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ANTL-GLYCAN ANTIBODIES AND USES THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application claims the benefit of U.S. Provisional Application 62/990,927, filed
March 17, 2020, U.S. Provisional Application 63/037,374, filed June 10, 2020, and 1J.S.
Provisional Application 63/074,956, filed September 4, 2020, each of which is herchy

incorporated by reference in its entirety.

FIELD

{0002} The present nvention relates to anti-sialylated glyean antibodies including anti-
sialvl Lewis A {sLeA} and anti-sialyl Lewis € (sLeC) antibodies and methods of using the

samg.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXT FILE

{6603} The content of the following submission on ASCII text file is mcorporated herein by
reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file name:

2034620001408 EQLIST. TXT, date recorded: March 15, 2021, size: 14 KRB).

BACKGROUND

{6004] Glyveans are carbohydrate-based polymers that can be free or attached to proteins
{glycoproteins) or hipids (glveolipids). The glyeans of glycoproteins are known o be involved
m immunity and mflammation, includimg sialylated glyeans on glycoproteins, High
expression of sLeA have been described in human pancreatic, colon and gastric celf lines as
well as in adenocarcinomas of the colon, stomach and pancreas. Additionally, studies have
shown sLeA upregulation m concert with CD44v6 in inflamed regions of human colon from
patients with uleerative colitis. Additionally, stadies have shown a functional role for sheA in
mucosal wflammation which suggests that modulating sbeA may impact discases including
nflammatory bowel disease (¢.g., Crohn’s Dhsease or ulcerative colitis).

{(005] Aberrant glveosylation has also been described as one of the hallmarks of cancer
and modudate immune responses. Similar to what has been observed on inflammatory bowel
discase tissues, aberrant glycosylation of proteins leads to overexpression of tumor-associated

carbohvdrate antigens during malignant transformation. Studies have shown that tumor-
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associated carbohydrate antigens have contributed to various aspecis of cancer development
and progrossion, including proliferation, invasion, angiogenesis and metastasis (Fuster, Nat
Rev Cancer, 5:326-42 (2005} and Dube, Nat Rev Drug Discovery, 4:477-88 (2005)).

{8006} One type of glveosvlation are sialic acids and they are typically found to be
terminating branches of N-glycans, G-glycans and glycosphingolipids. Within sialic acids, a
variety of diversity are created through alpha linkages between the nine-carbon backbone and
secondary diversity through modifications at these carbon positions. Exanples of sialvlated
glveosylation found mclude sLed, sLeC and sialyvl Lewis X {glycan structure of each is
found in Table 1)

{8007} These glycans are all examples of terounally sialylated glyeans. While sLeC is the
non-fucosylated precursor of sLeA, sheX is a stereo isomer of sLeA. In general, sLeC is
typically not found on normal haman tissue, but found on morine tissues. Thas, antibodies
that bind to both sLeA and sbeC would be usetul for drug development especially for use in
i vivo nurine models of disease.

{6008} In general, antibodies that are suited for development as a pharmaccutical agent to
treat disease and/or disorders have high specificity, selectivity and affinity. Thas, anti-glycan
antibodies are typically not suited for development as pharmaceutical agents partially due to
carbohydrate antigens have limited immunogenicity and the observed affinities of anti-
carbohydrate antibodies are typically lower by factors of 10%-10° than antibodies specific for
protein or peptide antigens {(Ghassemi, Glycobiology, 25(9): 920-952 (Sept 2015)). The
overall low binding of carbohydrates is usually accompanied by relative fast ko and ko rates,
which results in an overall lower Ko for anti-glvean antibodies.

{8009} The present invention addresses the need for an alternative antibody therapy that
targets ghycan epitopes for patients having disorders affecting the digestive system, including

mflammatory bowel disease and cancers of the digestive system.

SUMMARY OF THE INVENTION

{6016 The present invention provides for antibodies or antigen binding portions thereof,
comprising a variable region that bind to a carbohydrate antigen or a fragment thereof.

{6011} In one aspect, provided herein 1s an antibody, or an antigen-binding portion
thereof, that binds to sialvl Lewis A (sLeA) and sialvl Lewis C (sleC), wherein the binding
affinity of such antibody or antigen-binding portion to sLeA is of Ko of 60 uM or less and the

binding affinuty to skeC 1s of Kp 100 uM or less. In some embodiments, the antibody or
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antigen-binding portion does not bind to stalyl Lewis X (sLeX). In some embodiments, the
antibody or antigen-inding portion is a humanized antibody or humanized antigen-binding
portion.

{B012] In another aspect, provided herein is an antibody, or an antigen-binding portion
thereof, that binds to sLeA and sLeC, comprising a heavy chain variable region and a light
chain variable region, wherein the heavy chain variable region comprises a sequence having a
90-100% sequence identity to SEQ ID NO: 1, SEGQ 1D NO: 2, or SEQ 1D NO:3, and the hight
chain variable region comprises a sequence having a 90-100% sequence identity to SEQ ID
NG: 4, SEG ID NG: 5, SEQ ID NO: 6, or SEQ ID NG7. In some embodiments, the antibody
or antigen-binding portion does not bind to sLeX. In some embodiments, the heavy chain
variable region comprises a CDR-HI comprising the sequence of SEQ ID NO:12, a CDR-H2
comprising the sequence of SEQ ID NG 13, and a CDR-H3 comprising the sequence of SEQ
1D NG: 14; and the fight chain vanable region comprises a COR-L1 comprising a sequence
selected from the group consisting of SEQ ID NOs:15-17, a COR-L2 comprising the
sequence of SEQ ID N(O:18, and a CDR-L3 comprising the sequence of SEQ ID NG 19, In
some embodiments, the heavy chain variable region comprises the sequence of SEQ 1D
NG:3, and the light chain variable region comprises a sequence selected from the group
consisting of SEQ 1D Nos:5-8. In some embodiments, the heavy cham vanable region
comprises the sequence of SEQ 1D NO:3, and the light chain vanable region comprises the
sequence of SEQ 1D No:8. In some embodiments, the heavy chain variable region comprises
the sequence of SEQ 1D NO:4, and the light chain variable region comprises the sequence of
SEQ ID NG9 or 10,

{6613} In another aspect, provided herein is an antibody, or an antigen binding portion
thereof, that binds to sLeA and sLeC, comprising a heavy chain variable region, wherein the
heavy chain vanable region comprises a sequence having a 90-100% sequence identity to
SEGQ IDNG: 3. In some embodiments, the antibody or antigen-binding portion comprises a
light chain variable region, wherein the light chain variable region comprises a sequence
having a 90-100% sequence identity to a sequence selected from the group consisting of SEQ
ID Nos:3-11.

{80814} In another aspect, provided herein 15 an antibody, or an antigen binding portion
thereof, that binds to sLeA and sle(, comprising a heavy chain vanable region and a light
chain varable region, wherein the heavy chain variable region comprises a CDR-HI
comprising the sequence of SEQ ID NG: 12, a CDR-H2 compnising the sequence of SEQ ID
NQ:13, and a CDR-H3 comprising the sequence of SEQ ID NOG:14; and wherein the light

3
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chain variable region comprises a CBDR-L1 comprising a sequence selected from the group
consisting of SEQ 1D NOs:15-17, a CDR-L2 comprising the sequence of SEQ 1D NO: 18, and
a CDR-L3 comprising the sequence of SEQ 1D NO: 19, {n some embodiments, the antibody
or antigen-binding portion comprises a heavy chain variable region and a light chain variable
region of a single anttbody shown in Table 6.

{3615} In another aspect, provided herein is one or more polynucieotide(s) encoding the
antibody or antigen-binding portion thereof according to any one of the above eombodiments.
In another aspect, provided herein is a vector comprising the one or more polynucleotide(s)
according to any one of the above embodiments. In ancthor aspect, provided herein is a host
cell comprising the one or more polynucleotide(s) according to any one of the above
embodiments or the vector according to any one of the above embodiments. In another
aspect, provided herein is a method of producing an antibody, the method comprising
culturing the host cell according to any one of the above embodiments such that the antibody
is produced. In some embodiments, the method further comprises recovering the antibody
from the host cell. In another aspect, provided herein is a pharmaceutical composition
comprising the antibody or antigen-binding portion thersof according to any one of the above
cmbodiments and a pharmaccutically acceptable carrier.

{8016} In another aspect, provided herein is a method of treating or ameliorating a symptom
of a digestive disease or disorder wherein said method comprises admuinistering to an
individual with said digestive disease or disorder an effective amount of an antibody, antigen-
binding portion, or pharmaceutical composition described herein. In some embodiments, the
digestive disease or disorder 15 selected from inflammatory bowel disease, irnitable bowel
syandrome, pancreatic cancer, or colon cancer. In some embodiments, the digestive disease or
disorder 1s inflammatory bowel disease. In some embodiments, the inflammatory bowel
discase 1s Crohn’s Disease or ulcerative colitis. In some embodiments, the imdividual s a

human.

BRIEF DESCRIPTION OF THE DRAWINGS

{8617} FIG. 1A are microscopic images from i vitro scrateh wound assays using T84 cells
at time 0 and 24 hour after treatment with either human 12G control or antibody clone 4772,
FIG. 1B llustrates the difference in wound healing activity observed after 24 hours of

treatment.



WO 2021/188591 PCT/US2021/022627

{8018} FIG. 2A 1s a schematic representation of the treatment protocol of an acute DSS-
mduced model of colitis. FIG. 2B illustrates Day 10 stool consistency of mice that are naive
(untreated, no D38S), PBS treated (dosed on Day | and Day 3, DSS), human 1gG treated
{dosed on Day | and Day 3, DSS) and antibody clone 4772 treated (dosed on Dhay 1 and Day
3, BSS). FIG. 2C illustrates body weight change as expressed as percent of starting body
weight for mice that are naive (untreated, no DSS), PBS treated (dosed on Day 1 and Day 3,
DSS), human 1gG treated (dosed on Day | and Day 3, DSS) and antibody clone 4772 treated
{dosed on Day | and Dayv 3, DSK). FIG. 2B illustrates sevenity of mflammation by histology
of mouse mtestinal tissue after terminal sacrifice for naive mice {untreated, no DSS), PBS
treated mice {dosed on Day 1 and Day 3, DSS), human IgG treated mice (dosed on Pay | and
Day 3, DSS) and antibody clone 4772 treated mice (dosed on Day 1 and Day 3, BSS). FIG.
2E ilustrates the percent polvmorphonuclear cells (PMNs) present in distal colon sections of
mouse tissue after terminal sacrifice for naive mice {untreated, no DSS), PBS treated mice

{dosed on Day 1 and Day 3, DSS) and 4772 treated mice {(dosed on Day | and Day 3, DSS).

DETAILED DESCRIPTION OF THE INVENTION

[0019] As used herein, the articles “a” and “an” refer to one or more than one (i.¢, at
lcast onc} of the granunatical objoct of the article. By way of example, “an element” means
one clement or more than one clement.

{8024] The term “antibody” 1s intended to encompass antibodics, fragments, specified
portions and variants thereof] including single chain antibodies and fragments thercof,
derived from an antibody of the present invention. Antibodies include antibody fragments,
antibody variants, monoclonal antibodies, polyclonal antibodies, and recombinant antibodies.
Antibodies can be generated in mice, rats, rabbits, or humans.

{6021} The antibodies can be full-length or can comprise a fragment (or fragments) of the
antibody having an antigen portion, including, but not luntted to, Fab, Fab’, and F(ab ), fach,
pFel, Fd, dAb fragment, an isolated CDR, diabodies, triabodies, fetrabodies, lincar
antibodies, single-chain antibody molecales, bispecific and multi-specific antibodies formed
from antibody fragments.

{0022} In some embodunents, the antibodies comprise all or a portion of a constant
region of an antibody. The constant region 15 an 1sotype selected from IgA {e.g, IgAl or
1gAZ), 1eD, IgE, I2G e g., 1gGl, 1aG2, 123, or {gG4), IgM. As used herein, the “constant

region” of an antibody includes the natural constant region, allotypes or natural vanants, such
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as D336E and L358M or A431( in human IgGl. See, e.g., Jefferics and Lefranc, MAbs,
14}y 332-338 {July-August 2009}

{6023] The term “monoclonal antibody™ as used berein 15 not limited 1o antibodies
produced through hybridoma technology. A monoclonal antibody is derived from a single
clone, including any eukaryotic, prokaryotie, or phage clone, by any means available or
known 10 the art. Monoelonal antibodies of the present invention can be prepared using a
wide variety of technigues knows o the art meluding the use of hvbridoma, recorbinant and
phage display technologies, or a combmation thereof.

{0024} The term “chimeric” antibody as used herein refors to an antibody having vanable
sequences dertved from a non-human immunoglobulin, such as a rat or a mouse antibody,
and a human immunoglobulin constant region, typically chosen from a human
immuonoglobulin template. Methods for producing chimerie antibodies are known in the art.
{6025] “Humanized” form of non-human (c.g., murine) antibodies are chimeric
immunoglobulins that contain minimal sequences dertved from non-human mmunoglobulin,
In general, a humanized antibody will comprise substantially all of at least one, and typically
two, variable domains, in which all or substantially all of the UDR regions correspond to
those of a non-human immunoglobulin and all or substantially all of the framework regions
are those of a human mmmunoglobulin sequence. The humanized antibody can also comprise
at least a portion of an immunoglobulin constant region (Fe), typically that or a buman
immuonoglobulin consensus sequence. Methods of antibody humanization are known in the
art.

{6626} An “effective amount” as used herein, refers to a dose of the antibody or
pharmaceutical composition that is sufficient to reduce the symptoms and signs of diseases of
the digestive system, including imflanmunatory bowel disease or cancers of the digestive
systern. Such symptoms of inflammatory bowel discase inchide diarthea, weight loss, bloody
diarrhea, bloody stool, pain, anenua, fatigae, rectal bleeding, and abdominal cramps.
Symptoms of cancers of the digestive system inchide weight loss, pain and detectable mass,
cither chinically as a palpable mass or radiologically or through other imaging technigues.
The term “effective amount” and “therapeutically effective amount” are use

mierchangeably. In some embodiments, an effective amount of a drug, compound, or
pharmmaceutical composition may or may not be achieved i conjunction with another drug,
compound, or pharmaceutical composition. Thas, an "effective amount” may be considered

in the context of administering one or more chemotherapeutic or other effective agents, and a
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single agent may be considered to be given in an effective amount if] in conjunction with one
or more other agenis, a desirable result may be or is achicved. While individual needs vary,
determination of optimal ranges of effective amounts of cach component is within the skl of
the art. Typical dosages comprise 0.1 to 100 mg/kg/body weight. The preferred dosages
comprise 1 to 100 mg/kglbody weight. The most preferred dosages comprise 10 to 100
mg/ke/body weight.

{6027) The term “subject” or “individual” can refer to a vertebrate having a discase of the
digestive system, such as a vertebrate having inflammatory bowel disease or cancer of the
digestive system. Subjects include all warm-blooded animals, such as mammals, such as a
rodent, preferably a primate or non-buman primate, and more preferably, a human. The term
subject includes domesticated amimals, such as cats, dogs, etc., livestock (for example, cattle,
horses, pigs, sheep, goats, etc.}, and laboratory animals (for example, mouse, rabbit, rat,
gerbil, guinea pig, otc.}. Thus, veterinary uses and medical or pharmaccutical formulations
are conteraplated herein,

{6028} One of skill in the art will recognize that antibodies are “modular”™ in nature.
Throughout the disclosure, various specific embodiments of the various “modules”
composing the anttbodies of the present invention are described. As specific non-luntting
examples, various embodiments of variable heavy chain CDRg, vanable heavy chains,
variable light chain CDRs, and variable light chains are described. 1t 15 intended that all of the
specific embodiments may be combined with each other as though each specific combination
were explicttly described individually.

{8029} Humanized antibodies of the present invention can comprise a heavy chain
variable region from Table 1 below and additionally, can comprise a Hght chain variable
region from Table 2 below. Such variable regions can be incorporated into a human IgGi

backbone using methods that are well known in the art.

Table 1. Heavy Chain Vanable Region Sequences

HvChi SEQIDNO: 1 EVOLVESGGGLVOQPGGSLRLSCAASGFTFSTNAMS
WYROAPGKGLEWVSRLRPKSDNYATYYADSVKG
RETISRDNSKNTLYLOMNSLRAEDTAVYYCAKGT
GFWGQGTTVIVSS

Hv(Ch2 SEQ NGO 2 EVOLVESGGGLVQPGGSLRLSCAASGEFTFSTNAMS
WVRQAPGKGLEWVARLRPKEDNYATYYADSVKG
RETISRDNSKNTLYLOQMNSLRAEDTAVYYCVIGT
GEFWGQGTTLTVSS
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HvCh3

SEQID NO: 3

AR

HvCh4

SEQIDNG: 4

EVQLVESGGGLYQPGGSLRLSCAASGFTFSTNAMS
WYRQAPGKGLEWVARLRPKSDNYATYYADSVKG
RFTISRDDSTSTLYLOMNSLRAEDTAVYYCVTQTG
FWQGQGTTLTVSS

Table 2. Light Chain Variable

Region Sequences

LiChi

SEQID NO: 5

DIVMTQSPDSLAVSLGERATINCKSSQSLINSGNG
KNYLTWYQQKPGQPPKLLIYWTSTRESGVPDRES
GSGSGTDFTLTISSLOAEDVAVYYCONDYTSPYTF
GOGTKLEIK

LiCh2

SEQIDNQO: 6

DIVMTQSPDSLAVSLGERVTMNCKSSQSLLNSGNG
ENYLTWYQQKPGQPPRLLIVWISTRESGVPDRFS
GSGSGTDFTLTISSVOQAEDVAVYYCQNDYTSPYTE
GOGTKLEIK

LiCh3

SEQIDNO: 7

DIVMTOSPDSLAVSLGERATINCKSSQSLLNSGNG
KNYLTWYQQKPGQPPKLLFYWTSTRESGVPDRES
GSGRGTDFTLTISSLQAEDVAVYYCONDYTSPYTF
GOGTKLEIK

LiCh4

SEGID NO: 8

DIVMTQOSPDSLAVSLGERVTIMNCKSSQSLLNSGNG
ENYLTWYQQKPGOPPKLLFYWTSTRESGVPDRFS

GSGSGTDFTLTISSVQAEDVAVYYCONDYTSPYTE

GOGTEKLEIK

LiCh5

SEQIDNO: 9

DIVMTOQSPDSLAVSLGERVTIMNCESSQSLLNSGNG
KNYLTWYQOKPGOPPKLLFYWTSTRESGVPDRES
GSGRSGTDFTLTISSVOAEDLAVYYCONDYTSPYTF
GOGTKLEIK

LaChe

SEQ D NG 10

DIVMTQSPDSLAVSLGERVTMNMNCKSSGSLLOSGNQ
KENYLTWYQQKPGOPPKLLFYWTSTRESGVPDRFS
GRGSGTDFTLTISSVQAEDLAVYYCONDYTSPYTF
GOGTKLEIK

£aCh7

SEQIDNO: 1

DIVMTQSPDSLAVSLGERVTMNCKSSQSLLSSGNQ
KNYLTWYQQRKPGOPPKLLFYWTSTRESGVPDRFS
GSGSGTDFTLTISSVOAEDLAVYYCONDYTSPYTE
GOQGTELEIK

[0030]

In other embodiments, the humanized antibodies of the present mvention can

comprise heavy and light chain CDR sequences selected from Tables 3 and 4 below:

Table 3. Heavy Chain CDR sequences

H-CDR1 SEGIDNG: 12 GFTFSTNAMS
H-CDR2 SEQIDNG: 13 RELRPKSDNYATY
H-CDR3 SEQIDNG: 14 VTGTGF

Table 4. Light Chain CDR sequences

o0

EVOLVESGGGLVOGPGGSLRLSCAASGFTFSTNAMSWYR
QAPGKGLEWVARLRPKSDNYATYYADSVYVKGRFTISRD
DSKNTLYLOMNSLRAEDTAVYYCYVTGTGFWGQGTTLT
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L-CPR1 SEGIDNG: 15 KESOSLLNSGNGENYLT

L-CDRIB | SEQIDNO: 16 | KSSOSLLOSGNQKNYLT

L-CDRIC SEQIDNG: 17 KSSQSLLSSONGKNYLT

L-CDR2 SEQIDNOG: I8 WTSTRES

L-CDR3 SEQIDNOG: 19 ONDYTSPYT

{3031] The present invention includes antibodies and fragments that specifically binds to
sLeA and sheC, but not sialyl Lewis X {sLeX), compositions comprising antibodies,
polynucleotides cncoding anti-sLeA/sLe(, but not sLeX antibodies, polynucleotides
encoding such antibodies, methods and compositions useful for making such antibodies and
binding fragments, and various methods using the same. Glycan structures of sLeA, sLeC,
and sLeX are shown in Table 5 below.

Table 3. Glyvcan structore of sialyvl Lewis A, sialvl Lewis C, and sialyl Lewis X

Glyecan name Glyean structure

sialvl Lewis A (sLeA} NeuAc 02,3 Gal $1.3 {Fucal 4] GlcNAc
stalyl Lewis € {(sLe() NeuwAc a2, 3 Gal 1,3 GleNAc

stalyl Lewis X (sLeX} MeuAe 02,3 GalBl,4 [Facal 3] GleNAce

{8032} Antibodies agamnst carbohydrate/glycans can be unsurtable for pharmaceutical
development because of its generally lower binding affinity. Methods for determining
bindmg affinities for antibodies arc known mn the art. Geuerally, the binding affinty to a
pasticular target or substrate is determined by the relationship between the on rate (ke (Ms
Y} and off rate {ka {s™1}) to produce an equilibrium dissociation constant (Kp). The lower
the Ko, the higher the affinity. Examples of methods for determining antibody affinity
inchude assays vtilizing the Octet system (Fortébio) or the Biacore system {GE Healtheare) or
other systems instrumentation that determine association and dissociation constants.
Accordingly. the present invention comprises antibodies having binding affinity to sLeA of a
Ko of about 500 uM or less and binding atfinity to sleC of a Kp of about 500 uM or less,
and no binding to sLe¥X. In non-himiting examples, antibodies of the present mvention
comprise a binding affimity to sbeA of a Ko of 100 uM or less, 90 uM or less, 80 puM or less,
70 uM or less, 60 uM or less, 50 uM or less, 40 M or less, 30 uM or less, 20 pM or fess, 10

pM orless, I uM orless, or 0.1 M or less, and a binding affinity to sbeC of a Ko of 100 uM
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orless, 90 uM or less, 80 uM or less, 70 pM or less, 60 pM or less, 50 uM or less, 40 pM or
less, 30 uM or less, 20 uM or less, 10 uM or less, 1 uM or fess, or 6.1 pM or less, and no
bindmg to sLeX. In one emabodiment, antibodies that are useful in the present invention have
a binding affinity to their glvean targets of a Ko of 41uM or less for sLeA and a Ko of 70uM
or less for sLeC and no binding to sialyl Lewis X {(sLeX). In some embodiments, an antibody
of the present disclosure does not bind to a particular target {e.g., sLeX} if the binding affinity
of the antibody to the target i1s of a Ko of about 1 mM or higher.

{8633} Antibodies of the present invention may also be used in methods of aiding diagnosis
of discase, such as diagnosis of cancer in an individual. Such cancers include cancers of the
digestive system such as pancreatic or colon cancer. Such methods mclude using the
antibodies of the present invention to determune the level of sLeA and/or sLeC binding n an
mdividual or spectfic tissue in an individaal. As used herein, methods for “aiding diagnosis”
means that these methods assist in making a clinical determination regarding the
classification, or nature, or cancer, and may or may not be conclusive with respect to the
definitive diagnosis. Accordingly, a method of aiding diagnosis of cancer can comprise the
step of detecting the level of sLeA and/or sLeC in a biological sample from the individual
and/or determining the level of sheA and/or sheC in the sample. Antibodics recognizing the
epitope or a portion thereof may also be used o create diagnostic immunoassays for detecting
antigenic determinant released in the bodily fhnds, imchuding but not Hmited to blood, saliva,
uring, pulmonary fluid, or ascites fluid. Similarly, such immuonoassays using the antibodies of
the present mvention may be used to monttor the efficacy of treatment and/or disease
remission. In such mstances, the presence and/or levels of the antigenic determinant reactive
to the antibody of the present invention may be useful as a biomarker in order to monitor
disease activity and/or progression.

{3834} In some embodiments, an antibody of the present disclosure may also be used i a
method of detecting the presence and/or measuring the level of sheA and/or sLeC in an
individual or specific tissue in an individual,

{6635} Certain aspects of the present disclosure relate to polynucleotides {e.g., 1solated
polynucleotides) and/or vectors {e.g., expression vectors) encoding an antibody of the present
disclosure, as well as host cells {e.g., 1solated host cells) comprising the polvnacleotides or
vectors. In some embodiments, the host cell is a prokaryotic host cell, such as a bacterial host
cellfe.g., £ cofi). Suttable prokarvotic host cells include without imitation cubacteria, such
as Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae such as

o

scherichia, e.g., E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g.,

10
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Salmonella tophimurium, Servatia, e.g., Serratio marcescans, and Shigella, etc. In some
embodiments, the host cell 1s a eukaryotic host cell such as yeast, fungi, insect, plant, animal,
buman, or nucleated cells from other multicellular organisms. For exarople, filamentous
fungi or veast are suitable cloning or expression hosts for antibody-encoding vectors,
Saccharomyces cerevisice, or cormmon baker's veast, is the most commonly used among
lower eukaryotic host microorganisms. Surtable host cells for the expression of glyeosylated
antibody are also derived from multicellular organisms (inverichrates and verichrates).
Examples of invertebrate cells melude plant and msect cells. Examples of vertebrate or
mammalian cells include, .2, monkey kidney CV1 line transformed by SV40 (COS-7,
ATCC CRL 1651); human embryonic kidney line (293 or 293 cells subeloned for growth in
suspension culture, Graham ef af., J. Gen Virel 36:59 (19773}, baby hamster kidney celis
(BHK, ATCC CCL 10); mouse sertoli cells (TM4, Mather, Biol Reprod. 23:243-251 (1980},
moukey kidney colls (CV1 ATCC CCL 70); African green monkey kidney cells (VERG-76,
ATCC CRL-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidoey
cells (MDCK, ATCC CCL 34); buftalo rat hver cells {BRL 3A, ATCC CRL 1442); human
hung celis (W38, ATCC CCL 75); human hiver cells (Hep G2, HB 8063); mouse mammary
tumor (MMT 060362, ATCC CCL5 1) TRI cells (Mather ef al., drnals N.Y. Acad. Sci.
383:44-68 (1982)); MRC 5 cells; F54 cells; a human hepatoma line (Hep G2); Chinese
hamster ovary (CHO) cells, including DHFR CHO cells (Urlaub er ol Proc. Na#l. Acad. Sci.
US4 77:4216 (1980)); and myeloma cell lines such as N8O and Sp2/0.

{8636} Other aspects of the present disclosure relate to methods of production using a host
cell of the present disclosure. Antibodies or antigen-binding portions thereof can be
produced using recombinant methods. For recombinant production of an antibody or antigen-
binding portion, nucleic acid encoding the antibody/portion 1s isolated and inserted into a
vector for further cloning {amplification of the DNA) or for expression. DNA encoding the
antibody can be isolated and sequenced using conventional procedures (e.g., by using
oligonucleotide probes that are capable of binding specifically to genes encoding the heavy
and light chains of the antibody). The vector components generally include, but are not
hrted to, one or more of the following: a signal sequence, an origin of replication, one or
more marker genes, an enhancer element, a promoter, and a transcription fermination
SeqUence.

{0037} Antibodies of the present invention may be used for therapeutic purposes in
mdividuals with diseases or disorders of the digestive systern. Such diseases include but are

not limited to inflammatory bowel disease (e.g., Crohn’s Disease and ulcerative colitis),
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frritable bowel syndrome, and cancers of the digestive svstem including pancreatic and colon
cancer.

{8038} v some erobodiments, the andibodies of the present invention may be used alone for
the treatment or ameliorating one or more discase sympton. In other embodiments, the
antibodies of the present invention may be used in combination with other therapeutics or
pharmaceutical agents o treat or ameliorate one or more disease symptom.

{8039} Various formulations of antthodies of the present invention or fragments thercof may
be used for adnunistration. In some embodiments, the antibodies of the present invention or
fragments thereof may be administered neat. In addition to the pharmacologically active
agent, the compositions of the present invention may contain suitable pharmaceutically
acceptable carriers comprising excipionts and awxihanies that are well known i the art and
are relatively nert sabstances that facilitate adminmstration of a pharmacologically effective
substance or which facilitate processing of the active compounds into preparations that can be
used pharmaceutically for delivery to the site of action. For example, an excipient can give
form or consistency, or act as a diluent. Swntable excipients include but are not imited to
stabilizing agents, wetting and emulsifying agents, salts for varying osmolarity, encapsulating
agents, buffers, and skin penetration enhancers.

{0040} Suitable formulations for parenicral admunistration include aqueous solutions of the
active compounds i water-soluble form, for example, water-soluble salts. In addition,
suspensions of the active compounds as appropriate for oily injection suspensions may be
adounistered. Suttable lipophilic solvenis or vehicles include fatty oils, for example, sesame
oil, or synthetic fatty acid esters, for example, ethyi oleate or triglveerides. Aqueous mjection
suspensions may contain substances that increase the viscosity of the suspension and include,
for example, sodinm carboxymethvi celtulose, sorbitol, and/or dextran. Optionally, the
suspension may also contain stabilizers. Liposomes can also be used to encapsulate the agent
for dehvery mio the cell.

{3041} The pharmaceutical formulation for systemic adnunistration according to the
mvention may be formulated for enteral, parenteral or topical administration. Indeed, all three
types of formulation may be used stimultancously to achieve systemic administration of the
active ingredient. Excipients as well as fornudations for parenteral and nonparenteral drug
delivery are set forth in Remington, The Science and Practice of Pharmacy 20th Ed. Mack

Publishing (2000}
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{8042} Suitable formulations for oral administration include hard or soft gelatin capsules,
pills, tablets, including coated tablets, elixirs, suspensions, syrups or inhalations and
controlled release forms thereof.
{8043] Generally, these agents are formulated for admumstration by injection {e.g.,
mtraperitoneally, intravenously, subcutanecusly, intramuscularly, etc.), although other forms
of administration {¢.g., oral, mucosal, etc) can be also used. Accordingly, antibodies of the
present invention are preferably combined with pharmaceutically acceptable vebicles such as
saline, Ringer's solution, dextrose solution, and the like,
{0844} The particular dosage regimen, 1., dose, timing and repetition, will depend on the
particular individual and that individual’s medical historv. Generally, a dose of at least about
8. Img/ks body weight, or more preferably, at least about Img/kg body weight, or at least
about Smg/ke body weight, even more preferably at least about 10 mg/kg body weight or at
cast about 20 mg/kg body weight is administered.
{0045} In some embodiments, one or more doses of the antibodies of the present imvention or
fragments thereof will be admimstered dunng a course of treatment. Empirical
considerations, such as half-life, generally will contribute to the determination of the dosage.
Antibodies, which are compatible with the human tmmune system, such as humanized
antibodies or fully human antibodics ma y be used to prolong half-life of the antibody and
prevent the antibody being attacked by the host’s immune system. Frequency of
adounistration may be determined and adjusted over the course of therapy, and may be based
on the reduction of one of more clinical symptoms of the disease. Alternatively, sustained
continuous release formulations of the antibodies of the present mvention may be
appropriate. Various formulations and devices for achieving sustained release are known in
the art.

{0046} The following cxamples are provided to illustrate, but not to lumit the mvention.

EXAMPLES

Example 1. Generation of Humanized Antibody Clones

{8047} Humanized antibodics, with a heavy chain variable region comprising onc of the
heavy chain variable regions from Table 1 above and a light chain vanable region comprising

one of the light chain variable regions from Table 2 above were synthesized and incorporated
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mto an IgG1 backbone. Heavy and light chaim variable region pairs that were incorporated

into an igG1 backbone and synthesized were the ones in the Table 6 below.

Table 6. Humanized Antibody Clones

Humanized Heavy Chain SEQID | Light Chain SEGQID
Antibody Clone | Variable Region | NO: Variable Region | NO:
4764 HvChi i 1iCht 5
4763 HvCh2 2 LiChl 3
4766 HvCh2 z 1iCh2 6
4767 HvCh2 2 11Ch3 7
4768 HvCh2 2 1aCh4 8
4769 Hv{h3 3 LiCht 5
4770 HvCh3 3 LiCh2 6
4771 HvCh3 3 14Ch3 7
4772 HvCh3 3 LiCh4 g

{6048} Humanized antibodies with the above combinations of heavy and light chain
variable tegion pairs were produced by transfecting the plasouds into mammalian cells and
purified asing affinity chromatography.

{66491 {Of the nine humanized antibody clones 1 Table 6, two antibody clones (4764 and
4767} showed weak expression, resulting in less than g of antibody after punification. The
production levels for these two clones were deemed too low for practical production cell hine
optimization. The remaining scven clones were then sereened for binding affinity to sbeA,

sheC and sheX.

Example 2. Binding Affinity to Sialvl Lewis A (sheA) and Sialvl Lewis C {5

{050] Anin vitro evaleation of the binding affinity to sLeA and sleC of the humanized
antibodics from Example | were performed using a Biocore T100 SPR biosensor using a
CM7 sensor clip with PBS-p (0.005% Tween-20) running buffer at 25 degrees Celsius. The
antibodies were couples to ~30,000 RU at 50ug/ml in 10mM NaAcetate pH 5.0 over an
NHS/EDC activated surface. A reference surface was activated and blocked to serve as a
control. Carbohvdrate samples (sLeA, sheC and sialyl Lewis X {all from Dextra Labs)) were
dissolved mn PBS-p running buffer up to a stock concentration of 10mM. Each was then

prepared in a 2-fold diletion series up to 300 oM and each concentration series was tested
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over the antibody surfaces. Response data were processed by subtracting the responses from
the reference surfaces as well as a buffer injection. Binding constants were determined at 25
degrees Celsius.

{6051} We tested a murine antibody {GM35) described i Brazil, J Immunol 191:4804-
4817 (2013} for binding affinities for sLeA, sheC and sLeX using the methods described
above. The resulis for this antibody did not show binding to sEeX, had a Ko forsLeA of
41.5uM 10 46.8 uM, and a Kb for sLeC of 68 .8 uM to 78.2 uM. Comparatively, another
antibody that was fested was NS19-9 (Dako, Carpenteria, CA), an antibody known to bind to
sLeA, which did not show binding to steX, had a Ko for sLeA of 39.5 uM, and a Kp for
sleCof 15 mM.

Example 3. Binding Affinity to Sialvl Lewis A (sheA
Humanmized Antibodyv Clongs

and Sialvl Eewis C {sLe(C) for

{6052} Seven of the humanized antibody clones from Exanple 1 were tested for binding
affinity to sLeA, sLeC and sLeA. Methods used were similar to those described in Example 2
above, except with sLeX only at one concentration of 300 uM. Mean binding Ko for sLeA

and sLeC for each of the seven humanized antibody clones are shown m Table 7 below.

Table 7. Binding Affinity for Humanized
Antibody Clones

Humamized sLeA Mean Ko | sbeC Mean Kp
Antibody m pM i M
Clone

4765 7317 306.3
4766 620.7 538.0
4768 552.0 460.0
4759 813 1037
4770 691 932
4771 302 8§54
4772 483 77.1

{8653} None of the above antibody clones showed binding to sLeX in three independent runs
at a concentration of 300 uM of the carbohydrate. From the above binding affinity data,
humanized antibody clones with HvCh3 variable regions had the highest affinity for both

sLeA and sLeC.
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Example 4. In Vitro Wound Healing Activit

{6654} The wound healing mechanism of action of the humanized antibodics were tested in
an in vitro scratch wound assay. Human colon epithelial cells, T84 (CCL-248, ATCC,
Manassas, Virginia) were grown to confluency in 6-well plates. A scratch wound was made
i each condition using a pipette tip and the cells were treated with cither 10ug/mi human IgG
(hig(s) control {Sigma-Aldrich} or 10ug/ml humanized antibody of Example 3 above. Wound
heahing activity was measured after 24 hours aficr treatment by visual inspection and
measurement of size of the scraich wound by Imagel based image analysis. The humanized
antibody showed greater wound healing activity compared to hig( control. As a nop-limiting
cxample, the wound healing activity of one of the humanized antibody clones of Example 3,
clone 4772, 1s shown in FIGS. 1A-1B. The increased in wound healing activity seen in
FIGS. 1A and 1B shows that humanized antibodies of Example 3, including antibody clone
4772, may be cfficacious in the treatment of disorders of the digestive system, including

mflammatory bowel discase.

Example S In Vive Efficacy 1n Acute Model of DSS-Induced Colitis

{6635} Efficacy of antibody clone 4772 was tested in an in vivo murine acute model of
dextran sodium sulfate (DSS)-induced colitis. On Study Day -1, all animals were randomized
by body weight. Animals with 3 body weight between 18-22g will be enrolled into the stady.
Starting on Stady Day 0, all 10 week old male C57BL/6 mice cnrolled in the study that do
not belong to the “naive” group received 2.5% Dextran Sodiwm Sulfate (DSS) dissolved in
sterile water ad lbitum tfor 7 days. DSS water was refreshed on stady day 3. On study day 7
after all measurements are completed, all animals were switched to water only for drinking.
Mice in the “naive” group received only acidified water ad /ibisum and no test article
treatment.

{#656] Animals receiving antibody clone 4772 or human Ip(G were mnjected on two separate
days via intrapentongsal (1P) mjections with the appropriate drug on study day 1 and 3 at
{0mg/kg body weight (4772 or 25mg/ke body weight (huran IgG). Mice in group
designated to receive PBS received PBS IP injections at day 1 and day 3.

{8857} Body weights were measured daily starting from study day -1 with stool consistency
scoring performed on days 0, 2, 4, 6, 8, 9, 10, and 13, Results from this study are iHustrated
n FIGS. 2A-2E. FIG. 2A shows a schematic represertation of the raethods of the study.
FIG. 2B lustrates the results of the stool consistency measured on day 10, As shown, the

mice that recetved antibody clone 4772 had better stoof consistency (lower on the y-axis)
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compared to PBS and higG control. Similarly, in FIG. 2B, mice treated with antibody clone
4772 had less body weight loss compared to PBS and higG control. Stool consistency and
body weight loss are two tactors that are mdicative of svmptoms of discases of the digestive
system, including inflammatory bowel disease. These data show that humamzed antibodies of
Example 3, including antibody clone 4772, may be efficacious in the treatment of disorders
of the digestive system, including inflammatory bowel disease.

{06058} Intestinal tissue samples coliected after ternumnal sacrifice were scored for severity of
mflammation {necrosis, erosion, hyperplasia, percent polymorphonuclear neutrophil (PMNg)
infiltrates, and edema observed in the colon tissue. As shown in FIG. 2B, the mice that
received antibody clone 4772 showed less signs of inflamumation compared to PBS and higG
control. Additionally, nice that seceived antibody clone 4772 had more than 50% less PMN
wfiltrates in the distal colon compared to mice treated with PBS (FIG. 2K). These data show
that humanized antibodies of Example 3, including antibody clone 4772 may reduce
inflanyoation intestinal tissues after DSS-induced wounding and may be efficacious in the

treatment of disorders of the digestive svstem, including mflammatory bowel disease.
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SEQUENCE LISTING
SEQ 1D NO: 1 Anino acid sequence of HvChl

EVQLVESGGGLVOQPGGSLRLSCAASGFTFSTNAMSWVYRQAPGKGLEWVSRLRPKSD
NYATYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAKGTGFWGQGTTY
TVSS

SEG ID NG: 2: Amino acid sequence of HvCh2
EVGLVESGGGLVQPGGSLRLSCAASGFTFSTNAMSWVRGAPGKGLEWVARLRPKSD
NYATYYADSVKGRFTISRDNSENTLYLOMNSLRAEDTAVYYCVTGTGFWGQGTTL
TVSS

SEQ ID NGO 3. Avuno acid sequence of HyCh3
EVQLVESGGGLVQPGGSLRLSCAASGFTFSTNAMSWVRQAPGKGLEWVARLRPKSD
NYATYYADSVKGRFTISRDDSKNTLYLOMNSLRAEDTAVYYCVIGTGFWGOGTTL
TVSS

SEG ID NG: 4. Amino acid sequense of HvCh4
EVQLVESGGGLVQPGGSLRLSCAASGFTFSTNAMSWVRQAPGKGLEWVARLR
PESDNYATYYADSVKGRFTISRDDSTSTLYLOMNSLRAEDTAVYYCVTGTGFW
GQGTTLTVSES

SEQ ID NG 5. Aming acid sequence of LaChl

DIVMTOQSPDSLAVSLGERATINCKSSQSLLNSGNQKNYLTWY QOQKPGOPPKLLIYWT
STRESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCONDYTSPYTFGQOGTKLEIK

SEQ ID NG 6. Amine acid sequence of LaCh2

DIVMTOSPDSLAVSLGERVTMNCKSSGQSLLNSGNQKNY LTWYQQKPGQPPKLLIYW
TSTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCONDYTSPYTFGQGTKLEIK

SEQ ID NO: 7. Amino acid sequence of LiCh3

DIVMTQSPDSLAVSLGERATINCKSSQSLLNSGNOQRNYLTWY QQRKPGOPPKLLFYWT
STRESGVPDRFSGSGSGTDFTLTISSLOAEDVAVYYCONDY TSPYTFGOGTKLEIK

SEG 1D NG:8: Anuno acid sequence of LiChd

DIVMTQOSPDSLAVSLGERVTMNCKSSQSLLNSGNOQENYLTWYQOKPGOPPRELLFYW
TSTRESGVPDRFSGSGSGTDFTLTISSVQAEDVAVYYCONDYTSPYTFGOGTKLEIK

SEQ ID NG: 9: Amino acid sequence of LiCh5

DIVMTQSPDSLAVSLGERVTMNCKSSQSLENSGNOKNYLTWYQQKPGOPPKLLFYW
TSTRESGVPDRFSGSGSGTDFTLTISSVQAEDLAVY YCONDYTSPYTFGQGTKLEIK
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SEQ ID NO: 10; Amino acid sequence of LiCho

DIVMTQSPDSLAVSLGERVTMNCKSSOSLLQSGNOKNYLTWYQOKPGOPPKLLEYW
TSTRESGVPDRESGSGSQTDFTLTISSVQAEDLAVY YCQNDY TSPY TFGQGTKLEIK

SEQ ID NO: 11 Amino acid sequence of LiCh7
DIVMTQSPDSLAVSLGERVTMNCKSSQSLLSSGNOKNYL TWY QORKPGOPPKLLFYW
TSTRESGYPDRFSGSGSGIDFTLTISSVOAEDLAVYYCOQNDYTSPY TFGOGTKLEIK
SEQ 1D NO: 12; Amuno acd sequence of heavy chain CDR-1

GFTFSTNAMS

SEQ 1D NGO 13; Amino acid sequence of heavy chain CDBR-2
RLRPKSDNYATY

SEQ 1D NO: 14; Amino acid sequence of heavy chain CDR-3
VIGTGF

SEQ ID NO: 15; Amino acid seqaence of light chain CDR-1
KSSQSLLNSGNQKNYLT

SEQ ID NGO: 16; Amino acid sequence of light chain CDR-1B
KSSQSLLOQSGNQENYLT

SEQ 1D NO: 17: Amino acid sequence of light chain CDR-1C

KSSQSLLSSGNQENYLT

SEQ ID NO: 18; Amino acid sequence of light chain CDR-2
WISTRES

SEQ ID NO: 19; Amino acid sequence of hight chain CDR-3
ONDYTSPYT
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