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glycation and methods of evaluating such inhibitors.
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METHODS AND ANTIBODIES FOR DIABETES-RELATED APPLICATIONS

CROSS REFERENCE TO RELATED APPLICATIONS

{0001]  This application claims priornity to United States Provisional Application Number
62/488.346 filed on April 21, 2017 entitled METHODS AND ANTIBODIES FOR
DIABETES-RELATED APPLICATIONS, the contents of which are herein incorporated by
reference 1n their entirety,

SEQUENCE LISTING

[B002]  The mstant application contains a Sequence Listing which has been submitted
glectronically in ASCII format and 1s hereby incorporated by reference in its entirety. Said
ASCH copy, created on April 17, 2018, is named 2047 1016PCT SL.txt and 15 43,169 bytes

it size.

FIELD OF THE INVENTION

10603}  Ths disclosure relates to compounds, methods, and kits for detecting factors
associated with elevated glucose levels. These factors include proteins that have been post-
transiationally modified due to elevated biood glucose levels. The disclosure also relates 1o
methods of diagnosing, treating, monitoring, and stratifving patients based on detected

factors.

BACKGROUND

{0604}  Diabetes is charactenzed by elevated blood ghucose levels. Sustained elevation of
blood glucose levels may affect proteins by a process known as glycation. Glycation 1s the
non-gnzymatic attachment of glucose to proteins and 18 considered a major
pathophysiclogical mechanism causing tissue damage 10 diabetic subjects. Glycation mvolves
the reaction of glucose and/or other reducing sugars with anino groups in proteins resulting
m the formation of a Schiff base or aldimme. This labile adduct can tautomenze via the
Amadon rearrangement to the more stable ketoamine.

10603}  Different glycated proteins have been identified in diabetic subjects, including
albumin, hemoglobin and others. The function of glycated proteins may be impaired,
depending on the location of the amino group(s) affected. For example, amino-terminal
glycation of the B-chains of hemoglobin gives nise to the glveated hemoglobin (HbAlc) in
which responsiveness to 2,3~-diphosphoglyeerate 15 decreased and oxygen affinity increased.

Glyeation of the major thrombin inhibitor of the coagulation system, antithrombin 1,
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decreases its affinity for heparin, and has been postulated to contribute 1o the hypercoagulable
state associated with diabetes.

[0006]  Measurement of the extent of protein “glycation” of certain proteins may be a
valuable chinical tool to provide a more stable indicator of glvcemic control than shorter term
mdicators such as measuring glucose levels directly, ultimately helping to mmprove the
efficacy of treatments. The present inventors have previousty shown that K41 glycation of
€59 15 correlated to abnormal blood sugar levels and that glycation at K41 interferes with
the normal activity of CDS59 (U.S. Patent 6,835,543, U .S, Patent 7,049,082; and U.S. Patent
7,439,330; the entire contents of each of which are incorporated hercin by reference).

{0607}  There remains; however, a need tor timproved methods of detecting and diagnosing
ciabetic conditions. In particular, there remains a need for simple, accurate and cost-eftective
methods, reagents, and kits for detecting and/or determining the level of glvcated CD5Y

{GCD59) 1 subject samples.

SUMMARY

{8608}  In some embodiments, the present disclosure provides an antibody, wherein the
antibody includes a heavy cham variable domain (VH) with a complementarity determining
region (CDR) having at feast 70% amino acid sequence identity 1o an aming sequence
selected trom the group consisting of SEQ 1D NOs: 38-43. The CDR may be a CDR-FI3
selected from the group consisting of SEQ ID NOs: 42 and 43. The VH may include a CDR-
H1 having an amino acid sequence with at least 70% sequence identity with a sequence
selected from the group consisting of SEQ 1D NOs: 38 and 39; a CDR-H2 having an amino
acid sequence with at least 70% sequence identity with a sequence selected from the groap
consisting of SEQ ID NQOs: 40 and 41; and a CDR-H3 having an ammo acd sequence with at
least 70% sequence identity with a sequence selected from the group consisting of SEQ 1D
NQOs: 42 and 43. The antibody may include a light chain variable domain (VL) with a CDR
having at least 70% amino acid sequence identity to an anuno acid sequence selected from
the group consisting of SEQ 1D NOs: 33-37. The VL may inchude a CDR-L3 sclected from
the group consisting of SEQ ID NOs: 36 and 37. The VL may include a CDR-L1 having an
aming acid sequence with at least 70% sequence identity with a sequence selected from the
group consisting of SEQ D NOs: 33 and 34; a CDR-L2 having an amino acid sequence with
at least 30% scquence identity with the sequence of SEQ 1D NGs: 35; and a CDR-L3 having
an amino acid sequence with at least 70% sequence identity with a sequence selected from

the group consisting of SEQ 1D NOs: 36 and 37. The antibody may be a monoclonal
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antibody. The antibody may be a humanized antibody. The antibody may be an [gGl, 1gG2,
12G3, or IgG4 antibody.

[0009]  Antibodies of the present disclosure may include at least one vanable domain with
an amino acid sequence having at least 95% sequence identity to an anuno acid sequence
selected from the group consisting of SEQ ID NQOs: 29-32. The at least one variable domain
may include a VH with an amino actd sequence that is at least 95% identical to an amino acid
sequence selected from the group consisting of SEQ 1D NOs: 30 and 32. The at least one
variable domain may include a VL with an amino acid sequence that is at least 93% identical
to an amino acid sequence selected from the group consisting of SEQ ID NOs: 29 and 31.
[8616]  Antibodies of the present disclosure may include a translated amino acid sequence
having at least 95% sequence identity to an amino acid sequence selected from the group
consisting of SEQ 1D NOs: 3 and 5. The heavy chain may be encoded by a nucleotide
sequense having at least 95% sequence identity to a nucleic acid sequence selected from the
group consisting of SEQ D NOs: 7, 8, and 10.

{8611}  Anubodies of the present disclosure may include a light chain with a translated
aming acid sequence having at least 95% sequence identity to an amino acid sequence
selected from the group consisting of SEQ 1D NGs: 2 and 4. The light chain may be encoded
by a nucleotide sequence selected from the group consisting of SEQ D NOs: 6 and 9.

{8812}  In some embodiments, the present disclosure provides an antibody that includes a
heavy chain with a transiated amino acid sequence with at least 95% sequence identity (o an
amino acid sequence selected from the group consisting of SEQ [ NOs: 3 and 5; and a light
chain with a translated ammo acid sequence with at least 95% sequence identity to an amino
acid sequence selected from the group consisting of SEQ ID NQOs: 2 and 4. The antibody may
bind to D359, The antibody may bind to a non-glveated epitope of (D39, The antibody may
bind to an cpiiope of CD39 that does not nclude lysine 41 (K41}, The anttbody may bind to a
glycated epitope of glveated CD5Y (GCDE9). The glveated epitope of GCDS9 may mclude
an Amadori-modified K41, Binding to the glycated epitope of GCBSY may feature an
equilibrium dissociation constant {KD) of from about 1.0 pM to about 5.0 x 108 pM. The KD
may be from about 1.5 pM to about 1530 pM. The GCD59 epitope may be presented in a
format sclected from at least one of a surface-associated format and a solution-based format,
The sclution-based format may mchude a solution of at least one of urine, plasma, serom,
blood, sweat, and saliva. The serum may be diluted by from about 1.1 to about 1:100,000.
[B813]  In some embodiments, the present disclosure provides a kit that includes a capture
agent and mstructions for use of the kit. The capture agent may be a capture antibody,

~
D
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wherein the capture antibody is an antibody descnibed herein. The capture antibody may bind
D359 The kit may include a detection agent, wherein the detection agent 15 selected from a
lectin and a detection antibody, wherein the detection antibody is an antibody described
herein. The detection antibody may bind CD59. The detection agent may bind to a
glycosyvlated epitope of GCDS9. The glycosylated epitope of GUDS5% may inclade an N-
glycosvlated epitope of GLD59. The kit may mchude a compound for generation of a
calibration curve. The kit may inchude at least one buffer. The buffer mav be used to contact a
subject sample. The buffer may mclude at least one of a reducing agent, an oxidizing agent,
dithiothreitel (DTT), and beta-mercaptoethanol (BME}, The kit may include one or more
internal controls. The one or more internal controls may include one or more plasma assay
controls. The kit may include one or more of an assay diluent, conjugate diluent, and wash
buffer. One or more reagents i the kit may be lvophilized.

{0614}  Methods of the present disclosure mchide a method of detecting a target protein in
a sample. The target protem may include GCD39. The method may include obtaining a
sampie; applving the sample to a substrate, the substrate having a capture antibody, wherein
the captare antibody is selected from an antibody binding to an N-glveosylated epitope of
D39 or any of the antibodies described herein; applving a detection antibody to the
substrate, wherein the detection antibody binds to a target epttope selected from a glyeated or
non-glveated epitope of GCP39; and analyzing the substrate for the presence of the detection
antibody. The method may include obtaining a sample; applving the sample to a substrate, the
substratc having a capture antibody, wherein the capture antibody is selected from an
antibody described herein; applying a detection antibody, wherein the detection antibody
binds to a non-glyveated epitope of GCDA9; and analvzing the substrate for the presence of the
detection antibody. The detection antibody may be selected from any of the antibodies
described herein. The target eptiope may include a glveosvlated epttope of GCDSY. The
target epitope may mclude an N-glveosviated epttope of GCDAS9. The sample may be a
subject sample. The subjoct sample may be selected from at least one of urine, blood, plasma,
serum, sweat, and saliva. The sample may be treated with at least onc of a reducing agent, an
oxidizing agent, dithiothreitol {DTT), and beta-mercaptoethanol (BME). The sample may be
a difuted sample. The sample may be diluted by from about 1:1 to about 1:1,000.

8615}  In some embodiments, the present disclosure provides a method of detecting a
target protein in a sample, wherein the target protein includes GCDS9, the method including
obtaining a sample, wherein the sample includes at least one of a cell, a tissue, and a tissue
section; applyving a detection antibody to the sample, wherein the detection antibody binds to

4
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atarget epitope, the target epitope including a glycated epitope of GCDSY; and analyzing the
sample for the presence of the detection antibody. The detection antibody may mclude a
detectable label. The detectable label may be selected from the group consisting of biotin,
streptavidin, avidin, a fluorescent label, an enzymatic label, a Juminescent label, and a
radicactive label. The detection antibody mav be detected using a secondary detection agent,
wherein the secondary detection agent includes a detectable label. The secondary detection
agent may be an antibody. The detectable label may be selected from the group consisting of
biotin, streptavidin, avidin, a fluorescent label, an enzymatic label, a luminescent label, and a
radicactive label, The substrate may be selected from at least one of an assay plate, a bead, a
membrane, a conducting surface, and a conducting nanoparticle. The method may be carned
out at the point of care. At least part of the method may be carmmied out in conjunction with a
patient momitoring device. The patient monitoring device may be capable of receiving and/or
transmitting an clectronic signal. The patient monitoring device may be a smart device
selected from at least onc of a smart phone and a smart watch. The concentration or
concentration equivalent of the target protein may be determined by measuring at least one
signal associated with the detectable label.

8616}  In some embodiments, the present disclosure provides a method of evaluating a
subject that includes collecting at least one test sample from a subject; carrying out any of the
methods described herein, wherein the sample ncludes at least one test sample and at least
one control sample; and comparing the concentration or concentration equivalent of a target
protein in the at least one test sample to the concentration or concentration equivalent of the
target protein detected n the at least one control sample.

{8017f  In some embodiments, the present disclosure provides a method of screening,
diagnosing, and monitoring of a diabetes-related indication 1 a subject by carrving out any of
the methods described herein, wherein the subject is diagnosed with the diabetes-related
mdication it the concentration or concentration equivalent of a target protein in at least one
est samiple varies from the concentration or concentration equivalent of the target protein
detocted in at least one control sample by a threshold value. Methods of the present disclosure
melude a method of monitoring one or more diabetes-related indications in a subject, wherein
the subject has one or more diabetes-related indications, the method including collecting at
least two test samples from a subject, wherein the at least two test samples are obtained over
at Jeast two time periods; carrying out any of the methods described herein, wherein the
sampile includes the at least two test sample collected; and monitoring the varation between
the concentration or concentration equivalent of the target protein in the at least two test

5
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samples. Methods of monitoring one or more diabetes-related indications in a subject may be
carried out as part of a companion diagnostic method.

{0618}  In some embodiments, methods of evaluating the effectivencess of a therapeutic
method are provided. The therapeutic method mav mclude the administration of at least one
therapeutic compound to at least one subject.

[0019]  Methods of the present disclosure may include a method of assigning a level of
risk to a subject, wherein the level of risk includes a level of nsk associated with developing
ong or more diabetes-related mdications. The method may include comparing the
concentration or concentration equivalent of a target protein in at least one test sample with
the concentration or concentration equivalent of the target protein detected in the at least one
control saraple; and assigning the level of risk 1o the subject based on the comparison
performed. The subject may be at least one of a pregnant subject, a subject suspected of being
pregnant, and a subject capable of becoming pregnant. The diabetic-related indication may
mclude gestational diabetes mellitus.

{8628}  In some embodiments, the present disclosure provides a device for carrying out all
or part of any of the methods described herein. The device may be a wearable device. The
wearable device may include a wristband. The wearable device may be a smart watch.

{6021}  In some embodiments, methods of the present disclosure used for screening,
diagnosing, and monitoring of a diabetes-related indication in a subject may include detecting
a target epitope, wherein the target epitope may include an N-glvcosylated epitope of GCDSY
that includes residue N18 of GCI59, wherein residue N18 1s N-glycosylated. The one or
more diabetes-related indications may be selected from at least one of diabetes, a
predisposition to an organ specific complication of diabetes; pre-clinical diabetic peripheral
neuropathy; pre-clinical diabetic nephropathy; pre-chinical diabetic retinopathy; and pre-
chinical diabetic vascular diseasc.

[60622]  Methods of the present disclosure include a method of detecting N-glycosylate
GCD59, the method mcluding isolating GCDBS59 using an antibody described herein; and
analyzing the GCD59 solated to detect the presence of an N-glycosvlated residue. The
analvsis may include the use of mass spectrometry. The analvsis may include the use of a
lectin capable of binding the N-glvcosvlated residue. The N-glycosylated residue may be
residue N18 of GCDS59.

{8023}  In some embodiments, the present disclosure provides a method of identifying an
mhibitor of CDS9 K41 glycation including contacting at least one sample with at least one
test compound, wherein the at least one sample mcludes CD359 and conditions sutable for

6
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K41 glycation; determining the concentration or concentration equivalent of GCDS9 m the at
least one sample; and identifving ong or more of the at least one test compound as an
mhubttor of C1359 K41 ghveation if the concentration or concentration equivalent of GCD39
determined 1s reduced as a result of contact with the at least one test compound. Determining
the concentration or concentration equivalent of GCBSY may be carried out with an antibody
described here. The at least one test compound may be selected from one or more of a small
molecule, a peptide, a synthetic construct, a fusion protein, an aptamer, a micleic acid, and an
antibody. In some embodiments, the present disclosure provides an inhabitor developed
according to a method of identifyving an mhibitor of CD39 K41 glycation that includes a
method presented herein.

[60624] In some embodiments, the present disclosure provides a vector encoding one or
more of the antibodies described herein or a fragment or vartant thereof. The present
disclosure also provides recombinant antibodics produced using such a vector, cells including
such a vector, and antibodies produced by such cells.

{86237  Methods ot the present disclosure include a method of treating a diabetes-related
mdication using an inhibitor produced according to any of the methods deseribed herein. The
diabetes-related indication may be selected from one or more of complement dysfunction,
hemolviic disease, paroxysmal nocturnal hemoglobinuria, atypical hemolvtic-uremic
syndrome, wound healing, complications associated with organ transplantation, a vascular
mdication, and age-related macular degeneration.

10626}  In some embodiments, the present disclosure provides a method of assigning a
level of risk to a gestational subject, wherein the level of risk includes a level of risk
associated with developing one or more GDM-related condition. The method may include
collecting at least one test sample from a gestational carrer of a gestational subject; using an
assay to determing the level of GCDI39 1n the test sample, wherein the assay utilizes a capture
antibody and a detection antibody, each selected from any of those described herem; and
assigning a fevel of risk associated with developing one or more GBM-related condition
based on the level of GUDSY determined in the test sample. The one or more GDM-related
conditions may be selected from one or more of macrosomia, large gestational age (LGA}, a
birth defect, birth trauma, hyperbilirubinemia, hypoglycemia, seizares, and still birth,

{86277  Methods of the present disclosure may be carned out through the use of a platform

technology. The platform technology may include an automated platfora technology.
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BRIEF DESCRIPTION OF THE FIGURES

{8628}  The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the invention, as illustrated in the
accompanying drawings. The drawings are not necessarily {o scale, erophasis instead being
placed upon dlustrating the principles of various embodiments of the invention.

[0029]  Fig. 1A is a graph of a calibration curve generated using an Amadori-modified
GCD59 surrogate and an anti-Amadori-modified GCDS59 antibody (D2).

10033}  Iig. 1B s a graph showing the correlation between the percent urine sample
dilution and synthetic peptide units (SPU) detected using antibody D2,

{0031]  Fig. 7 is an umage from Western blot analysis showing detection of Amadori-

moditied hGCDSY with antibody D2.

DETAILED DESCRIPTION

{6632}  In some cmboduments, the present disclosure provides compounds, compositions,
reagents, methods, kits, and devices for various therapeutic, diagnostic, monitoring, and/or
research applications. Part of the present disclosure relates to kits, ¢ g, diagnostic kits, for
detecting post-translational modifications to D39, Inchided herein are amine acid and
nucleic acid sequences encoding antibodies that bind to modified or wnimodified CD39. These
antibodies may be used in kits used to detect post-translationally modified CD59 for a variety
of therapeutic applications. These and cther anttbody applications are described mn further

detail herein.
1 Compounds and compositions
Proteins

[8033]  Compounds of the present disclosure may include proteins. Proteins may existas a
whole polypeptide, a plurality of polypeptides or fragments of polypeptides, which
mdependently may be encoded by one or more nucleic acids, a plurality of nucleic acids,
fragments of nucleic acids or variants of any of the aforementioned. As used herein,
“polypeptide” means a polymer of aming acid residaes {natural or unnatural) Imked together
most ofien by peptide bonds. The term, as used herein, refers to proteins, polypeptides, and
peptides of any size, structure, or function. In some mstances, the polypeptide encoded is
smaller than about 50 amino acids and the polypeptide is then termed a peptide. Hthe
polypeptide 15 g peptide, i will be at least about 2, 3, 4, or at least 5 aming acid residues long.

Thus, polypeptides include genc products, naturallv occurring polvpeptides, svathetic
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polvpeptides, homologs, orthologs, paralogs, fragments and other equivalents, vanants, and
amalogs of the foregoing. A polvpeptide mayv be a single molecule or may be a multi-
maolecular complex such as a dimer, trimer or tetramer. They may also comprise single chain
or multichain polypeptides and may be associated or linked. The term polypeptide may also
apply to amino acid polvmers in which one or more amino acid residoes are an artificial
chemical analogue of a corresponding vatarally occurring amino acid.

{0034]  The term “polypeptide variant” refers to molecules which differ in their amino acid
sequence from a native or reference sequence. The amine acid seguence vanants may possess
substitutions, deletions, and/or insertions at certain positions within the amino acid sequence,
as compared to a native or reference sequence. Ordinardy, variants will possess at least about
509 identity thomology) to a native or reference sequence, and preferably, they will be at
least about 80%, more preferably at least about 909 identical (homologous) to a native or
reference sequence.

16635}  In some emboduments “variant mimics” are provided. As used herein, the term
“variant mimic” is one which contains one or more amino acids which would mimic an
activated sequence. For example, glutamate may serve as a mimie for phosphoro-threonine
and/or phosphoro-serine. Alternatively, variant mimics may result in deactivation or in an
mactivated product containing the miumie, ¢.g., phenvlalanine may act as an inactivating
substitution for tyrosing; or alanine may act as an inactivating substitution for serine, The
amino acid sequences of polypeptides of the present disclosure may comprise naturally
occurring amino acids and as such may be considered to be proteins, peptides, polypeptides,
or fragments thereof.

Alternatively, polypeptides of the present disclosure may mchude both naturally and non-
naturally occurring amino acids.

{8636}  The term "amino acid sequence varant” refers to molecules with some differences
mn their amino acid sequences as compared (o a native or starting sequence. The amino acid
sequenae variants may possess substitutions, deletions, and/or insertions at certain positions
within the amino acid sequence. “Native” or “starting” sequence should not be confused with
awild type sequence. As used herein, a native or starting sequence is a relative term refernng
to an original molecule against which a comparison may be made. “Native” or “starting”
sequences or molecules may represent the wild-type (that sequence found i nature) but do
not have to be the wild-type sequence.

{8837} Ordmanly, vanants will possess at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at lcast 96%, at least 979, at least 98%, at least 99%, at least

9
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99.5% at least 99.8%, or at least 99.9% sequence wdentity as compared to a native sequence.
"Sequence identity” as it applies to aming acid sequences s defined as the percentage of
residucs in the candidate amino acid sequence that are identical with the residucs m the
amino acid sequence of a second sequence after aligning the sequences and taking gaps and
fragments into consideration, if necessary, to achieve the maximum percent sequence
wdentity. Calculation of the percent identity of two polymeric sequences, for example, can be
performed by aligning the two sequences for optimal comparison purposes {e.g., gaps can be
mtroduced in one or both of a first and a second polymeric sequence for optimal alignment
and non-identical sequences can be disregarded for comparison purposes}. In certain
cmbodiments, the length of a sequence aligned for comparison purposes is at least 30%, at
cast 40%, at least 50%, at lcast 60%, at least 70%, at least 809, at least 909, at least 93%, or
100% of the length of the reference sequence. The nucleotides at corresponding nucleotide
positions are then compared. When a position in the first sequence s occupied by the same
nucleotide as the corresponding position in the second sequence, then the molecules are
identical at that position. The percent identity between the two sequences is a function of the
number of identical positions shared by the sequences, taking mto account the number of
gaps, and the length of each gap, which needs to be mtroduced for optimal alignment of the
two sequences. The compartson of sequences and determination of percent wdentity between
two sequences can be accomplished using a mathematical algonithm. For example, the
percent identity between two nucleotide sequences can be determined using methods such as
those described in Computational Molecular Biology, Lesk, A. M., ed., Oxford University
Press, New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, B W ed.,
Academic Press, New York, 1993; Sequence Analysis in Molecular Biology, von Heinge, G,
Academic Press, 1987, Computer Analysis of Sequence Pata, Part 1, Griffin, A. M, and
Grithin, H. G, eds., Humana Press, New Jersey, 1994; and Sequence Analysis Primer,
Gribskov, M. and Devercux, ., eds., M Stockton Press, New York, 1991 each of which i
mcorporated herein by reference. For example, the percent identity between two nucleotide
sequences can be determined using the algorithio of Mevers and Miller (CABIOS, 1989,
4:11-173, which has been incorporated nto the ALIGN program (version 2.0) using a
PAMI20 weight residue table, a gap length penalty of 12 and a gap penalty of 4. The percent
identity between two nucleotide sequences can, aliernatively. be determined using the GAP
progran in the GCG software package using an NWSgapdna CMP matrix. Methods
commonly employed to determing percent identity between sequences include, but are not
hmited to those disclosed in Carnillo, H | and Lipman, D, SIAM J Applied Math | 48:1073

16
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{1988); incorporated herein by reference. Techniques for determining identity are codified in
publicly available computer programs, Exemplary computer software to deternnine
homology between two sequences include, but are not limited to, GCG program package,
Devereux, 1., et al. | Nucleic Acids Research, 12{1}, 387 (1984}), BLASTP, BLASTN, and
FASTA Altschul, 8. F. el J Molec. Biol., 215, 403 (19903}

{3638} By "homologs"” as it applies to amino acid sequences is meant the corresponding
sequence of other species having substantial identity to a sccond sequence of a second
species. "Analogs” is meant to include polypeptide variants which differ by one or more
aming acid alterations, e g, substitutions, additions or deletions of amino acid residues that
still maintain the properties of the parent polvpeptide. “Homaology” refers to the overall
relatedness between polymeric molecules, ¢.g., between polvpeptide molecules, nucleic acid
molecules, and ohigosaccharides. Determination of homology may take into account the
sequenge tdentity, sequence similarity, three dimensional conformation, and/or function of
the polymeric molecules being compared.

{8639}  The present invention contemplates several tvpes of polypeptides which are amimo
acid based including variants and derivatives. These include substitutional, insertional,
deletion and covalent varants and derivatives. As such, included within the scope of thig
mvention arc polypeptides containing substitutions, insertions and/or additions, delctions and
covalently modifications. For example, sequence tags or amino acids, such as ong or more
bysings, can be added to the peptide sequences of the invention {¢.g., at the N-terminal or -
terminal ends). Sequence tags can be used for peptide purification or localization. Lvsines
can be used to increase peptide solubility or to allow for biotinvlation. Alternatively, amino
acid residoes located at the carboxy and amino terminal regions of the aniinoe acid sequence
of a peptrde or protein may opticnally be deleted providing for truncated sequences. Certain
aming acids {¢.g., C-toominal or N-terminal residues) may alternatively be deleted depending
on the use of the sequence, as for example, expression of the sequence as part of a larger
sequense which is soluble, or linked to a solid support.

10640}  "Substitutional varants” when referming to proteins are those that have at feast one
amino acid residue 1n a native or starting sequence removed and a different amino acid
mserted 1 its place at the same position. The substitutions may be single, where only one
ammo acid in the molecule has been substituted, or they may be multiple, where two or more
amine acids have been substituted 1n the same molecule.

{3341}  As used herein the term "conservative anuno acid substitution” refers to the
substitution of an amino acid that is normally present in the sequence with a different amino
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acid of similar size, charge, or polarity. Examples of conservative substitutions include the
substitution of a non-polar (hydrophobic) residue such as isoleucing, valime and leucine for
another non-polar residuc. Likewise, examples of conservative substitutions include the
substitution of one polar (hvdrophilic residue for another such as between arginine and
lysine, between glutamine and asparagine, and between glyeine and serine. Additionally, the
substitution of a basic residue such as ysine, argining or histidine for another, or the
substitution of one acidic residue such as aspartic acid or glutamic acid for another acidic
residuc are additional examples of conservative substitutions. Examples of non-conservative
substitutions include the substitution of a non-polar (hydrophobic) amine acid residug such ag
isoleucine, valing, leucine, alanine, methionine for a polar (hydrophilic) residue such as
cysieine, ghitamine, glutamic acid or lysine and/or a polar residue for a non-polar residue.
[6642]  "Hnsertional vanants” when refernng to proteins are those with one or more aming
acids inserted immediately adjacent to an amino acid at a particular position in a native or
starting sequence. "fmmediately adjacent” to an aming acid means connected to cither the
alpha-carboxy or alpha-amino functional group of the amino acid.

{8043f "Deletional variants” when referring to proteins, are those with one or more amino
acids in the native or starting amino acid sequence removed. Ordinarily, deletional vanants
will have one or more amino acids deleted in a particular region of the molecule.

[0844]  As used herein, the term "derivative™ is used synonvmously with the term "vanant”
and refers to a molecule that has been modified or changed i any way relative to a reference
molecule or starting molecule. In some embodiments, derivatives include native or starting
proteins that have been modified with an organic proteinaceous or non-proteinaceous
derivatizing agent, and post-translational modifications. Covalent modifications are
traditionally introdaced by reacting targeted aming actd residues of the protein with an
organic derivatizing agent that is capable of reacting with sclected side-chains or terminal
residues, or by hamessing mechanisms of post-transiational modifications that function m
selected recombinant host cells. The resultant covalent derivatives are useful in programs
dirccted at identifving residucs important for biclogical activity, for immunoassays, or for the
preparation of anti-protein antibodies for immunoaftinity purification of the recombinant
protein. Such modifications are within the ordinary skill in the art and are performed without
podue experimentation.

[0045]  Certaim post-translational modifications are the result of the action of recombinant
host celis on the expressed polvpeptide. Glutaminyi and asparaginyi residues are trequently
post-transiationally deamidated to the corresponding glutamyl and aspartyl residues.
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Alternatively, these residues are deamidated under muldly acidic conditions. Either form of
these residues may be present 1n the proteins used in accordance with the present invention.
[0046]  Other post-translational modifications include hyvdroxylation of proline and lysine,
phosphorylation of hvdroxyl groups of servl or threony! residues, methyiation of the alpha-
amino groups of lysine, arginine, and histidine side chaings (T, E. Creighton, Proteins:
Structure and Molecular Properties, W .H. Freeman & Co., San Francisco, pp. 79-86 {1983},
10647}  Covalent dervatives specifically include fusion molecules in which proteins of the
mvention are covalently bonded to a non-proteinaceous polymer. The non-proteinaceous
polymer ordmarily ts a hydrophilic synthetic polymer, 1.e. a polvmer not otherwise found
nature. However, polymers which exist in nature and are produced bv recombinant or in vitro
methods are useful, as are polyvmers which are 1solated from nature. Hydrophilic polyvinyl
polymers fall within the scope of this tnvention, e.g. polyvinylaleohol and
potyvinylpyrrolidone. Particularly usefid are polyvinylalkyiene ethers such a polyethylens
glveol, polvpropylene ghveol. The proteins may be linked to various non-proteinaceous
polymers, such as polyethyvlene glycol, polypropvlene glveol or polvoxyalkvienes, in the
manuer set forth in U.S. Pat. No. 4,640,835 4, 496,689; 4 301,144, 4670417, 4,791,192 or
4,179,337,

[0048]  "Features" when referring to proteins are defined as distinet amino acid sequence-
based components of a molecule. Features of the proteins of the present invention include
surface manifestations, local conformational shape, folds, loops, half-loops, domains, half-
domains, sites, termini or any combination thercof.

[0045]  As used herein when referring to proteins the term "surface manifestation” refers to
a polvpeptide based commponent of a protein appearing on an outermost surface.

10658]  As used herein when referring to proteins the term "local conformational shape”
means a polypeptide hased structural manifestation of a protein which is located within a
definable space of the protemn.

{0051}  As used herein when referring to proteins the term "fold” means the resultant
conformation of an amino acid seguence upon energy miminization. A fold may occur at the
secondary or tertiary level of the folding process. Examples of secondary level folds include
beta sheets and alpha helices. Examples of tertiary folds include domains and regions formed
dug to aggregation or separation of encrgetic forces. Regions formed n this way include

bydrophobic and bydrophilic pockets, and the like.
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{8652}  Asused heremn the term "turn” as if relates to protein conformation means a bend
which alters the direction of the backbone of a peptide or polvpeptide and may involve ong,
two, three or more amino acid residues.

[B833]  As used herein when referring to proteins the term "loop” refers to a structural
feature of a peptide or polypeptide which reverses the direction of the backbone of a peptide
or polypeptide and comprises four or more amino acid residues. Oliva et al. have identified at
least 5 classes of protein loops (J. Mol Biol 266 (4): 814-830; 1997).

{8654}  Asused heren when referring to proteins the term "half-loop” refers 1o a portion of
an identified loop having at least half the number of amino acid resides as the loop from
which it 1s denived. it is understood that loops may not always contain an even number of
ammno acid residues. Therefore, in those cases where a loop contains or 18 identified to
comprise an odd mumber of amine acids, a half-loop of the odd-numbered loop will comprise
the whole number portion or next whole number portion of the loop {number of amino acids
of the foop/2+0.5 amino acids). For example, a loop identified as a 7 ammno acid loop could
produce half-loops of 3 amino acids or 4 amino acids (7/2=3 5403 being 3 or 4},

{8055f  As used herein when referring to proteins the term "domain” refers to amotif of a
polypeptide having one or more identifiable structural or functional characteristics or
propertics {(¢.g., binding capacity, serving as a stie for protein-protein interactions.

[0836]  As used heremn when referring to proteins the term "half-domain” means portion of
an identified domain having at least half the number of amino acid resides as the domain
from which it is derived. It is understood that domains may not always contain an even
number of ammo acid residucs. Therefore, in those cases where a domain contains or is
wentified to comprise an odd number of amino acids, a half-domain of the odd-numbered
domain will comprise the whole number portion or next whole number portion of the domain
{number of amino acids of the domain/2+0.5 amino acids). For example, a domain identified
as a 7 amino acid domain could produce halt~domains of 3 amino acids or 4 amino acids
{7/2=3.5£0.5 being 3 or 4). It 15 also undersiond that sub-domains may be identified within
domains or half-domains, these subdomains possessing less than all of the structural or
functional properties identified in the domains or half domams from which they were denved.
It 18 also understood that the amino actds that comprise any of the domain types herein need
not be contiguous along the backbone of the polypeptide {i ¢, nonadjacent amino acids may
fold structurally to produce a domain, half-domain or subdomain}.

{88537} As used herein when referring to proteins the terms "site” as 1t pertams to anuno
acid based embodiments 1s used synonymous with "amino acid restdue” and "amino acid side
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chain". A sife represents a position within a peptide or polypeptide that may be modified,
manipulated, altered, derivatized or varied within the polypeptide based molecules of the
present invention.

[B858]  As used herein the terms "termini or terminus” when referring to proteins refers 1o
an extremity of a peptide or polypeptide. Such extrenuty is not limited only to the first or
final site of the peptide or polypeptide but may include additional amino acids in the terminal
regions. The polypeptide based molecules of the present mvention may be characterized as
having both an N-terminus {terminated by an anino acid with a free amino group (NHz)) and
a C-termimus (terminated by an amino acid with a fiee carboxyl group (CGuH)). Proteins of
the invention are in some cases made up of multiple polypeptide chains brought together by
disulfide bonds or by non-covalent forces {multimers, oligomers). These sorts of proteins will
have multiple N- and C-termini. Alternatively, the termini of the polypeptides may be
modified such that they begin or end, as the case may be, with a non-polypeptide based
moigty such as an organic conjugate.

{8659  Once any of the features have been identified or defined as a component of a
molecule of the mvention, any of several manipulations and/or modifications of these
features mav be performed by moving, swapping, mverting, deleting, randomizing or
duplicating. Furthermore, 1 is understood that manipulation of features may result in the
same outcome as a modification to the molecules of the invention. For example, a
manipulation which invelved deleting a domain would result in the alteration of the length of
a molecule just as modification of a nucleic acid 1o encode less than a full length molecule
would.

80661  Modifications and manipulations can be accomplished by methods known in the
art such ags site-directed mutagenesis. The resulting modified molecules may then be tested
for sequence, structure, and/or activity using i vitro or in vivo assays such as those described

herein or any other suitable screening assay known m the art.
Isotopic variants

[8061f Compounds of the present disclosure may contain one or more atoms that are
isotopes. As used herein, the term “isotope™ refers to a chemical element that has one or more
additional ncutron. In one embodiment, compounds of the present invention may be
deuterated. As used herein, the term “deuterated” refers to a substance that has had one or
more hvdrogen atoms replaced by deuterium i1sotopes. Deutertum tsotopes are isotopes of

hvdrogen. The nucleus of hydrogen contains one proton while deuteriom nuclei contam both

15



WO 2018/195008 PCT/US2018/027856

a proton and a neutron. Compounds may be deuterated in order to change a physical property
of the compound, such as stability, or to allow the compounds to be used in diagnostic and

cxperimental applications.
Antibodies

10662}  In some emboduments, the present disclosure provides antibodies that bind to target
proteins. As used herein, a “target protein” refers to any protein of mterest including proteins
that are being analvzed as part of an assay, diagnostic method, or any other method described
herein that involves protein detection and/or analysis. Target proteins mayv also include
synthetic constructs having one or more amino acid-based segments. Synthetic constructs
may include one or more non-amino acid based elements such as linkers, chemical moicties,
or chemical groups. In some cases, target proteins inchude moieties or tags, mclading, but not
limited to detectable labels.

[8663]  In some embodiments, target protens include CD59, fragments of CDB39, varants
of CD39, post-translationally modified versions of CDS9, and/or synthetic constructs that
mchide CD59, CD59 fragments, CD59 variants, post-transiationally modified CD39, post-
translationallv modified 1359 fragments, and/or post-transiationally modified variants of
CD39. Mature human CD359 (hCD39; lacking the signal sequence) has the amino acid
sequenge of

LOCYNCPNPTYADCKTAVNCSYSDFDACLITK Y AGLOQVYNKCWHKFERCNEND VY
TTRLEENELTYYYCCKKDLON'FNEQLEN (SEQ ID NG: 1). Residue numbers of
hCD39 referred to herein refer to residuc numbers present in this sequence. hCD59 fragments
and variants may inclade any of those described i i European Patent Number EP2348050,
International Publication Number WO2015084994, and US Patent Numbers USS068006,
US9417248, the contents of each of which are herein incorporated by reference n their
entireties.

{0664}  In some cmbodiments, antibodies of the present disclosure bind to non-glycated
epttopes of CDSY. Some capture antibodies bind to epitopes of hCDS9 that do not include
bysine 41 (referred to herein as “K417) of hCDSS (SEQ ID NG: 1), Some antibodies of the
present disclosure bind to glveated epitopes of glyvcated €39 (GCB59). Such glycated
cpitopes may include K4 1-glycated human GCD39. Some glhycated epitopes include
Amadori~-modified K41,

{08865  Glycated epitopes of hCUD39 may include any of those described in in Ewropean

Patent Number EP2348050, International Publication Number WQ2015084994, and US
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Patent Numbers USB068006, 1JS9417248, the contents of cach of which are herein
meorporated by reference i their entireties.

[8066]  In some embodiments, antibodies binding to glveated epitopes that include
Amadorni~-modified K41 of GCD39 (also referred to herein as “anti-Amadori-modified
GCD59 antibodies” or “anti-Amadori antibodics™) may bind with an equilibnom dissociation
constant (Kp) of from about 1.0 pM to about 5.0 x 10% pM. In some cases, the Ko is from
about 1.5 pM to about {50 pM.

{86677  Anubodies of the present disclosure may include capture antibodies. Capture
antibodies refer to antibodies that bmd to target proteins for the porposes of isolation,
immobilization, and/or further analysis of such target proteins. Capture antibodies may bind
CD59 or fragments and/or variants thercof. Some capture antibodies bind to CD59 regardicss
of the presence of one or more post-translational modification.

[0068]  Some capture antibodics bind to target epitopes of target proteins.

{0669}  Asused herein, a “target epiiope” refers to a spectfic sequence, feature, or moiety
that an antibody or other molecule has a specific affinity for. Target epitopes present on
CD59, CD39 fragments, or CD59 varants, may melude, but are not limited to specific amino
acids, amino acid sequences, and/or three-dimensional features, in some cases including
glycated, non-glycated, glvcosviated. and non-glycosylated featurcs thereof. Target epitopes
of hCD3S9 may include any of the aforementioned CDS9 epitopes or any of the hCDAS
(human CB359) epitopes described in in European Patent Number EP2348050, International
Publication Number WO2015084994, and US Patent Numbers USH068006, US9417248, the
contents of each of which are heren incorporated by reference in their entireties. Such
epitopes may be captured or detected in a vanety of wavs mcluding the use of antibodies or
other biomolecules such as lecting, aptamers, other proteins or mucleic acids. For example,
CD39, ¢.g., hCD59 epitopes such as N-glycosylated epitopes may be detected using any
detection agent which is specific enough o bind to and/or separate CD39 from other proteins
or milicu in which the CD359 protein is found. Detection agents may be antibodies which bind
to or recognize CD39 irrespective of 1ts glycosyiation state, ¢.g., glveated or non-glycated.
{8678}  Detection antibodies, as used herein, are antibodies that bind target proteins for the
purposes of determining the presence, absence, and/or level of such target proteins or for the
characterization of a target protein. In some cases, detection antibodies mav be used to
determine the presence or absence of a target epitope on a target protein. Such target epitopes
may include post-translationally modified epitopes present on target proteins. In some
embodiments, detection antibodies may target CD59. Such detection antibodies may
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recognize an epitope of CD59 that may vary among CDS9 species {e.g., different post-
translationally modified D39 species). I some embodiments, detection antibodies
recognize post-translationally modified epitopes present on CD39. In one example, detection
antibodies recognize glyeated CHS9 (GCD59). Glveated hCD59 may include K41 glycated
hCD39. In some cases, detection antibodies may recogrize K41 glveated CDS9 that bears a
sugar residue in Amadori form. Examples of K41 Amadori-modified hCD59 are described,
for example, i US Patent Number 9,068,006 and International Publication Number
WO20135/084994, the contents of cach of which are herein incorporated by reference m their
entirety. Some detection antibodies bind only GCD39, but not non-glycated forms.
Antibodies described herein as “capture” or “detection” anttbodies are not to be hmited to
capture and detection functions, respectively. In some cases, such antibodies may be useful
for other purposes {e.g., therapeutic or manufacturing), including, but not limited to any of
the purposes descnbed herein,

{6671}  In some embodiments, antibodies of the present disclosure bind to target proteins
presented m a solution-based format. As used herein, a “solution-based format” refersto a
protein conformation that is present in a sohution. Such solutions may inclade, but are not
himited to saling, buffer {e.g., phosphate buffered saline}. serum, plasma, blood, lymph,
sweat, urine, and saliva. In somc cases, antibodies may be capable of binding target proteins
in diluted serum or plasma. In some cases, serum may be diluted by from about 1:1 to about
1:100,000.

{6672}  Asused herein, the term "antibody" is referred 1o n the broadest sense and
specifically covers various embodiments ncluding, but not iimited to monoclonal antibodies,
polvclonal antibodies, multispecific antibodies (¢.g. bispecific antibodies formed from at least
two mtact antibodies), and antibody fragments {¢.g., diabodies) so long as they exhibit a
desired biological activity {e.z., “functional™). Antibodies are primarily amino-acid based
molecules but may also comprise one or more modifications (imcluding, but not limited to the
addition of sugar moicties, fluorescent moigties, chemical tags, ctc.).

16673}  Asused herein, “antibodv-based” or “antibody-~derived” compositions are
monomeric or multi-meric polypeptides which comprise at least one anuno-acid region
derived from a known or parental antibody sequence and at least one amino acid region
derived from a non-antibody sequence, e.g., mammalian protein.

[0074]  Antibodies of the present disclosure may be therapeutic, diagnostic, industrial, or

used for research purposes. Further, antibodies of the disclosure may include fragments of
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such antibodies or antibodies that have been developed to include one or more of such
fragments (e.g., vanable domains or complementarity determining regions (CDRs}).
{0075]  In some embodiments, antibodics of the present disclosure may be used capture

Ch39 and/or GCD3Y in samples {¢.g., clinical samples).
Antibody generation

{8676}  Anubodies of the present disclosure may be produced using methods known in the
art. Sach methods may include, but are not limited to mmmunization and display technologics
{c.g., phage display. veast display, and nbosomal displayv). Antibodics may be developed, for
example, using naturally occurring or synthetic antigens. As used herein, an “antigen” is an
entity which induces or evokes an imimoene response in an organism. An Inunune response is
characterized by the reaction of the cells, tissues and/or organs of an organism to the presence
of a foreign entity. Such an immune response typically leads to the production by the
organism of one or more antibodics against the foreign entity, ¢.g., antigen or a portion of the
antigen. As used herein, “antigens” also refer to binding partners for specific antibodies or
binding agents i a display library,

{8677}  Antibodics of the present disclosure may be derived from antibodies produced
using hyvbridoma technology. Host animals (e.g. mice, rabbits, goats, and Hamas) may be
wnmunized by an injection with an antigemic protein to elicit lymphocytes that specifically
bind to the antigen. Lymphocytes may be collected and fused with immortalized cell hines to
generate hybridomas which can be cultured 1n a suitable culture medium to promote growth,
The antibodies produced by the coltured hyvbridomas may be subjected to analysis to
determine binding specificity of the antibodics for the target antigen. Once antibodies with
desirable characteristics are identified, corresponding hvbridomas may be subcloned through
Iimiting ditution procedures and grown by standard methods. The antibodies produced by
these cells may be isolated and purified vsing standard tamunoglobulin purification
procedures.

{8678}  Recombinant antibodies, as used herein, are antibodies produced by expression of
recombinant DNA. Recombinant antibodics of the present disclosure may be generated asing
standard techniques known in the art. Recombinant antibodies may be produced using
variable domains obtained from hybridoma celi-derived antibodies produced according to
methods described herein. Heavy and light cham vanable region ¢DNA sequences of
antibodies may be determined using standard biochemical technigues. Total RNA may be

extracted from antibody-producing hybndoma cells and converted to ¢BNA by reverse
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transcriptase (RT) polymerase chan reaction (PCR). PCR amplification may be carried out
on resulting ¢DNA to amplify variable region genes. Such amplification may compnise the
use of primers specific for amplification of heavy and light chain sequences. fn other
embodiments, recombinant antibodies may be produced using variable domains obtained
frons other sources. This includes the use of variable domais selected from one or more
antibody fragment hbrary, such as an scFv library used in antigen panning. Resulting PCR
products may then be subcloned into plasmids and may be subjected to sequence analysis for
verification and/or optimization. Antibody coding sequences may be placed mto expression
vectors. For humanization, coding sequences for huntan heavy and light chain constant
domains and/or variable domain framework regions mayv be used to substitute for
homologous or otherwise corresponding murine sequences. The resulting constructs may then
be transfected into cells {¢.g., manmmalian celis) for large scale translation. In some
embodiments, recombinant antibodies and/or vectors encoding recombinant antibodies may
be produced using one or more of any of the seguences presented herein,

{86797  Anubodies of the present disclosure may be generated using display technologies.
Display technologies used to generate polypeptides of the invention may inclade any of the
display techmiques {¢.g., display bibrary screenmg techniques) disclosed in US Publication
No. US2015/0284455, the contents of which are herein incorporated by reference in thewr
entirety. In some embodiments, synthetic antibodies may be designed, selected or optimized
by screening target antigens using display technologies {¢.g. phage display technologics).
Display libraries may comprise millions to billions of display particles {¢.g., phage or cellular
display particles), each expressing unigue antibody fragments on their swrfaces {e.g., as part
of viral coat proteins or cell sarface molecules or proteins). Sach libraries may provide richly
diverse resources that may be used to select potentially hundreds of antibody fragments with
diverse levels of affinity for one or more antigens of interest (McCafferty, et al., 1990,
Nature. 348:552-4; Edwards, B.M. et al., 2003, JMB. 334: 103-18; Schofield, D. et al., 2007.
Genome Biol. 8, R254 and Pershad, K. et al,, 2010. Protein Engincering Design and
Selection. 23:279-88; the contents of cach of which are herein incorporated by reference in
their entirety). Antibody fragments present in such libranes mav be scFv antibody tragments,
comprising a fasion protein of VH and VL antibody domains joined by a flexible hinker. In
some cases, scFvs may contain the same sequence with the exception of unigue sequences
encoding variable loops of the CDRs. In some cases, scFvs are expressed as fusion proteins,
hinked to surface molecules (e.g. the N-terminus of the viral plilf coat protein when using
phage display particles}. VL chains may be expressed separately for assembly with VH
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chains in the periplasm or mtracellularly prior to complex mcorporation into surface
molecules. Precipitated library members may be sequenced from the bound display particles
to obtain ¢cDNA encoding desired scFvs. Antibody vanable domains or CDRs from such
sequences may be directly imcorporated into antibody sequences for recombinant antibody
production, or mutated and utilized for further optimization through affinity maturation.
[0080]  In some embodiments, antibodies may be produced using veast surface display
cchnology, wherein antibody variable domain sequenees may he expressed on the cell
surface of Saccharomyces cerevisioe. Recombinant antibodies may be developed by
displaying the antibody fragment of interest as a fusion to ¢.g. AgaZyp protein on the surface
of the veast, where the protein mieracts with proteins and small molecules in a solution.

scFvs with affinity for desired antigens may be 1solated from the veast surface using magnetic
separation and flow cytometry. Several cycles of yeast surface display and isolation may be
donge to attain scFvs with desired properties through directed evolution. Yeast display may,
for example, be carmed out according to anv of the methods taught in Chao, G. et al,, Nat
Protoe. 2006, 1(2):755-68, the contents of which arc herem incorporated by reference 1n their
entirety.

gz symthesis

{0081}  In some embodiments, antibodies of the present disclosure are Ig(s antibodies. IgG
antibodics (e.g. IgG1, 12G2, 1gG3 or IgG4) may mclude one or more vanable domain and/or
CDR amino acid sequences presented herein {or fragment or variants thereof). Such IgG
antibodies may be synthesized for further testing and/or product development. Some IgG
antibodics may be produced by insertion of one or more segments of ¢DNA encoding desired
amine acid sequences into expression vectors sutted for 1gQ production. Expression vectors
may comprise mammalian expression vectors suttable for g expression in mammalian
cells. Mammalian expression of 1gGs may be carried out to ensure that antibodies produced
comprise modifications {e.g. glycosylation) characteristic of mammalian proteins and/or to
ensure that antibody preparations lack endotoxin and/or other contaminants that may be

present i protein preparations from bacterial expression systems.
Antibody fragments and varianis

[8882]  Antibodies of the present disclosure may mnclude antibody fragments (e.g., antigen
binding regiong) from intact antibodies. Examples of antibody fragments may include, but are

not fimtted to Fab, Fab', F(ab', and Fv fragments; diabodies; lincar antibodics; and single-
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chain antibody molecules. In some embodiments, antibodies of the present disclosure mclude
multispecific antibodies formed from antibody fragments. Papain digestion of antibodies
producces two identical antigen-binding fragments, called "Fab" fragments, cach with a single
antigen-binding site. Also produced is a residnal "Fe" fragment, whose name reflects its
ability to crystallize readily. Pepsin treatment yields an F{ab'): fragment that has two antigen-
binding sites and 1s still capable of cross-linking antigen. Antibodies of the present disclosure
may comprisc one or more of these fragments. For the purposes herein, an "antibody” may be
made up of a heavy and hght chain variable domain as well as an Fc region.

{86837 In one embodiment, the Feo region may be a modified Fe region, as described 1n US
Patent Pablication US20150065690, wherein the Fe region may have a single amine acid
substitution as compared 1o the corresponding sequence for the wild-type Fe region, wherein
the single amimo acid substitution vields an Fe region with preferred propertics to those of the
wild-type Fe region. Non-limiting examples of Fc properties that may be altered by the single
amino acid substitution include binding properties and response to pH conditions (¢.g.,
altered stability and/or target affinity).

[8684]  Asused heren, the term "native antibody" refers to an usually heterotetrameric
glveoprotein of about 150,000 Daltons, composed of two identical light (L) chains and two
identical heavy (H) chains. Genes encoding native antibody heavy and light chains are known
and segments making up each have been well characterized and deseribed (Matsuda, F. et al,
1998, The Journal of Experimental Medicine. 188{11); 2151-62 and Li, A etal, 2004,
Blood. 103(12: 4602-9, the content of cach of which are herein incorporated by reference in
their entirety). Each light chain 1s linked to a heavy chain by one covalent disulfide bond,
while the number of disulfide hinkages varies among the heavy chains of different
mmmunoglobulin isotypes. Each heavy and light chain typically have regularly spaced
mtrachain disulfide bridges. Each heavy chain has at onc end a heavy chain variable domain
{Vu) followed by a number of constant domains. Each light chain has a light chain varnable
domam at one end (Vi) and a constant domain at its other end; the constant domain of the
fight chain is aligned with the first constant domain of the heavy chain, and the light chain
variable domain is aligned with the variable domain of the heavy cham.

{8685}  Asused heren, the term "variable domain® refers to specific antibody domains
found on both the antibody heavy and light chains that may differ extensively i sequence
among antibodies and arc used in the binding and specificity of cach particular antibody for
its particular antigen. Variable domains typically include hypervariable regions. As used
herein, the termt "hypervanable region” refers to a region withny a variable domain having
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amine acid residues responsible for antigen binding. The amino acids present within the
hypervariable regions determine the structure of the complementanty determining regions
(CDRs} that become part of the antigen-binding site of the antibody. As used herein, the term
“CDR” refers to a region of an antibody having a structare that is complementary to its target
antigen or epitope. Gther portions of the variable domain, not interacting with the antigen, are
referred o as framework (FW) regions. The antigen-binding site (also known as the antigen
combining site or paratope) typically includes amino acid residucs necessary to mteract with
a particular antigen. The exact residues making up antigen-binding sites are typically
clucidated by co-crystallography with bound antigen, however computational assessments
can also be used based on comparisons with other antibodies (Strohl, W R. Therapeutic
Antibody Engineering. Woodhead Publishing, Philadelphia PA . 2012, Ch. 3, pd47-34, the
contents of which are herein incorporated by reference in their entirety). Detenmining
residues making up CBRs may mclude the use of numbering schemes mehuding, but not
limited to, those taught by Kabat [Wu, T.T. etal,, 1970, JEM, 132(2}:211-50 and Johnson, G.
et al., 2000, Nucleic Acids Res. 28{1): 214-3, the contents of cach of which are herein
meorporated by reference i their entirety ], Chothia [Chothia and Lesk, J. Mol. Biol. 196, 901
{1987), Chothua ¢t al., Natare 342, 877 {1989} and Al-Lazikani, B. et al., 1997, J. Mol. Biol.
273(4):927-48, the contents of cach of which are berein incorporated by reference in their
entirety], and Lefranc (Lefranc, MLP. ¢t al | 2005, Immuniome Res. 1:3) and Honegger
{Honegger, A and Pluckthun, A 2001, § Mol Biol. 309(3):657-70, the contents of each of
which are herein incorporated by reference m their entdirety).

{0086]  Vuand Vi domains typically have three CDRs cach. Vi CDRs are referred to
heremn as CDR-L1, CDR-L2 and COR-L3, in order of occurrence when moving from N- to
- terminus along the variable domain polypeptide. Va CDRs are referred to herein as CDR-
Hi, CDR-H2 and CDR-H3, in order of occurrence when moving from N- to C- terminus
ajong the variable domain polypeptide. Each of the CDRs typicallv have favored canonical
structures with the exception of the CBR-H3, which may include amino acid sequences that
may be highly variable m sequence and fength between antibodies resulting in a variety of
three-dimensional structures in antigen-binding domains (Nikoloudis, D. et al., 2014, Peer J.
2:0456; the contents of which are herein incorporated by reference in their entirety). In some
cases, CDR-H3s may be analyzed among a panel of related antibodics to assess antibody
diversity. Various methods of determining CDR sequences are known 1 the art and may be

applied to known antibody sequences (Strohl, W R, Therapeutic Antibody Enginecring.
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Woodhead Publishing, Philadeiphia PA. 2012, Ch. 3, p47-54, the contents of which are
herein incorporated by reference i their entirety).

{0087}  In some embodiments, antibodics of the present disclosure may be formatted as Fv
fragments. As used herem, the term “Fv7 refers to an antibody fragment comprising the
mintmum fragment on an antibody needed to form a complete antigen-binding site. These
regiong congist of a dimer of one heavy chain and one light chain variable domain in tight,
non-covalent association. Fv fragments can be gencrated by proteolvtic cleavage, but arc
largely unstable. Recombinant methods are known in the art for generating stable Fv
fragments, typically through insertion of a flexible linker between the light chain vanable
domain and the heavy chain variable domain {to form a single chain Fv (scFv)} or through the
miroduction of a disutfide bridge between heavy and light chain vanable domains (Strohl,
W.R. Therapeutic Antibody Engimecring. Woodhead Publishing, Philadelphia PA. 2012, Ch.
3, p46-47, the contents of which are herein incorporated by reference in their entirety).
{00688}  As used herein, the term "hight chain” refers to a component of an antibody trom
any vertebrate species assigned to one of two clearly distinet types, called kappa and lambda
based on amiino acid sequences of constant domains,

{0089}  In some embodiments, antibodics of the present disclosure may be formatted as
sckvs. As used herein, the term "single chain Fv" or "scFv" refers to a fusion protemn of Vu
and Vi antibody domains, wherein these domains are linked together into a single
polypeptide chain by a flexible peptide linker. In some embodiments, the Fv polypeptide
linker enables the scFv to form the desired structure for antigen binding. In some
embodiments, scFvs are utilized i conjunction with antibody display methods (¢.g.. phage
display, veast display or other display fornmat) where they may be expressed in association
with a surface member {¢.g. phage coat protein or cell surface molecule) and used in the
identification of high affinity peptides for a given antigen.

[B0906]  Antibodies of the present disclosure may be formatted as bispecific antibodies. As
used herein, the torm “hispecific antibody ™ refers to an antibody capable of binding two
different antigens. Such antibodics typically comprise regiouns from at least two different
antibodies. Bispecific antibodies may include any of those described in Riethmuller, G. 2012,
Cancer mmunity, 12:12-18, Marvin, 1.5 et al., 2005, Acta Pharmacologica Smica.
26(6):649-5% and Schaefer, W_etal, 2011, PNAS. 108(27):11187-92, the contents of cach of
which are herein mcorporated by reference in therr entirety.

[B091]  In some embodiments, antibodies of the present disclosure may be produced as
diabodics. As used herein, the torm "diabody” refers to a small antibody fragment with two
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antigen-binding sites. Diabodies comprise a heavy chain variable domain ¥ comnected to a
hight cham variable domain Vi in the same polypeptide chain. By using a linker that 13 too
short to allow pairing between the two domains on the same chain, the domains are forced to
pair with the complementary domains of another chain and create two antigen-binding sites.
Diabodies are described more fully in, for example, EP404097, WO 1993011161, and
Hollinger et al. (Hollinger, P. et al., “Diabodies™ Small bivalent and bispecific antibody
fragments. PNAS, 1993, 90:6444-8} the contents of each of which are incorporated herein by
reference 1n their entirety.

86927  Anuibodies of the present disclosure may be monoclonal antibodies. As used
herein, the torm "monoclonal antibody” refers to an antibody obtained trom a population of
substantially homogeneous cells (or clones), 1.¢., the mdividual antibodies comprising the
population are identical and/or bind the same epitope, except for possible variants that may
arise during production of the monoclonal antibodics, such variants generally being present in
minor amounts. In contrast to polyclonal antibody preparations that typically include different
antibodies directed against different determinants {(epitopes), each monoclonal antibody is
directed against a single determinant on the antigen

{80931  The modifier "monocional” indicates the character of the antibody as being
obtained from: a substantially homogencous population of antibodies, and 1s not to be
construed as requiring production of the antibody by any particular method. The monoclonal
antibodics herein include "chimeric” antibodies (immunoglobulins) in which a portion of the
heavy and/or light cham is identical with or homologous to corresponding sequences in
antibodies derived from a particular species or belonging to a particular antibody class or
subclass, while the remainder of the chain{s) is identical with or homologous to
corresponding sequences in antibodies derived from another specics or belonging to another
antibody class or subclass, as well as fragments of such antibodies.

[B094]  In some embodiments, antibodies of the present disclosure may be humanized
antibodies. As used herein, the term "humanized antibody” refers to a chimeric antibody
comprising a minimal portion from one or more non-human (¢.g., murine) antibody source{(s)
with the remamder denived from one or more human immunoglobuhin sources. For the most
part, humanized antibodies are human immunoglobuling (recipient antibody} i which
residues from the hypervariable region from an antibody of the recipient are replaced by
residues from the hvpervanable region from an antibody of a non-human specics {(donor
antibody) such as mouse, rat, rabbit or nonhuman primate having the desired specificity,
affinity, and/or capacity. Antibody hamanization may be carried out according to any of the
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methods taught m US Publication No. US201502844335, the contents of which are herein
mcorporated by reference i their entirety.

{6095  Antibodies of the present disclosure may include antibody mimetics. As used
herein, the term “antibody nmumetic” refers to any molecule which mimics the function or
effect of an antibody and which binds specifically and with high affinity to their molecular
targets. In some embodiments, antibody mimetics may be monobodies, designed to
meorporate the fibronectin type Y domain (Fn3) as a protein scaffold (US 6,673,901; US
6,348,584}, In some embodiments, antibody mimetics may be those known n the art
mcluding, but are not limitted to affibody molecules, affiling, affiting, anticalins, avimers,
Centyrins, DARPINS™ Fynomers and Kunitz and domain peptides. In other embodiments,
antibody mimetics may include one or more non-peptide regions.

[8096]  In some embodiments, antibodies of the present disclosure may include antibody
variants. As used herein, the term “antibody variant” refers to a modified antibody (in relation
o a native or starting antibody} or a biomolecule resembling a native or starting antibody in
structure and/or function {e.g., an antibody mumetic). Antibody variants may be altered in
thetr amino acid sequence, composition or structure as compared to a native antibody.
Antibody variants may include, but are not limited to, antibodies with altered isotypes {e.g.,
IgA, gD, lgE, 1gG), Ig(e, 19Gs, 1gGy, or IgM), bumanized varants, optimized variants,
multispecific antibody vanants (¢.g., bispecific variants), and antibody fragments.

[8097]  1n some embodiments, antibodies of the present disclosure may include
“unthodigs,” in which the hinge region has been removed from IgG4 molecules. While lgG4
molecules are unstable and can exchange light-heavy chaim heterodimers with one another,
deletion of the hinge region prevents heavy chain-heavy chain pairing entirely, leaving highly
specific monovalent light/heavy heterodimers, while retaining the Fe region to ensure
stability and half-lifc 10 vivo. This configuration may minimize the risk of immune activation
or oncogenic growth, as lgGG4 interacts poorly with FcRs and monovalent unibodies fail to
promote imtracchular signaling complex formation. Other antibodies may be “miniaturized”
antibodics, which are compacted 100 kDa antibodies (see, ¢.3., Nelson, A, L., Mdhs. 2010
Jan-Feb; 2(13.77-83).

18698}  The preparation of antibodies, whether monoclonal or polyclonal, may be carried
out using any methods known n the art. Technigues for the production of antibodies may be
carried out as described, ¢.g. m Harlow and Lane "Antibodies, A Laboratory Manual”, Cold
Spring Iarbor Laboratory Press, 1988; Harlow and Lane “Using Antibodies: A Laboratory
Manual” Cold Spring Harbor Laboratory Press, 1999 and “Therapeutic Antibody
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Engincering: Current and Future Advances Driving the Strongest Growth Area in the
Pharmaceutical Industry” Woodhead Publishing, 2012, the contents of each of which are

herein incorporated by reference in their entirety.
Multispecific antibodies

{6699}  In some embodiments, antibodies of the present disclosure mayv bind more than
ong epitope. As used herein, the terms “multibody”™ or “multispecitic antibody™ refer to an
antibody wherein two or more vartable regions bind to different epitopes. The epitopes may
be on the same or different targets. fo certain embodunents, a multi-specific antibody is a
"bispecific antibody,” which recognizes two different epitopes on the same or different

antigens.
Antibody-drug conjugaies

0108 In some embodimerss, anfibodies of the prosent disclosure may include antibodies
developed for antibody -dnig conpugate (ADC) therapoutic applications. AD{Cs are antibodics
m which one or more cargo {o.g., therapeutic agents) are attached {c.g. directly or via ludker),
ADCs are usetil for delivery of thorapeutic agents {e.g., drags) 1o one or more target cells or
tissues {Pancwski, 5. et al, 2014 mAbs 6.1, 34-43). In some cases, ADCs may be designed
o bind to a surface andigen on a targeted coli. Upon bimding. the entire antibody-antigen
comples may be infernalized and divected to a cellular lvsosome . AR s may then be

degraded, releasig the bound cargo.
Antibody sequences

{81} Inosome embodiments, antibodies of the present disclosure may be produsced using
one or more of the fransiated polypeptides histed 1 Table 1. Signal peptides are roarked in

baold. In mature antitbodies, the signal peptide may be removed prior 10 assembly of the full

antibody.
Table 1. Antibody chain translated polypeptides
Antibody Antibody Seguence SEQ
chain IBNG
D2 Light MEKLPVRLLVEMEWIPASNSDVLMTQIPLSLPVSL | 2
chain GDHASISCRESONIVYSDGNTYLEWYLOQKPGOSP

KLLIYKVINREFSGVPDRFSGSGSGTRFTLRISRVEA
EDLGVYYCLOGSHVPPTFGSGTKLEIKRADAAPT
VSIFPPSSEQLTSGGASVVCFLNNFYPRDINVKWKI
DGSEROQNGVLNSWTDODSKDSTYSMSSTLTLTKD
EYERHNSYTCEATHKTSTSPEVKSFNRNEC
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D2 Heavy MGWSCHLFLYVATATGVHSQVOLOOPGAELVRD | 3
chain GASVELSCKASGYTFTSYWINWVKOQRPGQGLEW

IGNIYPSDSYTNYNOQKFEDKATLTVDKSSSTAYM
QLSSPTSEDSAVYYCARERYERDAMDYWGQGTS
VIVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLY
KGYFPEPVTVTWNSGSLSSGVHTFPAVLOSDLYT
LESSVIVPSSTWPSETVTONVAHPASSTEVDKEIY
PRDCGCKPCICTVPEVSSVIFIFPPEPKDVLTITLTPK
YVICVVVDISKDDPEVOFSWEVDDVEVHTAQTOPR
EEQFNSTFRSVSELPIMHODWLNGKEFKCRVNSA
AFPAPIEKTISKTKGRPKAPQVYTIPPPKEQMAKD
KVSLTCMITDFFPERITVEWQWNGQOPAENYKNTO
PIMDTDGSYFVYSKENVORSNWEAGNTFTCSVLH
EGLHNHHTEKSLSHSPGK

D3 Light MEKLPVRLLVEMEFWIPASNSDVLMTOIPLSLPVSL | 2
chain GDHASISCRESONIVYSDGNTYLEWYLQRPGQSP

KLLIYRKVSNRFSGVPDRFSGSGSGTDFTLRISRVEA
EDLGVYYCLOQGSHVPPTFGSGTRLEIKRADAAPT
VSIFPPSSEQLTSGGASVVUFLNNIFYPEDINVEWKI
DGSEROQNGVLNSWTDODSKDSTYSMSSTLTLTKD
EYERHNSYTCEATHKTSTSPIVKSFNRNEC

D3 Heavy MGWSCHLFLYVATATGVHSQOVOLOOPGAELVRP | 3
chain GASVELSCKASGYTFTSYWINWVKQRPGQGLEW

IGNTYPSDSY TNYNOKFKDKATLTVDKSSSTAYM
OLSSPTSEDSAVYYCARERYERDAMDYWGQGTS
VTIVSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLY
KGYFPEPVTVTWNSGSLSSGVHTFPAVLOSDLYT
LSSSVTVPSSTWPSETVTONVAHPASS TR VDKEIV
PRDCGCKPCICTVPEVSSVIIFPPKPKDVLTITLTPK
VTICVVVDISKDDPEVQFSWFVDDVEVHTAQTOPR
EEQFNSTFRSVSELPIMHODWLNGKEFKCRVNSA
AFPAPTEK TISK TKGRPKAPQVYTIPPPKEQOMAKD
KVSLTCMITDFFPEDITVEWQWNGQOPAENYKNTO
PIMDTDGSYFVYSKLNVOKSNWEAGNTFTCSVLH
EGLHNHHTEKSLSHSPGK

o Light MELPVRLLVLMEWIPASSSDVVMTOSPLSLAVS | 4
chain LGDOQASISCRSSQSLVHSNGNTYLOWYLOKPGOS
PNLLIYK VSNRFSGVEDRESGSGSGTDFTLKISRVE
AEDLGVYFCSQSTHVPRTFGSGTELEIKRADAAPT
VSIFPPSSEQLTSGGASVVCFLNNEFYPKDINVEWKI
DGSERONGVLNSWTDODSKDSTYSMSSTLTLTKD
EYERHNSYTCEATHKTSTSPIVKSFNRNEC

19 Heavy MNFGLSLIFLALILKGVOCEVOLVESGGBLVKP | §
chain GGSLKLSCAASGEITSSYGMASWVROSPDKRMEW

VATISSGGSYTYYPDSVKGRFTYVSRDNAKNTLYL
OMSSLESEDTAIFYCVRDRYDGMDYWGQGTSVT
VSSAKTTPPSVYPLAPGSAAQTNSMVTLGCLVKG
YIPEPVIVIWNSGSLSSGVHTFPAVLQSDLYTLSS

CGCKPCICTVPEVSSVIIFPPRPKDVLTITLTPKVTC
VYVDISKDDPEVOFSWEFVDDVEVHTAQTOPREEQ
FNSTFRSVSELPIMHQDWLNGKEFKCRVNSAAFP
APIEKTISKTKGRPRKAPOVYTIPPPKEQOMAKDEVS
LTCMETDRFPERHIVEWOWNGOPAENYENTOPIM
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DTDGSYFVYSKUNVOK SNWEAGNTFTCSVLHEG
LEHNHHTEKSLSHSPGK

{3102}  Some antibodies may be produced using translated polvpeptides having at least
60%, at least 65%, at least 70%. at least 759, at lcast 80%, at lcast 85%, at lcast 90%, at least
05%, at least 96%, at least 97%, at teast 98%, at least 98.53%, at least 99%, or at least 99 5%
sequence identity to any of those listed 1n the previous table. Some antibodics may be
produced using fragments of one or more of the amino acid sequences listed in the previous
table.

[3103] In some embodiments, antibodies of the present disclosure may be produced using
one or more of the nucleic acids listed m Table 2. Some antibodies mayv include heavy or
light chains encoded by one or more nucleic acids having at least 60%, at least 65%, at [cast
T0%, at least 75%, at least 80%. at least 8596, at least 90%, at lcast 95%, at lcast 96%, at least
97%, at least 98%, at least 98.5%, at least 99%, or at least 99.5% sequence identity to any of
those listed. Some antibodies may be encoded by nucleic acids that include fragments and/or
codon-optimized varnants of one or more of the nucleic acid sequences listed. Antibodies may
be produced from constructs carrving one or more of these nucleic acids, their vanants,

and/or fragments thereof.

Table 2. Nucleic acids encoding antibody heavy and light chains

Asutibody | Awntibedy Sequence SEQID
chain NG
D2 Light ATGAAGTTGCCTGTTAGGCTGTTGGTGCTGATG | 6
chain TTCTGGATTCCTGCTTCCAACAGTGATGTTTTGA

TCACCCAAATTCCACTCTCOCCTGUCTGTCAGTCT
TGGAGATCACGCCTCCATCTCTTGCAGATCTAG
TCAGAACATTGTATATAGTGATGGAAACACCTA
TTTAGAATGGTACCTGCAGAAACCAGGACAGTC
TCCAAAGCTCCTCGATCTACAAAGTTTCCAACCG
ATTTTCTGGGGTCCCAGACAGGTTCAGTGGCAG
TGGATCAGGGACAGATTTCACACTCAGGATCAG
CAGAGTGGAGGCTCAGGATCTCGGGACTTTATTA
CTGCTTCCAAGOTTCACATOTTCCTCCCACOTTIC
GGUTCGOGGOACAAAGCTTGCAGATAAAACGGGL
TCGATGCTOCACCAACTGTATCCATCTTCCCACC
ATCCAGTGAGCAGTTAACATCTGGAGGTGCCTC
AGTCGTGTGCTTCTTGAACAACTTCTACCCCAA
AGACATCAATGTCAAGTGGAAGATTGATGGCA
GTGAACGACAAAATGGCGTCCTGAACAGTTIGG
ACTGATCAGGACAGCAAAGACAGCACCTACAG
CATGAGCAGCACCCTCACGTTGACCAAGGACG
AGTATGAACGACATAACAGCTATACCTGTGAGG
CCACTCACAAGACATCAACTTCACCCATIGTCA
AGAGCTTCAACAGGAATCGAGTGTITAAA
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i

Dz Heavy ATGGCGATGCGAGCTGTATCATCCTCTTCTTGGTA
chain GCAACAGCTACAGGTGTCCACTCCCAGGTCCAA
CTGCAGCAGCCTGGGGCTCGAGCTGGTCGAGGCCY
GGGGCTTCAGTCGAAACTOTCCTGCAAGGCTICT
GGCTACACCTTCACCAGCTACTGGATAAACTGO
GTGAAGCAGAGGCCTGGACAAGGCCTTGAGTG
GATCGGAAATATTTATCCTTCTGATAGTTATACT
AACTACAATCAAAAGTTCAAGGACAAGGCCAC
ATTGACTGTAGACAAATCCTCCAGCACAGCCTA
CATGCAGCTCAGCAGCCCGACATCTGAGGACTC
TCGCGGTCTATTACTGTGCAAGAGAAAGGTACGA
AAGGGATGCTATGGACTACTGGGGTCAAGGAA
CCTCAGTCACTOTCTCCTCAGCCAAAACGACAC
CCCCATCTGTICTATCCACTGGCCCCTGGATCTGE
TGCCCAAACTAACTCCATGOTGACCCTGGGATG
CCTCGOTCAAGGGCTATTITCCCTCGAGCCAGTGAC
AGTGACCTGCGAACTCTOQGATCCCTCGTCCAGCOG
TCTGCACACCTTCCCAGCTGTCCTGLCAGTCTGA
CCTCTACACTCTCAGCAGCTCAGTGACTGTCCC
CTCCAGCACCTGOCCCAGCCGAGACCOGTCACCTG
CAACCTTGCCCACCCGGCCAGCAGCACCAAGGT
GGACAAGAAAATTGTGCCCAGGCGATTGTGGTTG
TAAGCCTTGCATATGTACAGTCCCAGAAGTATC
ATCTCGTCTTCATCTTCCCCCCAAAGCCCAAGGA
TGTGCTCACCATTACTCTGACTCCTAAGGTCAC
GTGTGTTGTGGTAGACATCAGCAAGGATGATCC
COAGGTCCAGTTCAGCTGGTTTGTAGATGATGT
GGAGGTGCACACAGCTCAGACGCAACCOCGGG
AGGAGCAGTTCAACAGCACTTICCGUTCAGTCA
GTGAACTTICCCATCATGCACCAGGACTGGCTCA
ATGGCAAGGAGTTCAAATGCAGGGTCAACAGT
GCAGCTTTCCCTGCCCCCATCGAGAAAACCATC
TCCAAAACCAAAGGCAGACCGAAGGCTCCACA
GGTCTACACCATTCCACCTCCCAAGGAGLCAGAT
GGCCAAGCATAAAGCTCAGTCTCACCTGCATGAT
AACAGACTTCTTCCCTGAAGACATTACTGTGGA
GTGCGCACTCGAATGOCCACGCCAGCGGAGAACT
ACAAGAACACTCAGCCCATCATGGACACAGAT
GGCTCTTACTTCGTCTACAGCAAGCTCAATGTG
CAGAAGAGCAACTGGGAGGCAGCGAAATACTTY
CACCTGCTCTGTGTTACATGAGGGCCTGCACAA
CCACCATACTGAGAAGAGCCTICTCCCACTCTCC
TGGTAAATAAA

D3 Light ATGAAGTTGCCTGTTAGGCTGTTGETGCTGATG | 6
chain TTCTGGATTCCTOGCTTCCAACAGTGATCGTTTTGA
TCACCCAAATTCCACTCTCCCTGCCTGTCAGTCT
TGGAGATCACGCCTCCATCTCTTGCAGATCTAG
TCAGAACATTOTATATAGTGATGGAAACACCTA
TTTAGAATGGTACCTGCAGAAACCAGGACAGTC
TCCAAAGCTCCTGATCTACAAAGTTTCCAACCG
ATTTTCTGGGOGTCCCAGACAGOTTCAGTGGCAG
TGOGATCAGGGACAGATTTCACACTCAGGATCAG
CAGAGTGGAGGUCTCAGGATCTGGGAGTTTATTA
CTGCTTGCAAGGTTCACATGTTCCTCCCACGTTC
GGCTCOGOGGGACAAAGTTGGAGATAAAACGGGC
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TCGATOCTGCACCAACTGTATCCATCTTCCCACC
ATCCAGTGAGCAGTTAACATCTGOAGGTGCCTC
AGTCGTGTGCTTCTTGAACAACTICTACCCCAA
AGACATCAATGTCAAGTGGAAGATTGATOGCA
GTGAACGACAAAATGGCGTCCTGAACAGTTIGG
ACTGATCAGGACAGCAAAGACAGCACCTACAG
CATGAGCAGCACCCTCACGTTGACCAAGGACG
AGTATGAACGACATAACAGCTATACCTGTGAGG
CCACTCACAAGACATCAACTTCACCCATTIGTCA

AGAGCTTCAACAGCAATGAGTGTTAAA
D3 Heavy ATGGOATGCGAGCTGTATCATCCTCTTICTTOGTA | 8
chain GCAACAGCTACAGGTCTCCACTCCCAGGTCCAA

CTGCAGCAGCCTGOGGCTCAGCTGGTCAGGCCT
GGOGCTTCAGTCAAACTGTCCTGCAAGGCTTCY
GGCTACACCTTCACCAGCTACTGGATAAACTGG
GTGAAGCAGAGGCCTGGACAAGGCCTTGAGTO
GATCGGAAATATTTATCCTTCTGATAGTTATACT
AACTACAATCAAAAGTTCAAGGACAAGGCCAC
ATTGACTGTAGACAAATCUTCCAGCACAGCCTA
CATGCAGUTCAGCAGCCCGACATCTGAGGALTC
TGCOGGTCTATTACTGTGCAAGAGAAAGGTACGA
AAGGGATGCTATGGACTACTGGGGTCAAGGAA
CCTCAGTCACTGTCTCCTCAGCCAALAACGACALC
CCCCATCTGTCTATCCACTCGUCCCTGGATCTGO
TGCCCAAACTAACTCCATGOTGACCCTGOGATG
CCTGOTCAAGCOCTATTTCOCTGAGCCAGTGAC
AGTCGACCTGGAACTCTGOATCCCTGTCCAGLGE
TGTGCACACCTTCCCAGCTGTCCTGCAGTCTGA
CCTCTACACTCTGAGCAGCTCACGTCACTOTCCC
CTCCAGCACCTGGCCCAGCCAGACCOTCACCTG
CAACGTTGCCCACCCGOCCAGCAGCACCAAGGT
GOACAAGAAAATTIGTGCCCAGGCATTGTGOTTG
TAAGCCTTOGCATATGTACAGTCCCAGAAGTATC
ATCTGTCTTCATCTTCCCCCCAAAGCCCAAGGA
TCTGCTCACCATTACTCTGACTCCTAAGCGTCAC
GTGTGTTOGTOGTAGACATCAGCAAGGATGATCC
CGAGGTCCAGTTCAGCTGGTTTGTAGATGATGT
GGAGOGTOGCACACAGCTCAGACGCAACCCOGGG
AGGAGCAGTTCAACAGCACTTTCCGCTCAGTCA
GTGAACTTICCCATCATCGCACCAGGACTGGLTCA
ATGGCAAGGAGTTCAAATGCAGGGTCAACAGT
GCAGCTTTCCCTGCCCCCATCCAGAAAACCATC
TCCAAAACCAAAGGCAGACCGAAGGCTCCACA
GGTGTACACCATTCCACCTCCCAAGGAGCAGAT
GGCCAAGGATAAAGTCAGTCTGACCTGCATGAT
AACAGACTTCTTCCCTGAAGACATTACTGTGGA
GTGGCAGTGGAATCOGCAGCCAGCGCAGAACT
ACAAGAACACTCAGCCCATCATGGACACAGAT
GGCICTTACTTCGTCTACAGCAAGCTCAATGTG
CAGAAGAGCAACTGOGAGGCAGCAAATACTTT
CACCTCCTCTOTOTTACATGAGGGCCTGCACAA
CCACCATACTCGAGAAGAGCCTCTCCCACTCTCC

GGOGTAAATAAA
H9 Light ATGAAGTTGCCTGTTAGGCTGTTOGTGCTGATG | 9
chain TTCTGCATTCCTGCTTCCAGCAGTGATGTTGTGA
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TCGACCCAAAGTCCACTCTCCCTGCCTGTCAGTC
TTGGAGATCAAGCCTCCATCTCTTGCAGATCTA
CTCAGAGCCTTOTACACAGTAATGCAAACACCT
ATTTACAATGGTACCTGCAGAAGCCAGGCCAGT
CTCCAAACCTCCTGATCTACAAAGTTTCCAACC
GATTTTCTOGGGGTCCCAGACAGGTTCAGTGGCA
GTGGATCAGGGACAGATTTCACACTCAAGATCA
GTAGAGTGGAGGCTGAGGATCTGGGAGTTTATT
TCTGCTCTCAAAGTACACATGTTCCATTCACGTT
CGOCTCOGGGGACAAAGTTOGAAATAAAACGGG
CTGATGOCTGLCACCAACTOTATCCATCTTCCCAL

CATCCAGTGAGCAGTTAACATCTGGAGGTGCCT
CAGTCGTGTGOTTCTTIGAACAACTICTACCCCA

AAGACATCAATGTCAAGTGGAAGATTGATGGC

AGTGAACGACAAAATOGGCOTCCTGAACAGTTG

GACTCGATCACGACAGCAAAGACAGCACCTACA
GCATCGAGCAGCACCCTCACCTTGACCAAGGAC

GAGTATGAACGACATAACAGCTATACCTGTGAG
GCCACTCACAAGACATCAACTTCACCCATTGTC
AAGAGCTTCAACAGGAATCGAGTGTTAAA

HS Heavy ATCGAACTTCOGGOTCAGCTITGATTITOCTIGCCC | 10
chain TCATTTTAAAAGGTGTCCAGTOTCGAGGTGCAGO
TGOGTGCGAGTCTGGOGGGAGACTTAGTGAAGCCTG
GAGGGTCCCTCGAAACTCTCCTGTGCAGCCTCTG
GATTCACTTICAGTAGCTATCGCATCTCTTIGGG

TTCGCCAGAGTCCAGACAAGAGCGATGGAATOG
GTCGCAACCATTAGTAGTGGTCCGTAGTTATACG
TATTATCCAGACAGCGTGAAGGGUGCGATTCACC
CTCTCCAGAGACAATGCCAAGAACACCCTGTALC
CTGCAAATGAGCAGTCTCGAGGTCTCAGGACAC

AGCCATTTTTTACTOTOTAAGAGATAGGTACGA
COGTATGOACTATTGGGGTCAGGGAACCTCAGT
CACCGTCTCCTCAGCCAAAACGACACCCCCATC
TGTCTATCCACTGGCCCCTOGATCTGCTGCCCA

AACTAACTCCATGGTCACCCTGGGATGCCTGGT
CAAGGGCTATTTCCCTGAGCCAGTGACAGTGAC
CTGGAACTCTGGATCCCTGTCCAGCGGTGTGCA
CACCTTCCCAGCTGTCOTGCAGTCTGACCTCTAC
ACTCTCGAGCAGCTCAGTGACTGTCCCCTCCAGC
ACCTOGGCCCAGUCGAGACCGTCACCTGCAACGTT
GCCLCACCOGOCCAGCAGCACCAAGOGTGGACAA
GAAAATTICGTCGCCCAGGGATTGTGGTTGTAAGCC
TTGCATATGTACAGTCCCAGAAGTATCATCTOT

CTTCATCTTCCCCCCAAAGCCCAAGGATOTGCT

CACCATTACTCTGACTCCTAAGGTCACGTGTGT

TGTGOGTAGACATCAGCAAGGATCATCCCGAGGT
CCAGTTCAGCTGOTTIGTAGATCATGTCGGAGGT
GCACACAGCTCAGACGCAACCCCGGGAGGAGC
AGTTCAACAGCACTTTCCOGCTCAGTCAGTGAAC
TTCCCATCATGCACCAGGACTGGCTCAATGGCA
AGGAGTTCAAATGCAGGGTCAACAGTGCAGCTT
TCCCTGCCCCCATCOGAGAAAACCATCTCCAAAA
CCAAAGGCAGACCGAAGGCTCCACAGGTGTAC

ACCATTCCACCTCCCAAGGAGCAGATGGCCAAG
GATAAAGTCAGICTGACCTGCATGATAACAGAC
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TTCTTCCCTGAAGACATTACTGTGGAGTGGCAG
TGOGAATGGGCAGCCAGCGGAGAACTACAAGAA
CACTCAGCCCATCATOGACACAGATGGCTCTTA
CTTCGTCTACAGCAAGCTCAATGTGCAGAAGAG
CAACTGGOGAGGCAGGAAATACTTTCACCTGOTC
TOGTGTTACATGAGGGCCTGCACAACCACCATAC
TCAGAAGAGCCTCTCCCACTCTCCTGGTAAATA
AA

[0104] In some embodiments, antibodies of the present disclosure may include transiated
variable domains amino acid sequences having one or more of the translated leader aming
acid sequences histed in Table 3. Some antibodies may have translated variable domam amino
acid sequences having at least 60%, at least 65%, at lcast 70%, at least 739, at least 80%, at
feast 85%, at least 90%, at feast 953%, at least 96%, at least 97%, at least 98%, at least 98.5%,

at least 99%, or at least 99.5% sequence wlentity to any of the aming actd sequences listed.

Table 3. Leader Sequences

Auntibody | Leader, Variable Sequence SEQ ID NG.
domain

D2 Leader 1, Light chain | MEKLPVRLLVLMEPWIPASNS | 11

D3 Leader 1, Light chain | MEKLPVRLLVLMEWIPASNS | 11

H9 Leader 2, Light chain | MKLPVRLLVLMFWIPASSS | 12

2 Leader 3, Heavy MGWSCHLFLVATATGVHS | 13
chain

D3 Leader 3, Heavy MGOGWSCIHLFLVATATGVHS | 13
chain

H9 Leader 4, Heavy MNFGLSLIFLALILKGVQC | 14
chain

[3105]  In some embodiments, antibodies of the present disclosure may include framework
region (FR) amino acid sequences that mclude one or more of the amme acid sequernces
listed in Table 4. FRI, FR2, FR3, and FR4 refer to framework regions in order of location
from the N-terminus of a variable domain to the C-terminus of a variable domain. Framework
regions are typically followed by complementarity determining regions (CDRs} with the

exeeption of FR4, which typically ligs after the last CDR in a variable domam.

Table 4. Framework region sequences

Antibody Framework, Sequence SEQ
Variable domain D
NG,
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D2 FRI, Light chain | DVLMTQIPLSLPVSLGDHASISCRSS | 15
D3 FRI, Light cham | DVEMTQIPLSLPVSLGDHASISCRSS | (5
H9 FRI, Light chain | DVVMTQSPLSLPVSLGDQASISCRSS | 16
D2 FRZ, Light chain | LEWYLQKPGQSPKLLIY 17
D3 FRZ, Light chain | LEWYLQKPGQSPKLLEY 17
Ho FR2, Light chain | LQWYLQKPGQSPNLLIY 8
D2 FR3, Light chain | NRFSGVPDRFSGSGSGTDFTLRISRY | 19
EAEDLGVYYC
D3 FR3, Light chain | NRFSGVPDRFSGSGSGTDFTLRISRY | 19
EAEDLGVYYC
119 FR3, Light chain | NRFSGVPDRFSGSGSGTDFTLKISRV | 20
EAEDLGVYFC
D2 FR4, Light chain | FGEGTKLEIK 21
D3 FR4, Light chain | FGSGTKLEIK 21
o FR4, Light chain | FGSGTKLEIK 21
D2 FRI, Heavy chain | QVQLQQPGAELVRPGASVKLSCKAS | 22
D3 FRI, Heavy chain | QVQLQOQPGAELVRPGASVKLSCKAS | 22
HY FRI, Heavy chamm | EVOQLVESGGDLVKPGGSLKLSCAAS | 23
D2 FR2, Heavy chain | INWVKQRPGOQGLEWIGN 24
D3 FR2, Heavy chain | INWVKQRPGQGLEWIGN 24
HY FR2, Heavy chain | MSWVROQSPDKREMEWVAT 25
D2 FR3, Heavy chain | NYNQKFKDKATLTVDKSSSTAYM | 26
LSSPTISEDSAVYYC
D3 FR3, Heavy chain | NYNQKFKDKATLTVDKSSSTAYMQ | 26
LSSPTSEDSAVYYC
H9 FR3, Heavy chain | YYPDSVKGRFTVSRDNAKNTLYLG | 27
MSSLRSEDTAIFYC
D2 FR4, Heavy chain | WGQGTSVTVSS 28
b3 FR4, Heavy chain | WGQGTSVTVSS 28
H9 FR4, Heavy chain | WGQGTSVTVSS 23
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{8106}  In some embodiments, antibodies of the present disclosure may include one or
more of the heavy chain variable domain (VH} and light chain variable domain (VL) amino
acid sequences presented in Table 5. Some antibodies may include at least one variable
domain with an amino acid sequence having at least 60%, at least 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 959, at least 96%, at least 97%, at least
98%, at least 98.5%, at least 99%, or at least 99.5% sequence identity to any of those Hsted.
Somc antibodics may include vanable domains having fragments or variants of onc or more

of the anuno acid sequences histed.

Table 5. Antibedy variable domain sequences

Antibody | Antibody Seguence SEQ
chain i NG
D2 Light DVEMTOIPLSLPVSLGDHASISCRSSQNIVYSDGNT | 29
chain YLEWYLOKPGOSPKLLIVKVSNRFSGVPDRFSGS
GSGTDFTLRISRVEAEDLGVYYCLOQGSHVPPTFGS
GTKLEIK
D2 Heavy QVOLQOPGABLVRPGASVKLSCKASGYTFTSYWI | 30
chain NWVKQRPGOQGLEWIGNIYPIDSY TNYNQKFKDK

ATLTVDESSSTAYMOLSSPTSEDSAVYYCARERY
ERDAMDYWGOGTEVTVSS

D3 Light DVEMTOIPLSLPVSLGDHASISCRSSQNIVYSDGNT | 29
chain YLEWYLOQKPGOSPKLLIYKVANRFRSGVPDRFSGS
GSGTDFTLRISRVEAEDLGVYYCLOQGSHVPPTFGS
GTKLEIK
D3 Heavy QVOQLOOQPGAELVRPGASVELSCKASGYTTTSYWI | 30
chain NWVEQRPGOGLEWIGNIYPSDSYTNYNQEIFKDK

ATLUTVDKSSSTAYMOLSSPTSEDSAVYYCARERY
ERDAMDYWGOGTSVTVSS

Fasy Light DVVMTQSPLSLPVSLGDOQASISCRSSQSLVHSNGN | 31
chain TYLOWYLQKPGOSPNLLIYKVSNRFSGVPDRFSG
SGSGTDFTLKISRVEAEDE GVYFCSQSTHVPIITG
SGTKLEIK
H9 Heavy EVQLVESGGDLVKPGGSLKLSCAASGFTFSSYGM | 32
chain SWVRQSPDKRMEWVATISSGGSYTYYPDSVKGR

FTVSRDNAKNTLYLOMSSLRSEDTAIFYCVRDRY
DOMDYWGOGTIVIVSS

{0197}  In some cmbodiments, antibodies of the present disclosure may be produced using
one or more of the translated CDR polypeptides listed in Table 6. CDR-L1, CDR-L2, and
CDR-L3 refer to CDRs present on the light chain vanable domain in order of position from
the N-terminus of the variable domam to the C-terminus of the vanable domain. CDR-H |,
CDR-H2, and CDIR-H3 refer to CDRs present on the heavy c¢hain variable domain in order of
posttion from the N-terminus of the vanable domain to the C-terminus of the variable

domain. Some antibodies may be produced using translated polypeptides having at least 60%,
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at feast 65%, at least 70%, at least 75%., at loast 80%, at least 85%, at least 90%, at least 95%,
at feast 96%, at least 97%, at least 98%, at least 98.5%, at least 99%, or at least 99.5%
sequence identity to any of those listed. Some antibodies may be produced using fragments of
one or more of the amino acid sequences listed. fn some embodiments, antibodies of the
present disclosure inchude a heavy chain vanable domain (V) having a CDR having at least
30%, at least 40%, at least 30%. at least 60%, at least 70%, at least 80%, or at least 0%
amino acid sequence identity to an amino acid sequence selected from any of the CDR.
sequences presented. In some cases the heavy chain CDR 15 a CDR-H3. Some antibodics
mchide VH domains, wherein the CDR-HI, CDR-H2, and CDR-H3 are all selected from any
of the heavy chain CDRs presented or vanants thereof having at least 309, at least 40%, at
teast 509, at least 60%, at least 70%, at least 80%, or at least 90% sequence identity {o one or
more of the heavy chain variable domains presented. In some embodiments, antibodies of the
present disclosure mchude a light chain variable domain (V1) having a CDR having at feast
30%, at least 40%, at least 50%, at least 60%, at least 70%, at lcast 80%, or at least 90%
amino acid sequence identity to an amino acid sequence selected from any of the CDR
sequences presented. In some cases the hight chain CDR 15 a CDR-L3. Some antibodies
mclude VL domains, wherein the COR-L1, CDR-L2, and CDBR-L3 are all selected from any
of the light chain CDRs presented or variants thereof having at least 30%, at least 40%, at
least 509%, at least 60%. at least 70%, at least 80%, or at least 90% sequence identity to one or

more of the light chain variable domains presented.

Table 6. CDR sequences

Antibody CBR Sequence SEQ

D NO
02 CDR-L1 ONIVYSDGNTY 33
D3 CDR-L1 OQNIVYSDGNTY 33
H9 CDR-L1 OSLVHSNGNTY 34
02 CDR-L2 | KVS 335
B3 CDR-L2 | EVS 35
H9 COR-L2 | KVS 35
D2 CDR-L3 LOGSHVPPT 36
03 CDR-L3 LOGSHVPPT 36
H9 CDR-L3 SQSTHVPET 37
D2 CDR-H] | GYTETSYW 38
D3 CDR-HI | GYTFTSYW 38
[9 CDR-I1{ | GFTFSSYG 39
2 CDR-H2 | I¥YPSDSYT 40
D3 CDR-F2 | IYPSDSYT 40
HY CDR-H2 | IS8GGSYT 4]
02 CDR-H3 | ARERYERDAMDY | 42
D3 CDR-H3 | ARERYERDAMDY | 42
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{119

| CDR-113

| VRDRYDGMDY | 43 |

In some embodiments, antibodies of the present disclosure may include one or

more of the constant region amino acid sequences histed in Table 7. Some antibodies may

melude constant domain amine acid sequences having at least 60%, at least 65%, at least

T0%, at least 75%, at teast 8096, at feast 83%, at least 90%, at Icast 95%, at least 96%, at least

G7%, at least 98%, at least 98 5%, at least 99%, or at least 99.5% sequence identity to any of

those histed. Some antibodics may include constant domains that mclude fragments or

variants of one or more of the amino acid sequences listed.

Table 7. Constant region sequences

Antibody

Leader, Variable
domain

Sequence

SEQ
D
NO.

D2

Constant region,
Light chain

RADAAPTVSIFPPSSEQLTSGGASYVVCF
LNNFYPKBDINVEWKIDGSERQNGVLN
SWIDODSKDSTYSMSSTLTLTKDEYER
HNSYTCEATHKTSTSPIVKSFNRNEC

44

D33

Constant region,
Light chain

RADAAPTVSIFPPSSEQLTSGGASYVCF
INNFYPKDINVRKWEKIDGSERQNGVLN
SWTDQDSKDSTYSMSSTLTLTKDEYER
HANSYTCEATHKTSTSPIVKSENRNEC

44

H°

Constant region,
Light chain

RADAAPTVSIFPPSSEQLTSGGASYVVCF
LNNFYPKBDINVEWKIDGSERQNGVLN
SWIDODSKDSTYSMSSTLTLTKDEYER
HNSYTCEATHKTSTSPIVKSFNRNEC

44

D2

Constant region,
Heavy chain

AKTTPPSVYPLAPGSAAQTNSMVTLGC
LVKGYFPEPVTVTWNSGSLSSGVHTFP
AVLOSDLYTLSSSVTVPSSTWPSETVT
CNVAHPASSTEVDKKIWPRDCGCKPCE
CTVPEVASVFIFPPKPKDVLTITLTPKVT
CVVVDISKEDDPEVQFSWEVDDVEVHT
AQTOQPREEQFNSTFRSVSELPIMHQDW
LNGKEFKCRVNSAAFPAPIEKTISKTKG
RPKAPOVYTIPPPKEQMAKDKVSLTC
MITDFFPEDITVEWQWNGQPAENYKN
TQPIMBDTDGSYFVYSKENVQKSNWEA
ONTFTCSVLHEGLENHHTEKSLSHSPG
K

B
(¥4

-
3

Constant region,
Heavy chain

AKTTPPSVYPLAPGSAAQTINSMVTLGC
LVKGYFPEPVTVTWNSGSLSSGVHTFP
AVLOSDLYTLSSSVTVPSSTWPESETVT
CNYVAHPASSTKVDEEKIVPRDCGCKPCE
CTVPEVSSVFIFPPKPKDVLTITLTPKVT
CVVVBISKDDPEVQFSWEVDDVEVHT
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AQTOQPREEQFNSTFRSVSELPIMHQDW
LNGKEFKCRVNSAAFPAPIEKTISKTKG
RPKAPOVYTIPPPKEQMAKDKVSLTC
MITDFFPEDITVEWQWNGQPAENYKN
TQPIMBDTDGSYFVYSKEINVQKSNWEA
ONTFTCSVLHEGLENHHTEKSLSHSPG

K
e Constant region, AKTTPPSVYPLAPGSAAQTINSMVTLGC | 45
Heavy chain LVKGYFPEPVTVTWNSGSLSSGVHTFP

AVLOSDLYTLSSSVTVPSSTWPESETVT
CNYVAHPASSTKVDEEKIVPRDCGCKPCE
CTVPEVSSVFIFPPKPKDVLTITLTPKVT
CVVVBISKDDPEVQFSWEVDDVEVHT
AQTOPREEQFNSTFRSVSELPIMIHGDW
LNGKEFKCRVNSAAFPAPIEKTISKTEG
RPKAPQVYTIPPPKEQMAKDEVSLTC
MUTDFFPEDITVEWQWNGOPAENYKN
TOPIMDTDGSYFVYSKENVQKSNWEA
GNTFTCSVLHEGLHNHHTEKSLSHSPG
K

Fpitopes and fragmenis

{0109}  In some embodiments, capture antibodics bind to epitopes that include or are
present on hCD5Y fragments and/or variants described 1n International Publication Number
WO2015084994. Such fragments and/or variants may include:
FEHCNFNDVTTRLRENELTYYCCKKDL (SEQ 1D NO: 46);
FEHCNINDVTTRLRENELTYYCCKK (SEQ ID NO: 47);
HONFNDVTTRLRENELTYYCCKK (SEQ 1D NO: 48);
ACNFNDVTTRLRENELTYYCAAK (SEQ ID NO: 49); Ac-
ACNFNDVTTRLERENELTYYCAAK-NH: (SEQ ID NO: 50, Ac is an acetyl group and NHz
is an apune group), AFEHCONFNDYTTRLRENELTYYCAAKDL (SEQ 1D NG: 51);
AFEHCNFNDVTTRLRENELTYYC(BAYKDL (SEQ ID NG: 52, BA is B-alanine); or
AFEHCNFNDVTTRLRENELTYYC(AIBIAKDL (SEQ D NG: 53, Aib is alpha-amino-
isobutyric acid). fn some embodiments, these fragments and/or variants may include disulfide
bonds between cysteine residues. In some embodiments, these fragments and/or variants may
mchude or exclade N- and/or C-terminal groups (e.g., hydroxy!l groups “-OH,” acetyl groups
“Ac-" or anune groups “-NH2”). In some embodiments, capture antibodics are generated by
mmmnunizing mammals with anv of these fragments and/or vanants and isolating resulting
antibodies from mmmunized mamimals or from antibody-producing cells obtamed from
immunized mammals. In some embodiments, capture antibodies are produced recombinantly
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or svnthetically from antibody amino acid or nucleic acid sequences obtained from
mnmunized manmmals or from antibody-producing cells obtained from immunized mammals.
0118] s some embodiments, detection antibodies bind o epitopes that include or are
present on glvcated CD39 fragments and/or variants described in fnternational Publication
Number W02015084994. Such fragments and/or variants may include:
NKCWKFEHCNFNDY (SEQ ID NO: 54); WKFEH (SEQ 1D NO: 535);
NKAWKFEHANFND (SEQ ID NO: 56); Ac-NKAWKFEHANFNDC-OH (SEQ 1D NO:57,
Ac is an acetyl group and OH is a hvdroxyl group}. In some embodiments, these fragments
and/or variants may include or exchide N- and/or Cterminal groups {¢.g., hydroxyl groups -
OH,” acetyl groups “Ag-" or amine groups “-NH2"). The fragments and/or variants may
mclude glyeated lysine residues. Glycated residues may include different arrangements of
chemical bonds and stereochemical structures. Such residues may include structures or
mtermediate forms occurring during tvsine glveation and/or rearrangement. Glycated residues

may include any of structures -V shown below.
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[6111]  In some embodiments, detection antibodies are generated by immunizing
mammals with any of the fragments and/or vanants of glvcated CD59 presented above and
isolating resulting antibodies from immunized mammals or from antibody-producing cells
obtamed from mmunized mammals. In some embodiments, detection antibodies are
produced recombinantly or synthetically from antibody amino acid or nucleic acid sequences
obtained from immunized mammals or from antibody-producing cells obtained from
inmunized manimals.

7

Modulaiors of K41 glycation

10112] In some embodiments, present disclosure provides compouads for modulating
glvcation of CD59, referred to herem as “glycation modulators.” Glyeation modulators may
mclude, but are not limited to, small molecules, peptides, synthetic constructs, fusion
proteins, aptamers, nucleic acids, and antibodies. Some glveation modulators may modulate
ghveation of residue K41 of h(UD39. Some glyeation modulators may modulate CD39
glycation without inhibiting the function of CI359 as a complerent regulator. Glveation
modulators inhibiting glveation of residue K41 of hCD59 are referred to herein as “K41
glycation inhibitors.” K41 glycation inhibitors may, for example, bind to or otherwise interact
with K41 or one or more residues near K41 (¢ .g., ncar K41 along the length of the
polyvpeptide and/or near K41 due to secondary and tertiary protein structures). In some
embodinents, K41 glyeation inhibitors may physically block glycation at K41 or may alter
the hCD5% proten conformation in a way that prevents K41 from becoming glvcated. Some
K41 glycation mhibitors may bind to residuc H44 of hCD59 and block chemical reactions
necessary for K41 glycation.

1113] Insome embodiments, K41 glveation inhibitors may include antibodies disclosed
herein. Such antibodics may physically block giveation at K41 or may alter the hCD39

protein conformation in a way that prevents K41 from becoming glycated. Some antibodies
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may inhibit K41 glyeation, for example, by targeting H44 of human hCD39. In some

cmbodiments, such antibodies may block chemical reactions necessary for K41 glveation.
Il Methods of use

10114}  Methods of the disclosure include methods of detecting the presence, measurement
of levels, and or changes in levels of various factors described hercin. Such factors may
melude, but are not limited to, target proteins, post-transiational modifications, and standard
agents. “Levels” may refer to an actual number of factors detected, a concentration of a
factor, or a relative lovel {¢c.g., through comparison of detection signals between a detected
factor and a surrogate factor or standard agent). Such methods may include the use of capture
agent to capture CD59. As used herein, the term “capture agent” refers to any compound
capable of binding an assay component {¢.g., assay target protein or compound). Capture
agents may include capture antibodies. Capture antibodies may inchude any of the antibodics
described herein. In some cases, capture agents are lectins capable of binding glvcosviated
assay components.

{0115}  Additional methods may inchide the use of a detection agent. As used herein, the
term “detection agent” refers to an assay component capable of binding or otherwise
mdicating the presence and/or level of an analyte. In some embodiments, detection agents are
antibodies (detection antibodies). Detection agents may mchide antibodies vsed to detect
GCD39. Detection antibodies may mnclude any antibodies described herein. Further detection
agents may include lecting capable of detecting glycosylated assay components. Detection
agents may comprise a detectable label. Such detectable labels may mmclude, but are not
hmited to biotin, streptavidin, avidin, fluorescent labels, enzymatic labels, luminescent labels,
and radioactive Jabels. In some methods, detection agents may be detected using a secondary
antibody.

10116} In some embodiments, methods of the invention may include the use of other
antibodics known in the art for capturing or detecting CD39 and/or GCDS5Y. Such antibodics
may include any of those described and/or claimed in European Patent Number EP2348050,
International Publication Number W(G2015084994, and US Patent Numbers US9068006,
US9417248, the contents of each of which are herein incorporated by reference n their
cntiretics.

{8117}  Methods may include standard immunological assay formats for capturing proteing

and detecting one or morg specific epitopes present on such proteins. Such epitopes may
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mehude post-translationally modified epitopes. Post-translationally modified epitopes may
mchide glycated and/or ghvcosylated epitopes.

{0118]  Methods may include imownological assays. As used herein, an “immunological
assay’ refers to any assay which utilizes at least one antibody for detection of an analvte.
Immunological assays may include, but are not himited to, enzyme hnked immunosorbent
assays (HLISAs), immunoprecipitation assays, immuncfluorescence assays, enzyme
mmmunoassays (E1A), radivimmunocassavs (RIA), and Western blot analysis. Methods of the
present disclosure may include the use of surface-associated formats or solution-based
formats. As used herein, the term “surface-associated format” refers to a method that includes
immaobilization of one or more assay components on a surface. Such surfaces may include,
but are not limited to assay plates, membranes, sensors, or other substrates that mclude a
surface. In some embodiments, the surface-associated format may inchude a magnetic
mteraction surface, bead or coated magnetic beads. In some embodiments, they may include
the use of ferromagnetic labels.

{8119}  Asused herein, the term “solution-based format” refers to a method that includes
immobilization of one or more assay components on a substrate that is able to move freely in
a hiquid medium. Substrates suitable for solution-based formats may include beads or other
particles that are mobile 10 hiquid media. Methods utilizing solution-based formats may be
analyzed by forcing liquid media through tubes, chammels, or other passageways where
detection of bound analvies may be cairied out. Assay components may be immobilized on
surface or solution-based formats in varying levels and/or coating denstties. Immobilization
may be facilitated through the formation of any number of interactions that include, but are
not limited to, covalent bonds, non-covalent bonds, hyvdrogen bonds, and hydrophobic bonds.
0128} o some embodiments, methods of the disclosure 1nclude the use of a capture
antibody to immobilize C¥39 to a surface or substrate. Such methods may further include the
use of a detection agent {e.g., lectin or detection antibody) to detect a specific epitope present
on CD59. Such epitopes may include glyeated and/or glycosylated epiiopes. Glycated
epitopes may include glveated K41 of hCD39. Such epitopes may include Amadori-modificd
K41 of GCD3SY. Glycosylated epitopes may mclude N-glyveosylated epitopes on hCD3S9
and/or GCD59. Betection of N-glvcosylated epitopes may be carried out using a lectin as a
detection agent, wherein the lectin binds to such N-glycosylated eptitopes {(¢.g., an N-
glycosviated residue of GCD59). In some embodiments, detection of N-glycosylated epitopes

may be carned out using a detection antibody.
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{8121}  According to some methods of the present disclosure, anti~-Amadon-modified
GUD59 antibodies may be used as a capture antibody to immobilize GCD39 to a surface or
substrate. Such methods may further include the use of a detection antibody that recognizes a
non-glveated epitope of GCD39. Some methods may include the use of a detection antibody
that recognizes a glycosviated epitope of GCD39. Such epitopes may include an N-
glycosviated epitope of GCD59.

10122}  Methods of the disclosure may include the use of one or more internal controls.
Such miernal controls may nclude plasma assay controls. Some methods inciude one or more
of art assay diluent, a conjugate diluent, and a wash buffer. In some cases, methods mehude at
least one buffer having one or more of reducing agents, oxidizing agents, dithiothreitol
{(DTT), and/or beta-mercaptoethanol (BME).

141231 In some embodiments, methods of the present disclosure may melude the use of
one or more of the antibodics described herein to carry out any of the methods described 1n
any of European Patent Number EPZ348050, International Publication Number
WO2015084994, and US Patent Numbers US6835345, US9063006, US9417248, the
contents of each of which are herein incorporated by reference i their entireties.

0124}  Methods of determining concentration levels may include companson to a standard
curve to determine concentrations of a farget protein. A standard curve is a set a data obtained
frons samples having a range of concentrations of a standard agent. As used herein, a
“standard agent” is an agent that is the samc as or representative of a target protein being
detected in an assay. In some embodiments, standard agents arc surrogate compounds. As
used herein, a “surrogate compound” is a compound that exhibits one or more features of a
target protein or other molecule. Such features may mchude epitopes present on one or more
target proteins. In some embodiments, surrogate compounds include CD59 fragments or
varianis thereof. In some embodiuments, surrogate compounds include fragments that include
SEQ 1D NO: 530, In some embodiments, capture agents bind to such fragments. In some
embodiments, surrogate compounds include glycated CD59 fragments or vanants thereof.
Glycated fragments may include SEQ 1D NO: 57, Such fragments may include glveated
Ivsine residues. In some embodiments, the glveated lyvsine residue includes glucitollysine. In
someg embodiments, the glycated lysine residue includes Amadorni-modified glycated lysine.
I some embodiments, detection agents bind to such fragments. Surrogate compounds may
mclude one or more non-protein components. Such non-protein components mayv include
linkers, labels (¢.g., detectable labels), moieties, or other features not present on native or
target proteins. In some embodiments, surrogate compourtds may include any of those
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disclosed in U.S. Patent No. 9,417 248 or UJ.§. Publication No. US2016/0299150, the
contents of each of which are herein incorporated by reference in their entirety. Such
surrogate compounds may mneclude the compound depicted in Fig. 27 of U S. Patent No.
9417.248.

14125}  In some embodiments, concentration equivalents of a target protein are used to
mdicate the concentration of a target protein. As used herein, a “concentration equivalent” is
an indicator of concentration that is based on a comparison to a standard curve generated
using a surrogate compound.

{8126f  In some embodiments, methods of diagnosing, screening, and/or monitoring
described herein may include comparison of factor levels from a subject to a threshold value
ot receiver operating charactenistic (ROC) curve.

1127} In some embodiments, the present disclosure provides methods for therapeutic,
diagnostic, and monitoring applications. Such methods may include the use of one or more
antibodics described herein. Such antibodics may mclude, but arc not limuted fo, anti-

Amadon-modified GCD59 antibodies.
Therapeutic applications
/i

[0128]  In some embodiments, methods of the invention include therapeutic applications
that may be used to treat, prevent, and/or reduce the occurrence or syvmptoms of one or more
discascs and/or disorders in a subject. As used herein a “subject” 1s any person, individual,
fetus, newbom, infant, animal, and/or patient. Subjects may include gestational subjects. As
used herein, a “gestational subject” 15 a subject residing within a womb, although the term
may be used to refer to a subject over a period of time that includes both periods wherg a
subject 18 within and outside of a womb. For example, diagnosis of a gestational subject may
refer to a diagnosis that 1s confirmed at the time of or atier birth. As used herein, a “pregnant
subject” or “gestational carrier” refers to an individual that bears a gestational subject in the
subject’s womb and includes mdividuals with or without a biological relationship with the
gestational subject. As used herein, the term “infant subject” refers to subjects who are
mfants and embraces subjects from birth to about | year of age. Sobjects may be undergoing
treatment, may be i need of treatment, may have undergone treatment, or may be screened
or stratified for possible or potential treatments. Subjects may include animals, ¢.g., primates,

non-human primates or any animals such as farm animals and the hike.

Diabetes
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{8129}  In some embodiments, methods of the present disclosure may be used to {reat,
prevent, and/or reduce the occurrence or symptoms of one or more diabetes-related
mdications. As used herein, the term “diabetes-related indication™ refers to any disease,
disorder, and/or condition related to elevated blood glucose levels, decreased cellular glucose
uptake, reduced msulin levels, or reduced msulbin sensitivity. Piabetes-related indications
mclude diabetes and pre-diabeies.

[0130]  In some cmbodiments, the present disclosure provides methods of diagnosing,
moniforing, screening, and/or treating one or more diabetes-related ndications that may
mchude, but are not limited to, indications related to complement dvsfunction, hemolytic
diseasc, paroxysmal nocturnal hemoglobinuna, atypical hemolvtic-uremic syndrome, wound
healing, complications associated with organ transplantation, vascular indications, and age-
related macular degeneration. In some embodiments, diabetes-related indications may include
a pre-clinical diabetes-related wdication. Pre-clinical diabetes-related indications may
mclude, but are not limited to predisposition 1o an organ specific complication of diabetes,
pre-clinical diabetic peripheral neuropathy, pre-chinical diabetic nephropathy, pre-clinical
diabetic retinopathy, and pre-chnical diabetic vascular discase.

{0131}  Diabetes is a disease charactenized by elevated blood glucose levels, also referred
to as hvperglveemia. Insulin, along with other hormones mehiding, but not hmited to
glucagon and epimephrine, is critical for mantenance of normal ghicose levels in the blood.
Insudin binding to cellular receptors facilitates cellular uptake of glucose, providing an energy
source for cells and lowering glucose levels in the blood (Rodger, W, CMAJ. 1991,
145(10):1227-37). Insulin is expressed by pancreatic B cells and its expression is upregulate
when blood ghicose levels rise. In diabetes, insulin levels and/or sensitivity to msulbin are
disnupted, reducing cellular ghicose uptake and elevating circudating levels of glucose. The
two primary forms of diabetes are insulin-dependent (also referred to herein as juvenile
diabetes or Type I diabetes) and insulin-independent (also referred to herein as adult-onset
diabetes or Type H diabetes). Type | diabetes is kess common and typically brought on by
autoinunune destruction of B cells, the primary source of mnsulin. 90% or more of those with
diabetes sutfer from Type I diabetes. This form of the disease 1s characterized by reduced
msulin secretion and/or reduced sensitivity to insehn (e.g., reduced ability of insulin to
stimulate glucose uptake in cells} (Rodger, W, Non-insulin-dependent {Tyvpe H) diabetes
mellitus, CMAL. 1991, 145(1231571-81). Type H diabetes is thought to occur in part due to

genetic susceptibility and occurs most often in subjects who are overweight and/or obese.
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{8132}  The term “diabetic” as used herein, refers to an individual compnising one or more
types of msulin deficiency {c.g., reduced insulin levels and/or reduced insulin sensitivity).
The term diabetic includes, but is not himited to, individuals with juvenile diabetes (Type |
diabetes), adult-onset diabetes {Tvpe 11 diabetes), gestational diabetes meliitus (GDM), and
any other conditions of insulin deficiency. The term “diabetic” is a term of art, known and
understood by those practicing in the medical profession, a formal definition of which can be
found in Harrison's Principles of Medicine (Harnsons, Vol 14, Principles of Internal
Medicine, Eds. Fauct, A. S., E. Bravnwald, K. J. Issclbacher, J. D Wilson, J. B, Martin, D L.
Kasper, S. L. Hauser, I, L. Longo, McGraw-Hill, New York, 1999},

Grestational diabetes mellitus (GDVM)

10133} In some embodiments, methods of the present disclosure may be usefid in the
detection, diagnosts and/or prognosis of gestational diabetes mellitus (GDM). As used
herein, the terms “gestational diabetes mellitus”™ or “GDM” refer to a diabetic condition
characterized by elevated blood glucose levels, carbohydrate intolerance and/or reduced
msulin sensitivity that is brought on by pregnancy. In some cases, GDM diagnosis in cach
country may rehy on different standards set by the professional bodies from such countrics
that issue recommendations to physicians practicing there. GDM may affect up to 18% of
pregnancies with adverse outcomes that affect both the mother and offsprning, including both
short term and long term effects. Currently, diagnosis and monitoring of GDM in pregnant
female subjects relies heavily on the measurement of blood glucose levels. Blood glhucose is
in constant flax and influenced by a numiber of external factors including meals and level of
activity. Glucose levels may change on an hourly basis. This complicates GDM testing by
imposing diet requirements and/or restrictions on subjects undergoing testing,.

[3134] GDM is one of the most prevalent disorders affecting pregnant women and carries
with it a greater risk for complications during pregoancy, at the time of birth and even after
birth. Additionally, such complications may affect both mother and offspring. Individuals
with GDM lack the ability to adequately break down carbohydrates into energy {Okun, N,
Can. Fam. Physician. 1997, 43:88-93). In some cases, GDM diagnosis may be carried out
through the detection of high blood glucose levels and/or through the observation of a
decreased ability to respond to a ghiucose challenge during pregnancy. Such diagnosis occurs
most often in the third timester. Although mechanisms leadmg to GDM are still unclear, m
some cases, it is believed that hormones that become elevated during pregnancy may mterfere

with normal insulin signaling, including, but not limited to msulin resistance. This msulin
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signaling dystunction leads to decreased cellular glucose uptake and elevated blood glucose
levels. GCDS9 tevels may be elevated 1n subjects displaying different levels of ghicose

mtolerance includmg those diagnosed with GDM.
GDM screening and diagnosis

10135]  GDM is one of the most common medical complications of pregnancy. o each
country, GDM diagnosis may be determined by standards set by professional bodies
responsible for issuing recommendations to practicing physicians., There is ongoing debate
among professional bodies within the United States as well as between professional bodies in
the United States and those abroad as to how to approach GDM diagnosis. Such US
professional bodies may include, but are not limited to the National Institutes of Health
(N1H3, the American Diabetes Association (ADA) and the American Congress of
Obstetricians and Gynecologists (ACOG). Such International bodies may 1nclude, but are not
himited to the International Association of Dhabetes and Pregnancy Study Groups JADPSG).
Professional bodies in the US and abroad may tailor their approaches based on different
studies, different analysis of such studies and may be affected by health care and economic
pressurcs. Indeed, factors for defining GDM and criteria for diagnosis may change over time.
As such, 1 some embodiments, methods of the present disclosure, described herein, may be
conducted i accordance with the most current recommendations issued by professional
bodies in cach country mvolved m the health of pregnant women, fotuses, and newboms.
[8136]  According to some current US practices, screening of all pregnant women for
GDM 1s suggested. In some cases, screening may comprise a review of patiernt history,
assessment of clinical risk factors and/or one or more tests comprising a glucose challenge.
As used herein, the term “glucose challenge” refers to a testing component characterized by
the adnunistration of glucose to a subject. Glucose challenge testing tvpically assesses the
response in subjects to a glucose challenge. This may comprise analyzing blood glucose
levels. The amount of glucose administered dunng a glucose challenge mav vary. Typical
tests comprise the administration of from about 50 g to about 100 g of glucose. In other
cmbodiments, 75 g of ghicose are administered. In some cases, plasma glucose levels may be
assessed after one or more glucose challenge or after a meal. to some embodiments, methods
of the present disclosure related to GCIDISY detection may be carnied out with subjects with or
without fasting. Some methods may be carried out with subjects with or without glucose

challenge.
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{8137}  “Low nisk” pregnant subjects, at the lowest risk of developing GDM, comprise
those who are less than 25 years old, have normal body mass mdex, have no family history of
diabetes {at the level of first-degree relatives,) do not have a history of abnormal ghicose
metabolism, do not have a history of poor obstetric outcome and are not of a high risk
ethnicity {c.g. Hispanic, Native American, African American and South Asian}. Pregnant
subject risk assessment is typically carried out during a first prenatal visst, Women at higher
risk of developing GDM (¢ .g., obese, personal history of GDM, glvcosuria, family history of
diabetes, etc ) tvpically undergo testing as soon as possible. If imitial tests m such women are
negative, retesting is recommended between the 24" and 28™ weeks of pregnancy.

{0138}  High plasma glucose levels may be indicative of GDM 1n the absence of a glucose
chalienge. Some methods disclosed herein compnse fasting glucose tests. According to such
tests, fasting plasma glucose (FPG) levels mav be determined. Fasting plasma glucose levels
refer to levels of glucose measured directly after a period of fasting. Periods of fasting may
be from about 1 hour to about 24 hours. In certain embodiments, FPG levels may be
measured after about 12 hours of fasting. According 1o the Amencan diabetes Association
{ADA) recommendation for standard of medical care diagnosis of GDIM at 24-28 weeks of
gestation should be made when FPG > 92 me/dL (5.1 mmoVL} in women not previously
diagnosed with overt diabetes {ADA, Dhabetes Care, 37, (Supplt 1), S14-880, 2014},
According to International Association of Diabetes and Pregnancy Study Group (IADPSG)
recommendations diagnosis of GDM at the first prenatal visit should be made when FPG =
92 mg/dL (5.1 mmol/L) but < 126 mg/dL (7.0 mmol/L) (Metzger BE, Dhiabetes Care, 33, 676,
2010}, In some embodiments, methods described herein for assessing GCD39 in subjects may
be carried out m combination with assessments of FPG. Some methods of the present
disclosure may be carried out prior {0 of in response to determinations of FPG levels falling
within or outside of GDM diagunosis levels recognized by the ADA and/or TADPSG.

{3139}  In some embodiments, random glucose tests may be conducted. Such tests
measure random plasma glacose levels {also referred to as casual plasma glucose fevels).
Random glucose levels refer to glucose levels obtained without any consumption restrictions
and/or requirements (e.g., fasting}. In pregnant subjects, random plasma glucose levels that
are greater than 200 mg/dl indicate GDM m such sabjects. In certam embodiments, a second
measurement is required the next day for both FGP levels and random plasma levels to
confirm diagnosis of GDM. In some embodiments of the prescut invention, GCDS9 levels

may also be obtained without consumption restrictions and/or requirements (e g, fasting).
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{6148}  In cases where hyperglycemia is subtle, other approaches may be necessary for
diagnosis. In pregnant subjects identified as being high nsk, the one-step approach may be
sufficient. According to the one-step approach, diagnosis may be carried out by oral glicose
tolerance testing (OGTT) without anv prior blood glucose screening. For individuals of
average nisk, the two-step approach is typically carried out. According to the two-step
approach, an mitial screening comprising a glucose challenge is carried out. I tmitzal
screemings of the two-step approach, Recommendations by the American College of
Obstetricians made in 2001 call for a 50 g, one-hour oral ghicose challenge test (GCT) to be
used {Committes on Obstetric Practice, The American College of Obstetricians and
Gynecologists: Comuuttee Opimion. 2011}, The one hour oral GCT measures blood glucose
concentrations | hour after the oral admmistration of 50 g of glucose. 80% of pregnant
subjects with GDM comprise blood glacose levels above the cot-off value of 130 mg/dl and
50% comprise tevels above the cut-off value of 140 mg/dl. As used herein, the term “cut-off
valug” refers to a value or level at which an indication may be made with regard to a
diagnostic determination or other tyvpe of determination, whercin a level below a given cut-off
leads to a determmation that is different from a determination based on a level above a given
cut-off (American Diabetes Association, Diabetes Care. 31(1): §62-867).

{0141]  In the sccond step of the two-step approach, a 100 g OGTT may be carmied out. As
used herein, the term “oral glucose tolerance test” or “OGTT refers to a test that measures
the ability of the body to utilize glucose. Such testing typically begins in the morming,
wherein the subjects have not caten for 8-12 hours. A bascline concentration is established
based on an mnitial blood sample. As used herein, the term “baseline” when referring to
measurements, fevels or values refers to an initial measurement, level or value to which
subsequent measurements, levels or values may be compared. After the mitial blood sample
is taken, subjects are given a glucose solution to drink with a measured concentration of
glucose. Inthe 100 g OGTT, 100 g of glucose 1s adnunistered 1n the ghicose solution.
Subjects are typically required to finish the drink within a 5-mimste time frame. Finally,
OGTTs comprise the obtaining of subsequent blood samples to monitor blood glucose and/or
msulin levels. According to the 100 g OGTT, diagnosis of GDM in pregnant subjects may be
made when subject blood glucose levels exceed a cut-off value of 95 mg/dl for baseline
readings, a cut-off value of 180 myg/dl ong hour after glucose administration, a cut-off value
of 155 mg/dl two hours after glucose administration and/or a cut-off of 140 mg/d! three hours

after glucose administration. In some embodiments, a diagnosis of GDM may require that
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two out of four tests vicld elevated blood ghicose levels{e.g., according to any of the
asscasments described herein).

{0142}  Insome cases, a 75 g OGTT 15 carried out in the second step of the two step
approach to GDM diagnosis. The 75 g OGTT may be carried out according to the 100 g
OGTT with the exception that only 75 g of glucose is administered. Accordingtothe 75 g
OGTT, diagnosis of GDM in pregnant subjects may be made when subject blood glucose
levels exceed a cut-off value of 95 mg/dl for bascline readings, a cut-off value of 180 mg/dl
one hour after glucose admimstration and/or a cut-off value of 155 mg/di two hours afier
glucose administration. In some embodiments, a diagnosis of GDM may requoire that two out
of four tests vicld elevated blood glucose levels.

[0143]  In some cases, the 2-hour posiprandial glucose test is carried out during GDM
screening. 2-hour postprandial glucose testing comprises the analysis of blood ghicose levels
2 hours after a meal.

{0144}  In some cases, 1,5-anhvdroglucitol testing may be carried out during GDM
screeming. Levels of 1, 5-anhvdroglucitol levels are reduced during periods of hyperglveemia
{wherein blood ghicose levels are above 180 mg/dl}, requiring up to 2 weeks to retum to
normal after hvperglycemic conditions have ended (MeGill, J.B. et al,, Diabetes Care. 2004,
27¢8):1859-635). 1,5-anhvdroglucttol testing may be done to determuine whether subject have
endured extended periods of hyperglveemia.

10145}  In some cases, bemoglobim Al ¢ (HbA lc) testing may be carried out during GDM
screening. Such testing measures the level of a glycated version of hemoglobin, HbAlcin
the blood. HbAlc levels increase during periods of hyperglveemia. HbAlc remains in the
blood from about 8 to about 12 weeks unti] red blood cells comprising HbA lc are replaced,
making HbA lc a good longer term reading of overall blood glucose levels during that period
(http://medweb.bham ac uk/casdec/prevention/what _is the hbalc.him).

[3146]  In some embodiments, fructosamine testing may be carried out during GDM
screening. Fructosamine levels become elevated under hyperglycemic conditions. Elevated
levels of fructosamine remain clevated for two to three weeks after hyperglycemic conditions
subside, making them a good longer term indicator of high blood glucose levels (Delpierre,
G.oetal, Biochem I 2002, 365:801-8)}.

0147}  In some ¢mbodiments, subject samples may be obtained and analyzed prior to
pregnancy. Such subject samples may be obtained from a fomale subject. Subject samples
may also be used to determine a level of risk of developing GDM and/or pre-eclampsia in a

current and/or future pregnancy.
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[6148]  In some embodiments, methods of the present disclosure may be combined with
any of the tests described herein. Such tests may include, but are not limited to glocose
challenge testing, oral glucose tolerance testing, fasting glucose testing, random glucose
testing, 2-hour postprandial glucose testing, hemoglobin Alc (HbA I¢) testing, fructosamine
testing and 1,5-anhvdroglucitol testing. In some embodiments, methods of the present
disclosure may be combined with such tests for the purposes of diagnosis, prognosis and/or
monitoring of GDM or other diabetic conditions. In some embodiments, methods of the
present disclosure may be used for post-partum screening for type-2 diabetes.

8149}  In some embodiments, methods of the present disclosure may be combined with
detection of other glycated proteins. Many other proteins present within bodily fluids
coraprise amino groups that may be capable of being glyeated. Such proteins may include
glycated albumin, glycated hemoglobin, glveated immunoglobulins, glveated hemopexin,
glvcated vitamin D binding protein, glycated fibrinogen alpha chain, glycated apolipoprotein
Al, glycated transferrin, glycated macroglobulin alpha 2, glyeated complement component
4A, glyecated fibrinogen beta chain, glyeated fibnmogen alpha chain, glycated abhvdrolase
domain-containing protein | 4B, glveated amiloride-sensitive amine oxidase copper-
containing precursor, glvcated angiotensin-converting enzyme isoform 1 precursor, ghveated
peptidase family M2 Angiotensin converting enzvme, ghyvcated aconitase 1, glyeated
lysosomal acid phosphatase isoform | precursor, glycated pancreatitis-associated protein,
glycated alpha-actinin-4, glvcated metatioproteinase with thrombospondin type | motifs,
glveated aspartviglucosanminidase, glvcated adenosylhomocysteinase, glycated alpha-2-HS-
glveoprotein, glyeated alcohol dehvdrogenase NADP”, ghveated aldo-keto reductase fanuly 1,
glveated aldehvde dehvdrogenase fanmily 1 member L1, glycated aldolase B fructose-
bisphosphate, glveated pancreatic amyvlase alpha 2A | and glyvcated apolipoprotein Ad (Ukita
et al., Clin. Chem. (1991} 37:504; Johansen ef al., Glycohiol. {2006) 16:844; and Davies er
al. . J. Exp. Med. (1989) 170:637). In some embodiments, GCD35Y may be detected as part of

a panel or array of biomarkers comprising any of the glvcated proteins kisted above.
GIDM categories

0158]  In some embodiments, pregnant subjects may be placed mto different
subcategorics of discase based on certain crteria. Two such categorics include those with
mmpaired glicose tolerance (IGT) and those with impaired fasting glucose (IFG). These
categories are designated for subjects whose glucose levels are above normal, but do not rise

to the level of GDM or that fall short of the requirement for GDM diagnosis. Factors
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determuning placement of subjects into such categories may be different for each country and
may be controlled by professional bodies in such countries responsible for providing
recommendations to physicians practicing in such countries.

{3151}  In some embodiments, pregnant subjects may be diagnosed with TFG when fasted
glucose levels in such subjects comprise from abouat 100 mg/dl to about 125 mg/dl as
compared to those with normal fasted ghucose levels (e.g., tess than 92 mg/dL according to
assessments described previously) and those whose levels lead to a provisional diagnosis of
GDM [1n some cases with levels > 92 mg/dL (3.1 mamol/L), or with levels = 92 mg/dL (5.1
mmol/L} but <126 mg/dL (7.0 mmol/L}].  In some cases, pregnant subjects may be
diagnosed with IGT after OGTT results. In some cases, pregnant subjects with 1GT may
coraprise blood glucose levels from about 140 mg/dl to about 199 mg/dl two hours after
ghucose administration as compared to those with normal levels (in some cases with levels
less than 140 me/dl) and those whose levels lead to a provistonal diagnosis of GDBM (in some
cases with levels greater than 200 mg/dl).

{8152} In some embodiments, pregnant subjects with IGT and/or IFG are referred to as
having pre-diabetes. As used herein, the term “pre-diabetes™ refers {0 a condition
characterized by bigh risk for developing diabetes (American Diabetes Association, Diabetes
Care. 2008, 31¢1): 862-867). Factors determining designation of subjects into the category of
pre-diabetes may be different for each country and may be controlled by professional bodies
i such countries responsible for providing recommendations to physicians practicing in such
countries.

{8153} In some cases, pregnant subjects suffering from GDM may be assigned to a
category comprising a clags of GDM developed by Dr. Priscilla White, referred to herem as
“White’s GDM class™ (Duan, P M., Dr. Priscilla White {1900-1989) of Boston and
pregnancy diabetes. Arch Dis Child Fetal Neonatal Ed. 2004 May, 89(3): F276-8, herein
meorporated by reference m 1ts entirety). Such GDM classes may include any of those listed
i Fable 8.

Table 8. GDM classes

Class Bescription
Al nsulin independent
insulin dependent
diabetic <10 vears, onset after age 20
diabetic 10-19 vears, onset between ages 10~-19, no vascular complications
diabetic >2{ years, onset before age 10, with vascular complications
with nephropathy
with retinopathy

= Oy [ |
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T with prior kidney transplant
H with heart disease

[0154] White's GDM classes mclude Class Al, Class A2, Class B, Class C, Class D,
Class F, Class R, Class T and Class 1. Ofthese, Class Al and Class A2 are used to classify
subjects with GDM, but not pre-existing diabetes. The other Classes are used to categories
pregnant subjects that suffer from diabetes that developed at some pomt prior to pregnancy.
{0155}  In some embodiments, GDM may be categorized according to two or more levels
of GDM severity. As used herein, the term “level of GDM seventy” refers to a category of
disease characterized by different levels of complications or negative cutcomes, typically
from less severs to more severe. GDM severity may be assigned based on the level ofone or
maore factors that corrclate with such complications or negative outcomes. In other
embodiments, GDM severity may be assigned based on the metabolism of blood glucose.
GDM severity may also be determined by levels of GCD39. In such embodiments, mild,
moderate and severe GDM levels may be assigned to subjects depending on where
concentration levels of GCDSY, obtained from subject samples, fall between predetermined

cut-off values.
Preliminary indications and risk jactors

{#156]  Typically, there are no symptoms for GDM. In some cases, symptoms do occur
and include, but are not limited to thirst, fatigue, nausca, vomuting, bladder infection, veast
mfection and blurred vision (http/www nlm nih.gov/medlineplus/ency/article/000896 htm).
Preliminary indications of disease typically involve test results {¢.g., elevated glucose levels,
clevated fevels of glvcated proteims).

{3157}  Risk factors for GDM may include, but are not himited to elevated body mass
mdex (BMI), family history of diabetes or GDM, advanced maternal age, a history of
polycystic ovary syandrome, a history of smoking, a history of obstetric issues, high
cholesterol, short stature and ethmicity (Ross, G., Australian Family Physician. 2006.
35(6).392-6; Bjorge, T.etal., Am J Epid. 2004, 160(12}:1168-76;, Ma, R.M. at al., Diabetes
Care. 2007 30(11):2960-1}. In some cases, the presence or absence of nsk factors may
mfluence one or more course of action with regard to testing and/or treatment of female
subjects.

[3158]  As used herein, the term “body mass index” refers to a number calculated from a
subject’s weight and height that correlates with the level of body fat of a given subtect. This

value is obitained from a subject by dividing the weight of the subject m kiograms by
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{(heighty” in meters. I some cases, BMI values mayv be interpreted as follows: below 18.5
kg/m® -~ underweight; 18.5 kg/m? - 24.9 kg/m? — normal; 25.0 kg/m* - 29.9 kg/m* -
overweight; 30.0 kg/m? - 34.9 kg/m? — grade 1 obesity; 35.0 kg/m? - 39.9 kg/m? — grade 1
obesity and above 40 kg/m? — grade IH obesity. According to such interpretations, subjects
who are overweight comprise a 2.14-fold increased risk of developing GDM (Yessoufou, A.
et al., Experimental Diabetes Rescarch, 2011, 2011:1-12}. Subjects who are obese comprise
a 3.56-fold mcreased risk of developing GDM and subjects who are severchy obese comprise
an 8.56-fold mcreased risk of developmg GDM. BMI interpretations may be different in
cach country and may be determined by professional bodies responsible for setting gindelines
for physicians practicing within such countries and/or governing bodics.

[3159]  Pregnant subjects with a lustory of pre-diabetes and/or GDM have a higher risk of
developing GDM. Additionally, pregnant subjects with a family history of diabetes, pre-
diabetes and/or GDM have a higher risk of developing GDM. Subject history and/or family
history are typically reviewed during the furst prenatal appointment. {n some crobodiments,
subject history and/or family history may be used to make decisions about subject testing
and/or treatment.

0168}  Advanced matemal age is also a risk factor for developing GDM. The percent of
pregnant subjects with GIDM varics among different age groups (Ross, (., Australian Family
Physician. 2006. 35(6):392-6). About 1% of pregnant subjects under 20 develop GBM
during pregnancy, while about 1. 8% of pregnant subjects from ages 20 to 24 develop GBM,
about 2.5% of pregnant subjects from ages 25 to 29 develop GDM, about 4,196 of pregnant
subjects from ages 30 to 34 develop GDM, about 6.5% of pregnant subjects from ages 3510
39 develop GDM, about 9.8% of pregnant subjects from ages 40 to 45 develop GBM and
about 12 8% of pregnant subjects over 45 develop GDM.

{3161}  Rates of GDM are also influenced by cthnicity with higher incidence in pregnant
subjects who are African American, Native American, Hispanic and South Asian (including,

but not mited to Pacific Islanders) (Kim, 5.Y . et al., Prev Chronic Dis. 2012. 9: E&%).
GDM-related conditions

10162 GDM is a major cause of peri- and post-natal complications for mothers and their
offspring. Gestational carners atfhicted with GDM may have or be at nisk for developing one
or more GDM-related conditions. As used herein, a “GDM-related condition” is any disorder
in a gestational carrier or gestational subject associated with or resulting from GDM. GDM-

related conditions in gestational carriers may include, but are not limited to complications at
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delivery, increased number of C-sections, nsk of pre~eclampsia/eclampsia, nuscarriage and/or
post-pregnancy diabetes. Gestational subjects and/or infant subjects born to gestational
carriers afflicted with GDM may have or be at risk for developing one or more GDM-related
conditions that include, but are not limited to, macrosomia, large for gestational age (LGA),
birth defects, birth trasma, hyperbilirubinemia, hypoglycemia, scizures and still birth. In
some embodiments, methods of the present disclosure used to diagnose, assess, monitor, or
stratify nisk {i.c, assigning a level of risk to one or more subjects) for GDM in a gestational
carrier may be used to identity gestational subjects and/or infant subjects at nsk for
developing one or more GDM-related conditions.

{0163} (GDM-related conditions affecting gestational and/or infant subjects may include
macrosomia. As used herein, the term macrosonua refers to a condition n nfant subjects
characterized by large birth weight. Large birth weight, as used bherein refers to birth weights
above about 8 pounds, 13 cunces or roughly above 4 kg, Infant subjects characterized with
magcrosomia comprise about 10% of total births. Often, abnormal or difficult childbirth {also
referred to herein as dvstocia) and/or birth trauma associated with infant subjects bom to
pregnant subjects with GDM are due to the large size of such infant subjects, causing
physical stress during birth to both the mother and offspring {Najatian, M. et al., Obstetrics
and Gynecology. 2012. 2012:353791). in pregnant subjects suffering from GDM, elevated
blood glucose levels typically lead to mereased glucose and nutrient transport across the
placenta to the developing offspring (Yessoufou, A. et al., Experimentat Diabetes Research.
2011, 2011:1-12). Excess nutnient levels 1 the developing offspring may also put such
offspring in danger of developing hyvpoglyeenua, or low blood glucose, after birth. Increase
nutrient levels i utero lead to elevated insulin production by developing offspring. After
birth, the transfer of placental nutrients ccases, and elevated circulating insulin in infant
subjects causes blood glucose levels to drop leading to hypoglycemia. In some embodiments,
methods of the present disclosure used to diagnose, assess, monttor, or stratify risk for GDM
may be used to diagnose. assess, monitor and/or stratify risk for developing macrosomia.
{0164}  GDM-related conditions may include large for gestational age (LGA). Large for
gestational age refers to a condition characterized by birthweights that exceed the 907
percentile at a given gestational age. Although threshold weights may vary for this, gencrally,
babies larger than about 8 pounds and 13 ounces when born at full term fall into the category
of LGA. Where a gestational carrier has GDM, LGA may result from excess msulin produced
by the fetus m response 1o high blood glucose levels n the gestational carrier that leads to

greater than normal growth and subsequently elevated birth weight. In some embodiments,

W

5



WO 2018/195008 PCT/US2018/027856

methods of the present disclosure used to diagnose, assess, monitor, or stratity risk for GDM
may be used to wdentify gestational subjects at risk for developing LGA.

{0165}  Pregnancy-related hypertensive disorders, such as pre-eclampsia have also been
shown 1o be related to GDM (Feig, D5 et al, PLoS Med. 2013, 10(4): ¢1001425.) Pre-
eclampsia is a serious medical condition in pregnant subjects characterized by elevated blood
pressurc and proteinuna {(protein in the unne). Studies indicate that pregnant subjects with
GDM have a higher risk of developing pre-eclampsia. 1t has also been shown that the nisk of
pre~eclampsia increases with intolerance to ghicose. Additionally, pregnant subjects with
pre-eclampsia have been shown to have a higher incidence of msulin resistance. In some
embodiments, methods of the present disclosure used to diagnose, assess, monitor, or stratify
risk for GDM may be used to diagnose, assess, monitor and/or stratfy risk for developmg

pre-eclampsia.
Gestational windows

8165]  In the context of embodiments of the present mvention, the length of time
compnsing pregnancy may be divided mto two or more gestational windows. As used
herein, the torm “gestational window” refers to any temporally, developmentally and/or
physiologically defined peniod of a pregnancy. Gestational windows may compnise weeks of
pregnancy. The typical term of a human pregnancy is from about 406 to about 42 weeks (but
may extend beyond 42 weeks in somc cases) and is calculated starting with the end of the last
menstrual cvele of a pregnant subject. As such, gestational windows may comprise from
about 0 1o about 46, from about O {0 about 42, from about 2 to about 42, from about 4 io
about 42, from about 8 to about 42, from about 12 o about 42, from about 16 to about 42,
from about 20 to about 42, from about 24 1o about 42, from about 28 to about 42, from about
32 to about 42, from about 36 to about 42, from about 12 to about 36, from about 16 to about
36, from about 20 to about 36, from about 24 to about 36, from about [0 to about 28, from
about 16 1o about 28, from about 20 to about 28, from about 16 to about 24, or from about 18
to about 24 weeks of pregnancy. In some cases, gestational windows may comprise week 1,
week 2, week 3, week 4, week 3, week 6, week 7. week 8, week @, week 10, week 11, week
12, week 13, week 14, week 15, week 16, week 17, week 18, week 19, week 20, week 21,
week 22, week 23, week 24, week 25, week 26, week 27, week 28, week 29, week 30, week
31, week 32, week 33, week 34, weck 35, week 36, week 37, week 38, week 39, week 40,
week 41, week 42, week 43, week 44, week 45, week 46 or after week 46 of pregnancy.

Gestational windows may also comprise months of pregnancy. The typical term of a
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pregnancy is 9-10 months. As such, gestational windows may comprise from about month |
to about month 10, from about month 2 to about month 10, from about month 3 {o about
month 10, from about month 4 to about month 10, from about month 3 to about month 10,
from about month 6 to about month 10, from about month 7 to about month 10, from about
month 8 to about month 10, from about month 9 to about month 10, from about month 1 to
about month 9, from about month 2 to about month 9, from about month 3 to about month 9,
from about month 4 to about month 9, from about month 3 to about month 9, from about
month 6 to about month 9, from about month 7 to about month 9, from about month 8 to
about mount 9, from about month 1 to aboet month 6, from about month 1 to about month 4,
from about month | to about month 3, from about month 3 to about month 9, from about
month 3 to about month 6, from about month 4 to about month 6, from about month 3 to
about month 7, from about month 2 to about month 7 or from about month 2 to about month
6 of pregnancy. In some cases, gestational windows may comprise month |, 2, 3,4, 5,6, 7,
8,9 or 16. In other cmbodmments, gestational windows mayv comprise trimesters. The term of
a pregnancy may be divided into three tnimesters. The first {rimester may comprise from
about 1 month to about 3 months of pregnancy and/or from about weck 1 to about week 12 of
pregnancy. During the first tnmester, typical development compnses fetal growthtoa
weight of about 28 g (or about 1 ounce) and a length from about 7.6 cm to about 10 cm (or
from about 3 to about 4 inches) long. The second trimester may comprise from about 4
months to about 6 months of pregnancy and/or from about 13 weeks to about 28 weeks of
pregnancy. Durng the second trimester, typical development comprises fetal growth to a
weight of about 910 g (or about 2 pounds) and length from about 23 cm to about 31 cm (or
from about 9 mches to about 12 inches} long. The third trimester may comprise from about 7
months to about 9 months of pregnancy and/or from about 29 to about 40 weeks of
pregnancy. During the third trimester, typical development comprises fetal growth to a
weight of about 3.2 kg (or about 7 pounds) and length from about 45 cm to about 51 cm {or
from about 18 to about 20 inches) long.

{0167}  In some embodiments, gestational windows may comprise stages of fetal
development. Such stages may include, but are not mited to blastocyst formation, placental
formation, embryo formation, heart development, hung development, bver development,

kidney development, gastrointestinal development and nervous sysiem development.

Mornitoring and therapy
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[8168]  Analyses disclosed herein may comprise the use of a single sample obtained from a
subject. Such samples may comprise bodily fluid samples. Bodily fluid samples may
machude, but are not limited to blood, urine, mucous, ammiotic thuid, saliva and/or other
sample types disclosed herein. Biomarker levels may be analyzed in a single subject sample
or in multiple subject samples. GCD39 levels, for example, may be monitored over time. As
used herein, the torm “monitonng”™ refers o the act of observing, evaluating and/or measuring
over time. Observing, evaluating and/or measuring may be recorded in the form of one or
more amounts or values.

8169}  In some embodiments, values for the purposes of monitorimg may comprise
concentration values or concentration equivalent values. Monitoring is typically carried out
by obtaining nitial or baseling values by which subsequent values may be compared. During
monionng, one or more subscquent values may be obtained and compared to bascline values
and/or any other previously obtained values. Subsequent values may be obtained for the
purposes of short-term comparisons, long-term comparisons, weekly comparisons, monthly
comparisons and the like. Shori-term comparisons may be used fo monitor ong or more
biomarker levels in subject samples in response to a particular challenge (&.g., a glucose
challenge) to the subject. Such subject samples may be obtained every 10, 20, 30, 40, 50, 75
and/or 150 minutes and analyzed to generate subsequent values for comparison. Subject
samples for short-term comparisons may be obtamed every 1,2, 3,4, 5, 10, 12 and/or 24
hours for the generation of subsequent values. Such subject samples may comprise blood,
urine, mucous, amuiotic fluid, saliva and/or any other bodily fluids disclosed herein. Glucose
levels and/or levels of glycated proteins may also be obtained from such samples. In some
cases, levels of GCD59 (inchiding, but not hnuted to concentration values) may be obtamed
from subjoct samples for short-term comparisons.

{3176}  In some embodiments, long-term comparisons may be used to monitor one or moie
biomarker levels/concentrations in subjects. Subsequent values obtained for long-~term
comparisons may be obtained each week, cach month, each quarier, cach year and/or at least
cach vear. Long-tcrm comparisons may comprise subsequent values obtained from subject
sampies obtained about 2 weeks to about 2 months apart. Such subject samples may
comprise bodily fluids samples. Such bodily fluid samples may comprise blood, vrine,
mucous, amniotic fluid, saliva and/or any other bodily fluid samples disclosed herein. In
some embodiments, glucose levels may be obtained from samples for long-term comparisons,

In other embodiments, tevels of glveated proteins may be obtained from sampies for long-
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term comparisons. In further embodiments, GCD39 levels (e.g. GCD39 concentration
levels) may be obtained.

{8171}  In embodiments related to monitoring of GDM, observance, evaluation and/or
measurement values may include, but are not imited to values reflecting weight, blood
glucose levels, levels of glycated proteins (¢.g., GCD39)}, biomarker levels, fotal weight, fotal
size and BMI. Momnitoring of GDM may be carried out through repeated tests and/or
observations. Baseline values may be obtamed prior to pregnancy, upon a first prenatal
medical examination or within a given interval of pregnancy. Basehne values may, for
example, be obtamed from about 12 weeks to about 36 weeks of pregnancy, from about 20
weeks to about 36 weeks of pregnancy and/or from about 24 to about 28 weeks of pregnancy
(including dunng week 24 of pregnancy, during week 25 of pregnancy, during week 26 of
pregnancy, during week 27 of pregnancy and/or during week 28 of pregnancy. Some
baseling values may be concentration values. Such concentration values may be obtained
from a variety of sources. Baseline concentration valucs may also be obtained from bodily
fhuds mcluding, but not limited to blood, unine, mucous, amniotic fluid, saliva and/or any
other bodily fhnd disclosed herem. Subject sample levels may be compared to baselme levels
and/or previously obtained levels to determine changes in the tevel of one or more factor
being analyzed. In some case, subject sample levels are compared to a threshold value for one
or more factors being analyvzed.

10172} Insome embodiments, bascline values may comprise the results of one or more
tests used to evaluate one or more factors related to GDM. Such tests may include, but are
not himited to glucose challenge testing (GCT,) the OGTT, the fasting glucose test, the
opportunistic glacose test, the 2-hour postprandial glucose test, the HbA ¢ test, the
fructosamine test and the 1 5-anhvdroglucitol test.

{8173}  During GDM monitoring, one or more subsequent values may be obtained and
compared to baseline values and/or any other previously obtained values. Some subsequent
values may be obtamed for the purposes of shoit-term comparisons, long-term comparisons,
wecekly comparisons, monthly comparisons, trimester comparisons, transparfum Comparisons
{c.g., comparisons between pre- and posi-dehivery), transgestational companisons {e.g.,
comparisons between pre-, peri- and/or post-pregnancy} and inferpregnancy comparisons
{c.g., between a first pregnancy and a second, third and/or fourth pregnancy). Short-term
coraparisons may be used to monitor one or more biomarker levels in response to a particular
challenge (e .g., a glucose challenge) to the subject. Bodily fluid samples obtained for short-
term compartsons may be obtained every 10, 20, 30, 40, 50, 75 and/or 150 minutes and
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analvzed to generate subsequent values for comparison. In other embodiments, bodily fluids
for short-term comparisons may be obtained every 1, 2, 3, 4, 5, 10, 12 and/or 24 hours for the
generation of subsequent values. Some bodily fluid samples for short~term comparisons may
comprise blood, urine, mucous, amniotic fluid, saliva and/or any other bodily fluid disclosed
herein. In some cases, glucose levels may be obtained from such samples. Levels of
glycated proteins (including. but not limited to concentration values) may also be obtamed
from bodily fluids for short-term comparisons. Such levels may comprise GCP59 levels.
{8174} In some embodiments, long-term comparisons may be used to monitor one or more
biomarker levels/concentrations in pregnant subjects. Subsequent values obtained for long-
term comparisons may be obtained cach week, cach month, cach trimester, each prognancy
and/or in each of pre-gestational, peri-gestational and post-gestational periods. Some long-
term comparisons may comprise subseqguent values obtained from subject samples obtained
about 2 weeks to about 2 months apart. Some such subject samples may comprise bodily
fluids samples. Such bodily fluid samples may comprise blood, urine, mucous, amniotic
fhud, saliva and/or any other bodily fluids disclosed herein. In some cases, glucose levels
may be obtamed from samples for long-term comparisons. In other embodiments, levels of
glveated proteins may be obtained from samples for long-term comparisons. In further
embodiments, GCD39 levels (e.g., GCDA39 concentration lovels) may be obtamed.

11751 Monitoring may be carried out to observe the onset of one or more conditions
and/or diseases. Some monitoring may be carried out to determine the onset of GDM and/or
pre-eclampsia. In such embodiments, bascline values obtained may not ndicate GDM and/or
pre~eclampsia; however, subsequent values obtained may indicate onset. Onset mav be
determined by monitoring subject samples, meluding, but not himited to bodily flaids. Such
bodily fhuids may include blood, urine, mucous, amniotic fluid, saliva and/or any other bodily
fluids disclosed herein. In some subjoct samples, glucose levels may be monitored to
determine onset of GDM and/or pre-eclampsia. In other embodiments, levels of glveated
proteins may be monitored to determine onset of GDM and/or pre-eclampsia. In further
embodiments, GCD3Y levels {e.g., GCD3Y concentration levels) may be monitored to
determune onset of GDM and/or pre-eclampsia.

8176}  In some embodiments, monitoring may be carried out to observe or assess the
progression or regression of one or more conditions and/or diseases. Some monitoring may
be carried out to observe or assess the progression or regression of GDM and/or pre-
eclampsia. In such embodiments, bascline values obtained may indicate GDM and/or pre-
eclampsia; however, subsequent valugs obtained may indicate progression or regression of
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disease. Progression or regression may be assessed by monitoring subject samples,
mecluding, but not hmited to bodily fluids. Such bodily fluids may include blood, urine,
mucous, amniotic fluid, saliva and/or any other bodily fluids disclosed herein. In some
embodiments, ghicose levels may be monitored to assess progression or regression of GDM
and/or pre-eclampsia. In other embodiments, levels of glycated proteins may be monittored to
assess progression or regression of GDM and/or pre-eclampsia. In further embodiments,
GCD59 levels (e.g., GCD59 concentration levels) may be monitored to assess progression o
regression of GDM and/or pre~eclampsia.

8177F  In some embodiments, monitoring may be carried out to observe or assess the
progression of a diabetic condition in a postpartum subject. As used herein, the term
“postpartum subject” refers to a subject that has recently given birth. Postpartum subjects
may include subjects that have given birth in about the last hour, about the last day, about the
fast month, about the last 3 months and/or about the last vear. In some embodiments,
methods of the present disclosure may be used to determine GCDS9 levels m one or more
samples obtained from postpartum subjects. Such GCD39 levels obtained from one or more
samples obtained from postpartum subiects may be used to diagnose, prognose or otherwise
analyze one or more diabetic condition in such postpartim subjects.

{6178}  In some embodiments, evaluation of subject samples may be carried out m order to
apply an appropriate form of therapy. Such subject samples may be obiained from pregnant
subjects with GDM. Therapeutic strategics for GDM may comprise diet modulation,
mcreased activity, increased exercise, periodic blood glucose monitoring and/or msulin
therapy. Selecting one or more therapeutic strategics based on evaluation of samples from a
pregnant subject and applying one or more of the selected therapeutic strategies to the
pregnant subject may prevent GDM-related conditions that effect infant subjecis born to such
pregnant subjects. Samples obtained from such pregnant subjects may be cvaluated for fevels
of one or more biomarkers in order o select one or more therapeutic strategies. Such
biomarkers may include glveated proteins, including, but not limited to GCD39. GCD3Y
concentration values obtained from pregnant subject samples may be used to select one or
more therapies for the treatment of GDM. In such embodiments, one or more GDM-related
conditions in infant subjects born to such pregnant subjects may be redaced, reversed and/or
prevented.

{3179}  In some embodiments, methods of the present disclosure may be used to monitor

subjects undergoing treatment for GDM. Such methods may comprise adjusting treatment
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dosages and/or types of therapy based on msights obtained from any of the types of

monitoring described herem.
Companion diagnostics

10180}  In some embodiments, methods of the present disclosure may be used as
companion diagnostics. As used herein, the term “companion diagnostic” refers to an assay,
the results of which aid n the diagnosis or treatment of subjects. Companion diagnostics
may be usefud for stratifving patient disease, disorder or condition severity levels, allowing
for modulation of treatment regimen and dose to reduce costs, shorten the duration of clinical
trial, increase safety and/or increase effectiveness. Companion diagnostics may be used to
predict the development of a disease, disorder or condition and aid in the prescription of
preventative therapies. Some companion diagnostics may be used to select subjects for one
or more clinical trals. In some cases, companion diagnostic assays may go hand-mn-hand
with a specific treatment to facilitate treatment optimization,

{8181} In some embodiments, methods of the present disclosure may be useful as
companion diagnostics for discases, disorders and/or conditions related to glveemic levels.
Some companion diagnostics of the present mvention may be useful for predicting and/or
determining the severity of diabetes, pre-diabetes or other diabetic conditions including, but
not limited to GDM. Some companion diagnostics of the present invention may be used to
stratify subjects by nisk of developing diabetic complications. Such diabetic complications
may include, but are not himited to diabetic ketoacidosis, hyperglveemia, hypoglycemia,
hyperglyeemia hyperosmolar state, diabetic coma, infections of the respiratory tract, gum
discase, heart damage, kidney damage, decreased sensation, vision loss, cardiovascular
disease, muscle deterioration and stroke. Some companion diagnostics of the present
mvention may be used to facilitate and expedite drug development for anti-diabetic and

metabolic disease drugs.
Point of care festing

0182}  In some embodiments, methods of the present disclosure, described herein may be
used for point-of-care testing. As used herein, the term “point-of-care testing” refers to
medical testing that 1s carried out at or near a sife where a subject 1s receiving medical care,
Point-of-care testing may facilitate shorter intervals between testing, review of test results

and treatment. Point-of-care testing may also allow for patients to be tested and receive
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treatments determined by the results of such testing during the same day and/or during the

same medical visit.
Platform fechnologies

10183}  In some embodiments, methods of the present disclosure may be carried out using
one or more platform technologies. As used herein, a “platform technology” refers to an
mstrument or system configured to standardize one or more steps of a method or assay.
Platform technologies may be used, for example, to carry out immunological assays (e.g.,
ELISAs, immunoprecipitation assays, immmunofluorescence assays, FElAs, RIAs, and Western
blot analysis). Platform technologies may include one or more commerciaily available
mstruments or systems used to carry out immunclogical assays, for example, one or more
Bio-Rad (Hercules, CA) instruments (includimg, but not limited to an IMARK™ Microplate
Absorbance Reader, an XMARK™ Microplate Absorbance Spectrophotometer, a PW 41
Microplate Washer, and/or an IMMUNOWASH™ 1575 Microplate Washer}; one or more
BioTek (Wmooski, VT) instruments (including, but not limited to an ELX800™ Absorbance
Reader, a SYNERGY ™ HT Multi-mode Microplate Reader, an ELX30™ Microplate Strip
Washer, a PRECISION™ XS Auntomated Pipetting System, a MULTIFLO™ Automated
Dispenser, an EL406™ Washer Dispenser, a MULTIFLO™ FX Multi-mode Dispenser, a
405 TS™ Microplate Washer, a 405 LS™ Microplate Washer, an ELx405 Select Deep Well
Washer, and/or an ELx50 Washer); one or more Thermo-Fisher (Waltham, MA) instruments
{including, but not hmited to a MULTISKAN™ FC Microplate Photometer, a
MULTISKAN™ GO Microplate Spectrophotometer, a MULTIBROP™ Combi Reagent
Dispenser, a MULTIDROP™ 384 Reagent Bispenser, a MULTIDROP™ BW Reagent
Dispenser, and/or a WELLWASH™ Microplate Washer); one or more Molecular Devices
(Sunnyvale, CA) mstruments (including, but not imited to a GENEPIX® 4300A Microarray
Scanner, a GENEPIX® 4400A Microarray Scanner, a GENEPIX® 4000B Microarray
Scanner, a AQUAMAX® Microplate Washer, a MULTIWASH-+"™ Microplate Washer,

and/or a GENEPIX® SL50 Automated Shide Loader); and/or one or more Tecan (Masnedorf

Switzeriand) instruments (includmg, but not limited to a SUNRISE™ absorbance microplate
reader, an INFINITE® F50 absorbance microplate reader, a HY DROFLEX™ microplate
washer, a HY DROSPEED™ gucroplate washer, and/or a CONNECT™ microplate stacker).
[3184] In some embodiments, platform technologies include automated platform
technologies. Automated platform technologies are automated mstruments or systems

configured to carry out one or more steps of a method or assay in a standardized manner and
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mdependent of human manipulation, but may carry out such steps based on human input or
guidance. Automated platform technologies may mchide one or more commercially available
systers used to carry out immunological assays, for example, one or more Bio-Rad

(Hercules, CA) systems (including, but not limited to a BIO-PLEX® 200 System and/or a

caclent Quots
ACAOTY, DWHEC

BIO-PLEX® 3D Suspension Array System}; one or more Tecan (M4 ,
systems {including, but not himited to a FREEDOM EVO® series system};, a TRITURUS®
system {Grifols, Los Angeles, CA); onc or more Hamilton Laboratory Solutions {Manitowac,
W1 systems (including, but not himited to a Microlab STAR™ Line System, a Microlab
NIMBUS™ gystem, and/or a Microlab VANTAGE™ Liquid Handling System); one or more
Abbott Laboratorics (Abbott Park, IL) systems (including, but not limited to an
ARCHITECT™ 1 20005R immunoassay analvzer, an ARCHITECT™ 11000SR mmmunoassay
analyzer, and/or an ARCHITECT™ 140005R immunoassay analyzer): one or more Roche
Dhaagnostics {Branford, CT) sysiems (inclading, but not limited to0 a COBAS® 8100
automated workflow series system, a COBAS® 8000 modular analyzer system, a COBAS®
6000 analyzer system, a COBAS® 4000 analyzer system, a COBAS® ¢ 513 analyzer system,
and/or a Unsys 2400® analyser system}; one or more Meso Scale Discovery (Rockville, MD}
systeras {(inclading, but not limited to a MESO QuickPlex S 120 system and/or a MESO
SECTOR S 600 system); one or more Siemens (Munich, Germany) systeras (including, but
not limited to, PIMENSION® EXEM gystems, BIMENSION VISTA® systems,
DIMENSION® XPAND® Plus systems, BIMENSION® RXE MAX® systems, ADVIA
Centaur XPT Immunocassay systems, ADVIA Centaur XP Immunoassay svstems, ADVIA
Centaur CP [mmunoassay svstems, IMMULITE 2000 XP1 Immunoassay systems,
IMMULITE 1000 Immunoassay systems, VersaCell systems, and/or VersaCell X3 systems);
and/or one or more Luminex {(Austin, TX) systems (including, but not limited to a
MAGPIX® System and/or a LUMINEX® 160/200™ System).

{3185} In some embodiments, platform technologies used to carry out immunological
assays may include one or modules capable of performing one or more desired sieps. Such
modules may be configured to carry out one or more of sample distribution, rcagent addition
and/or removal, incubation, mixing, signal detection, signal analysis, analyte quantification,

rmsing, and sample and/or substrate disposal.
Formulations and administration

Pharmaceutical formudations
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{6186} 1In some embodiments, the compounds or compositions of the present disclosure
can be formulated using one or more excipients to; (1) increase stability; (2) increase cell
permeability; (3) permit the sustained or delayed release {¢.g., from a formulation); and/or (4)
ajter the biodistribution {¢.g., target the composition to specific tissues or cell tvpes). in
addition to traditional excipients such as any and all solvents, dispersion media, diluents, or
other liquud vehicles, dispersion or suspension aids, surface active agents, isotonic agents,
thickening or emulsifving agents, prescrvatives, formulations of the present mvendion can
melude, without limitation, liposomes, lipid nanoparticles, polymers, hipoplexes, corg~-shell
nanoparticles, peptides, proteins, cells transfected with the compounds or compositions of the

mvention {¢.g., for transplantation into a subject) and combinations thercof.
Excipients

10187}  Asused herein, the term “excipiont” refers to any substance combmed with a
compound and/or composttion of the mvention betore use. In some embodiments, excipients
are inactive and used primanly as a carnier, diluent or vehicle for a compound and/or
composition of the present mvention. Various excipients for formulating pharmaceutical
corapositions and technigques for preparing the composition are known in the art (see
Remington: The Science and Practice of Pharmacy, 21 Edition, A. R. Gennaro, Lippincott,
Williams & Wilkins, Baltimore, MD, 2006; incorporated herein by reference).

{0188}  The use of a conventional excipiont medium is conteraplated within the scope of
the present disclosure, except insotar as any conventional excipient medium mav be
meompatible with a sabstance or its denivatives, such as by producing any undesirable
biclogical effect or otherwise interacting in a deleterious manner with any other
component(s) of the phamaceutical composition.

[318%]  Formulations of the pharmaceutical compositions described herein may be
prepared by any method known or hereafter developed in the ast of pharmacology. In general,
such preparatory methods include the step of associating the active ingredient with an
excipient and/or one or more other accessory ingredients.

{81987 A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single
unit doses.

{3191}  Relative amounts of the active ingredient, the pharmaceuticallv acceptable
excipient, and/or any additional ingredients in a pharmaceutical composition in accordance

with the present disclosure may vary, depending upon the identity, size, and/or condition of
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the subject being treated and further depending upon the route by which the composition is to
be administered.

{0192]  In some embodiments, a pharmaccutically acceptable excipient s at least 95%, at
cast 96%, at least 97%, at least 98%, at least 99%, or 100% pure. In some embodiments, an
gxciptent 13 approved for use m humans and for veterinary use. In some embodiments, an
excipient is approved by United States Food and Drug Administration. In some embodiments,
an excipient s pharmaceutical grade. In some embodiments, an cxcipicnt mects the standards
of the United States Pharmacopoeia (USP), the European Pharmacopoeia (EP), the British
Pharmacopoeta, and/or the International Pharmacopoeia.

{0193} Phammaceutically acceptable excipients used in the mamufacture of pharmaceutical
compositions mclude, but are not hmited to, mmert diluents, dispersing and/or granulating
agents, surface active agents and/or emulsifiers, disintegrating agents, binding agents,
preservatives, buffering agents, lebricating agents, and/or oils. Such excipients may
optionally be included in pharmaceutical compositions.

10194}  Exemplary diluents inclade, but are not limited to, caleium carbonate, sodium
carbonate, calcium phosphate, dicalcium phosphate, calenim sulfate, calcium hydrogen
phosphate, sodium phosphate lactose, sucrose, cellulose, microcrystalline cellulose, kaolin,
manntiol, sorbitol, inosttol, sodium chlonde, dry starch, cornstarch, powdered sugar, efc.,
and/or combinations thereof.

{0195  Exemplary granelating and/or dispersing agents include, but are not humited to,
potato starch, corn starch, tapioca starch, sodium starch glveolate, clays, alginic acid, guar
gum, citrus pulp, agar, bentonite, celiulose and wood products, natural sponge, cation-
exchange resins, calcium carbonate, stlicates, sodium carbonate, cross-hinked poly{vinyi-
pyrrolidone) {crospovidone}, sodiom carboxymethy! starch (sodiam starch glycolate),
carboxymethyl cellulose, cross-linked sodium carboxymethy! cellulose {croscarmeliose),
methylceliutose, pregelatimzed starch (starch 1500}, microcrystalline starch, water insoluble
starch, calcium carboxymethy! cellulose, magnesium aluminum silicate (VEEGUM®),
sodium lauryl sulfate, quaternary ammonium compounds, efc., and/or combinations thercof.
0196]  Exemplary surface active agents and/or emulsifiers include, but are not himited to,
natural emulsifiers (e.g. acacia, agar, alginic acid, sodmm alginate, tragacanth, chondrux,
cholesterol, xanthan, pectin, gelatin, egg volk, casein, wool fat, cholesterol, wax, and
tecithin}, colloidal clays (e g. bentonite [aluminum silicate] and VEEGUM® [magnesium
ajuminum sihicate}), long chain amino acid denivatives, high molecular weight alcohols (e.g.
stearvl alcohol, cetyl alcohol, olevt aleohol, triacetin monostearate, ethylene glyveol distearate,
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glveervi monostearate, and propylene glyveol monostearate, polyvinyi alcohol}, carbomers
{c.g. carboxy polymethylene, polvacrvlic acid, acrylic acid polymer, and carboxyvinyl
polymer), carrageenan, cellulosic derivatives {c.g. carboxymethvicetlulose sodium, powdered
cellulose, hydroxymethyl cellulose, hvdroxypropyl cellulose, hydroxypropyl methyleelluiose,
methyleellulose), sorbitan fatty acid esters {¢.g. polvoxyethylene sorbitan monclaurate
[TWEEN®20], polyoxyethviene sorbitan [TWEENR®60], polyoxyethylene sorbitan
mononleate [ TWEEN®R0], sorbitan monopalmitate | SPAN®40}, sorbitan monostearate
[Span®60], sorbitan tristearate [ Span™65], glycervl monooleate, sorbitan monooleate
[SPANY801]), polvoxyethylene esters (e.g. polyoxvethylenc monostearate [MYRI®45],
polyoxyethyiene hvdrogenated castor oil, polvethoxylated castor oil, polvoxymethviene
stearate, and SOLUTOL®Y), sucrose fatty acid esters, polyethylene glyeol fatty acid esters
(e.g. CREMOPHOR®), polyvoxvethylene ethers, (e.g. polvoxyethylene laurv] ether
[BRIF®30D, poly(vinyl-pyrrolidone)}, diethylene glycol monolaurate, tricthanolamine oleate,
sodium oleate, potassium oleate, ethyl oleate, oleic acid, ethyl laurate, sodium lauryl sulfate,
PLUORINCTF 68, POLOXAMER®188, cetrimonium bromide, cetylpyridinium chloride,
benzalkomum chionde, docusate sodium, etc. and/or combmations thereof,

{0197}  Exemplary binding agents include, but are not Himtited to, starch {e.g. cornstarch
and starch paste); gelating sugars {e.g. sucrose, ghucose, dextrose, dextrin, molasses, lactose,
lactitol, mannitol }; natural and synthetic gums (¢.g. acacia, sodiom alginate, extract of Irish
moss, panwar gumn, ghatti gum, mucilage of isapol husks, carboxymethvicellulose,
methvicelulose, ethyicellulose, hydroxyethyleellulose, hvdroxypropy! cellulose,
hydroxypropyvl methyleellulose, microcrystalline cellulose, cellulose acetate, poly{(vinvi-
pyrrolidone), magnesium aluminum silicate (Veegum®), and larch arabogalactan); alginates;
polyethviene oxide; polyethylene glyeol; morganic calcium salts; silicic acid:
polymethacrylates; waxes; water; alcohol; efe. ) and combinations thereof.

{198]  Exemplary preservatives may include, but are not limited to, antioxidants,
chelating agents, antimicrobial preservatives, antifungal preservatives, alcohol preservatives,
acidic preservatives, and/or other preservatives. Exemplary antioxidants include, but are not
himited to, alpha tocopherol, ascorbic acid, acorbyl palmutate, butviated hydroxvanisole,
butviated hyvdroxytoluene, monothioglycerol, potassium metabisulfite, propionic acid, propyl
gallate, sodium ascorbate, sodium bisulfite, sodium metabisulfite, and/or sodium sulfite.
Exemplary chelating agents include ethylencdiaminetetraacetic acid (EDTA), citric acid
monohvdrate, disodium edetate, dipotassium edetate, edetic acid, fumanc acid, malic acid,
phosphorie acid, sodium edetate, tartaric acid, and/or trisodinm edetate. Exemplary
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antimicrobial preservatives include, but are not hinuted 1o, benzaltkonium chlonde,
benzethomuom chloride, benzyl alechol, bronopol, cetrimide, cetvlpyndinium chlonde,
chlothexidine, chlorobutanol, chlorocresol, chlioroxylenol, cresol, ethyl alcohol, glycerin,
hexetidine, imidurea, phenol, phenoxyethanol, phenyiethy! alcohol, phenylmercuric mitrate,
propylene glveol, and/or thimerosal. Exemplary antifungal preservatives mclude, but are not
timited to, butyl paraben, methy!l paraben, ethyl paraben, propyl paraben, benzoic acid,
hvdroxybenzoic acid, potassium benzoate, potassinm sorbate, sodiwm benzoate, sodium
propionate, and/or sorbic acid. Exemplary alcohol preservatives include, but are not fimuted
to, ethanol, polvethylene glveol, phenol, phenclic compounds, bisphenol, chlorobutanol,
byvdroxybenzoate, and/or phenylethyl alcobol. Exemplary acidic preservatives include, but arc
not hnuted to, vitamin A, vitamin C, vitamun E, beta-carotene, citric acid, acetic acid,
dehydroacetic acid, ascorbic acid, sorbic acid, and/or phytic acid. Other preservatives include,
but arg not limited to, tocopherol, tocopherol acetate, deteroxime mesylate, cetrinide,
butylated hydroxyanisol (BHA), butyiated hydroxytoluened (BHT), cthylenediamine, sodium
laury] sulfate (SLS), sodivm laurvi ether sulfate (SLES), sodium bisulfite, sodium
metabisulfite, potassium sulfite, potassium metabisulfite, GLYDANT PLUS®, PHENONIP®,
methyiparaben, GERMALL®115, GERMABEN®H, NEGLONE™, KATHON™, and/or
BUXYL®

191991 Excmplary buffering agents include, but are not himited to, citrate buffer solutions,
acetate buffer solutions, phosphate buffer solutions, ammontam chlornide, calcium carbonate,
calcium chloride, calcium ciirate, calcium glubionate, calcium gluceptate, calcium gluconate,
p-gluconic acid, calcium glycerophosphate, calcium lactate, propanoic acid, calcium
levalinate, pentanoic acid, dibasic calcium phosphate, phosphoric acid, tribasic calcium
phosphate, calcium hvdroxide phosphate, potassium acetate, potassium chloride, potassium
gluconate, potassium mixtures, dibasic potassium phosphate, monobasic potassium
phosphate, potassium phosphate mixtures, sodium acetate, sodium bicarbonate, sodium
chloride, sodium citrate, sodium lactate, dibasic sodiim phosphate, monobasic sodium
phosphate, sodiuvm phosphate mixtures, tromethamine, magnesium hyvdroxide, alopumim
hydroxide, alginic acid, pyrogen-free water, 1sotonic saline, Ringer’s solution, ethvl alcohol,
etc., and/or combinations thereof.

{0208}  Exemplary lubricating agents include, but are not limited to, magnesium stearate,
calcium stearate, stearic acid, silica, tale, malt, glvceryvl behanate, bvdrogenated vegetable
oils, polyethyiene glveol, sodium benzoate, sodium acetate, sodium chloride, leucine,
magnesium lauryl sulfate, sodiim lavry] sulfate, efc., and combinations thereof.
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{8201}  Exemplary oils include, but are not limited to, almond, apricot kernel, avocado,
babassu, bergamot, black current seed, borage, cade, camomile, canola, caraway, camauba,
castor, cinnamon, cocoa butter, coconut, cod liver, coffee, corn, cotton seed, emu, eucalypius,
evening primrose, fish, flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, 1sopropyl
myristate, jojoba, kukui nut, lavandin, lavender, lemon, litsga cubeba, macademia nut,
mallow, mango seed, meadowfoam seed, mink, mutmeg, olive, orange, orange roughy, palm,
palm kemel, peach kemel, peanut, poppv seed, pumpkin sced, rapeseed, rice bran, rosemary,
safflower, sandalwood, sasquana, savoury, sea buckthom, sesame, shea butter, silicone,
soybean, sunflower, tea tree, thistle, tsubaky, vetiver, walnut, and wheat germ oils. Exemplary
oils include, but are not limited to, butvl stearate, caprviic tniglyceride. caprc triglycende,
cvclomethicone, diethvi sebacate, dimethicone 360, isopropyvl myristate, mineral oil,
ootyvldodecanol, oleyvl aleoheld, siticone oil, and/or combinations thereof.

10202}  Excipients such as cocoa butter and suppository waxes, coloring agents, coating
agents, sweetening, flavoring, and/or perfuming agents can be present in the composition,

according to the judgment of the formulator.
Vehicles
Liposomes, lipoplexes and lipid nanopariicles

10203}  Compounds or compositions of the present disclosure may be formulated using
one or more liposomes, lipoplexes, or lipid nanoparticles. In one embodiment,
pharmaceutical compounds or compositions of the present diselosure further comprise
liposomes. Liposomes arc artificially-prepared vesicles which may primanly comprise one or
maore lipid bilavers and may be used as a delivery vebicle for the administration of nutrients
and pharmaceutical formulations. Liposomes can be of different sizes such as, but not houted
to, a multitamellar vesicle (MEV) which may be hundreds of nanometers in diameter and
may contain a scries of concentric bilayers separated by narrow agueous compartments, a
small umicelular vesicle (SUV) which may be smaller than 50 nm m diameter, and a large
unilameltar vesicle (LUV} which may be between 50 and 500 nm in diameter. Liposome
design may include, but is not limited to, opsoning or hgands in order to mmprove the
attachment of liposomes to unhealthy tissue or to activate cvents such as, but not hmited to,
endocviosis. Liposomes may contain a low or a high pld mn order to improve the debivery of
the pharmaceutical formulations.

{0204}  The formation of liposomes may depend on the physicochemical characteristics

such as, but not limited to, the pharmaceutical formulation entrapped and the liposomal
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mgredients | the nature of the medium m which the lipid vesicles are dispersed, the effective
concentration of the entrapped substance and 1ts potential toxicity, any additional processes
mvolved during the application and/or delivery of the vesicles, the optimization size,
polvdispersity and the shelf-life of the vesicles for the intended application, and the batch-to-~
batch reproducibility and possibility of large-scale production of safe and efficient liposomal
products.

10205}  In one embodiment such formulations may also be constructed or compositions
altered such that they passively or actively are directed to different cell types in vive,

0206}  Formulations can also be selectively targeted through expression of different
ligands on their surface as exemplified by, but not mited by, folate, transferrin, N-
acetylgalactosamine (GalNAc), and antibody targeted approaches.

192071 Liposomes, lipoplexes, or lipid nanoparticles may be used to improve the
functional cfficacy of the compounds or compositions of the present disclosure as these
formulations may be able to increase cell transfoction with compositions of the invention.
The liposomes, lipoplexes, or lipid nanoparticles may also be used to increase the stability of
the compounds or compositions of the mvention.

{0208}  Liposomes that are specifically formulated for antibody cargo are prepared
according to techniques known i the art, such as described by Eppstein ot al. (Eppstein, DA,
et al., Biological activity of liposome-encapsulated murine interferon gamma is mediated by a
cell membrane receptor. Proc Natt Acad Sci U S A 1985 Jun82(11):3688-92}; Hwang ¢t al.
(Hwang, K 1. et al., Hepatic uptake and degradation of unilameliar
sphingomyelin/cholesterol iposomes: a kinetic study. Proc Natl Acad Sci U S8 AL 1980
Fal;77(7%.4030-4), US 4,485,045 and US 4,544,545 . Production of liposomes with sustained
circulation time is also described i US 5,013,556,

{0209}  Liposomes comprising compounds or compaositions of the present invention may
be generated using reverse phase evaporation utilizing lipids such as phosphatidvicholine,
cholesterol as well as phosphatidyiethanolaming that has been polyethylene ghycol-
derivatized. Filters with defined pore size are used to extrude hiposomes of the desired
diameter. In another embodiment, compositions of the present invention can be conjugated to
the external surface of liposomes by disulfide mterchange reaction as is descrnibed by Martin
ctal. (Martin, F.J. et al.. frreversible coupling of immunoglobulin fragments fo preformed
vesicles. An improved method for {ipasome targeting. § Biol Chem. 1982 Jan 10;257(1}:286~

8).
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Polymers and nanoparticles

{0216}  Compounds or compositions of the invention can be formulated using natural
and/or synthetic polymers. Non-limiting examples of polymers which may be used for
dehvery include, but are not limited to DMRVDOPE, poloxamer, chitosan, cyclodextrin, and
poly (lactic-co-glyveolic acid) (PLGA) polymers. These may be biodegradable.

{0211} The polymer formulation can permit the sustained or delayed release of the
compositions {¢.g., following intramuscular or subcutaneous injection}. The altered release
profile for the compounds or compositions of the present disclosure can result in, for
example, release of the compounds or compositions over an extended period of time. The
polymer formulation may alse be used to increase the stability of compounds or composttions
of the mvention.

10212} Polymer formudations can also be selectively targeted through expression of
different ligands as exemplified by, but not limited by, folate, transferrin, and N-
acetyigalactosamine (GalNAc) (Benoit et al, Biomacromolecules. 2011 12:2708-2714;
Rozema et al., Proc Natl Acad Sa U S AL 2007 104:12982-12887; Davis, Mol Pharm. 20609
6:659-668; Davis, Nature 2010 464:1067-1070; herein incorporated by refercnce in its
entirety ),

[08213] Compounds or compositions of the present disclosure can also be formulated as
nanoparticles using a combination of polymers, lipids, and/or other biodegradable agents,
such as, but not limited to, calcium phosphate. Components may be combined in a core-shell,
hybrid, and/or layer-by-laver architecture, to allow for fine-tuning of the nanoparticle so that
the delivery the compounds or compositions of the nvention may be enhanced. For
compounds or compositions of the present disclosure, systems based on poly(2-
{methacrylovioxy) ethvl phosphoryicholme)-block-(2-(ditsopropylamino)ethy methacrvlate),
(PMPC-PDPA), a pH sensitive diblock copolyvmer that self-assembles to form nanometer-
sized vesicles, also known as polymersomes, at physiclogical pH may be used. These
polymersomes have boen shown to successfully deliver relatively high pavioads within hive
cells. (Massignani, et al, Cellular delivery of antibodies: effective targeted subcellular
rnaging and new therapeutic tool. Nature Proccedings, May, 2010).

{0214}  In one cmbodiment, a PEG-charge-conversional polymer (Pitella et al,,
Biomaterials. 2011 32:3106~3114) may be used to form a nanoparticle to deliver the

corapounds or corpositions of the present invention. The PEG-charge-conversional polyvmer
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may improve upon the PEG-polvanion block copolymers by being cleaved mio a polycation
at acidic pkL thus enhancing endosomal escape.

{0215]  The usc of core-shell nanoparticles has additionallv focused on a high~throughput
approach to synthesize cationic cross-linked nanogel cores and various shells (Siegwart et al,
Proc Natl Acad Sct U S A 2011 108:12996-13001). The complexation, dehvery, and
mternalization of the polymeric nanoparticles can be precisely controlled by altering the
chemical composition in both the core and shell components of the nanoparticle.

{8216}  1In one embodiment, matrices of poly {ethylene-co-vinyl acetate), are used to
deliver the compounds or compositions of the invention. Such matrnices are described in

Nature Biotechnology 10, 1446 - 1449 (1992).
Routes of administration

10217}  The compounds or compositions of the present invention may be adonumistered by
any of the standard methods or routes known n the art.

18218}  Compounds or compositions of the present invention may be administered by any
route which results in a therapeutically effective outcome. These inchude, but are not linited
to enieral, gastroenteral, epidural, oral, transdermal, epidural (peridural}, intracerebral (into
the cercbrum), intracerebroventricular (into the cercbral ventricles), epicutancous {application
onto the skin), intradermal, {into the skan itself), subcutancous {under the skin), nasal
administration {through the nosc), intravenous (into a vein), intraartenial (into an artery),
miramuscular (inio a muscle), mtracardiac (tto the heart), mtracsscous mfusion (nto the
bone marrow), intrathecal (into the spinal canal), intraperitoneal, (infusion or injection nto
the peritongum), intravesical mfusion, intravitreal, {through the eyve), intracavernous
myection, { imto the base of the penis), intravaginal admunistration, intrautering, extra-
amniofic adninistration, transdermal (diffusion through the mtact skan for systemic
distnibution}, transmucosal {(diffusion through a mucous membrane), insufflation (snorting),
sublingual, sublabial, encma, eye drops {onto the conjunctiva), or in car drops. In specific
embodiments, compounds or compositions may be administered in a way which allows them
cross the blood-brain barrier, vascular barrier, or other epithelial barrier. Non-lmiting routes

of administration compounds or compositions of the present mvention are described below.
Parenteral and injectable administration

10219} Liguid dosage forms for oral and parenteral administration mchude, but are not

limited to, pharmaccutically acceptable croulsions, microemulsions, solutions, suspensions,
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syrups, and/or elixirs. In addition to active ingredients, Higuid dosage forms may comprise
mert diluents commonly used in the art such as, for example, water or other solvents,
solubilizing agents and emulsifiers such as ethyl alcchol, 1sopropyl alcohol, ethyl carbonate,
ethvl acetate, benzyl alcohol, benzyvil benzoate, propylene glveol, 1,3-butviene glyeol,
dimethyiformamide, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor, and
sesame oils), glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters
of sorbitan, and mixtures thereof. Besides mert diluents, oral compositions can include
adjuvants such as wetting agents, emulsifying and suspending agents, sweetening, flavoring,
and/or perfuming agents. In certain embodiments for parenteral admunistration, compositions
are mixed with solubilizing agents such as CREMOPHOR®, alcohols, oils, modified oils,
glveols, polysorbates, cyclodextrins, polymers, and/or combinations thereof. fn other
embodiments, surfactants are included such as hydroxypropylcellulose,

10220}  hyectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing agents,
wetting agenis, and/or suspending agents. Sterile injectable preparations may be sterile
myectable solutions, suspensions, and/or enudsions m nontoxie parenterally acceptable
diluents and/or sclvents, for example, as a solution in 1 3-butanediol. Among the acceptable
vehicles and solvents that may be emploved are water, Ringer's solution, U.S P, and isotonic
sodiam chiornde solution. Stenle, fixed otls are conventionally emploved as a solvent or
suspending mediom. For this purpose, any bland fixed oil can be cmployed including
synthetic mono- or diglveerides. Fatty acids such as oleic acid can be used i the preparation
of injectables.

18221}  1Injectable formulations can be stenlized, for example, by filtration through a
bacteriat-retaining filter, and/or by incorporating sterilizing ageuts in the form of sterile solid
compositions which can be dissolved or dispersed i sterile water or other sterile injectable
medium prior Lo use.

10222} Inorderto prolong the effect of an active ingredicnt, it is often desirable o slow
the absorption of the active ingredient from subcutancous or intramuscular injection. This
may be accomphlished by the use of a hquid suspension of crystalline or amorphous material
with poor water solubility. The rate of absorption of the drug then depends upon its rate of
dissolution which, in tum, may depend vpon crystal size and crvstalline form. Alternatively,
delaved absorption of a parenterally admistered drug form i1s accomplished by dissolving or
suspending the drmg in an oil vehicle. Injectable depot forms are made by forming
microencapsule matrices of the drug in biodegradable polvmers such as polylactide-
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polvglycohde. Depending upon the ratio of drug to polvmer and the nature of the particular
polymer employed, the rate of drug release can be controlled. Examples of other
bindegradable polymers include poly{orthoesters) and poly{anhvdrides). Depot injectable
formulations are prepared by entrapping the drug in liposomes or microemulsions which are

compatible with body tissues.
Rectal and vaginal administration

182231  Compositions for rectal or vaginal administration are typically suppositories which
can be prepared by mixing compositions with suitable non-triitating excipionts such as cocoa
buiter, polvethylene glveol or a suppository wax which are solid at ambient temperature but
haguad at body temperature and therefore melt in the rectum or vaginal cavity and release the

active ingredient.
Oral administration

10224}  Solid dosage forms for oral administration nclude capsules, tablats, pills, powders,
and granules. In such solid dosage forms, an active ingredient 1s mixed with at least one inert,
pharmaceutically acceptable exeipient such as sodium citrate or dicalcium phosphate and/or
fillers or extenders {¢.g. starches, lactose, sucrose, glucose, mannitol, and silicic acid),
binders {e.g. carboxvmethylceliulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and
acacia), humectants (¢.g. glveerol}, disintegrating agents {¢.g. agar, calcium carbonate, potato
or tapioca starch, alginic acid, certain silicates, and sodium carbonate), solution retarding
agents {¢.g. paraffin}, absorption accelerators {¢.g. quaternary ammomunm compounds),
wetting agents {e.g. cetyl alcohol and glycerol monostearate), absorbents (¢.g. kaolin and
bentonite clay), and lubricants {e.g. tale, calcium stearate, magnesium stearate, sohd
polyethyiene glycols, sodium lauryi sulfate), and mixtures thereof. In the case of capsules,

tablets and pills, the dosage form may comprise buffering agents.
Topical or transdermal administration

{0225}  As described herein, compounds or compositions of the present disclosure may be
formulated for administration topically. The skin may be an deal target site for debivery as 1t
is readily accessible. Gene expression may be restricted not only to the skin, potentially
avoiding nonspecific toxicity, but also to specific layers and cell types within the skin.
{0226]  The site of cutaneous expression of the dehivered compounds or compositions will

depend on the route of nucleic acid debivery. Three routes are commonly considered to

deliver compounds or compositions of the present invention to the skin: (3) topical application
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{e.g. for local/regional treatment and/or cosmetic applications); (i1} intradermal injection {e.g.
for local/regional treatment and/or cosmetic applications); and {nt) systemic delivery (e.g. for
treatment of dermatologic discases that affect both cutaneous and extracutancous regions).
Compounds or compositions of the invention can be delivered to the skin by several different
approaches known in the art.

10227} Inone embodiment, the invention provides for a variety of dressings {2.g., wound
dressings) or bandages (¢.g., adhesive bandages) for conveniently and/or effectively carrving
out methods of the present invention. Typically dressing or bandages may comprise sufficient
amounts of pharmaceutical compositions and/or compounds or composttions of the present
disclosure described herein to allow a user to perform multiple treatments of a subject(s}).
[0228] In one embodiment, the invention provides for compounds or compositions to be
dehvered in more than one injection.

10229}  Dosage forms for topical and/or transdermal admunistration of a composition may
mclude ointments, pastes, creams, lotions, gels, powders, solutions, sprays. inhalants and/or
patches. Generally, an active ingredient is admixed under sterile conditions with a
pharmaceutically acceptable excipient and/or any needed preservatives and/or buffers as may
be required.

{0230}  Additionally, the present invention contemplates the use of transdermal paiches,
which often have the added advantage of providing controlled delivery of a compound to the
body. Soch dosage forms may be prepared, for example, by dissolving and/or dispensing the
compound m the proper medivm. Alternatively, or additionally, rate may be controlled by
cither providing a rate controlling membrane and/or by dispersing the compound in a
polymer matrix and/or gel.

{0231}  Formulations suitable for topical adminisiration include, but are not limited to,
kguid and/or semi hiquid preparations such as himiments, lotions, otl 1 water and/or water in
otl emulsions such as creams, omtments and/or pastes, and/or solutions and/or suspensions,
10232}  Topically-admimstrable formulations may, for example, comprise from about 1%
to about 10% (w/w) active ingredient, although the concentration of active ingredient may be
as high as the solubility limit of the active ingredient in the solvent. Formulations for topical
administration may further comprise one or more of the additional ingredients described

hereimn.

Depot administration
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18233}  As described herem, in some embodiments, compounds or compositions of the
present mvention are formulated i depots for extended release. Generally, a specific organ or
tissue (a “target tissue”) is targeted for adounistration,

{8234} In some embodiments, compounds or compositions of the present invention arg
spatially retamed within or proximal to a target tissue. Provided are methods of providing
compounds or compositions to one or more target tissue of a mammalian sabject by
contacting the one or more target tissue {comprising one or more farget cells) with
compounds or compositions under conditions such that the compounds or compositions, are
substantially retamed in the target tissue, meaning that at least 10, 20, 30, 40, 50, 60, 70, 80,
85,90, 95, 96, 97, 98, 99, 99.9, 99 .99 or greater than 99.99% of the composition is retamed 1o
the target tissue. Advantageously, retention 1s determined by measuring the level of the
compositions entering the target tissucs and/or cells. For example, at least 1, 5, 10, 20, 30, 40,
50, 60, 70, 80, 85, 90, 65, 96, 97, 98, 99, 99 6, 99 99 or greater than 99 99% of the
compounds or compositions of the mvention administercd to the subject are present
mtracetiularly at a period of time following administration. For example, intramuscular
mjection to a mammalian subject is performed using an aqueous composition of the present
mrvention and a transfection reagent, and retention of the composition is determined by
measuring the level of the compounds or compaosttions of the invention present in the muscle
cells.

10235}  Certain aspects of the invention are directed to methods of providing compounds
o7 compositions to target tissues of manmumalian subjects, by contacting the target tissues
{containing one or more target celis) with compounds or compositions under conditions such
that the compounds or compositions are substantially retained m the target tissue. In some
embodiments, effective amounts of the compounds or compositions of the present disclosure
may be used such that the effect of interest is produced in at least one target cell. Compounds
or composttions gencrally contain cell penetration agents and a pharmaceutically acceptable
carrier, although compounds or compositions 1n “naked” form {such as compounds or
compositions without cell penetration agents or other agents) are also contemplated.

[8236]  1In some embodiments, compounds or compositions include a plurality of
compounds or compositions. Optionally, compositions also contain cell penetration agents to
assist in the mtracclular delivery of compositions. A determination is made of the
corposition dose required to target a target of interest in a substantial percentage of cells
contained within a predetermined volume of the target tissue {gencrally, without targeting
compounds in tissug adjacent to the predeternuned volume, or distally to target tissues).
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Subsequent to this determination, the determined dose may be miroduced directly into the
tissue of the mammalian subject.
{6237}  In onc embodiment, the mnvention provides for the compounds or compositions to

be delivered i more than one injection or by split dose ijections.
Pulmonary adminisiration

{6238}  Pharmaceutical compositions may be prepared, packaged, and/or sold in
formulations suitable for pulmonary admimistration via the buccal cavity. Such formulations
may comprise dry particles further comprising active ingredients and having a diameter in the
range from about 0.5 nm to about 7 nm or from about 1 nm to about 6 nm. Such compositions
arc suitably in the form of dry powders for administration using a device comprising a dry
powder reservoir to which a stream of propeliant may be directed to disperse the powder
and/or using a sclf~propelling solvent/powder dispensing container such as a device
compnsing the active ingredient dissolved and/or suspended n a low-boiling propellant in a
sealed contammer. Such powders comprise particles wherein at least 98% of the particles by
weight have a diameter greater than 0.5 nm and at least 95% of the particies by number have
a diameter less than 7 nm. Altematively, at least 95% of the particles by weight have a
diameter greater than 1 nm and at least 90% of the particles by number have a diameter less
than 6 nm. Dry powder compositions may include a solid fine powder diluent such as sugar
and are conveniently provided in a unit dose form.

1023951  dow boiling propellants generally mchude liquid propellants having a boiling point
of below 65 °F at atmospheric pressure. Generally, the propellant may constitute 30% to

99 9% {w/w) of the composition, and active ingredient may constitute 0.1% to 20% (w/w) of
the composition. A propellant may further coraprise additional ingredients such as a liguid
non-ionic and/or solid anionic surfactant and/or a solid diluent (which may have a particle
size of the same order as particles comprising the active ingredient).

{0240]  Pharmaceutical compositions formmulated for pulmonary delivery may provide an
active ingredient in the form of droplets of a solution and/or suspension. Such formulations
may be prepared, packaged, and/or sold as agocous and/or dilute aleohokhic solutions and/or
suspensions, optionally sterile, comprising active ingredient, and may convemently be
administered using any ncbulization and/or atomization device. Such formulations may
further comprise one or more additional ingredients mcluding, but not himited to, a flavoning
agent such as saccharnin sodium, a volatile oil, a buffering agent, a surface active agent, and/or

a preservative such as methylbydroxybenzoate. Broplets provided by this route of
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administration may have an average diameter i the range from about 0.1 nim to about 200

nm.
Datranasal, nasal and buccal administration

10241}  Formulations described herein as bemg useful for pulmonary delivery are useful
for mtranasal delivery of a pharmaceutical composition. Another formulation suitable for
mtranasal administration 15 a coarse powder comprising the active ingredient and having an
average particle from about 0.2 pm to 300 um. Such a formulation is administered in the
manner in which snuff is taken, i.e. by rapid whalation through the nasal passage from a
contaimer of the powder held close to the nose.

10242}  Formulations suitable for nasal admimstration may, for example, comprise from
about as little as 0.1% {w/w) and as much as 100% {(w/w} of active ingredient, and may
comprise one or more of the additional ingredients described herein. A pharmaceutical
coraposition may be prepared, packaged, and/or sold in a formulation suitable for buccal
administration. Such formulations may, for example, be i the form of tablets and/or lozenges
made using conventional methods, and may have, for example, €.1% to 20% {(w/w} active
mgredient, the balance comprising an orally dissolvable and/or degradable composition and,
optionally, one or more of the additional ingredients described herein. Alternately,
formulations suitable for buccal administration may compnse a powder and/or an acrosolized
and/or atomized solution and/or suspension comprising active mgredient. Such powdered,
acrosolized, and/or acrosolized formulations, when dispersed, may have an average particle
and/or droplet size m the range from about 6.1 nm {o about 200 nm, and may further

comprise one or more of any additional mgredients described herem.

Ophthalmic or otic administration

18243} A pharmaceutical composition may be prepared, packaged, and/or soldina
formulation surtable for ophthalmic or otic administration. Such formulations may, for
example, be in the form of eve or car drops including, for example, a 0.1 to 1.0% (wiw)
solotion and/or suspension of the active mgredient in an aqueous or otly liquid excipient.
Such drops may further comprise buffering agents, salts, and/or one or more other of any
additional ingredients described herein. Other ophthalnucally-administrable formulations
which are useful include those which compnse the active ingredient in microcrystalline form
and/or in a hposomal preparation. Subretinal inserts may also be used as a form of

administration.
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Payioad administration

{0244}  Compounds or compositions of the invention described hercin may beused ina
number of different scenarios in which delivery of a substance (the “pavioad”) to a biological
target i3 destred, for example delivery of detectable substances for detection of the target, or
delivery of a therapeutic or diagnostic agent. Detection methods can include, but are not
himited to, both 1maging i vitro and in vivo imaging methods, e g., immunochistocheristry,
bioluminescence imaging (BLD), Magnetic Resonance hmaging (MRI), positron emission
tomography (PET), electron microscopy, X-ray computed tomography, Raman imaging,
optical coherence tomography, absorption imaging, thermal imaging, fluorescence
reflectance imaging, fluorescence microscopy, fluorescence molecular tomographic imaging,
nuclear magnetic resonance imaging, X-ray imaging, ultrasound maging, photoacoustic
imaging, lab assays, or in any situation where tagging/staining/imagmg is required.

10245]  Compounds or compasttions of the present disclosure can be designed to inciude
both a linker and a payload in any useful oricntation. For example, a linker having two ends
18 used to attach one end to the payload and the other end to the compounds or compositions
of the present disclosure. In some embodiments, the compounds or compositions of the
mvention can include more than one payload as well as a cleavable linker. fn another
example, a drug that may be attached to the compounds or compositions of the present
disclosure via a linker and may be fluorescently labeled can be used to track the drug in vive,
e.g. intraccliularly.

{8246}  Other examples include, but are not hinuted to, the use of the compounds or
compositions of the present disclosure in reversible drug delivery mto eclls.

{0247}  In some embodiments, compounds or compositions of the present disclosure
described herein can be used in intraceilular targeting of a pavioad, e.g., detectable or
therapeutic agents, to specific organclles. In addition, compounds or compositions of the
present disclosure may be used to deliver therapeutic agents to cells or issues, e g, i living
animals. For example, compounds or compositions described hercin may be used to deliver
chemotherapeutic agents to kill cancer cells. Compounds or compositions described herein
attached to therapeutic agents through hnkers can facilitate membrane permeation allowing
the therapeutic agent to travel into a cell to reach an intracelular target.

{0248]  In some embodiments, the payload may be a therapeutic agent such as a cvtotoxin,
radioactive 1on, chemotherapeutic, or other therapeutic agent. A cytotoxin or cytotoxic agent

mclades any agent that may be detnimental to cells. Examples include, but are not hmited to,
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taxol, evtochalasm B, granucidin D, ethidivm bromide, emetine, mitomyein, etoposide,
teniposide, vincristing, vinblasting, colchicme, doxorubicm, daunorabicm,
dihydroxyanthracinedione, mitoxantrone, mithramyein, actinomycin I3, 1-
dehydrotestosterone, glucocorticoids, procaine, tetracaine, hidocaine, propranolol, puromyein,
mavtansinoids, e.g., mavtansinol {see U.S. Pat. No. 5,208,020 mncorporated herein in its
entirety}, rachelmycin (CC-1065, see U.S. Pat. Nos. 5,475,092, 5,585,499, and 5,846,545 all
of which arc incorporated herein by reference), and analogs or homologs thereof. Radioactive
ions include, but are not limited to iodine {(e.g., iodine 123 or 1odine 131}, strontium 89,
phosphorous, palladium, cesium, mdmm, phosphate, cobalt, vitrivm 90, samarium 153, and
prascodymiunn. Other therapeutic agents include, but arc not limited to, antimetabolites {c.g.,
methotrexate, 6-mercaptopurine, 6-thioguanine, cvtarabine, 5-fluorouracil decarbazine),
alkvlating agents {¢.g., mechlorethamine, thiotepa chlorambucil, rachelmyem (CC-1063},
melphalan, carmusting (BSNU}, lomustine (CUNU), cyclophosphamide, busuifan,
dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (11) (DDP)
cisplatin}, anthracvclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin},
antibiotics {e.g., dactinomycin (formerly actinomycin), bleontyeny, mithramycin, and
anthramycin {(AMO)), and anti-mitotic agents (e.g.. vincristine, vinblastine, taxol and
mayvtansmoids).

18249  In some embodiments, the payload may be a detectable agent, such as vanous
organic small molecules, morganic compounds, nanoparticles, enzymes or enzyme substrates,
fluorescent materials, luminescent materials {e.g., luminol), bicluminescent matenials (¢.3.,
huciferase, huciferin, and aequonn), chemilummescent materials, radioactive matenals {e.g.,
BF, 87Ga, SUKy, ¥Rb, Wn, 121, X, 20UT1, 991, 8, ¥, *H, or 9"Tc¢ {e.g., as pertechnetate
{technetate{V1I}, TcO4)), and contrast agents {¢.g , gold {¢.g.. gold nanoparticles),
gadolinium {(c.g., chelated (d), iron oxides (¢.g., superparamagnetic iron oxide (SPIO}),
monocrystalling iron oxide nanoparticles (MIONSs), and ultrasmall superparamagnetic iron
oxide (USPIO)), manganese chelates {e.g., Mn-DPDP), bartum sulfate, 1odinated contrast
media (iohexol}, microbubbles, or perflucrocarbons}. Such optically-detectable labels include
for example, without limitation, 4~-acetamido-4’-isothiocvanatostitbene-2, 2 disulfonic acid;
acridine and derivatives {¢.g., acniding and acridine isothiocyanate}, 5-(2'-
ammoethyDaminonaphthalene-1-sulfonic acid {EDANS},; 4-amino-N-{3-
vinylsulfonyUphenyvi jnaphthalimide-~3,3 disulfonate; N~(4-antlino-l-naphthymaleimide;
anthranilanude; BODIPY ;. Brilhant Yellow; coumarn and denvatives (¢.g., coumarin, 7-
amino-4-methylcoumarin (AMC, Coumann 120}, and 7-amino-4-triflucromethyicoumarin

&0
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{Coumann 131)); cvanine dyes; cyanosine; 4, 6-diaminidino-2-phenylindole (DAPI); 5 5"
dibromopyrogallol-sulfonaphthalein (Bromopyrogallol Red); 7-diethylamine-3-(4"-
isothiocyanatophenyi}-4-mcethvlcoumarnin; dicthvienctriamine pentaacetate; 4,4”-
diisothiocvanatodihydro-stitbene-2 2 -disulfonic acid; 4,4°-diisothiocyanatostitbene-2,2'-
disulfonic actd; 5-{dmmethylaminci-naphthalene- 1-sulfonyl chloride (DNS, dansyichloride);
4-dimethylaminophenviazophenyl-4-isothiocyanate (DABITC); cosin and denvatives (e.g.,
cosin and cosin isothiocyanate); ervthrosin and derivatives {(e.g., ervthrosin B and ervthrosin
isothiocyanate); ethidium; tluorescein and derivatives {e.g., S-carboxyfluorescein (FAM), 5-
{4, 6-dichlorotniazin-2-vyaminofluorescem (DTAF), 2'. 7 -dimethoxy-4"5"-dichloro-6-
carboxyfluorescein, fluorescein, fluorescein sothiocyanate, X-rhodamine-5-(and-6)-
isothiocyanate (QFITC or XRITC), and fluorescamine); 2-[2-{3-[[ 1,3-dihvdro-1, 1-dimethvi-
3-(3-sulfopropyi)-2H-benzie lindol-2-viidens fethvlidene |-2 - 4-(ethoxycarbonyl}- 1 -
piperazinylj-1-cyvclopenten-1-vljethenyl]-1,1-dimethyl-3-(3-solforpropyh-1H-
benz{elindolium hvdroxide, inner salt, compound with n,n-dicthylcthanamine(1: 1} (IR144);
5-chloro-2-{2-[3-[(3~chloro-3~ethyl-2(3H)-benzothiazol- viidenc)ethylidene}-2-
{diphenvlammo}-1-cvclopenten-1-ylethenyi]-3-cthy! benzothiazolium perchlorate (IR140);
Malachite Green isothiocyanate; 4-methylumbelliferone orthocresolphthalein; nitrotyrosing;
pararosaniline; Phenol Red; B-phveoerythrin; o-phthaldialdchvde; pyrene and
derivatives(e.g.

=

Reactive Red 4 (CIBACRON™ Britliant Red 3B-A); rhodamine and derivatives {e.g., 6-

pyvreng, pyrene butvrate, and succtomidvl L-pyrene); butyrate quantum dots;

carboxy-X-thodamine (ROX), 6-carboxyrhodamine (R6G), hissamine rhodamine B sulfonyl
chloride thodamine (Rhod), rhodamine B, rhodamine 123, thodamune X isothiocyanate,
sulforhodamme B, sulforhodamine 101, sulfonyl chlonde dertvative of sulforhodamine 101
{Texas Red), NN N’ N -tetramethyl-6-cartboxyrhodamme (TAMRA) tetramethy! rhodaming,
and tetramethy! rhodamine isothiocvanate (TRITC)); niboflavin; rosolic acid; terbium chelate
denvatives; Cyanine-3 {Cy3); Cvanine-3 (Cv3); cyvanine-5.5 (Cy5.5), Cyvanine-7 (Cy7); IRD
700; IRD 300; Alexa 647, La Jolta Blue; phthalo cyanine; and naphthalo cyanine.

10250}  In some cmbodiments, the detectable agent may be a non-detectable precursor that
becomes detectable upon activation {e.g., fluorogenic tetrazine~-fluorophore constructs (e.g.,
tetrazine-BODIPY FL, tetrazine-Oregon Green 488, or tetrazine-BODIPY TMR-X) or
enzyine activatable flucrogenic agents (¢ g, PROSENSE® (VisEa Medical} ). In vitro assays
i which the enzymc labeled compositions can be used include, but are not limited to,

enzyme linked immunosorbent assays (ELISAs), immunoprecipitation assays,
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immunofluorescence assays, enzyme immumnoassays (E1A), radicimmunoassays (RIA}, and

Western blot analysis.
Dosage

{0251}  The compounds or compositions of the present disclosure may be delivered for any
of therapeutic, pharmaceutical, diagnostic or imaging by any appropriate route taking into
consideration likely advances in the sciences of drug delivery. Delivery may be naked or

formulated.
Naked delivery

[0252]  1n some embodiments, compounds or compositions of the present disclosure may
be delivered to celis, tissues, organs or organisms in naked form. As used hercin in, the term
“naked” refers to dehivery that 1s free from agents or modifications which promote
transfection or permeability. Compounds or compositions of the present disclosure may be
delrvered to cells, tissues, organg and/or organisms using routes of administration known in
the art and descrbed herein. Naked delivery may include formulation i a simple buffer such

as saline or PBS.
Formulated delivery

102531 1o some embodiments, compounds or composttions of the present disclosure may
be formulated, using methods described herein. Formulations may comprise compounds or
corapositions of the present disclosure which may be modified and/or unmodified.
Formulations may further include, but are not limited 1o, cell penetration agents,
phamaceutically acceptable carriers, delivery agents, bicerodible or biccompatible polymers,
solvents, and sustained-release delivery depots. Compounds or compositions of the present
disclosure may be delivered to cells using routes of administration known in the art and
described herein.

{0254] Compounds or compositions may also be formulated for direct delivery to organs
or tissues in any of several wavs in the art including, but not limited to, direct soaking or
bathing, via a catheter, by gels, powder, ointments, creams, gels, lotions, and/or drops, by
using substrates such as fabric or biodegradable nmatenals coated or impregnated with

compounds or compositions, and the like.

Dosing
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[0255]  The present invention provides methods comprising administering one or more of
the compounds or compositions of the mvention i accordance with the mvention to a subject
i need thercof. Nucleic acids encoding antibodies, proteins or complexcs comprising
compounds or compositions of the present disclosure, or pharmaceutical, imaging, diagnostic,
or prophylactic compounds or compositions thereof, may be administered to a subject using
any amount and any route of aduunistration effective for preventing, treating, diagnosing, or
mmaging a discase, disorder, and/or condition. The exact amount required will vary from
subject to subject, depending on the species, age, and general condition of the subject, the
severity of the discase, the particular composition, its mode of administration, its mode of
activity, and the like. Compounds or compositions in accordance with the invention are
typically formulated in dosage unit form for ease of administration and uniformuty of dosage.
It will be understood, however, that the total daily usage of the compounds or compositions
of the present mvention will be decided by the attending physician within the scope of sound
medical judgment. The specific therapeutically effective, prophyiactically cffective, or
appropriate imaging dose level for any particular subject will depend upon a variety of factors
mcluding the disorder being treated and the severity of the disorder; the activity of the
specific compound emploved; the spectfic composition employed; the age, body weight,
general health, sex and dict of the patient; the time of admunistration, route of adnunistration,
and rate of excretion of the specific compound employed; the duration of the treatment; drugs
used in combmation or coincidental with the specific compound cmployved; and hike factors
well known in the medical arts.

{8256}  In certain embodiments, compounds or compositions in accordance with the
present frvention may be admimstered at dosage levels sufficient to deliver from about
6.0001 mg/kg to about 100 mg/ke, from about 0.01 mg/kg to about 50 mg/kg, from about 0.1
mg/kg to about 40 mg/kg, from about 0.5 mg/kg to about 20 mg/ke, 0.5 mg/kg to about 30
mg/kg, from about 0.01 mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 10 mg/ke,
from about 2.5 mg/kg to about 5.0 mg/kg, or from about | mg/kg to about 25 mg/kg, of
subject body weight per day, one or more times a day, to obtain the desired therapeutic,
diagnostic, prophylactic, or imaging effect. The desired dosage may be delivered three times
adav, two times a day, once a day, every other day, every third dav, every week, every two
weeks, every three weeks, or every four weeks. In certamm embodiments, the desired dosage
may be delivered using multiple admmnistrations {(e.g., two, three, four, five, six, seven, cight,

nine, ten, eleven, twelve, thirteen, fourteen, or more adminustrations}.
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{8257}  According to the present invention, compounds or compositions of the present
disclosure may be adnunistered in split-dose regimens. As used herein, a “split dose” 13 the
division of single unit dose or total daily dose o two or more doses, ¢.2., TWo o7 more
administrations of the single umit dose. As used herein, a “single unat dose™ 18 a dose of any
therapeutic admimistered in one dose/at one time/single route/single pont of contact, 1.¢.,
single administration event. As used herein, a “total daily dose” is an amount given or
prescribed in a 24 hr period. It may be adounistered as a single unit dose. In one embodiment
compounds or compositions of the present disclosure are administered to a subject 1n split
doses. Compounds or compositions of the present disclosure may be formulated in buffer
only or in a formulation described herein. Pharmaceutical compositions of the present
mvention as deserbed herein may be formulated into a dosage form descnibed herein, such as
atopical, mtranasal) intratracheal, or injectable (¢.g., intravenous, intraocular, intravitreal,
mtramnuscelar, intracardiac, intraperitoneal or subcutancous). General considerations m the
formulation and/or manutacture of pharmaceutical agents may be found, for example, in
Remington: The Science and Practice of Pharmacy 21% ed., Lippincott Williams & Wilkins,
2005 (incorporated herem by reference).

{0258}  In some embodiments, dosage of the compositions of the present disclosure may
be adjusted to reduce bystander effects. As used herein the “bystander effect” refers to any
negative effects on non-target cells or cells neighboring target cells (also referred to herein as
bystander cells). According to such methods, doses or conjugate types may be adjusted to
reduce bystander cffects. Such adjustments may lead to the treatments with greater than 95%,
greater than 90%, greater than 85%, greater than 80%, greater than 75%, greater than 70%,
greater than 659, greater than 60%, greater than 53% grcater than 50%, greater than 45%,
greater than 40%, greater than 35%, greater than 30%, or greater than 25% of bystander cells

remaining viable.
Coatings or shells

{8259}  Solid dosage forms of tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells such ag enteric coatings and other coatings well known in
the pharmaceutical formulating art. They may optionally comprise opacifying agents and can
be of a composition that they release the active ingredient(s) only, or preferentially, m a
certain part of the intestinal tract, optionally, in a delaved manner. Examples of embedding
compositions which can be used melude polymeric substances and waxes. Scohd compositions

of a stmilar type may be emploved as fillers in soft and hard-filled gelatin capsules using such
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excipients as lactose or mulk sugar as well as high molecular weight polvethylene glveols and

the like.
Combinations

[0260]  1n some embodiments, compounds or compositions of the present disclosure may
be used in combination with one or more other therapeutic, prophvlactic, diagnostic, or
mmaging agents. By “in combimnation with,” it is not intended to imply that the agents must be
administered at the same time and/or formulated for delivery together, although these
methods of delivery are within the scope of the present disclosure. Compounds or
corpositions can be administered concurrently with, prior to, or subseguent to, one or more
other desired therapeutics or medical procedures. In general, each agent will be administered
at a dose and/or on a time schedule determined for that agent. In some embodiments, the
present disclosure encompasses the delivery of pharmaceutical, prophylactic, diagnostic,
and/or imaging compositions in combination with agents that may improve their
bioavailability, reduce and/or modify their metabolism, imhibit their excretion, and/or modify

their distribution within the body.
Measurements
Bioavailability

18261}  Compounds and compositions of the invention, when formulated into a
composition with a delivery/formulation agent or vehicle as described herein, can exhibit an
merease in bicavailability as compared to a composition lacking a delivery agent as deseribed
herein. As used herein, the term “bicavalablity” refers to the systemic availabibity of a given
amount of the compounds and compositions of the invention, admimistered o a mammal.
Bioavailability can be assessed by measuring the area under the curve (AUC) or the
maximum serum or plasma concentration {Cmax) of the unchanged form of a compound
following administration of the compound to a mammal. AUC 1s a determination of the arca
vader the curve plotting the serum or plasma concentration of a compound along the ordinate
{Y -axis) against time along the abscissa (X-axis). Generally, the AUC for a particular
corapound can be calculated using methods known to those of ordinary skill in the art and as
described in G. §. Banker, Modern Pharmaceutics, Drugs and the Pharmaceutical Sciences, v.
72, Marcel Dekker, New York, Inc., 1996, herein incorporated by reference.

18262}  The Cmax value 13 the maximum concentration of the compound achieved in the

serum or plasma of a mammal following administration of the compound to the mammal.
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The Cunx value of a particular compound can be measured using methods known to those of
ordinary skill it the art. The phrases “increasing bioavailability” or “improving the
pharmacokinetics,” as used herein mcean that the systemie availability of the compounds and
compositions ot the invention, measured as AUC, Crax, or Cmin 1n 2 mamimal 1s greater, when
co-administered with a delivery agent as descenbed herein, than when such co-administration
does not take place. In some embodiments, the bioavailability of the compounds and
compositions of the invention can increase by at least about 2%, at least about 5%, at least
about 10%, at least about 15%, at least about 20%, at least about 25%, at least about 30%, at
least about 35%, at least aboot 40%. at least aboot 45%. at least about 50%, at least about
55%., at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least

about 809, at feast about 859, at least about 90%, at least about 953%, or about 100%.
Therapeutic window

0263 Compounds and compositions of the invention, when formulated into a
composition with a delivery agent as described herein, can exinbit an increase in the
therapeutic window of the administered compounds and compositions of the mvention as
corapared to the therapeutic window of the administered compounds and compositions of the
mvention lacking a delivery agent as described herein. As used herein “therapeutic window”
refers to the range of plasma concentrations, or the range of levels of therapeutically active
substance at the site of action, with a lugh probability of chiciting a therapeutic effect. In some
embodiments, the therapeutic window of the compounds and compositions of the invention
when co-admmistered with a delivery agent as described herein can increase by at least about
2%, at least about 3%, at least about 10%. at least about 15%, at least about 20%. at least
about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at
cast about 309, at least about 535%, at least about 60%, at least about 63%, at least about
T0%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, or about 100%.

[0264]  In some embodiments, compounds and compositions of the invention arg
detectable 1n subject samples for at least 2 days, at least S days, at least 10 days, at least 2
weeks, at least 4 weeks, at least 2 months, at least 6 months, or at least a year after

admuustration.

Volume of distribution
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10265]  Compounds and compositions of the invention, when formulated into a
composition with a delivery agent as described herein, can exlubit an improved volume of
distribution {Vais), ©.g., reduced or targeted, relative to a composition lacking a delivery
agent as described heremn. The volume of distribution {Vais) relates the amount of the drug in
the body 1o the concentration of the drug m the blood or plasma. As used herein, the term
“volume of distribution” refers to the fluid volume that would be required to contain the totat
amount of the drug in the body at the same concendration as 1 the blood or plasma: Vais
equals the amount of drug in the body/concentration of drug in blood or plasma. For example,
for a 10 mg dosc and a plasma coneentration of 10 mg/L, the volome of distribution would be
1 titer. The volume of distribution reflects the extent to which the drug s present in the
extravascular tissue. A large volume of distribution reflects the tendency of a compound to
bind to the tissue components compared with plasma protein binding. In a chinical setting,
Yaise can be used to determine a loading dose to achieve a steady state concentration. In some
embodiments, co-aduunistration with a delivery agent may be used to modulate the volume
of distribution of compounds and/or compositions of the present disclosure. For example, the
volume of distritbution may be decreased by at least about 2%, at least about 5%, at least
about 10%, at least about 153%, at least about 20%, at least about 25%. at least about 30%, at
least about 35%, at least about 40%, at least about 45%, at least about 50%, at least about
55%, at least about 60%, at least about 63%, or at feast about 70%.

[3266]  In some embodiments, compounds and compositions of the invention comprise
compositions and/or complexes in combination with one or more pharmaceutically
acceptable excipients. Pharmaceutical compositions may optionally comprise one or more
additional active substances, ¢.g. therapeutically and/or prophyvlactically active substances.
Gengeral considerations m the foromudation and/or manufactore of pharmaceuetical agents may
be found, for cxample, in Remington: The Science and Practice of Pharmacy 215 ed.,
Lippincott Williams & Wilkins, 2005 (incorporated herein by reference).

{8267}  1n some embodiments, compositions arc administered to humans, hwman patients
o1 subjects. For the purposes of the present disclosure, the phrase “active ingredient”
generally refers to compounds and compositions of the invention to be delivered as described
herein.

{0268]  Although the descriptions of pharmaceutical compositions provided herein are
principallv directed to pharmaceutical compositions which are suitable for admunistration to
humans, it will be understood by the skilled artisan that such compositions are generally
suttable for admimstration to any other ammal, e g, to non-human animals, e.g. non-human
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mammals. Modification of pharmaceutical compositions suitable for administration to
humans in order to render the compositions suitable for adminstration to various animals is
well understood, and the ordinanly skilled veterinary pharmacologist can design and/or
perform such modification with merelv ordinary, if any, experimentation. Subjects to which
administration of the pharmaceutical compositions 1s contemplated include, but are not
timited to, humans and/or other primates; mammals, including commercially relevant
mammals such as cattle, pigs, horses, sheep, cats, dogs, mice, and/or rats; and/or birds,
meluding commercially relevant birds such as poultry, chickens, ducks, geese, and/or turkevs.
18269}  Formulations of the pharmaceutical compositions described heremn may be
prepared by any method known or hereafier developed in the art of pharmacology. n general,
such preparatory methods include the step of bringing the active ingredient info association
with an excipient and/or one or more other accessory ingredients, and then, f necessary
and/or desirable, dividing, shaping and/or packaging the product into a desired single- or
multi-dose unit.

{8278} A pharmaceutical composition in accordance with the invention may be prepared,
packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single unit doses.
As used herein, a “unit dose” is discrete amount of the pharmaceutical composition
corprsing a predeternuned amount of the active ingredient. The amount of the active
mgredient is generally equal to the dosage of the active ingredient which would be
administered to a subject and/or a convenient fraction of such a dosage such as, for example,
one-half or one-third of such a dosage.

{8271}  Relative amounts of the active ingredient, the pharmaceutically acceptable
exetpient, and/or any additional mgredients in a pharmaceutical composition in accordance
with the mvention will vary, depending upon the eutity, size, and/or condition of the subject
treated and further depending upon the route by which the composition is to be administered.
By way of example, the composition may comprise between 0.1% and 100%, e.g., between .5
and 30%, between 1-30%, between 5-80%, or at least 80% {(w/w) active mngredient. In one

embodiment, active mgredients are antibodics directed toward cancer cells.
Diagnostic and moenitoring applications

{0272}  Tn some embodiments, the present disclosure provides methods of detecting
GCD3Y that mclude obtaiming a subject sample; applying the subject sample 1o a substrate
having a CD39 capture antibody; applying an Amadore-modified GCDS9 detection antibody;

and detecting the Amadori-modified GCD39 detection anttbody. The subject sample may
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melude, but is not limited to one or more of a cell, a tissue, a tissue section, and a body fhud,
¢.g., urme, blood, sweat, seram, plasma, and saliva.
{0273}  According to some methods, samples are used without pretreatment. In some
cases, samples may be diluted prior to analvsis. Such dilutions may be at least 101, at least
5.1, atleast 2:1, at least B:1, atleast 110, at least 1160, at least 1:1.000, at least 116,000, af
cast 1:100,000, at least [:1,000,000, at least 1:10°, at least 1:10%%, or at least 1: 10", In some
cases, samples are diluted from about 1:200 to about 1:300. In some cases, samples are
treated with reducing agents, oxidizing agents, dithiothreitol (DTT), and/or beta-
mercaptocthanol (BME} prior to analysis,
{0274}  As used herein, the term “reducing agent” refers to any electron donor chemical or
corpound mvolved in or used for oxidation-reduction reactions. in some crobodiments,
reducing agents are selected from sodinm borohydride (NaBHa) and sodium
cyanoborohydride (NaUNBH;3). Sample pretreatment with reducing agents may be conducted
to modify glycated side chain structure, e.g.. for detection agent recognition of GCD59 with
reduced K41 NaCNBHs treatment reduces Schuffs base glveated K41 to glucitollysine.
NaBHas treatment reduces both Schiffs base glycated K41 and Amadori-modified glveated
K41 to glucitolbysine.
{0275}  Reducing agents may be used alone or in solution {referred to herein as “reducing
agent solution™). Reducing agent solutions may include any of a variety of solvents. In some
embodiments, reducing agent solutions inclade water. In some embodiments, reducing agent
solutions include organic solvents. Organic solvents are solvents that include carbon-based
components. In some embodiments, organic solvents may include, but are not limited to, 1.1-
dichloroethane, 1,2-dichlorocthane, 1,2-dimethoxy-cthane, 1-butanol, I-heptanol, 1-hexanol,
1-octanol, 1-pentanc!, 1-propancl, 2-aminocthanol, 2-butancl, 2-butanone, bis(2-
methoxyethyl} ether, 2-pentanol, Z-pentanone, 2-propanol, 3-pentanol, 3-pentanone, acetic
acid, acetone, acetonitrile, acetyl acetone, aniline, anisole, benzene, benzonitrile, benzyl
alcohol, carbon disulfide, carbon tetrachloride, chlorobenzene, chloroform, cyclohexane,
cyclohexanol, cyclohexanone, dicthyl ether, dicthylamine, diethylene glveol, diglyme,
dimethoxvethane {(glyvme}, dimethyl suifoxide (BMS(O), dimethylether, N, N-dimethyi-
formamide (DMF), N N-dimethyl-acetanude, dimethylphthalate, dimethylsulfoxade (DMS0),
di-n-butviphthalate, dioxane, cthanol, ether, ethyl acetate, ethyl acetoacetate, ethyl benzoate,
cthylene glyveol, glyeerin, heptane, Z-cthythexanol, Hexamecthviphosphoramide,
Hexamethylphosphorous tnamide (HMPT), hexane, i-butanol, methanol, methyl acetate,
methyl t-butyl ether (MTBE), methylene chloride, N N-dimethylaniline, nitromethane, N-
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methyl-2-pyrrohidinone, pentane, Petroleum cther (higroine), pyndine, t-butvi alcohol,
tetraghvme, tetrahvdrofuran (THE), toluene, tricthyl amine, nitromethane and tricthyiene
glycol dumethyl cther. In some embodiments, reducing agent solutions may comprise
tricthvlene glveol dimethvl ether, bis(Z-methoxyethyvl) ether and/or tetraglyme solvents.
[8276]  Reducing agent solutions with orgamic solvents may include NaBHq solutions.
Such sclutions may include or be prepared from commercially available preparations (for
example, from Sigma-Aldrich, St. Louis, MO). Such conmumercial preparations may include,
but are not himited to, 99% Sodium Borohvdride Solution 0.5 M in bis(Z-methoxyethyl}
cther; 99% Sodium Borohydrde Solution 3 M in tetraglyme ether; 99% Sodiuvm Borohydride
Sohution 2.0 M mn tricthylene glycol dimethy] ether; 99.5% Sodium Borchydride Solution 0.5
M m bis(Z2-methoxyethvl) ether; 99.53% Sodiom Borchydride Solution 3 M in tetraglyme
gther; 99.5% Sodium Borohydride Solution 2.0 M in triethylene glycol dimethy! ether; 99 9%
Sodium Borohvdride Sohution 3 M in tetraglyme ether; 99 9% Sodnin Borchydride Sclution
2.0 M mn triethviene glyeol dimethvl ether; 99.95% Sodinm Borobydride Solution 0.5 M in
bis(Z-methoxyethyl} ether; 99.953% Sodivm Borohydride Solution 3 M in tetraglyme cther;
99.93% Sodnmm Borohyvdnde Solation 2.0 M in triethylene glycol dimethy! ether; 98.99%
Sedium Borohydride Solution 0.5 M in bis{2-methoxyethyl) ether; 99.99% Sodium
Borohydride Solution 3 M in tetraglyme ether; 99.99% Sodmm Borohydride Solution 2.0 M
in triethylene glycol dimethyl ether; 99.999% Sodnan Borohydride Solution 0.5 M in bis(2-
methoxyethvl} ether; 99.999% Sodium Borohvdride Solution 3 M in tetraglyme ether;
99.999% Sodium Borobvdnde Solution 2.0 M in triethylene ghycol dimethyl ether; and
99.9% Sodium Borohydride Solution 0.5 M m bis(2-methoxyethyl) ether,

182777  Reducing agent solutions may include reducing agent concentrations of from about
0.1 M to about 10 M. In some embodiments, stock sohutions of reducing agent solutions are
used that require dilution prior to use. Reducing agent stock solutions may include greater
than I M reducing agent concentrations {e.g., from about 1.1 to about 1.5 M, from about 1.2
M to about 2 M. from about 1.7 M to about 3 M, from about 2.5 M to about 4 M, from about
3.5 M to about 5 M, from about 4.5 M 1o about 8 M, or from about 6 M to about 10 M}
Reducmg agent stock solutions may be diluted to from about 0.3 M to about I M reducing
agent concentrations prior to sample treatment. Dilution may be carried out using agucous
and/or organic solvents,

{0278}  In some embodiments, the anti-Amadori-modified GCD59 detection antibodies
used in methods of the disclosure may mclude detectable labels. Such detectable labels may
include, but are not limited to biotin, streptavidin, avidin, fluorescent labels, enzymatic labels,
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leminescent labels, and radicactive labels. In some methods, anti-Amadon-modificd GCDS9
detection antibodies may be detected using a secondary antibody.

{0279}  In some embodiments, 1 M reducing agent schutions may be combined with
subject samples at a ratio of from about [:1 {samplereducing agent solution) to about 1:1000.
For example, the ratio may be 1:5, 1:10, 1:20, 1:100 or 1:500. Samples may be incubated
with reducing agent sclution for from about 20 minutes to about 2 hours, from about 1 hour
to about 4 hours, from about 3 hours to about 24 hours, from about 12 hours to about 3 days,
from about 2 davs to about 5 days, or for at least 5 days to allow sample reduction to occur.
[0288]  According to some methods of the disclosure, microtiter plates are used.

{0281}  In some embodiments, methods of the disclosure may be used for monitoring,
detecting, and/or screening for diabetes in subjects. In some embodiments, methods of the
disclosure niay be used for assessing and/or stratifving risk mn diabetic subjects. Some
methods may be used as part of a companion diagnostic for diabetes-related indications.
{02821  In some cmbodiments, methods of the disclosure may be used for drug
development. Such embodiments mayv include testing and/or developing therapeutics for
diabetes-related indications. In some cases, methods of the disclosure may be used to conduct
chimcal trials.

{0283}  In some embodiments, methods of the disclosure include remote monitoring of
subjects. Such methods may incorporate all or part of other methods tanght herein.

{0284}  In some embodiments, methods of the present disclosure inchude methods of
assessing GCD59 for the presence of at least one N-glycosylation. CD59 in an N-
glveosylated membrane GPl-anchored protein that is a pomary regulator of complement
activation. Multiple glvcosvlation enzymatic routes lgad to the formation of mature
carbohvdrate units on proteins and these modifications may be cell and/or tissue specific.
Assessing samples for CI339 N-glycosylation may be used to identify organs and/or tissucs
that are most affected by CD39 glvcation at residue K41, In some cases, D39 may be N-
glycosvlated on residuc N18. in some embodiments plasma, serum, and/or urine may be
assessed to identify the organ/tissue most affected by glycation and therefore most
susceptible for vascular complications of diabetes. For example, detection of kidney-specific
N-glveosylated GCB39, the predominant form of GCDSY in blood and urine samples of pre-
diabetic or diabetic patients, may indicate patient susceptibility for development of diabetes
nephropathy. In some cascs, this detection may be carried out hefore the onset of actual
kidney damage that may otherwise go undetected with current diagnostic methods. Such
garly detection may be used to raise patient awareness and indicate the need for life style
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changes. In some cases, earlv detection may direct a phvsician to inttiate early preventive
therapeutic inferverntion.

{0285]  In some embodiments, the present disclosure provides methods of asscssing
GCD35Y that include the steps of isolating GCDS9 with an antibody capable of binding K41
Amadon-modificd GCDS9 and detecting at least one N-glycosylation present on GCDSS
{e.g.. N-glvcosylation on residue N18 of GCD59).

10286}  Methods of the present disclosure may include methods of identifving at least one
of: (1) predisposition to an organ specific complication of diabetes; (2) pre-clinical diabetic
peripheral neuropathy; (3) pre-clinical diabetic nephropathy; (43 pre-clinical diabetic
retimopathy; and (5) pre-chinical diabetic vascular discase. Such methods may include the
steps of: (1} isolatmg GCDSY with an antibody specific for K41 Amadori-modified GCD39
and (2} detecting at least one N-glycosylation present on GCD39 (e.g., N-glycosylation on
residue N18 of GCD39).

102871 Detection of GCD59 N-glycosvlation may be carried out by any methods known in
the art. In some cases, GCD39 N-glveosviation 1s detected using immunological methods. In

other embodiments, GCD39 N-glyveosvlation may be detected using mass spectromstry .
Point of care festing

{0288}  Kits and methods {inchuding all or part of such methods) disclosed may be

formatted for point of care use. In some embodiments, point of care use may mclude the use
of one or more patient monttoring device. Such devices that may include a device capable of
receiving and/or transmitting an electronic signal. In some cases, patient monttormg devices

may be or be combined with smart devices (e.g., a smart phone or smart watch),
D59 glycation inhibition

10289}  In some embodiments, the present disclosure provides CD59 glycation inhibitors
and methods of developing such inhibitors. Human CD39 is a major complement regulator
and its nornal function may be reduced or blocked by ghveation which can goour under
hyperglveemic conditions. hCBS9 contains a putative glvcation motif that includes residues
K41 and H44. These residues fall within the proxumity of W40 considered to be an mitegral
part of the active site of the protein. Glveation of K41 requires H44 to provide acid-base
catalysis for the chemiical reaction between glucose and the epsilon amino group of K41
Glycation of hCD59 at K41 may increase the risk of developing diabetes-related

complications, including, but not limited to vascular diabetes.



WO 2018/195008 PCT/US2018/027856

10290]  Methods of the present disclosure may include methods of inhibiting CD3Y
glveation. According to some such methods, agents may be administered that target CD39
and block K41 glvcation. Such agents may target, for example, H44 of human CID39 and
block glvcation of K41, In some embodiments, anti-Amadorn-modified GCD3Y antibodies
may be used in screening procedures to identify agents targeting CD359 and blocking K41
glycation.

{0291} Methods of the present disclosure may include methods of developing inhibitors of
hCD59 K41 glycation. Such methods may include the use of one or more antibodics capable
of binding K41-givcated CD39, inchiding, but not himited to any of the anti-K41 Amadori-
maodified bCD59 antibodies described herein. In some embodiments, such methods include
the steps oft (1) contacting a sample with at least one test compound, wherein the sample
includes hCDS9 (punified or recombinant) and conditions suatable for K41 glveation and (2)
evalvating the level of K4 l-glycated h{UD39 1n the sample using a GUDS39 detection
antibody. The evaluation may be carried out according to any of the methods described
herein or previcusty m any of U.S. Patent 6,835,545, U.S. Patent 7,049,082; U.S. Patent
7.439,330; U.S. Patent 9,068,006, U5, Patent 9,417,248; and U.S. Publication No.
US2016/0299150, the contents of each of which are herein incorporated by reference in their
entirety. Such methods may include the use of a standard agent, including, but not limited to
a GCD59 surrogate compound. Where test compounds are capable of inhibiting hCD39 K41
glycation, the level of GCD39 detected will be reduced. Test compounds may include, but are
not limited to small molecules, peptides, synthetic constructs, fusion proteins, aptamers,

nucleic acids, and antibodies.
i Kits

{09292} In some embodiments, the present disclosure provides kits for deternuning the
concentration of GCD59 1n a subject sample. Such kits may include one or more of (L) a
capture antibody, (2) a detection antibody, and (3} mstructions for use. Some kits mclude
compounds for the generation of a standard curve. Such compounds may include standard
agents {¢.g., surrogate compounds). In some embodimerts, surrogate compounds may mclude
any of those disciosed in U.5. Patent No. 9,417,248 (e.g.. the surrogate compound presented
mn Figure 27, therein) or U.S. Publication No. USZ016/0299150, the contents of each of
which are herein incorporated by reference in their entirety. In some cases, kits melude at
least one buffer. Such buffers may be used to contact subject samples. Buffers may melude

reducing agents, oxidizing agents, dithiothreitol (BTT), and/or beta-mercapiocthanc! {BME).
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Reducmg agents may be provided as part of a reducing agent solution. Reducing agent
solutions may include water and/or organic solvent. The organic solvent may mclude bis(2-
methoxyethyl) ether.

[0293]  Kuts of'the disclosure may be used for detecting the presence, level, and/or changes
in GCD39 levels. Such kits may include one or more capture antibody to capture CDS9
and/or GCD59Y. Capture antibodies may imclude any of the antibodies described herein (e.g.,
antibody H9, encoded by SEQ 1D NOs: 9 and 10). Additional kits may include one or more
detection antibody to detect GCDS9 and/or CD59. Detection antibodies may include any
antibodies described heren {¢.g., antibodies D2 or B3, encoded by SEQ 1D NOs: 6 and 7 for
D72 or SEQ 1D NOs: 6 and 8 for D3). In some embodiments, kits may include other
antibodies known in the art for capturmg or detecting CD39 and/or GCD39. Such antibodies
may include any of those descnbed and/or claimed in Euwropean Patent Number EP2348050,
International Publication Number W2015084994 and US Patent Numbers USS068006,
US9417248, the contents of each of which are herein incorporated by reference m their
entireties.

18294}  Kuts of the disclosure may include one or more imntermnal controls. Such mternal
controls may melude plasma assay controls and/or controls based on any other bodily fhuds.
Some kits inchude one or more of an assay diluent, a conjugate diluent, and a wash buffer. Kit
reagents may be lyophilized.

[8295]  1n some embodiments, kits may be used to determine the presence, absence, or
quantity of giycosvlated protein epitope. Such glvcosylated protein epitopes may include
slveosylated CD39 epitopes. In some cases, N-glveosylated CD359 and/or GCD3SY may be
detected. Sach kits mav be used, for example, to detect cell and/or tissue-specific N-
ghvcosylated epitopes.

{0296}  Kits may include anv of those described and/or claimed in European Patent
Number EP2348050, International Publication Number W(O2015084994, and US Patent
Mumbers US9068006, 1US9417248, the contents of each of which are herem mcorporated by
reference in their entiretics. Such kits may have one or more antibody described herein as a
substitute for one or more of the antibodies described n such kits. In some cases, such kits
may include an anti-Amadorn-modified GCDS59 antibody described herein m place of a
detection antibody described therein. These kits may be assembled without a reducing agent
and may be used for detection and/or quantitation of GUD59 in samples without the need for

carrving outf a sample reducing step.
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V. Devices

{08297}  Kits and methods {including all or part of such methods) disclosed may be
formatted for use with a device. In some embodiments, device may mclude a wearable
device. Such devices may, for example, be in the form of a watch and/or include a wristband.
[0298]  Compounds, compositions, methods, kits, and reagents described herein may, in
some cmbodiments, be used with or may be improvements of those described in International
Publication Number W0O2015084994, the contents of which are heremn incorporated by

reference in their entirety.
V. Definitions

[0299]  As used herein, the term “receiver operating characteristic curve” or “ROC curve,”
refers to a statistical tool that generates a graphical plot to illustrate the performance of a
binary classifier system as 1ts discrimunation cut-off (threshold) is varied. An ROC curve may
serve as a tool for diagnostic test evaluation and may be used to quantify how accurately a
medical diagnostic test can discrimninaie between two patient states. In one example, a ROC
curve may be used to demonstrate a tradeott between sensitivity and specificity o an
analvsis. Analysis of an ROC curve, employing familiar statistical methods, may be used to
tdentify an optimal diagnostic cat-off for the level of a biomarker. The optimal diagnostic
cut-off value may then be used to make a medical decision.

{8308}  Asused heren, the term “threshold value” refers to a value used to divide
continuous results into categories {e.g., positive and negative} for purposes of characterizing
an agent used to generate the results, to deternune the placement of an agent info one or more
such categorics, ot 1o scgregate subjects into categories based on a corresponding value
(falling withm the range of continnous results) associated with one or more such subjects. kn
some embodiments, a threshold value may be a level of a biomarker or other mdicator used to
categorize one or more subjects with biomarker or other mdicator levels falling above, falling
below, or equal to the threshold value. For example, a threshold value may be a concentration
of a factor present in a subject or subject sample that is used to divide subjects into disease
categories. Where the threshold value 15 a tevel of GCDS9 in a sabject, the threshold value
mayv be used to assign subjects into diabetic or non-diabetic categories based on whether
GCD3Y levels in such subjects fall above or below the threshold value, respectively. In some
cases, a threshold valoe may be ased to make a medical decision based on whether valoes
associated with one or more paticnts fall above, fall below, or are equal to the threshold

value. In some embodiments, a diagnostic threshold value (also referred to as a “cut-off
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point”) for a biomarker that vields continuous real values may be used to delineate tests
positives and test negatives. For example, a training set of blood plasma samples may be ased
to generate a Receiver Operating Characteristic (ROC) curve that is a plot of the true positive
rate agamnst the false positive rate for different possible cut-off points. Analyvsis of the ROC
curve, emploving familiar statistical methods that are known to those famihar with the art,
may lead to the identification of an optimal diagnostic cut-off for a biomarker. The optimal

diagnostic cut-off value may be used fo arrive at a medical decision.
Vi Eguivalenis and scope

{8301}  Those skilled n the art will recognize, or be able to ascertan using no more than
routine experimentation, many equivalents to the specific embodiments m accordance with
the mvention described herein. The scope of the present invention is not intended to be
limited to the above Description, but rather 1s as set forth in the appended claims.

{8302}  Inthe claims, articles such as “a,” “an,” and “the” may mean one or more than one
anless indicated to the contrary or otherwise evident from the context. Claims or descriptions
that mchude “or” between one or more members of a group are considered satisfied if one,
maore than one, or all of the group members are present in, emploved i, or otherwise relevant
to a given product or process unless imdicated to the contrary or otherwise evident from the
context. The invention includes embodiments in which exactly one member of the group is
present in, employed i, or otherwise relevant to a given product or process. The invention
mcludes embodiments in which more than one, or the entire group members are present in,
emploved i, or otherwise relevant to a given product or process.

{0303} It is also noted that the term “comprising” is intended to be open and permits but
does not require the inclusion of additional clements or steps. When the term “comprising” is
used herein, the term “consisting of ” 1s thus also encompassed and disclose

18304]  Where ranges are given, endpomnts are included. Furthermore, it is to be understood
that unless otherwise mndicated or otherwise evident from the context and understanding of
ong of ordinary skill in the art, values that are expressed as ranges can assume any specitic
value or subrange within the stated ranges in different embodiments of the invention, to the
tenth of the wt of the lower himit of the range, unless the context clearly dictates otherwise.
{3305}  In addition, it 1s to be understood that any particular embodiment of the present
mvention that falls within the prior art may be explicitly excluded from anv one or more of
the claims. Since such embodiments are deemed to be known to one of ordinary skill in the

art, they may be excluded even if the exclusion is not st forth explicitly herein. Any
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particular embodiment of the compositions of the mvention {e.g., any nucleic acid or protein
encoded thereby; any method of production; any method of use; erc.} can be excluded from
any on¢ or more claims, for any reason, whether or not related to the existenee of prior art.
[33086] Al cited sources, for example, references, publications, databases, database
entries, and art cited herein, are mcorporated mto this application by reference, even if not
expressly stated in the citation. I case of conflicting statements of a cited source and the
mstant application, the statement in the mstant application shall control. Section and table

headings are not intended to be limiting.
EXAMPLES

Example 1. Antibody preparation and sequencing

{0307} Antibodies to CD39 and K41 Amadori-modified GCD39 were cach generated
using CHSY fragments. For anti-K41 Amadon-modified GCD39 antibody preparation, CD39
fragments having Amadori-modified K41 were used. Antibodies were prepared by mouse
immunization and development of hybridoma cells from animals exhibiting successful
expression of antibodies with high atfinity and specificity. Clone H9 was developed as a
capture antibody, binding to both glvcated and non-glveated CD39. Clones D2 and D3 were
developed as detecthion antibodies, binding to K41 Amadori-modified GCD39. Antibodies
were sequenced and analyzed to identifv antibody regions. Resulting sequences are provided
m Tables 1-7. Antibodies D2 and D3 were found to have heavy and light chains with
identical amino acid sequences, but with heavy chan nucleotide sequences differing by a

single nucleotide.

Example 2. GCDS% Detection in a urine sample

[0308]  GCD359 detection 1n urine samples was carried out using detection antibody D2,
deseribed above, specific for Amadori-modified GCDSY. Assay plates were first coated with
D359 capture antibody, H9. Urine samples were obtained from two subjects, one known to
have a high level of HbAIC (HbATC-H) and one known €0 have a low level of HbAIC
{HbACI-L). High levels of HbA1C are a known indicator of elevated blood glucose. Samples
were prepared by first adding beta-mercaptocthanol (BME) to a final concentration of 5%,
Samples were then boiled at 100°C for 5 min and centrifuged to pellet any debns.
Supcratants were then isolated for the assay. A surrogate compound standard, as shown in

Fig. 27 of US Patent No. 9,417,248, was used to prepare a dilution series for generating a
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calibration curve. The Amadori-modified GCD39 surrogate included synthetic compounds
mehiding capture and detection peptides linked by a flexible hinker.

{0309}  Standard samples, urine samples, as well as control samples {scrum dilution buffer
{50 mM Acctic acid/Na acetate; 2% Nonldet P40 Substitute; 8.15% Tween 28; 8.1% Toton
X-100; 530 ppm ProChin 300} only] were added to the assay plate in tnplicate. Urine sanmiples
were further difuted using serum dilution buffer to create a series of conditions ranging from
6% v/v urine sample to 0.2% urine sarple in scrum dilution buffer. Assay plates were placed
on a shaker for one hour at room temperature. Plates were then washed with wash butfer
[phosphate buffered saline (PBS) with 0.05% TWEEN®-20] before the addition of 100 pl of
antibody D2 solution [1.25 ng/mi m PBS with 10% protem-free blocking bufter (Thermo
Fisher, Waltham, MA)]. Plates were then incubated for 2 hours at room temperature with
shaking.

133108}  After two hours, plates were washed with wash boffer and acubated with 100 ul
of secondary antibody conjugated with horse radish peroxidase (HRP) and incubated for 1
hour at room temperature with shaking i presence of TMB substrate reagents A and B.
Plates were quenched by treatment with Hz504 solotion to generate the colorimetric end
product. Wells were then examined spectrophotometrnically to obtain optical density valees at
450 no

10311} A calibration curve {(Fig. 1A} was generated based on wells using the surrogate
compound standard. Results from urine samples werg converted into standard protein units
{SPU) based on the calibration curve and plotted against percent urine values from cach of
the samples (Fig. 1B). Values obtained from HbACT-H samples indicated concentration
dependent antibody D2 bindimg with around 2.5 SPU i high concentration samples. HbACI-
L sample values were tow indicating little to no binding of antibody D2. These results
demonstrate the ability of H9 to capture C59 and D2 to detect Amadoni-modified GCDSY in

fluid samples mn a concentration-dependent manner.

Example 3. GCDSY detection by Western blot

8312}  The specificity of anti-Amadori-modified hGCD59 mAb D2 and D3 to glycated
hCD59 was tested in cell lysates derived from diabetic transgenic mice expressing hCB59
transgene (Tg) in red blood corpuscles (RBCs). Diabetes was mduced n the hCD3S9
transgenic mice by admimstering one dose of Streptozotein (8TZ) and blood glucose was
measured afier two weeks. A mouse was considered diabetic if its blood sugar level was

greater than 200 mg/dL. RBCs were obtained from diabetic transgenic mice (D) and control
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non-diabetic mice (NI}, lvsed and proteins were extracted. The proten samples were
separated asing SDS-PAGE (Sodivm Dodecyl sulfate- Polyacrylamide gel clectrophoresis)
and immunoblotted with anti-Amador modified hGCD39 antibody (D2) and anti hCDSY
antibody (Fig. 2). Consistent with the elevation of glvcated CD59 in diabetes, the anti-
Amadon modified hGTD39 antibody showed an mitense band in the diabetic mice and only a
faimt band in the control non-diabetic mice. Both the diabetic and conirol non-diabetic mice
showed similar levels of hCD359, demonstrating the spectficity of the anti-Amador modificd

hGCD59 antibody.

Example 4, ELISA Kit

183131 A sandwich-type ELISA assay is prepared that specifically quantifies GCDS9
relative to the glyecated CD39 (GLDB39) peptide hybrid surrogate. Antibody HY isused as a
capture antibody to capture 59 in samples tested. The detection anttbody 1s developed
using a peptide antigen containing a glucitollysine residue in the equivalent position of K41
it CD59. For this reason, these assays detect the reduced form of GCD59. These anti-
ghucitollysine GCDSY ELISA kit assavs also mclude a sample preparation step that utiizes
NaBH: as the reducing agent for transformation of the glycated form of GCIISY into the
reduced glveated form of GCD3Y. Kits include solutions of reducing agent in organic solvent
to carry out this step.

{0314}  Sandwich-tvpe Amadori-modified GCD59 ELISA assavs do not need sample
preparation by NaBH: reduction due to detection antibody specificity for the non-reduced
Amadori-modified form of GUD39. Sample treatment with DTT may, however, improve

antibody affinity.

Example 3. Point of care testing

10315}  Kuts and methods disclosed are formatted for use with point of care testing. This
mchudes formatting for use with patient monitoring devices and devices that can be combined

with smart devices (¢.g., a smart phone).

Example 6, Wearable devices

108316} Kits and methods disclosed are formatted for use with a wearable device in the

form of a wateh or other band which may be wom around the wrist, finger, neck or limb.
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CLAIMS
. Anantibody, wherein said antibody comprises a heavy chain vanable domain (VH)
with a complementarity determining region {CDR) baving at least 70% anuno acid
sequence identity to an amimo sequence selected from the group consisting of SEQ 1D

NQOs: 38-43.

2. The antibody of claim 1, wherein said CDR 15 a2 CDR-H3 selected from the group
consisting of SEQ 13 NOs: 42 and 43.
3. The antibody of claim 2, wheremn said VH comprises:

1. a CUDR-H1 having an amine acid sequence with at least 70% sequence identity

with a sequence selected from the group consisting of SEQ 1D NOs: 38 and
39;

i1, a CDR-FI2 having an amino acid sequence with at least 70% sequence identity
with a sequence selected from the group consisting of SEQ 13 NQOs: 40 and
41 and

i, a CDR-H3 having an amino acid sequence with at least 70% sequence identity
with a sequence selected from the group consisting of SEQ 1D NQOs: 42 and
43,

4. The antibody of anv of claims -3, comprising a light chain vaniable domain (VL)
with a CDR having at least 70% amino acid sequence identity to an amino acid

sequence selected from the group consisting of SEQ 1D NQOs: 33-37.

(51

The antibody of claim 4, wherein said VL comprises a CDR-L3 selected from the
group consisting of SEQ ID NQGs: 36 and 37
6. The antibody of claim 5, wherein said VL comprises:
1. aUDR-L1 having ar aminoc acid sequence with at least 70% sequence wdeatity
with a sequence selected from the group consisting of SEQ 1D NOs: 33 and
34;
i, a CDR-L2 having an amino acid sequence with af least 30% sequence identity
with the sequence of SEQ 1D NOs: 35; and
#i.  a CDR-L3 baving an amino acid sequence with at least 70% sequence identity
with a sequence selected from the group consisting of SEQ 1D NOs: 36 and
37.
7. The antibody of anv of claims 1-6, wherein said antibody 1s a monoclonal antibody.

& The antibody of any of claims [-6, wherein said antibody is a2 humanized antibody.
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9.

16,

I

12.

J—
(9]

14.

i6.

17.

7

The antibody of claim 7 or &, wherein said antibody 1s an [gGl, 1gG2, 1gG3, or IgG4
antibody.

An antibody baving at least one vanable domain with an amino acid sequence baving
at least 95% sequence wdentity to an amino acid sequence selected from the group
consisting of SEQ 1D NQOs: 26-32.

The antibody of claim 10, wherein said at least one variable domain includes a VH
with an amino acid sequence that is at least 93% identical to an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 30 and 32.

The antibody of claim 11, wherein said at least one vanable domain mcludes a VL
with an amino acid sequence that 1s at least 95% identical to an amino acid sequence
sclected from the group consisting of SEQ 1D NOs: 29 and 31.

An antibody having a heavy chain with a translated ansino acid sequence having at
least 95% sequence tdentity to an anmino acid sequence selected from the group
consisting of SEQ 1D NOs: 3 and 5.

The antibody of claim 13, wherein said heavy chain is encoded by a nucleotide
sequence having at least 95% sequence identity to a nucleic acid sequence selected
from the group consisting of SEQ ID NOs: 7. 8, and 10.

An antibody baving a light chain with a translated amino acid sequence having at least
959% sequence identity to an annno acid sequence selected from the group consisting
of SEQ ID NOs: 2 and 4.

The antibody of claim 15, wherein said light chain 1s encoded by a nucleotide
sequence selected from the group consisting of SEQ 1D NGs: 6 and 9.

An antibody comprising:

1. aheavy chain with a translated amino acid sequence with at feast 95%
sequence identity to an anmino acid sequence selected from the group
consisting of SEQ 1D NOs: 3 and 5; and

1. a light chain with a translated amino acid sequence with at least 95% sequence
wentity to an anuno acid sequence selected from the group consisting of SEQ
D NOs: 2 and 4.

The antibody of any of claims 1-17, wherein said antibody binds to CD59.
The antibody of claim 18, wherein said antibody binds to a non-glycated epitope of
CD359.
¢ antibody of claim 18, wherein said antibody binds to an epitope of CD39 that
does not include lysing 41 (K41}
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21, The antibody of any of claims §-17, wherem said antibody binds to a glycated epitope
of glyeated CD39 (GCD39).

22, The antibody of claim 21, wherein said glycated epitope of GCD39 comprises
Amadori-modified K41,

23, The antibody of claim 21 or 22, wherein said antibody binds to said glyveated epitope
of GUDSY with an equilibriom dissociation constant (KD) of from about 1.6 pM o
about 5.0 x 10 pM.

24, The antibody of claim 23, wherein said antibody binds to said glveated epitope of
GCDB39 with an equilibriom dissociation constant of from about 1.5 pM to abount 150
pM.

25, The antibody of anv of claims 21-24, wherein the glycated epitope of GCDIS9 15
presented inr a format selected from at least one of a surface-associated fornat and a
solution-based format.

26, The antibody of claim 23, wherein said solution-based format includes a solution
comprising at least one of urine, plasma, serum, blood, sweat, and saliva.

27. The antibody of claim 26, wherein said solotion comprises serum, wherein said serum
is diluted by from about 1:1 to about 1: 100,000

28. A kit comprising:

a capture agent; and
mstructions for use of said kit.

29, The kit of claim 28, wherein said capture agent s a capture antibody, wherein said
capture anfibody comprises the antibody of any of claims 1-27.

30. The kit of claim 29, wherein said capture antibody binds CDS59, and wherem said
capture antibody comprises the antibody of claim 19 or 20,

31, The kit of claun 30 comprising a detection agent, wheremn said detection agent is
sclected from a lectin and a detection antibody, the detection antibody comprising the
antibody of any of claims {-17 and 21-27.

32, The kit of claim 28, wherein said capture agent is a capture antibody, wherein said
capture antibody compnises the antibody of any of claims 1-17 and 21-27.

33, The kit of claim 32 comprising a detection agent, wherem said detection agent 18
selected from a lectin and a detection antibody .

34, The kit of claum 33, comprising a detection antibody, wherein said detection antibody
binds CD59 and wherein said detection antibody comprises the antibody of claim 19
or 20,
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The kit of claim 33, wherein said detection agent binds to a glycosvlated epitope of
GCD39.
36, The kit of claun 35, wherein said glycosyiated epitope of GCIDI3Y includes an N-

giveosylated epitope of GCDAY.

37, The kit of any of claims 28-36 comprising a contpound for generation of a calibration
curve.

38, The kit of any of claims 28-37 comprising at least onc buffer.

39, The kit of claim 38, wherein sad at least one buffer includes a buffer used to contact a

subject sample.

40,  The kit of claim 39, wherein said buffer used to contact a subjoct sample comprises at
least one of a reducing agent, an oxidizing agent, dithiothreitol (DTT), and beta-
mercaptocthanol (BME}.

41 The kit of any of claims 28-40 comprising one or more internal controls.

42, The kit of claim 41, wherein said one or more mternal controls mnclude one or more
plasma assay controls.

43, The kit of any of claims 28-42 comprising one or more of an assay diluent, conjugate
diluent, and wash buffer.

44, The kit of any of claims 28-43, wherein onc or more reagents are lvophilized.

45, A method of detecting a target protein in a sample, wherein said target protemn
comprises GUDS9, said method comprising:

i, obtaining said sample;

i1, applving said sample to a substrate, said substrate comprising a capture
antibody, wherem said capture antibody is selected from at least one of an
antibody binding to an N-glycosylated epitope of CD359, the antibody of claim
19, and the antibody of claim 20;

1. applying a detection antibody to said substrate, wherein said detection
antibody binds to a target epitope, said target epiiope comprising a glvcated or
non-glycated epitope of GCD59; and

. analyzing said substrate for the presence of said detection antibody.

46.  The method of claim 45, wherein said detection antibody 15 selected from the
antibody of any of claims 1-17 and 21-27.

47. A method of detecting a target protein in a sample, wherein said target protein
comprises GCDS9, said method comprising:

1. obtaning said sample;
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48.

49,

57.

1. applving said sample to a substrate, said substrate compnsing a capturc
antibody, wherem said capture antibody 1s selected from the antibody of any
of claims 1-17 and 21-27;

1. applying a detection antibody, wherein said detection antibody bindsto a
target epitope, said target epitope comprising a non-glycated epitope of
GCD39Y; and

iv.  analyzing said subsirate for the presence of said detection antibody.

The method of claim 47, wherem said detection antibody is selected from the
antibody of claim 19 or 20
The method of claim 47, wherein said target epitope comprises a glycosylated epitope
of GCDS59.
The method of claim 49, whercin said target epitope comprises an N-ghyeosvlated
epitope of GLDS9.
The method of any of claims 45-50, wherein said sample is a subject sample.
The method of claim 51, wheremn said subject sample 1s selected from at least one of
urine, blood, plasma, serum, sweat, and saliva.
The method of any of claims 45-52, wherein said sample is treated with at least one of
a reducing agent, an oxidizing agent, dithiothreitol (DTT), and beta-mercaptocthanol
{(BME}.
The method of any of claims 45-53, wherein said sample is dibuted.
The method of claim 54, wherein said sample 1s diluted by from about 1:1 to about
1:1,000.
A method of detecting a target protein iy a sample, wherein said target protein
comprises GCDSY, said method comprising:

1. obtaining said sample, wherein said sample comprises at least one ofa celi, a

tissue, and a tissue section;

1. applving a detection antibody to said sample, wherein said detection antibody
binds to a target epitope, said target epitope compnsing a glveated epitope of
GCD359; and

tit.  analyzing said sample for the presence of said detection antibody.

The method of any of claims 45-36, wherein the detection antibody comprises a

detectable label.
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60.

61.

64.

65,

66.

67.

68.

The method of claim 57, wherein the detectable label is selected from the group
consisting of biotin, streptavidin, avidin, a fluorescent label, an enzymatic label, a
lununescent label, and a radiocactive label.
The method of any of claims 45-56, wherein the detection antibody is detected using a
secondary detection agent, wherein said secondary detection agent comprises a
detectable label.
The method of claim 59, wherein said secondary detection agent 15 an antibody,
The method of any of claims 57-60, wheremn the detectable label 1s selected trom the
group consisting of biotin, streptavidin, avidin, a fluorescent label, an enzymatic label,
a luminescent label, and a radiocactive label.
The method of any of claims 45-55 and 37-61, wherein said substrate is selected from
at least one of an agsay plate, a bead, a membrane, a conducting surface, and a
conducting nanocparticie.
The method of any of claims 45-62, wherein all or part of said method is carried out at
the point of carc.
The method of claim 63, wherenn at least part of said method is carned out in
conjunction with a patient mornitoring device.
The method of claim 64, wheremn said patient monitoring device 1s capable of
receiving and/or transmitting an electronic signal.
The method of claim 65, wherein said paticot monitoring device is a smart device
sclected from at least one of a smart phone and a smart watch.
The method of any of claims 57-66, wherem the concentration or concentration
equivalent of said target protein is determined by measuring at least one signal
associated with said detectable label.
A method of evaluating a subject comprising:
1. collecting at least one test sample from said subject;
1. carrving out the method of claim 67, wherein said sample comprises the at
least one test sample collected in (i);
i1, carrying out the method of claim 67, wherem said sample comprises at least
one control sample; and
tv.  comparing the concentration or concentration equivalent of said target protein
10 said at least one test sample to the concentration or concentration equivalent

of smid target protein detected n the at least one control sample.
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69,

]
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72.

-3
W

76.

A method of screening, diagnosing, and monitoring of a diabetes-related indication in
a subiect comprismg carrying out the method of claim 68, wherein said subject s
diagnosed with said diabetes-related mdication if the concentration or concentration
equivalent of said target protein in said at least one test sample varies from the
concentration or concentration equivalent of said target protein detected in the at least
one control sample by a threshold value.
A method of monitoring one or more diabetes-related indications in a subject, whercin
said subject has one or more diabetes-related indications, said method comprising:

i, collecting at least two test samples from said subject, wherein said at least two

test saraples are obtained over at least two time periods;

1. carrying out the method of claim 67, wherein said sample comprises the at

least two test sample collected i (3); and
ii.  monitoring the variation between the concentration or concentration

equivalent of said target protein in said at least two test samples.

The method of claim 68 or 69, wherein said method is carmed out as part of a

companion diagnostic method.

A method of evaluating the effectivencss of a therapeutic method, said method

comprising the method of one or more of claims of claims 68-70.

The method of claim 72, wherein said therapeutic method comprises the

adounistration of at least one therapeutic compound to at least one subject.

A method of assigning a level of risk to a subject. wherein said level of risk comprises

alevel of nisk associated with developing one or more diabetes-related indications,

said method comprising:

1. carrving out the method of claim 68:

1. comparing the concentration or concentration equivalent of said target protein
1 sard at least one test sample with the concentration or concentration
equivalent of said target protein detected in the at feast one control sample;
and

ui.  assigning said level of risk to said subject based on the comparison performed
i {i1).
The method of clamm 74, wherein said subject 1s at least one of a pregnant subject, a
subject suspected of being pregnant, and a subject capable of becoming pregnant.
The method of claim 75, wheremn said diabetic-related indication is gestational
diabetes mellitas.
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82.
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86.

87.

g8.

39,

A device for carrving out all or part of the method of any of claims 45-76.
The device of claim 77, wherein said device 1s wearable device.
The device of claim 78, wherein said wearable device comprises a wristband.
¢ device of claim 79, wherein said wearable device 18 a smart watch.
The method of claim 69, whercin said target epitope comprises an N-ghyeosvlated
cpitope of GLD39 comprising residue N18 of GCD39, wherein residue N181s N-
glvcosyiated.
The method of claim 81, wherein said one or more diabetes-related indications 1g
selected from at least one of diabetes, a predisposition o an organ specific
complication of diabetes; pre-clinical diabetic penipheral neuropathy; pre-clinical
diabetic nephropathy; pre-clinical diabetic retinopathy; and pre-clinical diabetic
vascular disease.
A method of detecting N-glycosylated GCDS59, said method comprising:
1. 1solating GCDSY using the antibody of any of clamms 1-17 and 21-27; and
1. analyzing the GCD3SY 1solated in step (1) to detect the presence of an N-
glycosylated residue.
The method of clamm 33, wherein step (if) include the use of mass spectrometry .
The method of claim 83, wherein step (i1) includes the use of a lectin capable of
binding said N-ghycosviated residue.
The method of any of claims 83-85, wherein said N-glycosylated residue is residue
N8 of GCDSO.
A method of identifyving an mhibitor of CD39 K41 glycation comprising;
i, contacting at least one sample with at feast one test compound, wherein said at
lcast one sample comprises CD39 and conditions suitable for K41 glycation;
1. determining the concentration or concentration cquivalent of GC39 in said at
least one sample; and
iii.  identifying one or more of said at least one test compound as an inhibitor of
CID59 K41 ghveation f the concentration or concentration equivalent of
D39 determined in step (1) 1s reduced as a result of step (1)
The method of claim 87, wherenn step (1) tnchudes the use of an antibody according to
anv of claims 1-17 and 21-27.
The method of claims 87 or 88, wherein said at least one test compound is selected
from one or more of a small molecule, a peptide, a synthetic construct, a fusion
protein, an aptamer, a nucleic acid, and an antibody.
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96.

97.

98.

99.

100.

An mhibitor developed according to the method of any of claims 87-89.
A vector encoding the antibody of any of claims 1-17 or one or more fragments
thercof.
A recombinant antibody produced from the vector of claim 91.
A cell comprising the vector of claim 91
An antibody produced from the cell of claim 93.
A method of treating a diabetes-related indication comprising the use of the inhibitor
of claim 90,
The method of claim 95, wherein said diabetes-related indication is selected from one
or more of complement dysfunction, hemolviic discase, paroxysmal noctumal
hemoglobinuna, atypical hemolytic-uremic syndrome, wound healing, complications
associated with organ transplantation, a vascular indication, and age-related macular
degeneration.
A method of assigning a level of nisk to a gestational subject, wherein said level of
risk comprises a level of risk associated with developing one or more GDM-related
condition, said method comprising:

1. collecting at least one test sample from a gestational carrnier of said gestational

subject;

1. using an assay to determine the level of GCDSY 1n said test sample, wherein
said agsay utilizes a capture antibody according to claim 20 and a detection
antibody according to claim 22; and

i1, assigning said level of risk associated with developing said one or more GDM-

related condition based on said level of GCD39 determined in said test
sample.

The method of claim 97, wheremn said one or more GDM-related condition 15 selected

from one or more of macrosomia, large gestational age (LGA), a birth defect, birth

trauma, hyperbilirabinemia, bypoglycemia, seizures, and still birth.

The method of any of claims 45-76, 81-83, 85-89, 97, or 98 comprising the usc of a

platform technology.

The method of claim 99, wherein sard platform technology comprises an automated

platform technclogy.
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