19, CD45, CD123, and/or Lin in PBS with 0.1% (w/v) BSA. Samples are analyzed
using a L8R 1l flow cytometer and FACS Diva software (BD Biosciences).

{03831 A histogram showing fivorescence signal dengities (photong/welght) for each organ and
each protein shows that in animals injected with N-DOM-Gly: Ser-OVA-GlysSer-BxHis-G fusion protein
the highest fiuorescencs signal is in the tiver ag comparad to thosse freated with unmodified OVA.
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{0384] A histogram showing percentages of N-DOM-Gly:3er-OVA-GlysSer-8xHis—C and QVA-
positive celis shows that animals injected with N-DOM-Gly:Ser-OVA-Gly:Ser-6xHis—C fusion proteins
have a significantly higher percentage of positive hepatocytes as compared 10 those treated with
unmodified OVA.

{0385] 188, By following the procedure described in Example 18A and substituting
N-DOM-Gy:Ser-OVA-Gly:Ser-6xHis-C fusion protein and OVA with asialo-Factor VIl and Factor Viil,
respactively, i is shown that animals injected with asialo-Factor Vil have a significantly higher
percentage of positive hepatocytes as compared [0 those treated with unmedified Factor VL

[0386] 18C. By following the procedure deseribed in Example 18A and substituiing
N-DOM-GlysSer-CVA-GlyaSer-6xHis-C fusion protein with the compounds of Formula 1 obtainsd, for
example, as described in Examples 34, 44, 5B, 8C, 78 and 19G, it is shown that animals injected
with the compounds from Examples 3A, 4A, 5B, 8C, 7B and 18G have a significantly higher
percentage of positive hepatocylss as compared o those treated with CVA,

{0387} 18D, By following the procedure described in Examples 18A and B, and substituting
F1aA-OVA-mang, F1D-OVA-mi-na-pae, and N-DOM-Gily:Ser-OVA-GlysSer-GxHis—C with the
compounds of Formulas 1 and 2 obtained, for example, as described in Examples 1E, 1G, 2C, 10D,
181, 19L, 208, 200 and 20F, and substituting OVA with the antigens corresponding to X {or X’ or X',
respectively, it is shown that it is shown that animalg injected with the compounds from Examples 1E,
1G, 2C, 100, 181, 181, 208, 200 and 20F have a significantly higher percentage of positive
hapatocytes as comparsd to those traated with antigen X.

[0383] Example 19
[0389] F1m-OVA-rmz-nse-Pao-tjs-CMP-2NHAC
[0350] 19A.  Formula 1102 where R? is NHAc gnd R* is OH
{0391] N-Acatyi-D-galactosamine {Formula 1101 where R? is NHAc and B* is OH) {5g, 22.6 mmal)
was added o a stirred solution of chiorosthano! {200 ml) ai room temperature. The solution was cooled

o 4°C and agetylchloride was added drop-wise {0 the solution.  The solution was brought to room
temperature and ther heated 10 70°C. After 4 hours, the unreacted chorgethanal was removed under
reduced pressure. 100 ml of ethanol was added to the crude product and the resulting solution was
stirred in the presence of carbon for 2 hours. The solution was fitered, and the solvent was removed
under reduced pressure.  The corresponding product of Formula 1162, N-{2-(2-chloroethoxy)-4,5-
dihydroxy-6-(hydroxymethyijtetrahydro-2H-pyran-3-yliacetamide, was used without further purification,
{0392] 198, Formula 1103 where R® is NHAG and R* is OH

{0383] The M-(2-(2-chlorpethoxy}-4,5-dihydroxy-6-(hydroxymethylitstrahydro-2H-pyran-3-
yhacetamide prepared in Example 19A (2g, 7.4 mmol} was added to a stirred soluticn of DMF (100 mi)

and sodium azide (4g, 81.5 mmoli. The solution was headed at 90°C for 12 hours and then filtered.
The residual solvent was removed under reduced pressure and the crude product was purified via flash
chromatography (10% MeQH in dichloromsthane! to give the corresponding product of Formula 1103,
N-(2-{2-azidoethoxy}-4,5-dihydroxy-8-{(hydroxymethylitetrahydro-2H-pyran-3-ylyacetamide.

[0394] 188G, Formula 1104 where B2 is NHAG and B4 s GH
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{0395] The N-{2-{2-azidoethoxy-4,5-dihydroxy-6-(hydroxymethyiMetrahydro-2 Hpyran-3-
vhacetamide prepared in Example 198 (2 g, 6.2 mmob was added to a solution of pailadium on carbon
and sthano! (50 mly. The seolution was stirred undear hydrogen gas (3 atm) for 4 hours. The rasulting
solution was filtered and the residual solvent was removed under reduced pressure to afford the
corresponding produgt of Formuia 1104, N-(Z-(Z-aminoethoxy}-4,5-dihydroxy-6-
{hydroxymethylitetrahydro-2H-pyran-3-yhacetamide, which was used without further purification.
{0396} 18D, Formula 1105 where B® is NHAC and R* is OH

[0397] The N-(2-(2-aminoethoxy}-4,5-diydroxy-6-(hydroxymethyiitetrahydro-2H-pyran-3-
yhacetamide prepared in Example 19C (1.0 g, 3.78 mmol} was added 1o a sclution of methacrylate

anhydride (0.583 g, 3.78 mmol} in DMF (50 ml}. Triethylamine was then added to the solution and the
reaction was stirred for 2 hours at room temperature. After 2 hours, the excess solvent was removed
ungler reduced pressure, and the corresponding product of Formulg 1105, N-(2-{(3-acetamido-4,5-
dihydroxy-8-(hydroxymethyttetrahydro-2 H-pyran-2-ylioxy) ethybmethacrylamide, was isolated via flash
chromatography.

[0398] 18k, Formula 1107 where p is 30, g is 4, F¥%is NHAc, B*is OM and BR is CMP

[0399] An azide-modified uRAFT agent of Formuila 1108 where g is 4 (28 mg) was added 1o a
solution of N-{2-({3-acetamido-4 B-dihydroxy-6-(hydroxymethylitatrahydro-2 H-pyran-2-

yhoxyiethylimethacrylamide prepared in Example 18D (578 mg. 1.74 mmol) and azcbisisobutyronitrile
(2.2 mg, 0.0118 mmaol) in DMF. The reaction mixture was subjected 1o 4 free-pump-thaw oycles, and
then stirred at 70°C. Afler 12 howrs, the polvmer groduct of Formula 1107, where pis 30 and g is 4 was
pracipitated rom the reaction mixiurg via the addition of methancl. The soivent was decantad from the
solid ard tha sofid was collected and resichual solvent was remaved via redued pressure

[04G0] 19F,  Formula 1109 where X' is OVA mis 2 and 11is 80

{0401] Ovalbumin (5 myg, £.00012 mmoi) was added to 100 | of sodium phosphaie buffer (pH 8.0)
and stirredt.  To this solution was added 5 mg of the compound of Formula 1108 where i ig 80, After

1 hour, the unreacted compound of Formula 1108 was removed from the solution via centrifugal size-
exclusion chromatography. The resuliing bufferd sofutions containing the corresponding product of
Fermula 1109 was used in the next reaction without further purification.

[0402] 189G, Formula 1mwhere X' is OVA mis 2 nis 80, pis 30, g is 4, R¥ is NHAC and R® ig
CMP

[0403} The solution prepared in Example 18F was added to 100 yl of sodium phosphate buffer

{pH 8.0) which cortained 10 mg of the product of Formula 1107 prepared in Example 19E. The reaction
was allowed to stir for 2 hours and then the excess Formula 1107 was removed via centrifugal size
exclusion chromalography to afford the carresponding isormeric product of Formula 1m in solution,
which was used in biological studies without further purification.  The B® substitusnt is shown in the
name of the #tle compound as 2NHAc,

{0404] 18H. Other Compounds of Formula 1109

{04051 By {gllowing the procedure described in Example 18F and substituting OVA with the

following:

s Abciximab,
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»  Adalimumab,

+  Agaisidase alfa,

*  Agaisidase beta,

*  Aldesiukin,

» Alglucosidase alfa,

s Factor VI,

e Faotor 1X

e |-asparaginase,

* Larghidase,

«  Qctreofide,

+ Phenylalanine ammonia-lyase,

+« Rasburicase,

« insulin (SEQ 1D NOE),

»  (GAD-85 (SEQ D NO:6),

* IGRP (S8EQID NGT)

*  MBP (SEQ ID ND:8),

»  MOG {SEQ ID NOS),

»  PLP(SEQIDNC:1T),

s MBP13-32 (SEQ ID NO:11),

»  MBP83-99 (SEQID NO:12),

»  MBP111-129 (SEQ 1D NO:13),

s MBP148-170 (SEG iD NO:14),

»  MOG1-20 (SEQ ID NO:15),

«  MOG35-55 (SEQ D NGa18),

e PLP139-184 (SEQ ID NO:17),

e MART1 (SEQ ID NO:18;,

»  Tyrosinagse (SEQ D NO:19},

»  PMEL (SEQ 1D NO:20),

» Aguaporin-d (SEQ 1D NO:21),

+  S-arrestin (SEQ 1D NO:22},

» IRBP{SEQ D NO:R3),

»  Conarzchin {(UNIPROT QBPSUS),
»  Alpha-ghadin “33-mer” native (SEQ 1D NO:243,
«  Alpha-gliadin “33-mer” deamidated (SEQ ID NO:25),
» Alpha-gliadin (SEQ ID NO:28},

«  Omega-gliadin (SEQ 1D NO2T),
«  Feld 1A (UNIPROT P30438),

»  Cat albumin (UNIPROT P49064),
»  Canf 1 {UNIPROT O18873),
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«  Dogatbhumin (UNIPROT P49822), and
»  BhCE example (UNIPROT P18577),
there are obtained the foliowing corresponding compounds of Formuta 1109 where n is 80:
= Xis Abciximab and m is 10,
»  Xis Adalimumab and mis 11,
»  Xis Agalsidase alfa and mis 14,
s Xis Agalsidase beta and m is 14,
+  Xis Aldesiukin and mis 6,
+ Xis Alglucosidase alfa and mis 13,
o Xis Factor Vill and m is 100,
«  Xis Factor IXand mis 18,
»  Xis L-asparaginase and mis 5,
+ Xis Laronidase and mis 7,
» Xis Octrectide and mis 1,
+ Xis Phenvialanine ammonia-lyase and m is 12,
»  Xis Rasburicase and mis 12,
o XisInsulin (SEQ D NOSyand mis 2,
»  Xis GAD-85 (SEQ IDNO:S)and mis 8,
» XBIGRP(BEQIDNOTandmis 7,
*  Xis MBP {SEQ ID NOB) and mm is 8,
s Xis MOG (SEQ IDNO®)and mis 5,
» XisPLP{(SEQIDNG:1Q)and mis 8,
s Xis MBP13-32 (SEQID NO:i1)and mis 1,
s Xis MBP83-99 (SEQIDNO2)and mis 1,
» XisMBP111-129(S8EQ D NO13 and mis 1,
»  Xis MBP146-170{8EQ D NO14)and m ig 2,
«  Xis MOG1-20 (SEQIDNOB and mis 1,
»  Xis MOGB5-55 {(SEQ IDNO1gand mis 2,
+ Xisg PLP132-154 (SEQ ID NO:17 and m is 3,
»  Xis MART1 (SEQID NO1g)and mis 4,
+  Xis Tyrosinase (SEQ IDNG:12) andm is 8,
o XisPMEL(SEQIDNO:Z0)and mis b,
o Xis Aguaporin-g (SEQ ID NO:21Y and m is 4,
«  Xis S-arrestin (SEQ D NO:22) and m is 12,
»  Xis IRBP (SEQ ID NO:23) and m is 21,
»  Xis Conargehin and m is 21,
*« Xis Alpha-gliadin "33-mer” native (SEQ IDNO:24) and m is 1,
X is Alpha-gliadin "33-mer” deamidated (SEQ ID NO:25) and m is 1,
+« Xis Alpha-gliadin (SEQ ID NG:28) and m is 1,
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»  Xis Omega-giiadin (SEQ ID NO:27) andm (s 1,
» XisFeidlandmisd,
» Xis Cat albumin and m s 18,
+ XisCanftandmis 6,
« Xls Dogalbumin and m is 23, and
+ Xis RhCE example and mis 10,
{0406] 181, Other Compounds of Formuta 1m
{04G7] By following the procedure described in Example 18G and substituting the compounds of

Formula 1109, for example as obtained in Exampie 18H, there are obtained the following corresponding
eompounds of Formuta tm:

«  Fim-Abclximab-mig-nao-Pac-0+-CMP-2NHAC,

»  Fim-Adalimumab-mei-Neo-peo-g-CMP-2NHAC,

»  Fim-Agalsidase alfa-mis-Nao-Gas-Qs-CMP-2NHAC,

»  Fim-Agalsidase beta-mis-Neo-Pa-gs-CMEP-2NHAC,

s  Fim-Aldesiukin-ms-nao-fao-ga-CMP-2NHAC,

«  Fim-Alglucosidase alfa-mis-nas-pao-qa-CMP-2ZNHAS,

s  Fim-Facior VIll-mo-nso-pan-qa-CMP-2NHAG,

s Fim-Facior IX-mis-nae-Pao-Qs-CMP-2NHAC,

+ Fim-L-asparagingse-ms-ns-pao-gs-CMP-2NHAS,

e Fim-Laronidase-mr-nae-peo-g4-CMP-2NHAC,

+  Fim-Octrectide-mi-nao-pao-gs-CMP-2NHAC,

+ Fim-Phenylalanine ammonia-tyase-me-neo-pan-ge-CMBP-2NHAg,

»  Ftm-Rasburicase-me-nes-pao-Ga-CMP-2NHAG,

+  Fim-Insulin-ma-nag-pae-g-CMP-2NHAC,

¢ FIm-GAD-65-Me-Nao-Pan-ga-CMP-2NHAE,

»  Fim-IGRP-mz-tigo-Poc-gs-CMP-2NHAC,

*  Fim-MBP-me-nso-poo-0s-CMP-ZNHAL,

»  Fim-MOG-mz-Naa-Pac-ga-CMP-2NHAC,

s Fim-PLP-mMe-Nac-poo-Gr-CMP-2NHAG,

s Fim-MBP13-32-m-Nso-Doo-Qe-CMP-2NHAC,

*  Fim-MBPS3-89-mi-noo-poo-gr-CMP-2NHAC,

s Fim-MBP111-128-mi-nes-peo-Qa-CMP-2NHAC,

»  Fim-MBP146-170-mz-Nao-Pao-g+-CMP-2NHAC,

e Fim-MOG1T-20-m-Nso-Pan-Qe-CMP-BNHAC,

»  Fim-MOG35-55-me-nas-Pao-ge-CMP-2NMAC,

e F1m-PLP138-154-Me-Nen-Pao-Qa-CMP-2NHAC,

*  Fim-MARTT-ma-nao-pac-Ge-OMP-ZNHAC,

e Fim-Tyrosinase-ma-neo-Goo-0a-CMB-2ZNHAC,

*  Fim-PMEL-mms-nao-Bao-0a-CMP-2NHAC,
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»  Fim-Agquaponin-4-ma-Neo-Peo-Ge-CMP-2NHAC,

»  Fim-8-arrastin-miz-nea-Pao-ta-CMP-2NHAC,

*  Fim-IRBP-ma2; lac-Paa-Ge-CMP-2NHAC,

+  Fim-Conarachin-me -Nen-Pas-ga-CMP-2NHAC,

« Fim-Alpha-gladin "33-mer” native-mi-neo-Lao-Q+-CMP-2NHAC,

*  Fim-Alpha-gliadin "33-mar” deamidated-mi-ne-pao-g:-CMP-2NHAC,

+ Fim-Algha-gliadin-m:-ngo-pao-Qa-CMP-2NHAQ,

¢ Fim-Omega-gliadin-mi-nao-pao-ge-CMP-2NHAC,

»  Fim-Feld 1-ma-nep-pao-gs-CMP-2NHAg,

»  Fim-Cat albumin-misNeo-pa-ge-CMP-2NHAC,

»  Fim-Cant 1-me-nNae-Pao-Ge-CMP-2NHAG,

«  Fim-Dog albumin-mes-niso-Pao-ga-CMP-ZNHAC, and

e F1m-RhGE-mw-nso-pan-Qe-CMP-ZNHAR,
{0408] 12J. Formula 1107 where where pis 30. g s 8, R%is OH, R*is OH and R® is CMP
[0408] By feliowing the procedure described in Example 18A and substituting the N-acetyl-D-

galactosamine with galacioss, and following through 1o the procedure desribad in Example 19E except
using an azide-modified URAFT agent of Formuia 1108 where g i8 8, there is obtained the compound
of Formula 1107 where where p is 30, gis 8, R%is OH, R*is OH and R®is CMP.

{0410} 18K, Formula 1109 where nis 62 and where X' and m are as in Exampla 18H

[0411] By following the procedure described in Example 18F, substituting the OVA with the
gompounds as described in Example 18H and employing the compound of Formula 1108 whare nis
82, there are chitained the corresponding compounds of Formula 1109 where n is 62,

{0412] 18L. Other Compounds of Formula 1m

{0413} By following the procedure described in Example 19G and substituting the compound of

Formula 1107 with the compounds obtained in Exampie 19J, and substituting the compound of Formula
1109 with the compounds obtained in Example 18K, there are obtained the foliowing corresponding
compounds of Formula 1m:

e Fim-Abciximab-mio-nez-pao-Qe-CMP-20H,

+  Fim-Adalirmumab-mi-Ne-pse-Gs-CMP-20H,

¢«  Fim-Agalsidasse alfa-mis-nez-pas-ga-CMP-20H,

*  Fim-Agalsidass beta-mis-Nes-pan-qe-CMP-20H,

¢ Fim-Aldesiukin-me-ne:-Puo-qe-CMP-20H,

»  Fim-Alglucosidase alfa-mia-nee-Deo-ge-CMP-20H,

+  Fim-Factor VIl-mo-he-pao-qa-CMP-20H,

»  Fim-Factor IX-mis-nez-pan-Qa-CMP-20H,

s Fim-L-asparaginase-ms-nez-pso-Qa-CMP-20H,

»  Fim-Laronidase-mz-nes-pao-gs-CMP-20H,

+« Fim-Octrectide-m-nez-poe-qs-CMP-20H,

«  Fim-Phenylalaning ammaonia-lyasa-miz-nez-Pao-Qe-GMP-20H,
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»  Fim-Rashuricase-mie-Nez-Dao-ge-CMP-20CH,

»  Fim-Insulin-mz-fee-pee-te-CMP-20H,

*»  FIm-GAD-85-ms-Nea-an-ge-CMP-20H,

*+  Fim-IGRP-m7fige-pao-ga-CMP-20H,

s Fim-MBP-me-Nez-Pao-Qa-CMP-20H,

*  Fim-MCG-ms-Nsz-pac-0e-CMP-20H,

e Fim-PLP-ma-Nez-pac-Qe-CMP-20H,

e Fim-MBP13-32-mi-Nee-Da0-0s-CMP-20H,

»  Fim-MBPE3-39-mi-nez-paoc-ga-CMP-20H,

o Fim-MBP111-129-mi-nes-pao-ge-CMP-20H,

+  Fim-MBP146-170-mz-Nez-pas-Qa-CMP-20M,

e FIm-MOG1-20-m-nez-Dan-Ge-CMP-20H,

e F1m-MOG35-55-Me-nee-Pao-0s-CMP-20H,

»  Fim-PLP138-154-my-Nez-Pan-Qe-CMP-20H,

» Fim-MART1-1ms-nee-pan-qs-CMP-20H,

= Fim-Tyrosinase-me-nea-Huo-Ua-CMP-20H,

»  Fim-PMEL-Ms-nee-pao-ge-CMP-20H,

s Fim-Aquaposin-4-ma-nza-peo-Ge-CMP-20H,

+«  Fim-S-arrestin-m:z-nez-Pao-Qs-CMP-20H,

»  Fim-IRBP-Mai-Nez-oo-Qe-CMP-20H,

*»  Fim-Conarachin-mzi -Nes-pac-ge-CMP-20H,

«  Fim-Algha-gliadin “33-mer” native-mi-Nee-Pas-Qs-CMP-20H,
» Fim-Alpha-gliadin “33-mer” deamidated-miNez-Pao-Ge-CMP-20H,
+«  Fim-Alpha-gliadin-mi-neztao-Qa-CMP-20H,

«  Fim-Omega-ghadin-menez-Pao-ge-CMP-20H,

e Fim-Feld 1-mz-nez-pao-qs-GMP-2CH,

»  Fim-Cat albumin-mis-nez-pa-gs-CMP-20H,

»  Fim-Canf 1-me-nNez-Pao-Gs-CMP-20H,

»  Fim-Dog albumin-mas-nea-pao-Qe-CMP-20H, and
+  Fim-RhGE-mio-Nee-Dao-0e-CMP-2OH,

04141 Example 20
[04151 Fin-insulin-my-n«pso-qQs-CMP-2NHAC
[0416] 204, Formula 1202 where X' is insulin.mis 2and nis 1
{0417} Raecombinant human insulin {6 mg) was added to 100 yl of DMF containing 10 wl of
triethylamine and stirred until the insulin became soluble. To this soiution was added 10 mg {0.0161
mmal) of a linker precursor of Formula 1201 where n is 1 {obtained from?7?7?) and the reaction was
allowed to stir. After 1 hour, 1.3 mi of tert-butyl methyl sther was added to isolate the correspondinig
product of Formuta 1202, which was recovered as the pracipitate. Residual DMF and tert-butyl methyl
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ether were removed under reduced pressure.  Characterization via liguid chromatography, mass
speciroscopy and polyacrylamide gell slectrophoresis confirmed the identity of the product. The
modified insulin product of Formula 1202 was used without further purification,

[0418] 20B. Formulg inwhere X'is Insulin mis 2. nis1,pis 30 gis 4 and R®is CMP

[0418] The product of Formula 1202 obtained in Example 20A was resuspended in 100 pi of DMF.
The potymer product of Formula 1107 obtained in Example 18E (10 mg) was added and the reaction

was allowed to stir for 1 hour. After 1 hour, the reaction products were precipitated via the addition of
dichloromethane (1.2 ml}.  The product was fililered and the residual scivent was removed under
reduced pressure.  The crude product was then rasuspended in 500 ! of PBS, and the low molecular
weight components were removed via centrifugal size exciusion chromatography to afford the
corregponding isomeric product of Formula 1n.  Characterization via fiquid chromatography, mass
spectroscopy and polyacrylamide gell electrophicresis confirmed the identity of the product. The
modified insulin product of Formuda 1202 was used without further purification.

[0420] 20C.  Other Compounds of Formuia 1202

[Da21] By foliowing the procedure described in Example 19F and substiiuting OVA insulin the

following:
*»  Abciximab,
*  Adalimumab,
« Agaisidase alfa,
+ Agaisiiase beia,
*»  Aldeshukin,
*  Alglucosidase alfa,
«  Factor VIii,
+  Factor IX,
» L-asparaginase,
» Laronidase,
»  Octreotide,
» Phenylalanine ammonia-iyase,
» Rasburicase,
s (GAD-65 (SEQ D NO:®6),
* GRP(BEQ 1D NCT)
»  MBP (8EQ ID NO:8),
¢  MOG{SEG D NO:®9),
o BPLP(BEQID NCIT),
«  MBP13-32 (SEQ ID NO:t1),
«  MEBP83-08 (SEQ ID NO:12),
« MBP111-129 (SEQ D NON13),
+  MBP146-170 (SEQ ID NQ:14),
»  MOG1-20 (SEQ 1D NO:185),
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»

MOG3E5-55 (SEQ 1D NO:118),

PLP139-184 (BEQ ID NON 7,

MART? (SEQ ID NC:18),

Tyrosinase (SEQ 1D NO:19y,

PMEL (SEQ D N(G:20),

Aquaporin-4 (SEQ 1D NO:21),

S-arrastin (SEQ 1D NQ223,

IRBP (SEQ ID NO23),

Conarachin (UNIPROT GBPSUE),
Alpha-gliadin "33-mer” native (BEQ 1D NO:24),
Alpha-gliadin “33-mer” deamidated (8EQ 1D NO:25),
Alpha-gliadin (S£Q 1D NO:28},

Omega-ghadin (SEQ 1D NO2D,

Feld 1A (UNIPROT P30438),

Cat albumin (UNIPROT P42064),

Canf 1 {UNIPROT O18873),

Dog atbumin (UNIPROT P48822), and

RBhCE example (UNIPROT P18577),

there are obtained the foliowing cerresponding compounds of Formuta 1202 wherenig 1¢

X is Abciximab and m is 10,

X is Adalmumab and m is 11,

Xis Agalsidase alfa and mis 14,

X is Agalsidase bata and mis 14,

X is Aldesiukin and m is 6,

X is Alglucosidase alfa and mis 13,

Xis Factor Vil and m is 100,

Xis Factor IXand mis 18,

X is L-asparaginase and mis 5,

Xis Laronidase and mis 7,

Xis Octreotide and mis 1,

X is Phenyialanine ammonia-tyase and m is 12,
X is Rasburicase and m is 12,

Xis GAD-85 (SEQ IDNO®) and m is 8,
Xig IGRP (SEQIDNO T andmis 7,

Xlis MBP {SEQ ID NO:B) and m is 8§,

Xis MOG (SEQ 1D NO®) and m is 5,

Xis PLP{S8EQIDNG:iQyand mis 8§,

Xis MBP13-32 (BEQ ID NO:11jand mis 1,
Xis MBP83-99 (SEQ ID NO:12) and mis 1,
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«  Xlis MBP111-122 (SEQ D NO13}and mis 1,
»  Xis MBP146-170 (SEQ ID NO:4)and m is 2,
» XisMOGT-20(SEQIDNO:S andmis 1,
s Xis MOG35-55 (SEQ ID NOU1gand mis 2,
o Xig PLP13%-154 (SEQ IDNO17yand mis 3,
o Xis MART1 (SEQID NOig)and mis 4,
+ Xig Tyrosinase (SEQ IGNCHS and m is 8,
e Xis PMEL(SEQ IO NO:Z0)and mis 5,
»  Xis Aguaporin-4 (8EQ 1D NO:21) and m is 4,
»  Xis B-arrestin (BEQ 1D NO22) and m is 12,
»  Xis IRBP (3FQ ID NO23} and m is 21,
+«  Xis Conarachin and m is 21,
* X is Alpha-gliadin "33-mer” native (SEQ IDNO:24) and mis 1,
»  Xis Alpha-gliadin "33-mer” deamidated (SEQ ID NO:25) and mis 1,
»  Xis Alpha-gliadin {SEQ ID NG:28) and m is 1,
= Xis Omega-giiacin (SEQID NO2TYand mis 1,
» XisFeidlandmisd,
» Xig Cat albumin and mis 16,
+ XisCanflandmisg,
»  Xis Dogalbumin and mis 23, and
+ Xis RhCE exampie and m is 10,

{0422} 20D, Other Compounds of Formula 1n

{0423} By following the procedure described in Example B and substituting the compounds of

Farmula 1202, for example as obtainad in Example 200G, there are obtained the following corresponding
compounds of Formuia 1m:

+  Fin-Abciximab-mio-ri-peo-ga-CMP-ZNHAg,

*»  Fin-Adalimumab-ms -r-pa-gs-CMP-2NHAE,

s Fin-Agalsidase alfa-mu--ps-ge-CMP-2NHAC,

=  Fin-Agalsidase beta-mie-ni-pac-g-CMP-2NHAg,

*  Fin-Aldesiukin-me-ni-peo-qs-CMP-2NHAC,

+ Fin-Alglucosidase alfa-mia-mi-Dao-ga-CMP-ZNHAC,

s Fin-Factor Vill-mieo-ni-pac-ge-CMP-2NHAR,

»  Fin-Factor X-mas-ne-pae-ga-CMP-2NHAC,

«  Fin-L-asparaginase-ms-ni-pao-ga-CMP-2NHAC,

+ Fin-Laronidase-myni-pao-geCMP-2NHAC,

e Fin-Octrectide-mi-m-pao-qe-CMP-2NHAC,

*»  Fin-Phenylalanine ammonia-lyase-mie-ii-pas-ga-CMP-2NHAC,

¢ Fin-Rashuricase-miz-mi-pao-Ga-CMP-ZNHAC,

»  Fin-GAD-85-ms- -Pao-qs-CMP-2NHAL,
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e Fin-IGRP-m7-ni-pss-qs-CMP-2NHAG,

»  Fin-MBP-me-ni-pao-Ga-CMP-2NHAC,

v Fin-MOG-ms-ri-pae-ge-CMP-2NHAE,

*  Fin-PLP-msNi-paa-gs-CMP-ZNHAC,

e Fin-MBP13-32-m;-n;-par-ga-CMP-2NHAC,

s Fin-MBP83-98-m-n:-pa-Qa-CMP-2NHAC,

o Fn-MBP111-128-m-n-Pao-ge-CMP-2NHAG,

¢ Fin-MBF148-170-me-mi-pao-gs-CMP-BNHAC,

»  Fin-MOGT-20-mi-ni-pae-ge-CMP-2NHAC,

»  Fin-MOG35-50-me-n1-pao-Ga-CMP-2NHAC,

*  Fin-PLP13¢-154-my-ny-peo-ge-CMP-2NHAG,

e Fin-MART1-Me-ns-pao-qs-CMP-ZNHAC,

e FiIn-Tyrosinase-ms-m-Pap-ge-CMP-2NHAC,

s Fin-PMEL-ms-n1-pao-Qa-CMP-2NHAC,

»  Fin-Aguaporin-4-ma-ri-Pa-ge-CMP-2NHAg,

= Fin-S-amestin-mi-ne-pao-gs-CMP-2NHAC,

»  FIn-IRBP-Mazr--Pac-Ge-GMP-2NHAR,

s Fin-Conaraghin-mas-ni-pas-g«-CMP-2NHAC,

+ Fin-Alpha-gliadin “33-mer” native-mi-ni-pao-g--CMP-2NHAC,

»  Fin-Alpha-ghadin "33-mer” deamidated-m -ni-poo-g4-CMP-2NHAC,

+  Fin-Alpha-ghadin-mi-ni-pa-gs-CMP-2NHAC,

+  Fin-Omega-gliadin-m:-n:-pa-gs-CMP-2NHAe,

»  Fin-Fel d 1-mani-pee-gs-CMP-2NHAC,

«  Fin-Cat albumin-mis-ni-pac-ga-CMP-2NHAG,

«  Fin-Can f 1-Me-ni-Pao-Ge-CMP-ZNHAQ,

¢ Fin-Dog albumin-mzz-ni-pao-qs-CMBP-2NHAg, and

»  Fin-BhGE-mis-ni-pae-gs-CMP-2NHAC,
[0424] 20E.  Formula 1202 where nis 33 and where X' and m are as in Example 2006
[0425] By foliowing the procedure described in Example 13F, substituting the insulin with the
compeunds as descrived in Example 20C and employing the compound of Formula 1201 whare n s
23, there are ghiained the corrgsponding compounds of Formula 1202 where n is 332,
[0426] 20F.  QOther Compounds of Formuia 1n
{04271 By following the procedure described in Exampie 208 and substituting the compound of

Formula 1107 with the compounds obtained in Exampie 19J, and substituting the compound of Formuta
1202 with the compounds obtained in bxample 20k, there are abiained the following corresponding
compounds of Formula 1n:

= Fin-Abciximab-mis-naz-pao-ge-CMP-20H,

*  Fin-Adalimumalb-ms -rss-pao-ge-CMP-20H,

«  Fin-Agalsidase alfa-mie-naa-Pac-Qe-CMP-20H,
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» Fin-Agalsidase beta-mia-naz-Peo-0a-CMP-2CH,

»  Fin-Aldesiukin-me-tiaa-pao-e-CMP-20H,

*»  Fin-Alglucosidase alfa-mis-tas-pao-gs-CMP-20H,
»  Fin-Factor VHl-mioo-nas-pao-ga-CMP-20H,

* Fin-Factor [X-mis-nas-pao-Qe-CMP-20H,

*  Fin-l-asparagingse-ms-Nas-Pao-ge-CMP-20H,

s Fin-Laronidase-my-Nas-Pac-Qe-CMP-20H,

¢ Fin-Octreotide-mi-nss-pso-ge-CMP-20H,

» Fin-Phenylalanine ammonia-lyase-miz-naa-pao-ga-CMP-20H,
»  Fin-Rasburicase-mz-ne-pao-Ge-CMP-20H,

»  Fin-GADR-65-me-nae-paos-Ge-CMP-20M,

e Fin-lGRP-my-Na-pa-Ge-CMP-20H,

e F1n-MBP-me-nsa-Poe-gs-CGMP-20H,

s Fin-MOG-ms-nes-pao-Qs-CMP-ZOH,

»  Fin-PLP-Mena-pae-gs-CMP-20H,

*  Fin-MBP13-32-m-Mez-pao-s-CMP-20H,

»  Fin-MBP83-88-mi-NasPas-qs-CMF-20H,

s Fin-MBP111-128-m-Nas-pac-Qe-CMP-20H,

+«  Fin-MBP148-170-mz-Nas-Pac-gs-CMP-20H,

»  Fin-MOG1T-20-mi-Nas-Ps0-Ge-CMP-20H,

»  Fin-MOG35-55-me-nas-pae-Ge-CMP-20H,

s Fin-PLP13%-154-ms-Nss-Paa-gs-CMP-20H,

»  Fin-MART1-me-Nag-Poo-Qe-CMP-20H,

«  Fin-Tyrosingse-ms-na-pae-Qe-CMP-20H,

e Fin-PMEL-ms-naa-pae-Qe-CMP-20H,

¢ Fin-Aguaporin-4-mas-naa-Pao-Ge-CMP-20H,

»  Fin-S-arestin-miz-nog-pa-Qs-CMP-20H,

*»  F1in-IRBP-mz1-Nas-pasr-Ga-CMP-20H,

»  Fin-Conarachin-marnas-pa-ge-OMP-20H,

»  Fin-Alpha-gliadin "33-mer” native-mi-nas-peo-ge-CMP-20H,
»  Fin-Alphg-gliadin “33-mer” deamidated-mi-Nas-pao-(s-CMP-20H,
s  Fin-Alpha-gliadin-mi-nas-Pae-ge-CMP-20H,

»  Fin-Omega-ghadin-mi-Nas-Pa-ge-CMP-20H,

*+  Fin-Fel d t-rma-nas-peo-ge-CMP-2CH,

+  Fin-Cat albumin-mie-Nas-peo-ga-CMP-20H,

+ Fin-Canf 1-me-nas-Poo-Ga-CMP-20H,

«  F1in-Dog aloumin-mss-Nes-Pm-qs-CMP-20H, and
e F1n-RhCE-mis-Nas-pac-gs-CMP-20H,
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{0423] Example 21
{04281 Clearance of OV A-specific antibodies from circulation

{0430] To induce production of OVA-specific antibodias for subsequent deplation, CH7BLS mice
ware injected Lv. with up 0 five dosas of 10 ug OVA uniil a titer ¢of anti-OVA gG in plasma, as
determined by ELISA, reached 3 (Figure 9A). Plasma samples were prepared by centrifugation of blood
ecllected into EDTA-coated tubes at 2000 x g for 10 minutes at room temperature and stored at -20°C
until analysis. Titer is defined as the logi of the maximal fold dilution of plasma with detectable anti-
OVA igG. Here, plasma samples were assayed at dilutions of 10-, 50-, 100-, 500-, 1,000-, 5,000,
14,000-, and 50,000-foid, vielding potential titer measurements of 0,1, 1.7, 2, 2.7, 3, 3.7, 4, and 4.7.
Mice with titers below 3 after five doses of 10 ug OVA wera given two additional doses of 10 ug OVA
agjuvanted with 10 pg CpG-B 1o boost anti-OVA 1gG production and hence the amount of circulating
anti-OVA IgG available for depletion (Figure SB).

[0431] To evaluale the sfficacy of hepatocyte ASGPR-targsted OVA for anti-OVA antibody
clearance, mice with circuiating anti-OVA 1gG were injecled v, with saline or saline containing molar
equivalents of DOM and OVA, DOM-QVA, or QVA-DOM. In particuiar, mice were treated with molar
eguivalents of 10, 50, 100, or 200 ug OVA, as indicated in Figure . Af times = -1 day, +3 hours, +1
day, and +7 days, relafive 1o the time of treatrant injection, bicod samples were collectad 1o assass,
by ELISA analysis of pfasma, the ameunt of anti-OVA IgG in circulation. Clearance of anti-OVA igG
from circuiation is expected to decrease the amocunt of anti-OVA IgG in plasma and hence decrease
plasma ant-OvA IgG tter as determined by ELISA. In mice immunized with OVA alone and treated
with DOM-OVA or OVA-DOM, titers of anti-CVA 1gG decreased by up 1o 3 or 2, respectivaly,
representing decreases in the amount of circulating anti-OVA 1gG by 1000- or 100-fold, which is up fo
50-fold more effective than control treatment using saline or DOM ang OVA (Figure 9A). in mice
Immunized with OVA adjuvanted with CpG-B, clearance of ghrculating ant-OVA IgG was not observed
{Figure 98).

[0432] Example 22

[0433] NOD Mouse
[0434] Non-obese diabatic (NCD} mice are susceptibis to the spontanecus onssl of autoimmuns
giabates maliitus, which is the result of an autoimmuna response 1o variods pancreatic auto-aniigens.
Diabetes develops in NOD mice as a resuit of insulills, characterized by the infilration of varicus
leukocytes into the pancreatic islets.
[0435] In ordsr (o evaluate the efficacy of a treaiment for diabetas mellitus, starting at 6-waeks of
age, NOD mice are divided into control or test grops and treated, respactively, with weaekly intravenous
injections of a test composition (10 wg) or an inactive control such as saling, The injections eontinue
for 18 consecutive waeks.
{0436] The biood glucose concentration of the mice is measured weekly. Mice that maintain a
blood glugose concertration of less than 300 my/mi during the experiment are considered non-diabetic.
in additicn, at the end of the study the pancreases of the mice are harvested and T cell infiltration in the
panhcreas is determinad via immunohistochamistry as an assessment of insulitis.  Tolerance inguction
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ts assessed by the depletion of auto-antigen specific CD8 T cells as compared ¢ mice that are treated
with saline and devetop diabetes. The existence of auto-antigen specific CD8 T cells is determined via
ELiSpot assay.

{04371 When tested as described above, compositions of Formulag 1 and 2 whaere X is insulin,
such as Fim-insulin-m2-n1-p30-g4-2NACGAL, show efficacy for trealing diabetes mellitus.

{0438} While the present disclosure has been described with reference to the specific
embodiments thereof, it should be undersiood Dy those skilled in the art that various changes can be
made and eguivaients can be substituted without departing from the true spirit and scope of the
disciosure. in addition, many modifications can be made 1o adapt a pasticular situation, material,
composition of matter, process, process step or steps, to the objective, spirit and scope of the present
disciosure, Al such modifications are intended 10 be within the scope of the ¢laims appended hereto.
Alf patents and publications cited above are hereby incorporated by reference.
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We claim:
1. A compaosition comprising & compound of Formula 1:
X4+v—2z|,
Formuia 1
where:

m is an integer from about 1 10 100;

X comprisas an antigen against which a patient develops an unwanied immune responss, or &
tolgrogenic portion therect; or

X comprises an antibody, antibody fragment or ligand thai specifically binds a circulating protein
or peptide or antibody, which circulating protein or peptide o antibody is causatively
involved in transplant rejection, immune response against a therapeutic agent,
autoimmune disease, hypersensitivity and/or allergy;

Y comprises 2 linker moiaty; and

Z comprises a liver-targeting moiety.

2. The composiion of olaim 1 where Z comprises galaciose, gatactosaming or
N-acetylgalactosamine.

3. The composition of ¢laim 2 comprising Z conjugated atits C1, C2 or CB10 Y.

4. The compaosition of claim 1 where Y is selected from N-hydroxysuceinamidyt linkers, malgemide
finkers, vinyisulfene linkers, pyridyl di-thicl-poly{ethylene glycoly linkers, pyridyl di-thiol linkers, n-
nitrophenyl carbonate linksrs, NHS-ester linkars, and nitrophenoxy poly(ethylene giycollaster linkers.

5. The composition of ¢laim 1 where Y comprises:
an antibody, antibody fragment, peptide or other ligand that specifically binds X;
& disuifanyl ethyl ester;
a structure represented by one of Formulae Ya to Yp:

c
5Ky

Formula Ya
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or has a portion represented by Formula Y'-CMP:

R%ip S
PRE

Formula Y. CMP

where:
the left bracket “{" indicates the bond between X andY;
the right or botiom bracket and )" Indicates the bond between Y and Z;
1 is an integer from aboui 1 10 100;
p is an infeger from about 2 10 150;
g s an integer from about 1 10 44,
R#is ~CHz— 07 =CHa-CHz-C{CHz}{{CN)—;
R®is a direct bong or ~CHg-CHa-~NH-C{O)~; and
Y’ represents the remaining portion of Y.

8. The composition of ¢laim 5 whera:
nis about 40 fo 80;
o is about 10 1o 100;
& 18 about 3 to 20;
R¥is —CHz-CHz-C(CHs){CN)—; and
when B is ~CHp-CHa--NH-G{O}, Z is galactose or N-acetylgalactosamine conjugated at its
Gl

7, The composition of claim 5 where Y comprises Formula Ya, Formula YD, Formuia Yh, Formula
¥i, Formula Yk, Formula Ym or Formuia Yn.

8. The compositicn of claim & where Y comprises Formuia Ya, Formula Yb, Formula Ym o
Formula Yn.
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8. The composition of claim 8 where Y comprises Formula Ya, Formula Yb, Formula Ym or
Formula Yn.
10 The composition of claim 1 whergin X comprises:

a foreign ransplant antigen against which transplant recipients develop an unwanted immune
respanse;

a foreign food, animal, plant or environmental antigen against which patients develop an
ghwanted immune response;

a foreign thergpeuatic agent against which patients develop an unwanted immune response; or

a synthetic self-antigen against the endogenous version of which patients develop an unwanted
immune respense,

or a tolerogenic portion thereof,

11. A compaosition comprising & compound of Formula 2:
X—YEz-+y—x].

Formuia 2
where:
m'is zero of an integer from about 1 to 10, m™ is zero or an integer from about 1 10 10, and the
sum of m’ 4 m s an integer from about 1 10 10 butis at least 1,
sach X comprises a foreign antigen or self-antigen against which a patient develops an
unwanted immune response, of & tolerogsnic portion thergof,
each Y compriges a linker moigty or a direct bond, or an antibody, anticody fragment, peptide
or other ligand that specifically binds X; and
Z comprises a liver-targeting moiety,
provided that X i not  interferon, Ribavirin, Nexavar/ Sorafenid, Erbitus/Cetuximab,
Avastatin/bevacizumab or Herceptin/trastuzumab when m'+m” equals 1 and Z is DOM 26h-196-61.

12. The composition of claim 11 where 7 comprizses an ASGPR-targeted antibody, an ASGPR-
targeted antbody fragment, an ASGPR-targeted peptide, an ASGPR-targeted scFv, or ancther ASGPR
ligand.

13. The compaosition of claim 11 where X comprises a group of related antigens against which a
patient develops an unwanted immune response or a group of tolerogenic fragments thereof.

14, The composition of claim 13 where X is selected from the groups comprising:
wo of more of insulin, proinsulin, preproinsulin, glutamic acid decarboxylase-65 GAD-67,
glucose-6 phosphatase 2, insulinoma-associated profein 2, insulinoma-associated
protein 2(3, 1CAS9, ICA12, carboxypeptidase M, Imogen 38, GLIMA 38, chramogranin-
A, HEP-80, caboxypeptidase E, peripherin, glucose transporter 2, hepatocarcinoma-
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intesting-pancreas/pancraalic associaled protein, S100p, glial fibrillary acidic protein,
regenerating gene I, pancreatic ducdenal homecbox 1, dysirophia myotonica kinase,
islel-specific glucose-6-phosphatase catalytic subunit-related protein, and SST G-
protein coupled receptors 1-5;

wo or more of myelin basic protein, myelin dligodendrocyte glycoprotein, myelin proteclipid
protein, SEQ IDNC:11, SEQ ID NC:12, SEQ ID NG:13, S8EQ D NO:14, SEQ ID NO:15,
SEQHID NO:16, and SEQ 1D NC:17; ang

twe or more of 8EQ 1D NO:24, SEQ 1D NO:25, 8EQ 1D NO:26, and SEQ 1D NO:27.

15, The composition ¢f claim 11 where Y is a linker having an immuncproteesome cleavage sita.

16. The compaositions of ciaim 11 where X comprises:
a foreign transpiant antigen against which transplant recipients develop an unwanted immurne
response;
a foreign food, animal, plant or environmental antigen against which patients develop an
unwanied immune responss;
a foreign therapautic agent against which patienis develop an unwanted immung response; or
a synthetic self-antigen against the endogenous version of whigh patients develop an unwanted
immune response,
or a toleroganic portion thareof,

17. A method of reatment for an unwanted immune response against an antigen by administering
to a mammal in need of such reatment an affective amouni of a composidon comprising & compound
of Formuta 1:

X+Y—2),

Formuia 1
where:

m is an integer from about 1 o 100;

X comprises an antigen against which a patient devslops an unwanied immune responss, 07 a
tolerogenic portion therect; or

X comprises an antibody, antibody fragment or ligand thai specifically binds a circulating protein
or paptide or antibody, which circualing protsin or paplids or antibody is causativaly
invalved in transplant rgjection, Immune response against a therapeutic agent,
autcimmune disease, hypersensitivity and/or allergy,

Y comprises a linker moiety; and

Z comprises a liver-targeting moiety.
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18. The method of claim 17 where:
X comprises an antigen against which a patient develops an unwanted immune response, or a
inlarogenic portion thereof, and
¥ comprises:
an antibody, antbody fragment, peptide or other ligand that specifically binds X
a disulfanyi ethyl ester;
a struciure represented by one of Formulas Ya to Yp:
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Formula Yo and

Q
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] j'li i s

Formula Yp

or has a portien represented by Formula Y'-CMP,

2

s F

Formula Y'-CMP

where:
the lefi bracket "{" indicates the bond between X and Y;
the right or bottom bracket and *)” indicates the bond betwesn Y and Z;
nig an integer from about 1 to 100;
pis an integer from about 2 1o 150;
g is an integer from about 1 to 44,
REig —CHo— or —CHs-GHz-C(CHHCN)—;
R7is a direct bond or —-CHze-CHe-—NH-C{Q)—,; and
Y' represeris the remaining portion of Y.

102



(219) JP 2020-121981 A 2020.8.13

WO 2013/140648 PCT/AB2015/001143

19, The method of claim 17 wherein X comprises the antibody, antibody fragment or figand, and
the composiion is administered for clearance of a circulating protein or peptide or antibody that
specifically binds 1o X, which circulating protein or peptide or antibody is causatively involved in
transplant rejection, immune response  against a therapeutic agent, autoimmune disease,
hypersensitivity and/or allergy.

20. The method of claim 17 wherein X comprises the antibody, antibedy fragment or ligand, and
the composition is administered in an amount effective 1o reduce a concentration of the antibodies that
are causatively involved in fransplant rejection, immune response against a therapeutic agent,
autoimmung disease, hypersensitivity and/or allergy in blood of the patient by at lgast 50% w/w, as
measured al a time between about 12 to about 48 hours after the administration.

21. The method of claim 17 whergin the composition s administered for tolerization of the patient
with respect to antigen moiety X.

22, The method of claim 17 where X comprises;
a foreign transplant antigen against which transplant recipients develop an unwanted immune
response;
a foreign food, animal, plant or environmental antigen against which patients develop an
unwantsd Immune response;
& foreign therapeutic agent against which patients develop an unwanted immuna response; or
a synthetic self-antigen against the endogenous version of which patients deveiop an unwanted
immung responsea,
or a tolerogenic portion thereof.

23. A mathod of reatment for an unwanied immune response against an antigen by administering
to a mammal in need of such treatment an affective amount of a composition comprising Formula 2:

IX—Yz+y—xX].

Formuia 2
where:
m’is zero or an integer from about 1 to 10, m™ is zero or an integer from about 1 10 10, and the
sum of m’ + m”is an integer from about 1 10 10 but is at least 1;
egch X g an antigen moiety,
each Y is a linker moiety or a direct bond, or an antibody, antibody fragment, peptide or ¢ther
ligranet that specificaily binds X; and
Z is g liver-fargeting moisty,
provided that X is not interferon, Ribavirin, Nexavay Sorafenidb, Erbius/Cetuximah,
Avasiatin/bevacizumab or Herceptin/frastuzumab when m'+m” equals 1 and Z is DOM 26h-196-61.
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24. The method of claim 23 wherein the composition is administered for clearance of a circulating
orotein or peptide or antibody that specifically binds to antigen moiety X, which circulating protein or
peptide or antibody 15 causatively involved in fransplant rejection, immune response against a
therapeutic agent, autoimmune disease, hypersensitivity and/or allergy.

25. The method of claim 23 wherein the composition is administered in an amount effective tc
reduce a concentration of the antibodies that are causalively involved in fransplant rejection, immune
response against a therapeutic agent, autoimmune disease, hypersensitivity and/or allergy in blood of
the patient by at least 50% w/w, as measwred at a tims between about 12 10 about 48 hours after the
administration.

28. The method of claim 23 wherein the compasition is administered for tolerization of the patient
with respect 1o antigen moiety X.

27. The method of glaim 23 where Z ¢omprises an ASGPR-targeted antibody, an ASGPR-targeted
antibody fragment, an ASGPR-targeted paplidae, an ABGPR-targatad scFv, or anather ASGPR ligand,

28. The method of claim 23 where X comprises a group of related antigens against which a patient
develops an unwanted immune response or & group of iolerogenic fragmenis thereof.

28. The method of claim 23 where X is selected from the groups comprising:

two or more of Insudin, proinsulin, preproinsutin, glutamic acid decarboxylase-65 GAD-87,
glucose-6 phosphatase 2, insulinoma-associated protein 2, insulinoma-associatsd
protein 20, ICAS9, ICA1L2, carboxypeptidase H, Imogen 38, GLIMA 38, chromogranin-
A, HSP-80, caboxypeptidase E, peripherin, glucose transporter 2, hepatocarcinoma-
intesting-pancreas/pancreatic associated protein, S100pB, glial fibrilary acidic protein,
regenerating gene I, pancreatic ducdenal homeckox 1, dystrophia myotonica kinase,
islat-spacific glucose-6-phosphatase catalytic subunit-related prolein, and 35T G-
protein coupled receptors 1-5;

wo or morg of myalin basic prolein, myetin oligotendrocyte glycoprotein, myslin proteclipid
protein, SEQ IDNG:11, BEQID NC:12, SEQ IDNO:13, SEQ D NO:14, SEQ 1D NO:15,
SEG ID NO6, and SEQ ID NG:17; and

two or more of SEQ 1D NG:24, SEQ 1D NO:25, SEQ 1D NO:26, and SEQ 1D NO:27.

30, A use of the composition of any of ¢laims 1-10 or 11-16 to freat an unwanted immune response.
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31, A use of the composition of any of claims -10:
for tolerization of a patient with respact to X, wherein X comprises an antigen against which 2
patient develops an unwanied immuns response, of a tolerogenic portion theradt, or
for clearance of a circulating protein or peptide or antibody that is causatively involved in
fransplant rejection, immune response against a therapeutic agent, autoimmune
disease, hypsarsensitivity and/or allergy, wherein X comprises an antibody, antibody
fragment or ligand that specifically binds the circuiating protsin or peptide or antibody.

32. A use of the composition of any of claims 11-18 wherein the composition is administered for
folerization of a patieni with respect to antigen moisty X,
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{57) Abstract: Glycotargeting therapeutios are wsefol in the
freatment of transplani rejection, autoimmune disease, food
atlergy, and immune response againgt a therapeutic agent,
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