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COMPOSITIONS AND METHODS FOR TREATING OR PREVENTING
ENVIRONMENTAL ENTEROPATHY

PRIORITY

This application claims prionity to, and the benefit of US Provisional

Application No. 62/457.279.

[

FIELD OF THE INVENTION

The present mvention provides compositions and methods for treating diseases
and disorders associated with intestinal barrier dysfumction. Particalarly, the present
ivention provides methods for treating subjects having or at risk of cnvironmental

10 enteropathy.

BACKGROUND

Environmental enteropathy, also known as tropical entcropathy or
environmental enteric dyvsfunction, 1s an mtestinal disorder that occurs among subjects
who live m environments with poor sanitation and hygiene. In these subjects, chronie

15  exposure to fecal pathogens is thought to cause inflammation and structural changes in
the small intestines such as villous blunting. In children, environmental enteropathy is
implicated as a cause of malnutrition, stunted growth, impaired cognitive development,

and oral vaccine failure.

There 13 a need for the development of safe and effective treatments for
20 environmental enteropathy and similar conditions, including for repairing associated
intestinal damage, as well preventing the condition or associated mtestinal damage in at

risk populations.

SUMMARY OF THE INVENTION

The present imvention provides compositions and methods for treating or

(e
iy

preventing eovironmental enteropathy (EE), including witestinal damage resulting from
EE, or in some embodiments, preventing EE or mntestinal damage associated with EE.
In other aspects, the mvention provides methods of preventing or treating intestinal

damage resulting from cxposure to fecal pathogens. The methods comprise
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administering a pharmaceutical composition comprising an effective amount of
Larazotide or a derivative thereof to a subject in need. H i3 contemplated that
administration of Larazotide restores or helps maintain intestinal barrier function, or
prevents disruption of intestinal barnier function by relevant pathogens, in the treated
5 subjects. In some embodiments, Larazotide or a derivative thereof helps to prevent or

reverse the dysbiosis associated with EE.

In various embodiments, the method provides for the targeted delivery of

Larazotide or a Larazotide derivative to subjects afflicted with EE or at risk of EE. In
some embodiments, the invention provides for administering a pharmaceutical

16 composition that releases Larazotide or a derivative thereof in the GL such as the small
mtestine and/or large infestine, to prevent and/or reverse damage {o the intestinal

epitheliur,

The compositions arc safe and etfective for prolonged use, and may act m
concert with other agents such as antimicrobials, probiotics, and/or anti-diartheal

15 agents.
Other aspects and embodiments of the mvention will be apparent from the

following detailed description.

DESCRIPTION OF THE FIGURES

FIGURE 1 shows that Larazotide does not protect T84 monolayvers from

20 disruption by Shigella.

FIGURE 2 shows that Larazotide protects T84 cell monolayers from disreption
by Strepiococcus K547, a bactenial species associated with damage 1o colonic epithelial

cells as well as poor growth in Kenyan children.

FIGURE 3 shows that Larazotide’s effect of protecting T84 monolavers from

25 disruption by Streptococcus K547 1s concentration dependent,

DETAILED DESCRIPTION

The present ionvention provides methods for treating or preventing

cnvironmental cnteropathy, comprising administering an cffective amount Larazotide
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or a derivative thereof to a subject or a patient in need thereof. Envirommental
enteropathy (EE), also known as ftropical cnteropathy or environmental enteric
dysfiunction, is an intestinal disorder that often occurs among subjects who live in
environments with poor sanitation and hvgiene. In these subjects, chronic exposure 10
5 fecal pathogens (e.g., i contanunated food or water) is thought to cause inflammation
and structural changes in the small intestine such as villous blunting. In children,
environmental emteropathy is implicated as a canse of malnutrition, stunied growth,
impaired cognitive development, and oral vaccine failure. In various embodiments,
methods of the invention reduce, ameliorate, or eliminate one or more symptoms of
10 environmental entcropathy, including small intestinal and/or large intestinal epithelial

damage, as well as bacterial overgrowth and dyvsbiosis.

The nvention involves treatment with Larazotide or a dervative thercof,

Larazotide is a peptide agent that promotes epithelial tight junction integrity in the
gastrointestinal tract (GI). Larazotide has the amino acid sequence: Glv Gly Val Len

15 Val Gln Pro Gly (SEQ ID NO:1), and can be formaunlated for systemic or targeted
release n affected portions of the GI (e.g., small intestine and/or large intestine). In
some embodiments, Larazotide or dertvative is targeted for release in the small and

farge 1ntestines. While damage to the small intestine must be repaired 1o restore normal

absorption of nutrients, elimination and/or amclioration of bacternial overgrowth or

[y
o

dysbiosis of the small intestine and/or colon may also be important to disrupt the cycle

of infection, mflammation and further tissue damage.

The intestinal epithehinm 15 the Iayer of cells that forms the himinal surface of
the small and laree intestines of the gastrointestinal (Gl tract, and represents the largest

interface (more than 400 m?) between the external environment and the internal milieu.

(3]
iy

The mtestinal epithchum has two important functions: absorbing nutrients and
providing a barrier agamst harmful cnvironmental substances such as bacteria, viruses,

toxins, and food allergens.

The barnier properties of the intestinal epitheliim are regulated by specialized
plasma membrane structures known as tight junctions. Alterations in tight junctions can
30 result m disruptions of the ntestinal barmer fonctions and increased intestinal

permeability. An intact intesiinal barrier prevents the permeation of antigens,
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endotoxins, proinflammatory substances into the body, whereas mtestinal disintegrity
alfows their eatry, which may trigger or exacerbate local or systemic inflammatory
disease. In addition, as disclosed herein, Larazotide can prevent barrer disruption by

some pathogens associated with EE.

3 Animal models for EE are available, mncluding as disclosed by Brown, EM et al.

Diet and specific microbial exposure triseer features of environmental enteropathy in a

novel muring model (20153 Nai. Commun. 6:7806.

In various embodiments, the subject having or at nisk of EE 15 a pediatric haoman

subject. In various embodiments, the pediatric subject may be from about | month to

10 about 18 vears old. For example, the subject may be from 1 month to 12 months old,
from about 12 months to about 36 months old. In some embodiments, the subject s
between 1 and 18 vears old, such as from about 1 to about 10 vears old, or from about 5

to about 10 years old, or from about 10 to about 15 years old. In some embodiments,

the pediatric subject 1s an mfant {¢.g., less than about 9 months old). Tn still other

15 embodiments, the subject is an adult human subject.

In some embodiments, the mvention provides for admimstranion of Larazotide

or a derivative thercof to a sobject living m environments of poor sanitation {o.g.,
including but not limited to developing countries). In some embodiments, the invention
provides for administration of the Larazotide or derivative to subjects exposed to focal

20 pathogens, such as in contaminated food or water. Fecal pathogens can disrupt gut

mntestinal epitheliom, causing chronic infoction associated with EE.

In various embodiments, the methods of the invention comprise treating a
subject with Larazotide or denvative thercof. Larazotide is a peptide agent that
promotes tight junction mtegrity in the gastrointestinal tract (Gi). Larazotide comprises

25 the aming acid sequence: Gly Gly Val Leu Val Gln Pro Gly (8EQ ID NO:1), and can
be fornmudated for svstemic or targeted release in affected portions of the Gl {c.g., small

imtestine and/or large intestine).

In some embodiments, the active agent is a Larazotide denvative, for example,
having onc or more amino acid modifications, such as substitutions, deletions, and/or

30  msertions. For example, the denvative may have 1, 2, 3, or 4 amino acid modifications
Y



WO 2018/148654 PCT/US2018/017811

independenily sclected from deletions, insertions, and/or substifutions with respect to
SEQ ID NO:1. Larazotide denvatives are described in US 8,785,374, US 8,937,032,
and US 9,279,807, which are hereby mcorporated by reference in their entirety. In
some embodiments, the denvative has one or more non-genetically encoded amino
5 acids, or one or more {or all) D-amino acids. The term “Larazotide” or “Larazotide
treatment” refers to treatment with Larazotide or a derivative that promotes tight

Junction integrity.

Larazotide or dertvative may be administered 1o any suitable form, inclhiding as

a salt. For cxample, Larazotide may be admimustered as an acetate salt. Salts of

16 Larazotide, including the acetate salt and hydrochloride sal, are described i US
201370281384, which is hereby incorporated by reference in its entirety. Altemative

salts may be emploved, including any pharmaccutically acceptable salt of the peptide

such ag those hsted in Journal of Pharmaceutical Science, 66, 2-19 (1977) and The
Handbook of Pharmaceutical Salts; Properties, Selection, and Use. P. H. Stahl and €.

15 G Wermuth (eds.), Verlag, Zurich (Switzerland) 2002, which are hereby incorporated

by reference in their entirety.

In wvarious ecmbodiments, the pharmaceutical compositions comprising

Larazotide or Larazotide derivatives can take the forra of tablets, pills, pellets, capsules,
capsules containing liquids, capsules containing multiparticulates, powders, solutions,

28 emulsion, drops, suppositories, acrosols, spravs, suspensions, delaved-release
formulations, sustained-release formulations, or controlled-release formulations. In
some ecmbodiments, the pharmaceutical compositions are formulated for oral

administration, and may include pharmaceutically acceptable excipients or carmers.

Various methods may be used to formulate and/or deliver the Larazotide or

25 derivative to a location of mterest. In some embodiments, the Larazotide 1s formulated
for targeted delivery to the gastrointestinal tract including the stomach, small intestine,

large intestine and/or rectum including all subsections thereof. By targeting release of
Larazotide or derivative in the affected region(s} (e.g. duodenum, jejunum and ileum,
colon transversum, colon descendens, colon ascendens, colon sigmoidenum and

30 cecumy, tight umction mntegrity at anv portion of the GI can be improved, and in some

embodiments dysbiosis ameliorated.

(74
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In some embodiments, the composition 1s formulated to release in the small

intestine, including one or more of the duodenum, jejunum, and/or the ileum.

In these or other embodiments, the composition 18 formulated to release in the
large 1ntestine, including one or more of the cecum, the ascending colon, the transverse

5 colon, the descending colon, and/or the sigmoid colon.

In various embodiments, the composition may be formulated to have sustained-
relcase profiles, ie slow release of the Larazotide in the GI tract over an extended
period of time. In various embodiments, the composition may be formulated to have a
delayed-release profile, ie. not immediately release the Larazotide upon ingestion;

10 rather, postponement of the release until the composttion is lower 1n the gastromtestinal
tract; for example, for release in the small mtestine {(e.g., one or more of duodenum,
fepmum, eum) and/or the large intestine (e.g, one or more of cecum, ascending,
transverse, descending or sigmoid portions of the colon, and rectum). In an
erobodiment, the phammaceutical composition 13 formulated to have a delayed-release

15 profile as described in, for example, U.S. Patent No. 8,168,594, the entire contents of

which are hereby incorporated by reference.

For example, the Larazotide or denvative may be administered to the ducdesum
of the patient, as an oral dosage. delaved-release composition that contamns Larazotide-
coated beads that are stable in gastric fluid and unstable 1 intestinal fhud s0 as to

20 substantially release the peptide m the duodenom. The composition may further
comprise a second population of beads with a pH-dependent coating o affoct release of
the peptide in the jejunum of the patient. For example, the second population of beads
may release the Larazotide or derivative about 30 nunutes after the beads releasing
peptide in the duodenovm. The oral dosage composition can be in the form of a capsule

25 or tablet. The pH-dependent coating in some embodimenis i1s a 111 co-polymer of
methacrylic acid and cthyl acrylate, wherein the thickness of the layer determines the
release profile of each bead. The beads may have one or more additional coatings such

as a base coat, a separating laver, and an overcoat layer.

In an exemplary oral dosage composttion, an effective amount of Larazotide or

)
Q—

derivative {¢.g., as the acetate salt) is provided in first delayed-release particles that are

capable of releasing Larazotide or dertvative in the duodenum of a patient, and sccond

&



WO 2018/148654 PCT/US2018/017811

delayed release particles that are capable of releasing Larazotide or derivative in the
jepanuin of a patient. Each particle has a core particle, a coat comprising Larazotide or
derivative over the core parficle, and a delaved-release coating (e.g., a 1:1 co-polvmer
of acrvlate and methacrvlate) outside the coat comprising Larazotide or derivative,
5 Whereas the first delayed-release particies release at least 70% of the Larazotide or
derivative in the first delayed-release particles by about 60 minutes of exposure o
simmlated mtestinal fluid having a pH of greater than 5; the sccond delayed-release
particles release at least 70% of the Lararotide or derivative by about 30 and about 90

minutes of exposure to simulated mtestinal floid having a pH of greater than 5.

10 In another example, the Larazotide or derivative may be administered to the
colon of a patient, as an oral dosage, modified-release composition. Various colon-
specific delivery approaches may be utilized. For example, the modified relcase
formulation may be formulated using a colov~-specific drug delivery svstem (CODES)
as described for example, i Li er o/, AAPS PharmSciTech (2002), 3(4): 1-9, the entire

15 contents of which arc incorporated herein by reference. Drug release in such a system is
triggered by colonic microflora coupled with pH-sensitive polvmer coatings. For
example, the formolation may be designed as a core tablet with three layers of polvmer.
The first coating is an acid-sohuble polymer {e.g., EUDRAGIT E), the outer coating is
enteric, along with a hydroxvpropyl mcthyleclulose barrer laver mterposed m

20 between. In another ernbodiment, colon delivery may be achieved by formulating the
Larazotide with specific polymers that degrade in the colon sach as, for example,
pectin. The pectin may be further gelled or crosslinked with a cation such as a zing
cation. Additional colon specific formulations mnclude, but are not imited to, pressure-
controlled drug delivery systems (prepared with, for example, ethyicellulose) and

25 osmotic controlled drug delivery systems {i.e., ORDS-CT).

In various embodiments, the compositions of the present mvention may use ong
or more modified-release coatings such as delaved-release coatings to provide for
cffective, delayed vet substantial delivery of the Larazotide or denvative to the GI tract.
For example, a composition can be enteric coated to delay release of the Larazotide or

3¢ denvative untif it reaches the small intestine or the large intestine.
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In an embodiment, the composition may remain essentially intact, or may be
essentially insoluble, in gastric fluid. In some embodiments, the stability of the
delaved-release coating can be pH dependent. Delaved-release coatings that are pH
dependent will be substantially stable n acidic environments (pH of about 3 or less),

5 and spbstantially unstable in near newiral to alkaline environments (pH greater than
about 53. For example, the delayed-release coating may essentially disintegrate or
dissolve in near neutral to alkaline environmenis such as are found in the small
imtestine (e g. one or more of the duodenum, jejunum, and ileum) and/or large intestine
{e.g. one or more of the cecum, ascending colon, transverse colon, descending colon,

10 and sigmoid colon).

In one embodiment, the delayed-release coating includes an enderic agent that is
substantially stable in acidic environments and substantially unstable m near neutral to
atkaline eovironments. Tn an embodiment, the delaved-release coating containg an
enteric agent that is substantially stable in gastric fluid. The enteric agent can be

15 sclected from, for cxample, solutions or dispersions of methacrvlic acid copolymers,
cellulose acetate phthalate, hvdroxypropyimethyl cellulose phithalate, polyvinyl acetate
phthalate,  carboxvmethylethyicellnlose, and  EUDRAGIT®-type  polymer
(polv{methacrylic acid, methvimethacrylate), hydroxypropyl methyvicellulose acetate
succinate, cellulose acctate trimellitate, shellac or other suitable enteric coating

20 polvmers. The EUDRAGIT®-type polvoer mclude, for example, EUDRAGIT® FS
30Dy, L 30 D55, L 160-55, L 100, L 125 L 125 P, RL 30 D, RL PO, REL 100, RL
125, RS30D, RSPO RS 100, RS 1235 NE3OD, NE40 D, NM 30D, 8100, 8125,
and § 12,5 P. In some embodiments, one or more of EUDRAGITE FS 30D, L. 30 D-35,
L100-55 L 100, L 125, L 125 PRL 30 D, RE PO, RL 100, RL 12,5, RS 30 D, RS

25 PO RSI00, RS 125 NE3OD NE4OD, NM30D, S100, S 125and S 125 P is

used. The enteric agent may be a combination of the foregoing solutions or dispersions.

In another embodiment, the delayed-release coating may degrade as a function
of time when in agueous sclution without regard to the pH and/or presence of enzymes
in the solution. Such a coating may comprse a water msoluble polvmer. Its solubility

3¢ in agueous solution is therefore mdependent of the pH. The term “pH independent” as
used herein means that the water permeability of the polymer and is ability to release

pharmaceutical ingredients i3 not a function of pH and/or is only wvery shghtly
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dependent on pH. Such coatings may be used to prepare, for example, sustained release
formulations. Suitable water insoluble polymers incinde pharmaceutically acceptable
non-toxic polymers that arc substantially insoluble in agueous media, e g, water,
independent of the pH of the solution. Suitable polymers include, but are not limited to,
5 celhdose ethers, cellulose esters, or cellulose ether-esters, j.e., a cellulose derivative in
which some of the hydroxy groups on the cellulose skeleton are substituted with alkyl
groups and some are moditied with alkanov! groups. Examples include ethyl cellulose,
acetyl cellulose, nitrocellulose, and the Iike. Other examples of insoluble polvmers
include. but are not limited to, lacquer, and acryhic and/or methacryvlic ester polymers,
10 polymers or copolvmers of acrvlate or methacrylate having a low quaternary
ammonivim content, or nuxture thercof and the hike. Other examples of insoluble
polymers include EUDRAGIT RS®, EUDRAGIT RL®, EUDRAQGIT NE®, polyvinyl
esters, polyvinyl acctals, polyacrylic acid esters, butadienc styrene copolymers, and the

like.

15 In some embodiments, the stability of the pharmaceutical composition can be
enzyme-dependent. Delayed-release coatings that are enzyme dependent will be
substantially stable in fluid that does not contain 3 particular enzyme and sobstantially
unstable in fluid contaiming the enzvme. The delaved-release coating will essentially
disintograte or dissolve in fluid containing the appropriate cnzyme. Enzyme-dependent

20 control can be brought about, for example, by using matenials which release the active
mgredient only on exposure to enzymes in the intestine. In certain cmbodiments, the
stability of the composition can be dependent on the presence of a microbial enzyme
present m the gut flora. Accordingly, wn vanous embodiments, the delayed-release
coating 13 degraded by a microbial enzyme present in the gut flora. In an embodiment,

25  the delayed-release coating is degraded by a bacteria present in the small intestine. In

another embodiment, the delayed-release coating 15 degraded by a bacteria present m

the large intestine.

The present invention also provides for compositions that release multiple doses

of the Larazotide or denvative along the gastrointestinal tract. For example, the

30 composition and/or formulation can release multiple doses of the Larazotide or
derivative at different locations along the intestines, at diffcrent times, and/or at

different pH. The overall release profile of such a formulation may be adjusted using,
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for example, muoltiple particle types or multiple layers. For example, in one
erabodiment, the first dose of the Larazotide or derivative may be formulated for
release in, for example. the small intestine {e.g, one or more of duodenum, jejunum,
ileum}, whereas the second dose 1s formulated for delaved release in, for example, the
5 large intestine {e.g., one or more of cecum, ascending, transverse, descending or
sigmoid portions of the colon, and rectum). In another example, the first dose of the
Larazotide or derivative may be formulated for release in, for example, the small
imtestine {e.g., one or mnore of duodenum, jejunum, ileum), whereas the second dose is
formulated for delaved release in, for example, another part of the small intestine {(e.g.,
10 onc or more of duodenum, jejunum, ileum). In another embodiment, the first dose of
the Larazotide or denivative may be formulated for release in, for example, the large
mtestine (e.g., one or more of cecum, ascending, transverse, descending or sigmoid
portions of the colon, and rectum), whereas the second dose is formulated for delayed
release in, for example, another part of the large intestine (e. 2., one or more of cecum,
15 ascending, transverse, descending or sigmoid portions of the colon, and rectum). In
various embodiments, the composition and/or formulation may release at least one
dose, at least two doses, at least three doses, at least four doses, or at least five doses of
the Larazotide or denivative at ditferent locations along the mtestines, at ditferent tumes,

and/or at different pH.

[y
o

Larazotide and denvatives can be adoumistered in unit dosage forms (¢.g.,
tablets, capsules, or solutions). For example, Larazotide (or derivative thereof) can be
administered in compositions that release Larazotide in the small intesting at a dose of
from about 0.1 mg to about 5 mg, or at from about 0.1 mg to about 2 mg. or at from

about .25 mg to abowt 2 mg, or at from about 0.23 mg to about 1 mg, or from about

[A0]
Lh

(.25 to about 0.5 mg. In some embodiments, Larazotide or derivative is released i at
least two locations of the small intestine selected from the duodenum, jejunum, and
ileum. In some embodiments, Larazotide or denvative 1s released in each of the

duodenum, jepunum, and ileum.

Addwionally or alternatively, Larazotide or dervative 15 admunistered m
3¢ compositions that release 1n the large intestine at a dose of from about 0.1 mg to about
5 mg, or at from about 0.1 mg to about 2 mg, or at from about 0.25 mg to about 2 mg,

or at from about 0.25 mg to about | mg, or from about 0.25 to about 0.5 mg. In some

16



WO 2018/148654 PCT/US2018/017811

embodiments, Larazotide or derivative is released in at least two or three locations of
the large mtestine selected from the cecum, ascending colon, transverse colon,

descending colon, and sigmoid colon.

Composttions targeting the small intestine and large intestine can be delivered

5 in the same or different composition.

In accordance with certain cmbodiments of the mveniion, Larazotide or
derivative is admuustered more than once daily. For example, Larazotide or denvative
may be adnunistered about two times daily, about three times datly, about four times

daily, or about five times daily.

10 In various embodiments, the Larazotide {or denvative) regimen may be
administered for a prolonged period. For cxample, the Larazotide (or denvative)
regimen may be admimistered for at least about 1 week, at least about 2 weeks, at least
about 3 weeks, at least about 4 weeks, at least about 8 weceks, or at least about 12
weeks. In some embodiments, the Larazotide {or derivative) regimen is administered

15 for at least about 1 month, at feast about 2 months, at lecast about 3 months, at least
about 4 months, at least about 5 months, or at least about 6 months. In some
embodiments, the Larazotide {or derivative) regimen 15 administered for at least about 1

year or more.

In various embodiments, Larazotide or denvative is admunistered with one or

20 morg agents that help to ameliorate dysbiosis and/or normalize the gut microbiome.

In some embodiments, Larazotide or denivative is administered with antibictic
therapy. Antibiotics suttable for use in the present mvention include, but are not limited
to, cephalosporin  antibiotics  (cephalexin, cefuroxime, cefadroxil, cefazolin,
cephalothin, cefaclor, cefamandole, cofoxitin, cefprozil, and  ceftobiprole);

25 fluoroquinolone antibiotics (cipro, Levaquin, floxin, tequin, avelox, and norflox);
tetracychine antibiotics (tetracyclive, minocychine, oxytetracychine, and doxyeychiney;
penicillin antibtotics {amoxcillin, ampiciilin, pentcillin V, dicloxacillin, carbenicillin,
vancomycin, and methicillind, monobactam antibiotics (azirconam), and carbapenem
antibiotics {crtapenem, doripencm, mipencenvcilastatin, and meropenem). In some

30 cmbodiments, the Lararotide (or derivative} regimen is admimstered after antibiotic

i1
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treatiment, to prevent reestablishment of infection by environmental pathogens. In some
embodiments, administration of Larazotide helps fo establish a healithy microbiome

after antibiotic therapy.

In some embodiments, Larazotide ts administered with an antiviral agent.

5 Exemplary andiviral agents ioclude, but are vot limited to, Abacavir, Acvclovir,
Adefovir, Amprenavir, Atazanavir, Cidofovir, Banmavir, Delavirdine, Didanosine,
DBocosanol, Efavirenz, Elvitegravir, Emtricitabine, Enfuvirtide, Etravirine, Famciclovir,

and Foscamet In some embodiments, the Larazotide (or dervative) regimen is

adminsstered after antiviral treatment, to promote mtegrity of the gut epithelium.

10 In some embodiments, Larazotide or derivative 1s adminstered with a probiotic,
Probiotics suitable for use in the present mvention include, but are not himited to,
Saccharomyces boulardu; Lactobacillus thamnosus GG; Lactobacillus plantarum 299y,
Clostridium  butyrnicum  M588; Clostnidiim  difficite VP20621 (pon-toxigenic €.
difficile strain); combination of Lactobacillus casel, Lactobacillus acidophilus (Bio-K +

15 CL1285); combination of Lactobacilius case:, Lactobacillus bulgaricus, Streptococcus
thermophitus (Actimel}, combination of Laciobaciilus acidophilus, Bifidobacterium
bifidum (Florgjen3);, combination of Lactobacillus acidophilus, Lactobacillus
bulgaricus delbrueckis subsp. bulgaricus, Lactobacillus bulgaricus casei, Lactobacillus
bulgaricus  plantanum,  Bifidobacterium  longum,  Bifidobacteriom  infantis,

28 Bifidobacterium breve, and Streptococcus salivarius subspthermophilus (VSL#3}.
Without wishing fo be bound by theory, it is believed that administering Larazotide
with probioiic can more effectively overcome or prevent dyshiosis, particalarly in
subjects susceptible 1o EE. For example, it is believed that Larazotide can prevent

damage to the intestinal epithelium by some microorganisms associated with EE. In

(3]
iy

some cmbodiments, by promoting normal gut epithelium, probiotics can be more
effective. In some embodiments, Larazotide and probiotic are administered after

antibictic therapy.

In some embodiments, the Larazotide is administered during or afier an
antidiarrheal agent that resolves acuic or chronic svmptoms. Antidiarrheal agents
30 soitable for vse i the present mvention include, but are not limited to, DPP-IV

inhibitors, natural opioids, such as tincture of opium, paregoric, and codeine, synthetic

12



WO 2018/148654

10

[
s

opiroids, much as diphenoxylate, difenoxin and loperamide, bismuth subsalicylate,
lanreotide, vapreotide and ocireotide, motiln antagonists, COXZ inhibitors like
celecoxib, glutamine, thalidomide and traditional antidiartheal remedies, such as

kaolin, pectin, berberine and muscarinic agents.
EXAMPLES

Diarrhea and enteric cntcropathy (EE) are inflammatory discascs. EE 15 a
chromie discase mvolving a vicious cycle of mflammation and nitric oxide release and

utilization resulting in poor growth.

Bacterial 16S-defined taxa were evaluated using Metagenomeseq (99% simlar
sequences, Uperational Taxanomic Unit (OTUY) for association with poor growth.

Bottom and top quartile from 1735 control children from GEMS were evaluated.

A nomber of OTUs were associated with poor growth {(Weight Adjusted Z-
score, WAZ), and which vary by age (Table 1) Many OTUs of Streptococcus
furetiensis and . coli were associated with poor growth in ali five age categornies (8
futeriensis and £. ¢olf species were named at 97% simidarity, and thus many OTUs
clustered at 99% receive the same name. Individual OTUs may not truly be a member

of the nominal species).

Table I Number of 0T s associated with poor growth by age in months

-8 mo 6-11 mo. 12-17 mo. 18-23 mo. >24 mo.
Streptococcus hitetiensis 5 37 7 i 2
Streptococcus salivarius i 4 4 i 3
Frevotella copri i 18 3 1o
FPrevotella sp. DIF_RP353 i i8 1 6

13
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Prevoiello sp. B1-42 10 1

Escherichia coli ] 19 4 14 3
Shigella sonnei 4 12 4 i
Faecalibacterivm

2 3 2 80

prausniizi

Available data are consistent with the hypothesis that Streprococcus spp. and £.
coli are associated with poor growth. Streprococcus KS47 1s associated with poor

growth in Kenyan children as well as damage to the colonic epithelial monslayer.

The mpact of Streptococeus K847 and other bactenial species associated with
diarthea or chronic colonic infection on T84 cells was examined, along with the
potential role of Larazotide to prevent damage. T84 cells are a human colonic epithelial
cell ine that differentiates and creates tight junctions. T84 cells are a model for colonic

mflammation.

Ag shown m Figure 1, Larazotide does not protect T84 monolayers from
disruption by Shigella. However, Larazotide does protect T84 cells from disruption by
certain Streptococcus sp. Both Streprococcus K547 and Streprococcus KS43 disrupt
T84 monolavers, but Larazotide prevents damage from Streprococeus K847 (Figure 2).

This effect of Larazotide 1s concentration dependent (Figure 3).

14
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CLAIMS

L A method for treating or preventing cnvironmental enteropathy (EE) or
mtestinal damage resulting from exposure to fecal pathogens, comprising administering
an effective amount of a composition comprising Larazotide or a derivative thereofic a

subject in need thereof.

2. The method of clatm |, wherein the subject i1s administered a composition

relcasing Larazotide or a denvative in the small and/or large micstine.

3. The method of claim 2, wherein the composition releases Larazotide or

>

derivative m one or more of the duodenum, jejunum, and/or the leum.

4, The method of clam 2, wherein the composition releases Larazotide or
derivative in the cecum, the ascending colon, the transverse colon, the descending

colon, and/or the sigmoid colon.

5. The method of claim 2, wherein the subject 15 admunistered one or more

compositions releasing Larazotide in the small and large intestine.

6. The method of any one of claims 1 1o 5, wherein the subject 13 a pediatric
subject.

7. The method of anv one of claims 1 to 5, wherein the subject is an adult.

8. The method of any one of claims 1 to 7, wherein the subject has EE.

8. The method of any one of claims 1 to 7, wherein the subject is at risk of EE.

10. The method of claim 9, wheremn the sabject lives in an environment of poor

santtation or prevalence of EE.

it The method of claim 9 or 10, wherein the subject 1s exposed to food or water

contaminated with fecal pathogens.

12. The method of any one of claims 1 to 11, whesrein the composition is a

controlled-release or sustained-release formulation.

15
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13. The method of claim 12, wherein the composition releases Larazotide or

derivative in the small intestine at a dose of from about 0.1 mg to about 5 mg.

14. The method of claim 13, wherein the composition relcases Larazotide or

derivative in the small intestine at a dose of from about 0.1 mg to about 1 mg.

e

15 The method of claim 12, wherein the composition releases Larazotide or

derivative m the large intestine at a dose of from about 0.1 mg to about 5 mg.

16. The method of ciaim 15 wherein the composition releases Larazotide or

derivative i the large imtestine at a dose of from about 0.1 mg to about 1 mg.

17 The method of anv one of claims 12 to 16, wherein a single composition targets

10 release of Larazotide or denvative in the small intestine and large intestine.

18.  The method of any one of clamms 12 to 16, wherem different compositions

target release of Larazotide or dervative m the small mtestine and large mntestine.

19, The method of any one of claims 1 to 18, wherein the composition is

administered more than once daily.

15 20, The method of any one of claums 1 o 19, the Larazotide or denvative regimen

is for a prolonged period.

21, The method of any one of claims 1 to 20, wherein the subject further receives

antibiotic therapy.

22, The method of claim 21, wherein antibiotic therapy is delivered before or

20 during therapy with Larazotide or derivative.

23, 'The method of claim 21, wherem antiviral therapy s delivered before or during

therapy with Larazotide or dertvative.

24, The method of any one of claims 1 to 22, wherein the subjeet further receives a
probiotic,
25 25 The method of claim 24, wherein the probiotic is delivered after antibiotic

therapy, together with therapy with Larazotide or denvative.

16
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26, The method of any one of claims 1 {o 23, wherem the Larazotide or derivative is

administered with or after an antidiarrheal agent.

17
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