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http:/imwww.rxlist.com/stromectol-drug.htm
STROMECTOL

(lvermectin) is a semisynthetic, anthelmintic agentoral administration. lvermectin is derivedrrdhe
avermectins, a class of highly active broad-spettanti-parasitic agents isolated from the fermtna
products of Streptomyces avermitilis. Ivermectia isiixture containing at least 90% 5-Odemethyl-



22,23-dihydroavermectin Ala and less than 10% Se®athyl-25-de(1-methylpropyl)-22,23-dihydro-
25-(1-methylethyl)avermectin Ala, generally refdrte as 22,23-dihydroavermectin Bla and Blb, or
H2Bla and H2B1b, respectively. The respective dogliformulas are C48H74014 and C47H72014,
with molecular weights of 875.10 and 861.07, reipely. The structural formulas are:

Component Bla, R = C2H5 Component B1lb,GH3

Ivermectin is a white to yellowish-white, nonhygeopic, crystalline powder with a melting point of
about 155°C. It is insoluble in water but is fresbluble in methanol and soluble in 95% ethanol.

STROMECTOL is available in 3-mg tablets containihg following inactive ingredients:
microcrystalline cellulose, pregelatinized stantiagnesium stearate, butylated hydroxyanisole, @rd c
acid powder (anhydrous).

Last updated on RxList: 5/26/2009
STROMECTOL is indicated for the treatment of thikdiwing infections:

Strongyloidiasis of the intestinal tract. STROMEQT® indicated for the treatment of intestinal (i.e
nondisseminated) strongyloidiasis due to the nedegparasite Strongyloides stercoralis.

This indication is based on clinical studies oftbobmparative and open-label designs, in which 64-
100% of infected patients were cured followingragk 200-mcg/kg dose of ivermectin. (See CLINICAL
PHARMACOLOGY, Clinical Studies.)

Onchocerciasis. STROMECTOL is indicated for thatimeent of onchocerciasis due to the nematode
parasite Onchocerca volvulus.

This indication is based on randomized, doubleehlplacebo-controlled and comparative studies
conducted in 1427 patients in onchocerciasis-entlangias of West Africa. The comparative studies use
diethylcarbamazine citrate (DEC-C).

NOTE: STROMECTOL has no activity against adult Coudrca volvulus parasites. The adult parasites
reside in subcutaneous nodules which are infretjupatpable. Surgical excision of these nodules
(nodulectomy) may be considered in the managenfgudt@nts with onchocerciasis, since this
procedure will eliminate the microfilariae-produgiadult parasites.

DOSAGE AND ADMINISTRATION
Strongyloidiasis

The recommended dosage of STROMECTOL for the treatof strongyloidiasis is a single oral dose
designed to provide approximately 200 mcg of ivertimeper kg of body weight. See Table 1 for dosage
guidelines. Patients should take tablets on anestptnach with water. (See CLINICAL
PHARMACOLOGY, Pharmacokinetics.) In general, aduill doses are not necessary. However,
follow-up stool examinations should be performedaddfy eradication of infection. (See CLINICAL
PHARMACOLOGY, Clinical Studies.)

Table 1 Dosage Guidelines for STROMECTOL for Strdaoigliasis



Body Weight (kg) Single Oral Dose
Number of 3-mg Tablets

15-24 1 tablet

25-35 2 tablets

36-50 3 tablets

51-65 4 tablets

66-79 5 tablets

>80 200 mcg/kg

Onchocerciasis

The recommended dosage of STROMECTOL for the treatof onchocerciasis is a single oral dose
designed to provide approximately 150 mcg of ivartimeper kg of body weight. See Table 2 for dosage
guidelines. Patients should take tablets on anyestpmach with water. (See CLINICAL
PHARMACOLOGY, Pharmacokinetics.) In mass distribatcampaigns in international treatment
programs, the most commonly used dose interva imdnths. For the treatment of individual patients,
retreatment may be considered at intervals as as@tmonths.

Table 2 Dosage Guidelines for STROMECTOL for Onaroiasis
Body Weight (kg) Single Oral Dose

Number of 3-mg Tablets

15-25 1 tablet

26-44 2 tablets

45-64 3 tablets

65-84 4 tablets

>85 150 mcg/kg

Strongyloidiasis

In four clinical studies involving a total of 10@fents given either one or two doses of 170 to 200
mcg/kg of STROMECTOL, the following adverse reagtiavere reported as possibly, probably, or
definitely related to STROMECTOL:

Body as a Whole: asthenia/fatigue (0.9%), abdonpaai (0.9%)

Gastrointestinal: anorexia (0.9%), constipatio®¥t), diarrhea (1.8%), nausea (1.8%), vomiting (9.9%



Nervous System/Psychiatric: dizziness (2.8%), sdemue (0.9%), vertigo (0.9%), tremor (0.9%)
Skin: pruritus (2.8%), rash (0.9%), and urticafe@s).

In comparative trials, patients treated with STRGBIBOL experienced more abdominal distention and
chest discomfort than patients treated with albeolga However, STROMECTOL was better tolerated
than thiabendazole in comparative studies invol@igpatients treated with thiabendazole.

The Mazzotti-type and ophthalmologic reactions eiséed with the treatment of onchocerciasis or the
disease itself would not be expected to occurrbngyloidiasis patients treated with STROMECTOL.
(See ADVERSE REACTIONS, Onchocerciasis.)

Laboratory Test Findings

In clinical trials involving 109 patients given leitr one or two doses of 170 to 200 mcg/kg
STROMECTOL, the following laboratory abnormalitisre seen regardless of drug relationship:
elevation in ALT and/or AST (2%), decrease in lemte count (3%). Leukopenia and anemia were seen
in one patient.

Onchocerciasis

In clinical trials involving 963 adult patients &ted with 100 to 200 mcg/kg STROMECTOL, worsening
of the following Mazzotti reactions during the filsdays post-treatment were reported:
arthralgia/synovitis (9.3%), axillary lymph noddagement and tenderness (11.0% and 4.4%,
respectively), cervical lymph node enlargementt@nderness (5.3% and 1.2%, respectively), inguinal
lymph node enlargement and tenderness (12.6% aBét]l8spectively), other lymph node enlargement
and tenderness (3.0% and 1.9%, respectively),tpsuf27.5%), skin involvement including edema,
papular and pustular or frank urticarial rash (22).7and fever (22.6%). (See WARNINGS.)

In clinical trials, ophthalmological conditions veeexamined in 963 adult patients before treatnant,
day 3, and months 3 and 6 after treatment witht@@D0 mcg/kg STROMECTOL. Changes observed
were primarily deterioration from baseline 3 dagstpgreatment. Most changes either returned tolibase
condition or improved over baseline severity atrtfnth 3 and 6 visits. The percentages of pati@itts
worsening of the following conditions at day 3, rtioB and 6, respectively, were: limbitis: 5.5%,%,8
and 3.5% and punctuate opacity: 1.8%, 1.8%, arfib.1The corresponding percentages for patients
treated with placebo were: limbitis: 6.2%, 9.9%d &4% and punctate opacity: 2.0%, 6.4%, and 7.2%.
(See WARNINGS.)

In clinical trials involving 963 adult patients wineceived 100 to 200 mcg/kg STROMECTOL, the
following clinical adverse reactions were reporésdoossibly, probably, or definitely related to tinag

in > 1% of the patients: facial edema (1.2%), peripheslama (3.2%), orthostatic hypotension (1.1%),
and tachycardia (3.5%). Drug-related headache amadigna occurred in < 1% of patients (0.2% and
0.4%, respectively). However, these were the masincon adverse experiences reported overall during
these trials regardless of causality (22.3% and%09respectively).

A similar safety profile was observed in an opertgtin pediatric patients ages 6 to 13.



The following ophthalmological side effects do acdue to the disease itself but have also beerrtexpo
after treatment with STROMECTOL: abnormal sensaiotie eyes, eyelid edema, anterior uveitis,
conjunctivitis, limbitis, keratitis, and chorioretiis or choroiditis. These have rarely been sewere
associated with loss of vision and have generabplved without corticosteroid treatment.

Laboratory Test Findings

In controlled clinical trials, the following laba@y adverse experiences were reported as possibly,
probably, or definitely related to the drugsii% of the patients: eosinophilia (3%) and hemoiglob
increase (1%).

Post-Marketing Experience

The following adverse reactions have been repaitezk the drug was registered overseas:
Onchocerciasis

Conjunctival hemorrhage

All Indications

Hypotension (mainly orthostatic hypotension), warsg of bronchial asthma, toxic epidermal
necrolysis, Stevens-Johnson syndrome, seizurestitigpelevation of liver enzymes, and elevatién o
bilirubin.

DRUG INTERACTIONS

Post-marketing reports of increased INR (IntermaticNormalized Ratio) have been rarely reportedrwhe
ivermectin was co-administered with warfarin.

Last updated on RxList: 5/26/2009
WARNINGS

Historical data have shown that microfilaricidaligs, such as diethylcarbamazine citrate (DEC-Cghtni
cause cutaneous and/or systemic reactions of wpsg@uerity (the Mazzotti reaction) and
ophthalmological reactions in patients with onchioizesis. These reactions are probably due to atlerg
and inflammatory responses to the death of mieo&é. Patients treated with STROMECTOL for
onchocerciasis may experience these reactionditi@uto clinical adverse reactions possibly, @oly,
or definitely related to the drug itself. (See ADREE REACTIONS, Onchocerciasis.)

The treatment of severe Mazzotti reactions haveeh subjected to controlled clinical trials. Oral
hydration, recumbency, intravenous normal salind/@ parenteral corticosteroids have been used to
treat postural hypotension. Antihistamines andgpirin have been used for most mild to moderatesas

PRECAUTIONS

General



After treatment with microfilaricidal drugs, patisrwith hyperreactive onchodermatitis (sowda) may b
more likely than others to experience severe adueactions, especially edema and aggravation of
onchodermatitis.

Rarely, patients with onchocerciasis who are atsvity infected with Loa loa may develop a serious
even fatal encephalopathy either spontaneouslgliomfing treatment with an effective microfilarigd

In these patients, the following adverse experighee also been reported: pain (including neck and
back pain), red eye, conjunctival hemorrhage, dgapuarinary and/or fecal incontinence, difficulty i
standing/walking, mental status changes, confusitinargy, stupor, seizures, or coma. This syndrome
has been seen very rarely following the use ofmeatin. In individuals who warrant treatment with
ivermectin for any reason and have had signifiexpbsure to Loa loa-endemic areas of West or dentra
Africa, pretreatment assessment for loiasis anefgbpost-treatment follow-up should be implemented

Carcinogenesis, Mutagenesis, Impairment of Fertilit

Long-term studies in animals have not been perfdroesvaluate the carcinogenic potential of
ivermectin. lvermectin was not genotoxic in vitrothe Ames microbial mutagenicity assay of
Salmonella typhimurium strains TA1535, TA1537, TA@8d TA100 with and without rat liver enzyme
activation, the Mouse Lymphoma Cell Line L5178Yt@pxicity and mutagenicity) assays, or the
unscheduled DNA synthesis assay in human fibrablast

Ivermectin had no adverse effects on the fertilityats in studies at repeated doses of up to Sstitine
maximum recommended human dose of 200 mcg/kg (og/m?/day basis).

Pregnancy, Teratogenic Effects
Pregnancy Category C

Ivermectin has been shown to be teratogenic in,mate, and rabbits when given in repeated doses of
0.2, 8.1, and 4.5 times the maximum recommendedhulose, respectively (on a mg/mz/day basis).
Teratogenicity was characterized in the three gisdeisted by cleft palate; clubbed forepaws were
additionally observed in rabbits. These developalezftects were found only at or near doses thaewe
maternotoxic to the pregnant female. Thereforanieetin does not appear to be selectively fetottuxic
the developing fetus. There are, however, no adegual well-controlled studies in pregnant women.
Ivermectin should not be used during pregnancyessadety in pregnancy has not been established.

Nursing Mothers

STROMECTOL is excreted in human milk in low congatibns. Treatment of mothers who intend to
breastfeed should only be undertaken when theofidkelayed treatment to the mother outweighs the
possible risk to the newborn.

Pediatric Use
Safety and effectiveness in pediatric patients iiamless than 15 kg have not been established.

Geriatric Use



Clinical studies of STROMECTOL did not include saiént numbers of subjects aged 65 and over to
determine whether they respond differently fromryger subjects. Other reported clinical experieras h
not identified differences in responses betweerettierly and younger patients. In general, treatroén
an elderly patient should be cautious, reflecthreydreater frequency of decreased hepatic, renal, o
cardiac function, and of concomitant disease oerodhhug therapy.

Strongyloidiasis in Immunocompromised Hosts

In immunocompromised (including HIV-infected) patie being treated for intestinal strongyloidiasis,
repeated courses of therapy may be required. Adegura well-controlled clinical studies have notibe
conducted in such patients to determine the optitosing regimen. Several treatments, i.e., at Zkwee
intervals, may be required, and cure may not beeaahle. Control of extra-intestinal strongyloid&am
these patients is difficult, and suppressive thgrap., once per month, may be helpful.

Last updated on RxList: 5/26/2009
Swine Flu FAQ Slideshow

Overdosage & Contraindications

Body Weight (kg) Single Oral Dose
Number of 3-mg Tablets

15-24 1 tablet

25-35 2 tablets

36-50 3 tablets

51-65 4 tablets

66-79 5 tablets

>80 200 mcg/kg

Body Weight (kg) Single Oral Dose
Number of 3-mg Tablets

15-25 1 tablet

26-44 2 tablets

45-64 3 tablets

65-84 4 tablets

>85 150 mcg/kg

OVERDOSE



Significant lethality was observed in mice and &dtsr single oral doses of 25 to 50 mg/kg ando4BQt
mg/kg, respectively. No significant lethality wasserved in dogs after single oral doses of up to 10
mg/kg. At these doses, the treatment-related $igaisvere observed in these animals include ataxia,
bradypnea, tremors, ptosis, decreased activitysismand mydriasis.

In accidental intoxication with, or significant eogure to, unknown quantities of veterinary formiolas

of ivermectin in humans, either by ingestion, irgti@in, injection, or exposure to body surfaces, the
following adverse effects have been reported mregently: rash, edema, headache, dizziness, &sthen
nausea, vomiting, and diarrhea. Other adversetsftleat have been reported include: seizure, gtaxia
dyspnea, abdominal pain, paresthesia, urticarthcantact dermatitis.

In case of accidental poisoning, supportive ther#pgdicated, should include parenteral fluidglan
electrolytes, respiratory support (oxygen and meidah ventilation if necessary) and pressor aggnts
clinically significant hypotension is present. lietion of emesis and/or gastric lavage as soon ssilyle,
followed by purgatives and other routine anti-paiseeasures, may be indicated if needed to prevent
absorption of ingested material.

CONTRAINDICATIONS
STROMECTOL is contraindicated in patients who aypdrsensitive to any component of this product.

Last updated on RxList
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Patent title:

METHOD OF USE OF PEPTIDE ANTAGONISTS OF ZONULIN TO PREVENT OR DELAY
THE ONSET OF DIABETES

Inventors: Alessio Fasano Tammara L. Watts

Agents: Connolly Bove Lodge Hutz, LLP;(FOR ALBA BRAPEUTICS)
Assignees: University of Maryland, Baltimore

Origin: WILMINGTON, DE US

IPC8 Class: AA61K3816FI
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ESSENCE OF ARTICLE

“The analysis of the N-termini of these moleculegaaled the following common motif (amino acid

residues 8-15 boxed in FIG. 1.): non-polar (Glyifgestine, Val for brain), variable, non-polarrieble,
non-polar, polar, variable, polar (Gly). Gly in jtam 8, Val in position 12 and GIn in position 18| are
highly conserved in ZOT, zonulini and zonulinh (§8¢€. 1), which is believed to be critical for reter



binding function within the intestine. To verifyetsame, the synthetic octapeptide Gly Gly val Lal V
GIn Pro Gly (SEQ ID. NO: 15) (named FZI/0, and esponding to amino acid residues 8-15 of human
fetal zonulini) was chemically synthesized. “

ARTICLE

Abstract:

A method for preventing or delaying the onset abammune diseases is disclosed.
Claims:

1. A method for prevention or delay of onset obatoimmune disease, comprising:administering a
pharmaceutically effective amount of a peptide goigst of zonulin to a subject at risk of develapthe
autoimmune disease, wherein the peptide antagainidgs to zonula occludens toxin receptor but dags n
physiologically modulate the opening of mammaliatestinal tight junctions.

2. The method of claim 1, wherein the peptide aomigy comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 1, SEQ IDN2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQND: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NT&, SEQ ID NO: 16, SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NZX, SEQ ID NO: 22, SEQ ID NO: 23, and
SEQ ID NO: 24.

3. The method of claim 1, wherein the peptide aoméey is from 8-110 amino acids in size.
4. The method of claim 1, wherein the peptide amégy is from 8-40 amino acids in size.

5. The method of claim 1, wherein the peptide aoméj comprises amino acid sequence SEQ ID NO:
15.

6. The method of claim 1, wherein the peptide aoméagy consists of amino acid sequence SEQ ID NO:
15.

7. The method of claim 1, wherein the peptide aomégy is administered as an oral dosage composition
for intestinal delivery.

8. The method of claim 1, wherein the peptide aomégy consists of an amino acid sequence selected
from the group consisting of SEQ ID NO: 1, SEQ IDN2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO; 8, SEQND: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NT&, SEQ ID NO: 16, SEQ ID NO: 17, SEQ
ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID N£ZX, SEQ ID NO: 22, SEQ ID NO: 23, and
SEQ ID NO: 24.



9. A method for prevention or delay of onset obatoimmune disease, comprising:administering a
pharmaceutically effective amount of an antagasfigtonulin to a subject at risk of developing the
autoimmune disease, wherein the antagonist binggrtola occludens toxin receptor but does not
physiologically modulate the opening of mammaliatestinal tight junctions.

10. The method of claim 9, wherein the antagoriatfrises an amino acid sequence selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SBQNO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ
ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO:SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15(5B NO: 16, SEQ ID NO: 17, SEQ ID NO:

18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, BB NO: 22, SEQ ID NO: 23, and SEQ ID
NO: 24.

11. The method of claim 9, wherein the antagorustyarises a peptide comprising 8-110 amino acids.
12. The method of claim 9, wherein the antagorustyarises a peptide comprising 8-40 amino acids.
13. The method of claim 9, wherein the antagoriatfrises amino acid sequence SEQ ID NO: 15.
14. The method of claim 9, wherein the antagorassists of amino acid sequence SEQ ID NO: 15.

15. The method of claim 9, wherein the antagosisidministered as an oral dosage composition for
intestinal delivery.

16. The method of claim 9, wherein the antagoraatfrises a peptide, wherein the peptide consists of
amino acid sequence selected from the group consist SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO:
3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQND: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ
ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID N, SEQ ID NO: 14, SEQ ID NO: 15, SEQ
ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID N&®, SEQ ID NO: 20, SEQ ID NO: 21, SEQ
ID NO: 22, SEQ ID NO: 23, and SEQ ID NO: 24.

17. A method for prevention of diabetes, comprisidginistering to a subject in need of such
prevention, a pharmaceutically effective amoura peptide antagonist of zonulin, wherein the peptid
antagonist binds to zonula occludens toxin recdpibdoes not physiologically modulate the operihg
mammalian intestinal tight junctions.

18. The method of claim 17, wherein the peptidagenist comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 1, SEQ IDN2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQND: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NT&, SEQ ID NO: 16, SEQ ID NO: 17, SEQ

ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NZX, SEQ ID NO: 22, SEQ ID NO: 23, and
SEQ ID NO: 24.

19. The method of claim 17, wherein the peptidagonist is from 8-110 amino acids in size.

20. The method of claim 17, wherein the peptidagmtist is from 8-40 amino acids in size.



21. The method of claim 17, wherein the peptidagarist comprises amino acid sequence SEQ ID NO:
15.

22. The method of claim 17, wherein the peptidaganist consists of amino acid sequence SEQ ID NO:
15.

23. The method of claim 17, wherein the peptidaganist is administered as an oral dosage compositi
for intestinal delivery.

24. The method of claim 17, wherein the peptidagmist consists of an amino acid sequence selected
from the group consisting of SEQ ID NO: 1, SEQ IDN2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:
5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQND: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ
ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NT&, SEQ ID NO: 16, SEQ ID NO; 17, SEQ

ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID N&X, SEQ ID NO: 22, SEQ ID NO: 23, and
SEQ ID NO: 24.

25. A method for prevention or delay of onset @fldites, comprising:administering a pharmaceutically
effective amount of an antagonist of zonulin tabjsct at risk of developing diabetes, wherein the
antagonist binds to zonula occludens toxin recdpibdoes not physiologically modulate the operihg
mammalian intestinal tight junctions.

26. The method of claim 25, wherein the antagarustprises an amino acid sequence selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SBQNO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ

ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO:SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:
12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15(5B NO: 16, SEQ ID NO: 17, SEQ ID NO:

18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ ID NO: 21, BB NO: 22, SEQ ID NO: 23, and SEQ ID

NO: 24.

27. The method of claim 25, wherein the antagaroaiprises a peptide comprising 8-110 amino acids.
28. The method of claim 25, wherein the antagamustprises a peptide comprising 8-40 amino acids.
29. The method of claim 25, wherein the antagarustprises amino acid sequence SEQ ID NO: 15.
30. The method of claim 25, wherein the antagariasists of amino acid sequence SEQ ID NO: 15.

31. The method of claim 25, wherein the antagasiatiministered as an oral dosage composition for
intestinal delivery.

32. The method of claim 25, wherein the antagaristprises a peptide, wherein the peptide consists o
an amino acid sequence selected from the groupstioigsof SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, NO: 7, SEQ ID NO: 8, SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQND: 13, SEQ ID NO: 14, SEQ ID NO: 15,
SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQND: 19, SEQ ID NO: 20, SEQ ID NO: 21,
SEQ ID NO: 22, SEQ ID NO: 23, and SEQ ID NO: 24.

Description:



FIELD OP THE INVENTION

[0002]The present invention relates to use of pepantagonists of zonulin to prevent or delay theeb
of diabetes, particularly type | diabetes. The jgepantagonists bind to the zonula occludens toxin
receptor, yet do not physiologically modulate tpeming of mammalian tight junctions.

BACKGROUND OF THE INVENTION
[0003]l. Function and Regulation of Intestinal Tighinctions

[0004]The intestinal epithelium represents thedatgnterface (more than 2,000,000 cm?2) between the
external environment and the internal milieu. Trentenance of intercellular tight junctions ("tj")
competence prevents movements of potentially hdremvironmental factors, such as bacteria, viruses,
toxins, food allergens, and macromolecules actmsintestinal barrier. This competence is signifiba
jeopardized in a variety of clinical conditionseaffing the gastrointestinal tract, including fodldrgies,
enteric infections, malabsorption syndromes, afldnmmatory bowel diseases. The tj or zonula
occludens (hereinafter "ZO") are one of the halkeaf absorptive and secretory epithelia (Madara, J
Clin. Invest., 83:1089-1094 (1989); and Madara,tbeak of Secretory Diarrhea Eds. Lebenthal et al,
Chapter 11, pages 125-138 (1990). As a barrierdmtvapical and basolateral compartments, they
selectively regulate the passive diffusion of iangl water-soluble solutes through the paracellular
pathway (Gumbiner, Am. J. Physiol., 253 (Cell Pbiy22): C749-C758 (1987)). This barrier maintains
any gradient generated by the activity of pathwasgociated with the transcellular route (Diamond,
Physiologist, 20:10-18 (1977)).

[0005]Variations in transepithelial conductance ganally be attributed to changes in the permesgluifi
the paracellular pathway, since the resistancesitgfrocyte plasma membranes are relatively high
(Madara (1989, 1990), supra). The ZO representmttjer barrier in this paracellular pathway, angl th
electrical resistance of epithelial tissues seentepend on the number of transmembrane protein
strands, and their complexity in the ZO, as obskbxefreeze-fracture electron microscopy (Madaral et
J. Cell Biol., 101:2124-2133 (1985)).

[0006]There is abundant evidence that ZO, oncardegl as static structures, are in fact dynamic and
readily adapt to a variety of developmental (Magmuset al, Dev. Biol., 67:214-224 (1978); Revellet a
Cold Spring Harbor Symp. Quant. Biol., 40-443-45976); and Schneeberger et al, J. Cell Sci., 32:307
324 (1978)), physiological (Gilula et al, Dev. Bid0:142-168 (1976); Madara et al, J. Membr. Biol.
100:149-164 (1987); Mazariegos et al, J. Cell B@8:1865-1877 (1984); and Sardet et al, J. Cell. Bi
80:96-117 (1979)), and pathological (Milks et alCéll Bio., 103:2729-2738 (1986); Nash et al, Lab.
Invest., 59:531-537 (1988); and Shasby et al, ArRhysiol., 255 (Cell Physiol., 24:C781-C788 (1988)
circumstances. The regulatory mechanisms that Uedhis adaptation are still not completely
understood. However, it is clear that, in the pneseof Ca2+, assembly of the ZO is the result blilee
interactions that trigger a complex cascade ofti@adcal events that ultimately lead to the formatnd
modulation of an organized network of ZO elemettits,composition of which has been only partially
characterized (Diamond, Physiologist, 20:10-18 7R7A candidate for the transmembrane protein
strands, occluden, has recently been identifiedu@&uet al, J. Membr. Biol., 87:141-150 (1985)).



[0007]Six proteins have been identified in a cydsmic submembranous plague underlying membrane
contacts, but their function remains to be esthbtisDiamond, supra). ZO-1 and ZO-2 exist as a
heterodimer (Gumbiner et al, Proc. Natl. Acad.,345A, 88:3460-3464 (1991)) in a detergent-stable
complex with an uncharacterized 130 kD protein @OMost immunoelectron microscopic studies have
localized ZO-1 to precisely beneath membrane cts{&tevenson et al, Molec. Cell Biochem., 83:129-
145 (1988)). Two other proteins, cingulin (Citisét Nature (London), 333:272-275 (1988)) and thé 7H
antigen (Zhong et al, J. Cell Biol., 120:477-48393)) are localized further from the membrane aangeh
not yet been cloned. Rab 13, a small GTP bindiogepr has also recently been localized to the janct
region (Zahraoui et al, J. Cell Biol., 124:101-11994)). Other small GTP-binding proteins are kndan
regulate the cortical cytoskeleton, i.e., rho raged actin-membrane attachment in focal contactbeiR

et al, Cell, 70:389-399 (1992)), and rac regulgtesvth factor-induced membrane ruffling (Ridleyabt
Cell, 70:401-410 (1992)). Based on the analogy wighknown functions of plague proteins in the drett
characterized cell junctions, focal contacts (Geiaal, Nature, 358:690-692 (1992)), and adherens
junctions (Tsukita et al, J. Cell Biol., 123:104@5B (1993)), it has been hypothesize that tj-assedi
plague proteins are involved in transducing sigimalsoth directions across the cell membrane, and i
regulating links to the cortical actin cytoskeleton

[0008]To meet the many diverse physiological aathplogical challenges to which epithelia are
subjected, the ZO must be capable of rapid anddaweed responses that require the presence of a
complex regulatory system. The precise characteizaf the mechanisms involved in the assembly and
regulation of the ZO is an area of current actiwgestigation.

[0009]There is now a body of evidence that tjcinal and functional linkages exist between thenac
cytoskeleton and the tj complex of absorptive dglembiner et al, supra; Madara et al, supra; and
Drenchahn et al, J. Cell Biol., 107:1037-1048 (198Bhe actin cytoskeleton is composed of a
complicated meshwork of microfilaments whose pegsometry is regulated by a large cadre of actin-
binding proteins. An example of how the state afqghorylation of an actin-binding protein might
regulate cytoskeletal linking to the cell plasmanmbeane is the myristoylated alanine-rich C kinase
substrate (hereinafter "MARCKS"). MARCKS is a sfiiegbrotein kinase C (hereinafter "PKG")
substrate that is associated with the cytoplasate bf the plasma membrane (Aderem, Elsevier Sci.
Pub. (UK), pages 438-443 (1992)). In its non-phosyglated form, MARCKS crosslinks to the
membrane actin. Thus, it is likely that the actiesimwvork associated with the membrane via MARCKS is
relatively rigid (Hartwig et al, Nature, 356:6186£1992)). Activated PKC phosphorylates MARCKS,
which is released from the membrane (Rosen et Bkpl Med., 172:1211-1215 (1990); and Thelen et al
Nature, 351:320-322 (1991)). The actin linked to RAZKS is likely to be spatially separated from the
membrane and be more plastic. When MARCKS is dggfwylated, it returns to the membrane where it
once again crosslinks actin (Hartwig et al, suprad Thelen et al, supra). These data suggestih#i-t
actin network may be rearranged by a PKC-depermlergphorylation process that involves actin-
binding proteins (MARCKS being one of them).

[0010]A variety of intracellular mediators havesbeshown to alter tj function and/or structure.hfig
junctions of amphibian gallbladder (Duffey et agtire, 204:451-452 (1981)), and both goldfish (Eakk
et al, Am. J. Physiol., 246G213-G217 (1984)) andrider (Krasney et al, Fed. Proc., 42:1100 (1983))
intestine, display enhanced resistance to passivéaw as intracellular cCAMP is elevated. Also,
exposure of amphibian gallbladder to Ca2+ ionoplapears to enhance tj resistance, and induce



alterations in tj structure (Palant et al, Am. By$iol., 245:C203-C212 (1983)). Further, activatidn
PKC by phorbol esters increases paracellular pdritityeboth in kidney (Ellis et al, C. Am. J. Phgsi,
263 (Renal Fluid Electrolyte Physiol. 32):F293-F30092)), and intestinal (Stenson et al, C. Am. J.
Physiol., 265 (Gastrointest. Liver Physiol., 28)5595962 (1993)) epithelial cell lines. [0011]ll. Zda
Occludens Toxin

[0012]Most Vibrio choleras vaccine candidates tmased by deleting the ctxA gene encoding cholera
toxin (CT) are able to elicit high antibody respesisbut more than one-half of the vaccinees sitetbp
mild diarrhea (Levine et al, Infect. Immun., 56(B1-167 (1988)). Given the magnitude of the diaarhe
induced in the absence of CT, it was hypothesizat\{. cholerae produce other enterotoxigenic facto
which are still present in strains deleted of thé\csequence (Levine et al, supra). As a resugea@nd
toxin, zonula occludens toxin (hereinafter "ZOTlglorated by V. cholerae and which contribute ® th
residual diarrhea, was discovered (Fasano etat, Ratl. Acad. Sci.,USA, 8:5242-5246 (1991)). Foe
gene is located immediately adjacent to the ctegemhe high percent concurrence of the zot getie wi
the ctx genes among V. cholerae strains (Johnsaln &tClin. Microb., 31/3:732-733 (1993); and
Karasawa et al, FEBS Microbiology Letters, 106:14&- (1993)) suggests a possible synergistic role of
ZOT in the causation of acute dehydrating diartlypacal of cholera. Recently, the zot gene has also
been identified in other enteric pathogens (Tschape Asian-Pacific Symposium on Typhoid fever and
other Salomellosis, 47(Abstr.) (1994)).

[0013]It has been previously found that, whenaesin rabbit ileal mucosa, ZOT increases the imtst
permeability by modulating the structure of intdiidar tj (Fasano et al, supra). It has been fotlvad as
a consequence of modification of the paracelluddahway, the intestinal mucosa becomes more
permeable. It also was found that ZOT does notaffia+-glucose coupled active transport, is not
cytotoxic, and fails to completely abolish the wapithelial resistance (Fasano et al, supra).

[0014]More recently, it has been found that ZOTapable of reversibly opening tj in the intestinal
mucosa, and thus ZOT, when co-administered witreepeutic agent, e.g., insulin, is able to effect
intestinal delivery of the therapeutic agent, whemployed in an oral dosage composition for intetin
drug delivery, e.g., in the treatment of diabeWw€(96/371.6; U.S. Pat. No. 5,827,534; U.S. Pat. No.
5,665,389; and Fasano et al, J. Clin. Invest., 78811164 (1997); each of which is incorporated by
reference herein in their entirety). It has alserbfound that ZOT is capable of reversibly opertjrig

the nasal mucosa, and thus ZOT, when co-admingsteitd a therapeutic agent, is able to enhance nasa
absorption of a therapeutic agent (U.S. Pat. N\aO&825; which is incorporated by reference heirein

its entirety).

[0015]In U.S. Pat. No. 5,864,014; which is incagied by reference herein in its entirety, a ZOT
receptor has been identified and purified fromraagtinal cell line, i.e., CaCo2 cells. FurtherUirs. Pat.
No. 5,912,323; which is incorporated by refereneeein in its entirety, ZOT receptors from human
intestinal, heart and brain tissue have been ifieditaind purified. The ZOT receptors representfitise
step of the paracellular pathway involved in thgutation of intestinal and nasal permeability. [6]IL.
Zonulin



[0017]In U.S. Pat. Nos. 5,545,510 and 5,948,629¢hvare incorporated by reference herein in their
entirety, mammalian proteins that are immunolodycahd functionally related to ZOT, and that fuocti
as the physiological modulator of mammalian tigimgtions, have been identified and purified. These
mammalian proteins, referred to as "zonulin", aeful for enhancing absorption of therapeutic agent
across tj of intestinal and nasal mucosa, as wedlcaoss tj of the blood brain barrier. [0018]I\épide
Antagonists of Zonulin

[0019]Peptide antagonists of zonulin were ideadifand described for the first time in pending U.S.
patent application Ser. No. 09/127,815, filed ABg1998, which is incorporated by reference heirein
its entirety, which corresponds to WO 00/07609d$eiptide antagonists bind to the ZOT receptor, yet
do not function to physiologically modulate the pjpgy of mammalian tight junctions. The peptide
antagonists competitively inhibit the binding of Z@nd zonulin to the ZOT receptor, thereby inhitgti
the ability of ZOT and zonulin to physiologicallyoaiulate the opening of mammalian tight junctions.
[0020]V. Diabetes

[0021]The morbidity and mortality associated wiihbetes is devastating. The total number of diabet
individuals in the United States is 15.7 milliorf.tBese, 100% of the type | diabetic individualsl @0%
of type Il diabetic individuals depend on pateradiministration of insulin. On an annual basis,dhect
medical costs associated with diabetes exceedsliéd bliollars. An additional 14 billion dollars is
associated with disability, work loss, and prematmortality.

[0022]Although oral insulin drug delivery strategihave been the focus of many research effodg, th
have been largely unsuccessful because the phgsioiature of the small intestine prevents the
absorption of macromolecules, such as insulin.

[0023]An oral dosage composition comprising ZOT thrgeting delivery of insulin to the paracellular
pathway for the treatment of diabetes has beerriledan U.S. Pat. Nos. 5,827,534 and 5,665,389. By
physiologically modulating the paracellular pathwesyng ZOT, it is now possible to introduce a wide
variety of therapeutic agents into the systemicutation. This drug delivery system adds targeting
specificity, which has long hampered the desigmahy oral pharmaceutical agents. The utility of thi
system is not limited to insulin delivery, and miapresent a new way of designing orally administere
pharmaceutical agents.

[0024]While offering an innovative treatment ségy for a disease as debilitating as diabetes is
promising, preventing or delaying the onset of aégehas widespread implications. Understanding the
pathogenesis of any disease process is a dauaskgHeretofore, there has been no prior evidehae o
pharmaceutical agent with the capability of preiranor delaying the onset of diabetes. In the prese
invention new light has been shed on the pathogemagvention and delaying of onset of diabetes by
demonstrating that a critical and early step ieaé® progression resides in alterations in patéaell
permeability. In the present invention, it has bdemonstrated that an increase in paracellular
permeability is necessary for the progression tdvdteibetes. Peptide antagonists of zonulin, whiobko
this endogenous pathway, have been found in tteepténvention to prevent the progression to deet
Thus, the present invention is believed to be usefprevent long-term complications of diabetes.
Further, the permeability changes associated withimmune diseases are long standing, and early
intervention per the present invention is belietetave untold benefits to the diabetic patient.



SUMMARY OF THE INVENTION

[0025]An object of the present invention is toypde a method for the prevention or delay the onget
diabetes.

[0026]This and other objects of the present ineentwhich will be apparent from the detailed
description of the invention provided hereinafteaye been met, in one embodiment, by a method for
preventing or delay the onset of diabetes (padrtyltype | diabetes) comprising administeringito
subject in need of such prevention or delay of prasspharmaceutically effective amount of a peptide
antagonist of zonulin, wherein said peptide ant&jdrinds to ZOT receptor, yet does not physiolatiyc
modulate the opening of mammalian tight junctions.

BRIEF DESCRIPTION. OF THE DRAWINGS

[0027]FIG. 1 shows a comparison of the N-termsejuences of zonulin purified from various human
tissues and IgM heavy chain with the N-terminalusgge of the biologically active fragment (amino
acids 288-399) of ZOT.

[0028]FIG. 2 shows the effect of ZoT, zonulininedinh, either alone (closed bars), or in comburati
with the peptide antagonist FZI/0 (open bars) arambination with FZI/1 (shaded bars), as comp&wed
the negative control, on the tissue resistancedRgbbit ileum mounted in Ussing chambers. N é&jua
3-5; and * equals p<0.01.

[0029]FIG. 3 shows the concentrations (ng/ml)ndfaluminal zonulin in both diabetic-prone and
diabetic-resistant rats, which was determined ugisgndwich ELISA assay. Samples were obtained by
intestinal lavage in normal saline. The first baeach case represents diabetic-resistant rats {DiR)
second bar represents diabetic-prone animals @ie)the third bar represents rats with chroniceted
(CD). <9% of the diabetic-prone rats do not becadimbetic, and <9% of the diabetic-resistant rats
develop diabetes.

[0030]FIG. 4 shows the percentage of rats usékdrstudy that progressed to diabetes.

[0031]FIG. 5 shows the concentrations (ng/ml)mdfaluminal zonulin in diabetic rats, which was
determined using a sandwich ELISA assay.

[0032]FIG. 6 shows ex vivo intestinal permeabilitydiabetic resistant (DR) rats, untreated diabeti
prone rats (DP-untreated; second bar) determinél$smng chambers, diabetic-prone rats treated tivéth
peptide antagonist of zonulin (DP-treated; third aequals p<0.05; ** equals p<0.05, and p<0.001
compared to DP-treated.

[0033]FIG. 7 shows ex vivo intestinal permeabilitythe small intestines of untreated, diabeteswpro
rats that either developed or did not develop diehée equals p<0.04.

DETAILED DESCRIPTION OF THE INVENTION



[0034]As discussed above, in one embodiment, tbeeabescribed object of the present invention have
been met by a method for preventing or delayingotieet of diabetes (particularly, type | diabetes)
comprising administering to a subject in need ahgorevention or delay of onset, a pharmaceutically
effective amount of a peptide antagonist of zonuwlinerein said peptide antagonist binds to ZOT
receptor, yet does not physiologically modulatedpening of mammalian tight junctions

[0035]The particular peptide antagonist of zonelmployed in the present invention is not critical
thereto. Examples of said peptide antagonists decpheptides which comprise an amino acid sequence
selected from the group consisting of SEQ ID NGSEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID N& SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID
NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO; $£Q ID. NO: 15, SEQ ID NO: 16, SEQ ID
NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO; 3EQ ID NO: 21, SEQ ID NO: 22, SEQ ID
NO: 23, and SEQ ID NO: 24.

[0036]The size of the peptide antagonist is niicet to the present invention. Generally, theesot the
peptide antagonist will range from 8 to 110, amawcals, preferably from 8 to 40 amino acids, more
preferably will be 8 amino acids.

[0037]The peptide antagonists can be chemicalyh®sized and purified using well-known techniques,
such as described in High Performance Liquid Chtography of Peptides and Proteins: Separation
Analysis and Conformation, Eds. Mant et al, C.RR&ss (1991), and a peptide synthesizer, such as
Symphony (Protein Technologies, Inc); or by usiagombinant DNA techniques, i.e., where the
nucleotide sequence encoding the peptide is irsertan appropriate expression vector, e.g., arok.
or yeast expression vector, expressed in the régpdmwst cell, and purified therefrom using wetlekvn
techniques.

[0038]The peptide antagonists can be administaseatal dosage compositions for small intestinal
delivery. Such oral dosage compositions for srmidistinal delivery are well-known in the art, and
generally comprise gastroresistent tablets or dapgRemington's Pharmaceutical Sciences, 16th Ed.,
Eds. Osol, Mack Publishing Co., Chapter 89 (19Bijenis et al, J. Pharm. Sci., 83:915-921 (1994);
Vantini et al, Clinica Terapeutica, 145:445-45193) Yoshitomi et al, Chem. Pharm. Bull., 40:1902-
1905 (1992); Thoma et al, Pharmazie, 46:331-338% ) Morishita et al, Drug Design and Delivery,
7:309-319 (1991); and Lin et al, Pharmaceutical f82919-924 (1991)); each of which is incorporated
by reference herein in its entirety).

[0039]Tablets are made gastroresistent by theiiaddf, e.g., either cellulose acetate phthalate o
cellulose acetate terephthalate.

[0040]Capsules are solid dosage forms in whiclpémide antagonist(s) is enclosed in either a bard
soft, soluble container or shell of gelatin. Théatje used in the manufacture of capsules is obthfrom
collagenous material by hydrolysis. There are types of gelatin. Type A, derived from pork skins by
acid processing, arid Type B, obtained from bomesamimal skins by alkaline processing. The use of
hard gelatin capsules permit a choice in presajibisingle peptide antagonist or a combinationetbfeat
the exact dosage level considered best for theithdal subject. The hard gelatin capsule consistao
sections, one slipping over the other, thus completurrounding the peptide antagonist. These dapsu
are filled by introducing the peptide antagonistgastroresistent beads containing the peptideyanist,



into the longer end of the capsule, and then sigpph the cap. Hard gelatin capsules are madelyarge
from gelatin, FD&C colorants, and sometimes an dpiag agent, such as titanium dioxide. The USP
permits the gelatin for this purpose to contairb®l(w/v) sulfur dioxide to prevent decomposition
during manufacture.

[0041]In the context of the present invention| di@sage compositions for small intestinal delivalso
include liquid compositions which contain aqueouffdring agents that prevent the peptide antagonist
from being significantly inactivated by gastricifla in the stomach, thereby allowing the peptide
antagonist to reach the small intestines in avadtirm. Examples of such aqueous buffering agents
which can be employed in the present inventioruidelbicarbonate buffer (pH 5.5 to 8.7, preferably
about pH 7.4).

[0042]When the oral dosage composition is a liqu@ochposition, it is preferable that the compositien
prepared just prior to administration so as to miné stability problems. In this case, the liquid
composition can be prepared by dissolving lyopadipeptide antagonist in the aqueous bufferingtagen

[0043]The pharmaceutically effective amount oftigantagonist employed is not critical to thesprd
invention and will vary depending upon the age ghitand sex of the subject being treated. Generally
the amount of peptide antagonist employed in tiesgmt invention to prevent or delay the onset of
diabetes, is in the range of about 7.5x10-6 M 5xX0-3 M, preferably about 7.5x10-6 M to 7.5x10-4 M
To achieve such a final concentration in, e.g. inkestines or blood, the amount of peptide anteagam
a single oral dosage composition of the presemrition will generally be about 1@ to 1000ug,
preferably about 1.(g to 100ug.

[0044]The following examples are provided for $litative purposes only, and are in no way intertded
liit the scope of the present invention.

EXAMPLE 1

Peptide Antagonists of Zonulin

[0045]Given that ZOT, human intestinal zonulin (abni) and human heart zonulin (zonulinh) all ant o
intestinal (Fasano et al, Gastroenterology, 112(8997); Fasano et al, J. Clin. Invest., 96:71®g)D
and endothelial tj and that all three have a simédgional effect (Fasano et al (1997), supra) that
coincides with the ZOT receptor distribution withire intestine (Fasano et al (1997), supra; andrieas
et al (1995), supra), it was postulated in U.Sepaapplication Ser. No. 09/127,815, filed Aug1898,
that these three molecules interact with the sa@oeptor binding site. A comparison of the primary
amino acid structure of ZOT and the human zonulias thus carried out therein to provide insighttoas
the absolute structural requirements of the recdjgtand interaction involved in the regulation of
intestinal tj. The analysis of the N-termini of s$eemolecules revealed the following common motif
(amino acid residues 8-15 boxed in FIG. 1.): nolapGly for intestine, Val for brain), variableom-
polar, variable, non-polar, polar, variable, p¢laly). Gly in position 8, Val in position 12 and@in
position 13, all are highly conserved in ZOT, zomuknd zonulinh (see FIG. 1), which is believed®&
critical for receptor binding function within thetestine. To verify the same, the synthetic octigep



Gly Gly val Leu Val GIn Pro Gly (SEQ ID. NO: 15)gmed FZI/0, and corresponding to amino acid
residues 8-15 of human fetal zonulini) was chenyinthesized.

[0046]Next, rabbit ileum -mounted in Ussing chansbas described above, were exposed touOsf
FZI/0 (SEQ ID NO: 15), 10Qg of FZI/1 (SEQ ID NO: 29), 1.(ig of 6xHis-ZOT (obtained as described
in Example 1 of U.S. patent application Ser. Nd19,815, filed Aug. 3, 1998), 1@ of sonulini
(obtained as described in Example 3 of U.S. patpplication Ser. No. 09/127,815, filed Aug. 3, 1998
or 1.0pg of zonulinh (obtained as described in Examplé 3.8. patent application Ser. No. 09/127,815,
filed Aug. 3, 1998), alone; or pre-exposed for 20 o 100ug of FZI/0 or FZI/1, at which time 140y of
6xHis-ZOT, 1.0ug of zonulini, or 1.Qug of zonulinh, was addedRt was then calculated as described
above. The results are shown in FIG. 2.

[0047]As shown in FIG. 2, FZI/O did not induce asignificant change in Rt (0.5% as compared to the
negative control) (see closed bar). On the contraertreatment for 20 min with FZI/0 decreased the
effect of ZOT, zonulini, and zonulinh on Rt by 7597%, and 100%, respectively (see open bar). Adso a
shown in FIG. 2, this inhibitory effect was complgtablated when a second synthetic peptide (FZI/1,
SEQ ID NO: 29) was chemically synthesized by chagdgine Gly in position 8, the Val in position 12,
and the GIn in position 13 (as referred to zonylwvith the correspondent amino acid residues of
zonulinb (Val, Gly, and Arg, respectively, see SEEXNO: 30) was used (see shaded bar).

[0048]The above results demonstrate that themgégion spanning between residue 8 and 15 of the N
terminal end of ZOT and the zonulin family thatisicial for the binding to the target receptor, et
the amino acid residues in position 8, 12 and 18rdene the tissue specificity of this binding.

EXAMPLE 2
Diabetic Rat Model

[0049]Alterations in intestinal permeability halveen shown to be one of the preceding physiologic
changes associated with the onset of diabetes (MgsidAm. J. Physiol., 276:G951-957 (1999)).
Paracellular transport and intestinal permeahityegulated by intracellular tj via mechanismsabhi
have not been completely elucidated.

[0050]Zonulin and its prokaryotic analog, ZOT, Ihaiter intestinal permeability by modulating t). |
this example, it has been demonstrated for thetfire that zonulin-related impairment of tj is atved
in the pathogenesis of diabetes, and that dialcatebe prevented, or the onset delayed, by
administration of a peptide antagonist of zonulin.

[0051]Initially, two genetic breeds, i.e., BB/Waiabetic-prone (DP) and diabetic-resistant (DR3 rat
(Haber et al, J. Clin. Invest., 95:832-837 (199@8re evaluated to determine whether they exhibited
significant changes in intraluminal secretion ofizlin and intestinal permeability.

[0052]More specifically, age-matched DP and DR (@0, 50, 75, and >100 days of age) were
sacrificed. After the rats were sacrificed, a 26g&dle was placed within the lumen of the ileund, an
intestinal lavage with Ringer's solution was parfed to determine the presence of intraluminal zanul
Zonulin concentration was evaluated using a sartefizyme linked immunosorbent assay (ELISA) as
follows:



[0053]Plastic microtiter plates (Costar, Cambridgess.) were coated with polyclonal rabbit anti-ZOT
antibodies (obtained as described in Example 2.8f Bpplication Ser. No. 09/127,815 filed Aug. 3,
1998) (dilution 1:100) overnight at 4° C., washlegee times with PBS containing 0.05% (v/v) Tween 20
then blocked by incubation with 3@0of PBS containing 0.1% (v/v) Tween 20, for 15 rairroom
temperature. Next, purified human intestine zon(distained as described in Example 3 of U.S.
application Ser. No. 09/127,815 filed Aug. 3, 1988 coated on the plates.

[0054]A standard curve was obtained by dilutingdm in PBS containing 0.05% (v/v) Tween 20 at
different concentration: 0.78 ng/ml, 1.56 ng/mLL2Z5 ng/ml, 6.25 ng/ml, 12.5 ng/ml, 25 ng/ml and 50
ng/ml.

[0055]100ul of each standard concentration or 100f intestinal lavage sample were pipetted int th
wells, and incubated for 1 hr at room temperatuse)g a plate shaker. Unbound zonulin was washéd-ou
using PBS, and the wells were incubated with 1IGdf anti-ZOT antibodies conjugated with alkaline
phosphate for 1 hr at room temperature with shakimdpound conjugate was washed-out with PBS, and
a color reaction was developed by first adding lo6f Extra-Avidin (SIGMA, St. Louis, Mo.) diluted
1/20000 in 0.1 M Tris-HCI (pH 7.3), 1.0 mM MgCI20% (w/v) BSA for 15 min, and then incubating
each well for 30 min at 37° C. with 1@0of a solution containing 1.0 mg/ml of p-nitroply&iphosphate
substrate (SIGMA, St. Louis, Mo.). Absorbance weedron an enzyme immunoassay reader at 405 nm.

[0056]In order to evaluate the intra- and intesagsprecision of the ELISA-sandwich method, the
coefficient variation (CV) was calculated usingethreplicates from two samples with different
concentrations of zonulin, on three consecutivesdajie inter-assay test of the ELISA-sandwich meétho
produced CV values of 9.8%, The CV of the intraagidest was 4.2% at day 1, 3.3% at day 2 and 2.9%
at day 3.

[0057]Zonulin concentration was expressed as ngratein detected in the intestinal lavages and
normalized by exposed surface area (in mmz2). Tadtseare shown in FIG. 3.

[0058]As shown in FIG. 3, a 4-fold increase irrahiminal zonulin was first observed in diabetiompe,
rats (age 50 days) (second bar). This increassraluminal zonulin was found to correlate with an
increase in intestinal permeability. The increasimiraluminal zonulin remains high in these diabet
prone rats, and found to correlate with the pragjoestoward full-blown diabetes. Of note, the diébe
prone rat (age >100 days) did not have an incneaséraluminal zonulin. This is remarkable, assthat
did not progress to diabetes. Blood glucose far ithi was normal. Thus, zonulin is responsiblétier
permeability changes associated with the pathoggeoés/pe | diabetes. The increase in zonulin
secretion is age-related, and proceeds the onsidlnétes.

[0059]Next, in order to demonstrate that diabetsbe prevented by administration of a peptide
antagonist of zonulin, BB/Wor rats (ages 21-26 Jlaysre obtained from Biomedical Research Models,
Inc. (Rutland, Mass.), and were randomized into gwaups (n=5 per group), i.e., a treated groupaand
control group. Both groups were maintained on adaed diet of rat chow (Harlan Teklab Diet #7012).
All food and water were previously autoclaved. Edafy, daily water intake was measured and 100 ml of



fresh water was given. The treated group receigathiml of the zonulin peptide antagonist (SEQ ID
NO: 15) supplemented in the drinking water. The ve¢re housed in hepa-filter cages.

[0060]Diabetes in the rats was diagnosed as falide rats were weighed twice a week. Blood glecos
was determined weekly using the OneTouch® glucasgitaring system (Johnson & Johnson). Each
week, reagent strips for urinalysis were used taitnbglucose (Diastix®) and ketones (Ketositx®)
(Bayer). Rats with a blood glucose >250 mg/dl wasted overnight, and blood glucose levels >200
mg/dl were considered diabetic. These guidelinesraaccordance with the data supplied by Biomédica
Research Models, Inc. The results are shown in &IG.

[0061]As shown in FIG. 4, 80% of the control rgt£5) and 40% of the rats treated with the peptide
antagonist of zonulin (2/5) developed diabetesd®y&0 days. Alterations in zonulin secretion patad
the onset of diabetes.

[0062]Following clinical presentation of diabetds rats were sacrificed as follows: the rats were
anesthesized using ketamine anesthesia and a enidéiision was made allowing access to the heart. A
18G needle was placed into the heart and deathrecchy exsanguinations. Then, zonulin assays were
conducted as described above. For those ratsithabtpresent with diabetes, the endpoint of theys
was age 80 days. According to Biomedical Researotiél, Inc., 80% of diabetes prone rats present
with diabetes by age 80 days. The results of teilrmassays are shown in FIG. 5.

[0063]As shown in FIG. 5, the diabetic rats tharevnot treated with the peptide antagonist of konu
were observed to have an increase in intralumiolitm, which was consistent with the results shamvn
FIG. 3. Further, intraluminal zonulin was increage 4-fold in diabetic rats (DR), as comparetath
diabetic-prone rats that did not develop diabddd%{treated) and control rats (DP-untreated). Non-
diabetic control rats that did not develop diabétes negligible levels of zonulin, consistent vittle
levels of zonulin shown in FIG. 3. Moreover, twaldietic-prone rats that developed diabetes despite
treatment with the peptide antagonist of zonuliovedd intraluminal zonulin levels that were
significantly higher than the successfully treatats, and the untreated control rats. The leventilin
were sufficient to initiate the permeability chasgecessary to progress to diabetes, but the Z@Ulino
receptors were effectively blocked by the peptidagonist.

[0064]Also, following clinical presentation of diiates, the intestinal tissues of the sacrificesl \nagre
mounted in Ussing chamber to assess for changesvivo permeability.

[0065]More specifically, sections of jejunum atelim were isolated from the sacrificed rats, anded
free of intestinal contents. Six sections of eatéstinal segment was prepared and mounted ind_ucit
Ussing chambers (0.33 cm3 opening), connected/tdtage clamp apparatus (EVC 4000; World
Precision Instruments, Saratosa, Fla.), and batitédreshly prepared buffer comprising 53 mM NacCl,
5.0 mM KCI, 30.5 mM Na2S04, 30.5 mM mannitol, 16 Na2PO4, 0.3 mM NaHPO4, 1.25 mM
CaCl2, 1.1 mM MgCI2, and 25 mN NaHCO3 (pH 7.4). Dag¢hing solution was maintained at 37° C.
with water-jacketed reservoirs connected to a esmigemperature circulating pump and gassed wita 95
02 and 5% CO2. Potential difference was measurddhort-circuit current and tissue resistance was
calculated as described by Fasano et al, Proc. Azdbl. Sci.USA, 88:5242-5246 (1991). The resuks a
shown in FIGS. 6-7.



[0066]As demonstrated in the ex vivo Ussing chanpieemeability studies, and shown in FIG. 6, all of
the rats that progressed to diabetes had an icnediseir intestinal permeability. Diabetic reaist (DR)
rats had no appreciable alterations in paracelpgéameability (first bar). Untreated diabetic-praoaés
(DP-untreated; second bar) had a significant iremreéa paracellular permeability of the jejunum and
ileum. More importantly, diabetic-prone rats trebwgth the peptide antagonist of zonulin (DP-tréate
third bar) had a significant increase in paracetipermeability of the small intestine restrictedte
jejunum. However, as shown in FIG. 6, pre-treatmgttt the zonulin peptide antagonist preventedehes
changes in the distal ileum. Consequently, altenatin paracellular permeability associated with th
pathogenesis are restricted to the ileum. Alsshasvn in FIG. 6, there are no significant changes i
permeability of the colon, which coincides, witletegional distribution of the zonulin receptor
distribution.

[0067]These results were further validated by mmgarison of ex vivo intestinal permeability in thraall
intestines of untreated diabetes-prone rats thizredeveloped (DP-D) or did not developed (DP-N)
diabetes (FIG. 7). While no significant changegjanal Rt were observed between DP-D and DP-N
rats, a significant lower Rt of the ileal mucosd®-D rats was observed as compared to DP-N ri®s (F
7).

[0068]Thus, the following conclusions can be mgdgthe peptide antagonist was able to effectively
block the permeability changes required for theetlepment of diabetes; and (2) in those rats treattd
the peptide antagonist, the levels of Intralumaaiulin are 3-fold higher than the treated rats$ dndnot
develop diabetes. In this population of treated tiaat developed diabetes, the amount of peptide
antagonist may not have been enough to block &muft number of ZOT/zonulin receptors necessary to
prevent diabetes.

[0069]60% of the treated rats did not develop efi@b. In this population of rats, the peptide aomnés)
of zonulin effectively prevented the increase ie#tinal permeability necessary for the onset abelies.
As shown in FIG. 5, the treated rats had leveistoédluminal zonulin comparable with the untreated
controls, but due to the presence of the peptitiganist of zonulin, the overall permeability tmaad!
intestine was not altered enough to initiate thgahysiologic changes necessary for the progneseio
diabetes. Interestingly, as shown in FIG. 5, the aontrol animal that did not develop diabetes had
negligible levels of zonulin, further supportingetiole of zonulin in the pathogenesis of diabetes.

[0070]Accordingly, an early event in the pathogesef diabetes in BB/Wor rats involves changes in
zonulin-mediated Intestinal paracellular permesabilrurthermore, inhibition of the zonulin signajin
system with the use of peptide antagonists of zoquievents, or at least delays, the onset of tisbe

[0071]While the invention has been described imitleand with reference to specific embodiments
thereof, it will be apparent to one of ordinaryliski the art that various changes and modificagioan be
made therein without departing from the spirit andpe thereof.

Sequence CWU 1

3318PRTAtrtificialtight junction antagonist peptidi&ly Arg Val Cys Val Gin Pro Glyl
528PRT Atrtificialtight junction antagonist peptid&B Arg Val Cys Val GIn Asp Glyl
538PRT Atrtificialtight junction antagonist peptid&y Arg Val Leu Val Gin Pro Glyl



548PRT Artificialtight junction antagonist peptid&i Arg Val Leu Val GIn Asp Glyl

558PRT Artificialtight junction antagonist peptid&ly Arg Leu Cys Val GIn Pro Glyl

568PRT Atrtificialtight junction antagonist peptid&ly Arg Leu Cys Val GIn Asp Glyl

578PRT Atrtificialtight junction antagonist peptid&ly Arg Leu Leu Val GIn Pro Glyl

588PRT Artificialtight junction antagonist peptid&ly Arg Leu Leu Val GIn Asp Glyl

598PRT Atrtificialtight junction antagonist peptid&§ Arg Gly Cys Val GIn Pro Glyl
5108PRTAtrtificialtight junction antagonist peptiil@Gly Arg Gly Cys Val GIn Asp Glyl
5118PRTAtrtificialtight junction antagonist peptiti@Gly Arg Gly Leu Val GIn Pro Glyl
5128PRTAtrtificialtight junction antagonist pepti@2Gly Arg Gly Leu Val GIn Asp Glyl
5138PRTAtrtificialtight junction antagonist peptii8Gly Gly Val Cys Val GIn Pro Glyl

5148PRT Atrtificialtight junction antagonist pepti@dGly Gly Val Cys Val GIn Asp Glyl
5158PRTAtrtificialtight junction antagonist peptilBGly Gly Val Leu Val GIn Pro Glyl
5168PRTAtrtificialtight junction antagonist peptiti6Gly Gly Val Leu Val GIn Asp Glyl
5178PRTAtrtificialtight junction antagonist pepti@@Gly Gly Leu Cys Val GIn Pro Glyl
5188PRTAtrtificialtight junction antagonist peptiti8Gly Gly Leu Cys Val GIn Asp Gly1

5198PRT Atrtificialtight junction antagonist pepti@i®Gly Gly Leu Leu Val GIn Pro Glyl
5208PRTArtificialtight junction antagonist peptid@Gly Gly Leu Leu Val GIn Asp Glyl
5218PRTAtrtificialtight junction antagonist peptid&Gly Gly Gly Cys Val GIn Pro Glyl
5228PRTAtrtificialtight junction antagonist peptid2Gly Gly Gly Cys Val Gln Asp Glyl
5238PRTAtrtificialtight junction antagonist peptid8Gly Gly Gly Leu Val GIn Pro Glyl

5248PRT Artificialtight junction antagonist peptiddGly Gly Gly Leu Val GIn Asp Glyl
52520PRTHomo sapiens 25Glu Val GIn Leu Val GluGkrGly Gly Leu Val GIn Pro Gly Glyl1 5 10
15Ser Leu Arg Leu 20269PRTHomo sapiens 26Val Tler By Thr Asp Ala Val Serl 52720PRTHomo
sapiensmisc_feature(16)..(16)Xaa can be any ntureturring amino acid 27Met Leu GIn Leu Ala Glu
Ser Gly Gly Val Leu Val GIn Pro Gly Xaal 5 10 15%ap Arg Leu 202811PRTHomo
sapiensmisc_feature(10)..(10)Xaa can be any njtuedurring amino acid 28Glu Val GIn Leu Val Glu
Ser Gly Gly Xaa Leul 5 10298PRTArtificialtight juian antagonist peptide 29Val Gly Val Leu Gly Arg
Pro Glyl 5308PRTArtificialtight junction antagonptide 30Val Asp Gly Phe Gly Arg lle Glyl
53122PRTHomo sapiensmisc_feature(1)..(1)Xaa campeaturally occurring amino acid 31Xaa Gly
Leu Val Leu Val Gly Val Asn Gly Phe Gly Arg lle Glirgl 5 10 15lle Gly Arg Leu Val lle
203220PRTHomo sapiens 32Glu Val GIn Leu Val GluGkrGly Gly Leu Val GiIn Pro Gly Argl 5 10
15Ser Leu Arg Leu 203314PRTVibrio cholerae 33Phe &yGly Arg Leu Cys Val GIn Asp Gly Phe
Val Thrl 5 10

Read more: http://www.fags.org/patents/app/20080368ixzzORylfpYsh
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ESSENCE OF ARTICLE

“CONCLUSIONS: Based on our results, we concluded gfiadin activates zonulin signaling
irrespective of the genetic expression of autoimitguteading to increased intestinal permeability t
macromolecules.”

ARTICLE

OBJECTIVE: Little is known about the interactiongifadin with intestinal epithelial cells and the
mechanism(s) through which gliadin crosses thesimtal epithelial barrier. We investigated whether
gliadin has any immediate effect on zonulin relesse signaling. MATERIAL AND METHODS: Both
ex vivo human small intestines and intestinal seholayers were exposed to gliadin, and zonulin
release and changes in paracellular permeabilitg wmnitored in the presence and absence of zonulin
antagonism. Zonulin binding, cytoskeletal rearrangest, and zonula occludens-1 (ZO-1) redistribution
were evaluated by immunofluorescence microscomhtljunction occludin and ZO-1 gene expression
was evaluated by real-time polymerase chain rea¢dB€R). RESULTS: When exposed to gliadin,
zonulin receptor-positive IEC6 and Caco?2 cellsaségl zonulin in the cell medium with subsequent
zonulin binding to the cell surface, rearrangenoérthe cell cytoskeleton, loss of occludin-ZO1 gint
protein interaction, and increased monolayer pebitiga Pretreatment with the zonulin antagonist/BZ
blocked these changes without affecting zonuliaasé. When exposed to luminal gliadin, intestinal
biopsies from celiac patients in remission exprésssustained luminal zonulin release and incremse
intestinal permeability that was blocked by FZIfetpeatment. Conversely, biopsies from non-celiac
patients demonstrated a limited, transient zomeliease which was paralleled by an increase istints
permeability that never reached the level of pebiliéaseen in celiac disease (CD) tissues. Chronic
gliadin exposure caused down-regulation of both1Zénd occludin gene expression. CONCLUSIONS:
Based on our results, we concluded that gliadiivaiets zonulin signaling irrespective of the gemeti
expression of autoimmunity, leading to increaseesitinal permeability to macromolecules.
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Nutrition and Disease

Glutamine Deprivation Alters Intestinal Tight Junctions via a PI3-K/Akt Mediated Pathway in
Caco-2 Cells1,2

Nan Li and Josef Neu*
Department of Pediatrics, University of Florida lege of Medicine, Gainesville, FL 32610
ESSENCE OF ARTICLE

“In conclusion, GIn regulates intercellular junctimtegrity and TJ proteins through the PI3-Kinage/
pathway. “

ARTICLE

Glutamine (GIn) is important for intestinal barrfeanction and regulation of tight junction (TJ) s,
but the intracellular mechanisms of action remaidafined. The purpose of this study was to test the
hypothesis that GIn regulates intercellular junciilmtegrity and TJ proteins through the
phosphatidylinositol 3-kinase (PI3K)/Akt pathwayQaco-2 cells. Deprivation of exogenous and
endogenous glutamine decreased transepithelidgtielaesistance (TER) (P < 0.01) and increased
permeability (P < 0.01). Both wortmannin and LY2020PI3K inhibitors, prevented the TER decrease
and the permeability increase induced by GIn degion (P < 0.001). GIn deprivation also caused
decreased TJ protein claudin-1 (P < 0.001). Botttimannin and LY294002 treatment prevented this
effect (P < 0.001). Deprivation of GIn increasedgthor-Akt protein. Gln supplementation reversesl th
effect. Decreased TER and increased permeabibiycésted with Gln deprivation were not observed in
small interfering RNA for p85 transfected Caco-#cdn conclusion, Gln regulates intercellular gtinon
integrity and TJ proteins through the PI3-Kinasd/p&thway.

* To whom correspondence should be addressed. E-meaj@peds.ufl.edu .
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ESSENCE OF ARTICLE

"These findings indicate that TJ protein expressiod cellular localization in Caco-2 cell monolayer
rely on GLN. This mechanism may similarly relat€2bN-mediated modulation of intestinal barrier
function in stressed animals and humans. “

ARTICLE
ABSTRACT

Intestinal epithelial tight junction (TJ) barrieygfunction may lead to inflammation and mucosalriyj
Glutamine (GLN) plays a role in maintenance of stiteal barrier function in various animal modelsian
critically ill humans. Recent evidence from intaaticell monolayers indicates that GLN maintains
transepithelial resistance and decreases perntgabhie mechanisms of these effects remain undgfine
We hypothesized that GLN affects proteins involirethe intercellular junctional complex. GLN
availability was controlled in Caco-2 monolayersdulgdition to the medium and treatment with
methionine sulfoximine (MSO) to inhibit glutamingrghetase (GS). Expression of TJ proteins, claudin-
1, occludin, and zonula occluden (ZO)-1 was meakshyammunoblotting. Localization of TJ proteins
was evaluated by immunofluorescence light microgc8gructure of TJ was determined by transmission
electron microscopy (TEM). Deprivation of GLN dea&sed claudin-1, occludin, and ZO-1 protein
expression and caused a disappearance of pergunattlaudin-1 and a reduction of occludin but had
effect on ZO-1. TEM revealed that MSO-treated dellthe absence of GLN formed irregular junctional
complexes between the apical lateral margins afimilig cells. These findings indicate that TJ pirote
expression and cellular localization in Caco-2 oeholayers rely on GLN. This mechanism may
similarly relate to GLN-mediated modulation of isti@al barrier function in stressed animals and
humans.

nutrition; intercellular junctions; intestinal elpdlia cells

IN ADDITION TO BEING THE ORGAN responsible for diggon and absorption of nutrients, the
intestine serves a barrier function that is aaaltcomponent of the innate immune system (2, 328,
Only a single layer of epithelial cells separatesiuminal contents from effector immune cellsha t
lamina propria and the internal milieu of the boByeaching this single layer of epithelium can léad
pathological exposure of the highly immunoreactubepithelium to the vast number of microbes and
antigens in the lumen. Breakdown of the barrie@miglicated in bacterial translocation, leading ¢épss,
and in the pathogenesis of acute illnesses suotuliple organ system failure (22). Increased
permeability early in life has been implicatedhie pathogenesis of several diseases that mamifiger
life, including atopy, food allergies, celiac empathy, type 1 diabetes, inflammatory bowel dis¢ase
8), and autism (39). Studies in rodents show ttiasses such as physical restraint can lead teased



ileal permeability (27), and early separation @& thother from the infant is a stress that is aasediwith
intestinal permeability disorders later in life §35

The mechanisms of stress-related epithelial breakdre unclear, but regulation of paracellular
pathways, especially via the interepithelial tighriction (TJ) proteins, and subsequent stimulabion
highly immunoreactive submucosal cells are likelyplay a significant role. The TJ represents thgppma
barrier within the paracellular pathway betweerstinal epithelial cells (14). These are dynamic
structures that readily adapt to a variety of depelental (23, 34), physiological (24), and pathmlal
(28, 29) circumstances. These adaptive mechanimrstithincompletely understood. Multiple proteins
that make up the TJ have been identified: occl@@®) and members of the claudin family (9), a grotip
at least 20 tissue-specific proteins, are the nwgalting proteins (36). Studies of occludin "knaako
mice have demonstrated that they retain normastints permeability and, despite demonstrating poor
growth and other phenotypic abnormalities, remaaible (33). Recent studies suggest that claudthel,
intestine-associated family member (17), may diyegsociate with occludin laterally in the membzran
within the same cell but not intercellularly (1&hd the combination of these two proteins functigni
together performs the major "gatekeeper" functibthe TJ (14). These sealing proteins, both
transmembrane proteins, interact with cytoplasraques that consist of different types of cytosolic
proteins (including the zonula occludens protei@sZ ZO-2, and ZO-3).

Very little is known about specific nutrients analahthey affect intestinal epithelial junctions. Bence
suggests that glutamine (GLN) helps maintain iimestmucosal integrity, especially during stresses,
such as radiation therapy (4), chemotherapy (1) tatal parenteral nutrition (20), and blunts irased
gut permeability associated with experimental se(g).

Of the in vitro models, Caco-2 cells are one ofrtiast widely used to study the assembly of intastin
intercellular junctions and the development of aplzasolateral polarity during differentiation. ©a2
cells grow to confluence and spontaneously difféaémin a process requiring 21 days (25). Depgvin
Caco-2 cell monolayers of GLN leads to increasexddel translocation (31). Previous studies fram o
laboratory have demonstrated that deprivation oN@lom cell culture medium and inhibition of
glutamine synthetase (GS) using methionine sulfméniMSQO) lead to significant decreases in
transepithelial resistance of Caco-2 cell monolaed increased permeability (6, 38). In the aleseific
added GLN, sufficient GLN may be provided de noydds. Similar results have been found in a cell
culture stress model (19). Electron microscopyhefintestine in a GLN-deprived infant rat modebals
demonstrates intestinal intercellular junction kdeavn (32). The barrier function breakdown in C&co-
cells is reversible, suggesting that it is notrésult of permanent cell damage (6). These stuitlish
a role for GLN, either from the medium or via endogus synthesis, in supporting epithelial celliearr
function of the monolayers.

A relationship between a single nutrient, cell jume biophysical properties, paracellular permashil
and TJ proteins has not been established previolsliest the hypothesis that Caco-2 intercellular
junction TJ proteins are involved in the transeglitil resistance and permeability seen with GLN
deprivation, immunoblotting, immunofluorescencédtignicroscopy, and transmission electron
microscopy were performed.



MATERIALS AND METHODS

Reagents. Vendor-prepared solutions of Trypsin/EPVIEM, FBS, and antibiotic antimycotic solution
were from GIBCO-BRL (Grand Island, NY). Biocoat C€llture Inserts (Fibrillar Collagen, type | rat
tail) and MITO+ Serum Extender were from Collaba@Biomedical Products (Bedford, MA). MSO
[L-S-(3-amino-3-carboxypropyl)-S-methylsulfoximing]-GLN, and all other chemical reagents were
from Sigma Chemical (St. Louis, MO). Antibodiest{aslaudin-1, occludin, and ZO-1) were obtained
from Zymed Laboratories (San Francisco, CA).

Cell culture. Caco-2 cells were purchased from ATI®Gckville, MD) and grown in a humidified
incubator at 37°C with 5% CO2 and 95% air. Cellsveen passage 20 and 30 were used for all
experiments. For each experiment, cells were dellkby dissociation of a confluent stock culturéwi
0.05% trypsin and 0.53 mM EDTA, counted using a&eytometer. Cells were seeded in 24-well
Biocoat Cell Culture Inserts (Collaborative BiomeadiProducts) at 200,000 cells/well for electron
microscopy, Nunc flasks (Nalge Nunc Internatioh&perville, IL) for immunoblotting, or Lab-Tek Il
Chamber Slide (Nalge Nunc International) for immilunarescence microscopy. Culture media consisted
of 8:2 GLN-free MEM and FBS. Cells were culturedhwd mM GLN for 21 days before treatment. Next,
cells were fed with GLN-free DMEM with MITO+ SeruBxtender (Collaborative Biomedical Products),
a substitute of serum, including hormones, growtidrs, and defined metabolites, but not GLN. The
medium was supplemented with the indicated conatoir of GLN for various time points. Media was
changed every other day. Media also contained lémistreptomycin, and amphotericin B at
concentrations of 200 U/ml, 200 ug/ml, and 0.05mlgrespectively.

Preparation of detergent-soluble and -insolublégimdractions. Caco-2 cells were washed threegime
with ice-cold PBS, immediately incubated in Noni@e40 extraction buffer (25 mM HEPES, pH 7.4, 150
mM NacCl, 4 mM EDTA, 1% Nonidet P-40, 25 mM NaF, MmMa3Vv04, 10 mM sodium pyrophosphate,
and protease inhibitors) on ice for 30 min, andrifiged at 20,000 g for 30 min at 4°C. The detatge
soluble fraction was transferred to a microcengigfiube. The insoluble fraction was collected ir5SD
extraction buffer (25 mM HEPES, pH 7.4, 4 mM EDT® SDS, 25 mM NaF, 1 mM Na3Vv04, and 10
mM sodium pyrophosphate) and sonicated. Superrsafeyibskeleton-associated fractions) were then
obtained after centrifugation (20,000 g for 30 many diluted with an equal volume of Nonidet P-40
extraction buffer to reduce SDS concentration exdhmples. Protein concentrations were measured usi
a Bio-Rad Dc Protein Assay Kit (Bio-Rad Laboratsrielercules, CA) according to the instructions.

Western blotting. Equal amounts of proteins (20fegkach sample were separated on SDS-PAGE
(12.5% polyacrylamide gel) and transferred to ImiaobTransfer polyvinylidene difluoride membranes
(Millpore, Bedford, MA). Blots were blocked with 5#®@nfat milk, incubated sequentially with primary
antibody (1:2,000 for claudin-1, 1:1,000 for ZO+idaoccludin) and horseradish peroxidase-conjugated
secondary antibody (1:2,000), and detected with B@k (Amersham Pharmacia Biotech, Piscataway,
NJ). Protein bands were quantified by densitomesiig Adobe Photoshop software.

Immunofluorecence microscopy. Cells (4 x 105 cefie?) were grown in the Lab-Tek Il chamber slide
system (Nalge Nunc International) with various tmgents. After being washed with PBS (without Ca2+
and Mg2+), cells were fixed with 3% paraformaldedyBrimary antibody claudin-1, occludin, or ZO-1
(Zymed Laboratories, San Francisco, CA) was dilut&® and incubated for 1 h. Next, cells were
incubated with a secondary antibody [fluorescemthi®wcyanate (FITC)-conjugated goat anti-rabbit IgG



antibody; Sigma] for 30 min at 1:100 dilutions. &ftbeing mounted with FITC-compatible media, TJ
protein expression was visualized under a fluomrgsaght microscope (Leitz).

Transmission electron microscopy. After dehydratdod embedding in Araldite epoxy resin, 1-um-thick
sections were made using glass knives on a Reidlteaicut S ultramicrotome and stained with 1%
toluidine blue in 1% sodium borate. Areas selefbediltrastructural observations and ultrathin get (

80 nm in thickness) were cut using a diamond kaife stained with saturated uranyl acetate and
Reynold's lead citrate. Sections were viewed oftachi H7000 transmission electron microscope, and
images were captured digitally. Ultrastructure obattons were made from multiple sites (>10) of
junctional complexes that were clearly identifiédlleast three images from each treatment grouge wer
analyzed by three people in a blinded fashion.

Statistical analysis. Sigmastat statistical sofeN&@PSS, Chicago, IL) was used to analyze densitpme
results of TJ protein relative expression levetsVifestern blots. All data were reported as mea8b+
from three independent experiments. A one-way ANOMES used to determine if a significant
difference was present among all treatment grofigditionally, Bonferroni t-tests were performed for
unpairwise comparisons when the ANOVA was significat P < 0.05.

RESULTS

Effects of GLN on claudin-1, occludin, and ZO-1 {@ia expression. To further determine if TJ-
associated proteins are involved in the GLN-mediaféects on Caco-2 cell intercellular junctiongcG-
2 cells were cultured for 21 days and treated wiittvithout GLN for 5 days. Detergent-soluble and -
insoluble protein fractions were isolated from te#is. Western blots were done to evaluate the
expression levels of TJ proteins.

Using an antibody specific for claudin-1, no difaces were seen in the detergent-soluble proteins
among the different doses of GLN, whereas depuowatif GLN decreased the claudin-1 content and
GLN restored claudin-1 expression in a dose-depgndanner when examined in the detergent-
insoluble fractions (P < 0.05 vs. GLN 0 group; Fig\).

Fig. 1. Effects exogenous glutamine (GLN) omtiginction proteins. Caco-2 cells were cultured
for 3 wk and treated with indicated concentratibiaN for 5 days. Detergent-soluble (S) and -instdu
(I) protein fractions were isolated from the cefsotein samples were subjected to SDS-PAGE. Wester
blots were probed with anti-claudin-1 (A), anti-batin (B), and anti-zonula occluden (ZO)-1 (C)
antibodies. Densitometry results were shown irctireesponding bar graphs for relative expressival le
of claudin-1, occludin, and ZO-1. The protein exgsien level in GLN-free group was 100%. All data
were reported as means + SD from 3 independentiexgrts. *P < 0.05 vs. GLN-free group.

The higher molecular form, a phosphorylated forKBa) of occludin, is associated with the
assembling of TJ complexes. In contrast, the lokemdar form, a nonphosphorylated form (65 kDa), is
involved in the dissembling of TJs (13). As showikig. 1B, both 85- and 65-kDa forms were seen when
detergent-insoluble protein extracts were examihkeavever, the 65-kDa form was predominant in the



detergent-soluble fraction. GLN did not affect @3akoccludin expression in either detergent-solable
insoluble fractions (Fig. 1B). Likewise, Fig. 1Casts no change of ZO-1 expression in either detérgen
soluble or -insoluble protein with different dos#sSGLN. These results suggest that GLN providetha
culture medium (exogenous GLN) regulates claudimetein level in the detergent-insoluble form, but
not occludin or ZO-1.

To investigate the role of GLN synthesized intradatly via GS (endogenous GLN) in regulating TJ
protein, Caco-2 cells were cultured as above aratad with or without GLN in the absence or presenc
of 4 mM MSO, a specific inhibitor of GS. As shownHig. 2, claudin-1 expression level was the lowest
when there was no GLN in the medium, and GS wasialsbited by MSO, especially in the detergent-
insoluble fraction (P < 0.01 vs. GLN 0/MSO 0 gro&g. 2A). GLN supplementation rescued the
decrease of claudin-1 caused by GLN deprivaticm dlose-dependent manner (Fig. 2, A and D).
Endogenous (synthesized de novo via GS) and exaggsapplied in the media) GLN deprivation
caused a decrease of occludin expression in baghgdat-soluble and -insoluble fractions (P < u5
GLN 0/MSO 0 group; Fig. 2B). Meanwhile, GLN supplemtation restored the occludin content even at a
very low dose (0.1 mM) of GLN (Fig. 2B). SimilarlgO-1 was reduced by GLN deprivation (Fig. 2C).
GLN (4 mM) increased the ZO-1, especially in detetgnsoluble fractions (P < 0.05 vs. GLN 0/MSO 0
group; Fig 2C). These results demonstrate thatgamms GLN also plays an important role in
regulation of TJ proteins.

Fig. 2. Effect of endogenous GLN on tight junatproteins. Caco-2 cells were treated as above
and in the absence or presence of 4 mM methiofiexgumine (MSO). Detergent-soluble and -insoluble
protein fractions were isolated from the cells.tBirosamples were subjected to SDS-PAGE. Western
blots were probed with anti-claudin-1 (A), anti-bmin (B), and anti-ZO-1 (C) antibodies. Densitorget
results were shown in the corresponding bar gréphelative expression level of claudin-1, occludi
and ZO-1. The protein expression level in GLN 0/M&@roup was 100%. All data were reported as
means * SD from 3 independent experiments. *P § @60 GLN 0/MSO 0 group. **P < 0.01 vs. GLN
0/MSO 0 group.

Figure 3 shows the time course of the effects oN@keprivation on TJ protein expression. Caco-2scell
were treated with GLN-free medium in the preserfdd®0 at the indicated time points. Cells were
treated with 0.6 mM GLN in the presence of MSO48rh as a control. In the detergent-insoluble
fraction, GLN deprivation downregulated claudinahd the maximum effect was at 108 h (P < 0.05; Fig.
3A). In the detergent-soluble fraction, there appedo be a trend toward decrease of claudin-1 #8rh
with a maximum effect at 108 h, but there is neistiaal significance (P > 0.05; Fig. 3A). GLN
deprivation caused a decrease in occludin in therglent-soluble fraction from 48 to 108 h and in
insoluble fractions at 108 h (P < 0.05; Fig. 3Byl dwad a similar effect on ZO-1 in insoluble fraoBaat

108 h (P < 0.05; Fig. 3C).

Fig. 3. Time course of tight junction expressiGaco-2 cells were treated with GLN-free
medium with 4 mM MSO, a glutathione synthase (@B)kitor. Cells were harvested at the indicated
time points. Western blotting was done to deteetetkpression levels of claudin-1 (A), occludin (&)d
Z0-1 (C) in Caco-2 cells. Cells were treated with @M GLN in the presence of 4 mM MSO as a
control. Densitometry results were shown in theesponding bar graphs for relative expression lefel



claudin-1, occludin, and ZO-1. The protein exprassevel in GLN 0.6 mM/MSO 4 mM 48-h group
(control) was 100%. All data were reported as mea8b from 3 independent experiments. *P < 0.05
vs. control group.

Effects of GLN on TJ protein localization (fluoresce microscopy). To test if GLN affects the
localization of TJ proteins, cells were treateclbsve. Immunofluorescence was done by using
fluorescent-labeled antibodies to occludin, clatdiand ZO-1. Cell morphology among the different
treatment groups appeared to differ, with the GIM®0O 4 mM cells appearing slightly larger than the
others (Fig. 4, A-D). The greatest GLN depletioa GLN in the medium and endogenous GLN synthesis
inhibited with MSO) indicated that claudin-1 (F&G) and occludin (Fig. 4K) were markedly decreased
(intercellular junctions of cells lose bright greerell-defined outline). GLN deprivation did not

obliterate junctions in the ZO-1 immunolabeled£¢Hig. 4, M and O) as it did with occludin and
claudin-1, suggesting a different effect of GLNtba individual TJ proteins.

Fig. 4. Effects of GLN on tight junction protdicalization using immunofluorescence. Caco-2
cells were treated with (B, D, F, H, J, L, N, andPwithout (A, C, E, G, |, K, M, and O) 0.6 mM GL
in the absence (A, B, E, F, 1, J, M, and N) or pree (C, D, G, H, K, L, O, and P) of MSO for 5 days
Cells were fixed and observed under light microgc@s-D). Immunofluorescence was done by using
specific antibodies for claudin-1 (E-H), occludinl(), and ZO-1 (M—P) and observed under a
fluorescence microscope. Magnification was x400.

Effects of GLN on ultrastructure of TJ. Ultrastuet of Caco-2 cells treated as previously describes!
shown by transmission electron microcopy (Fig.Thle presence of electron-dense material in theespac
between cells near the brush border reflects thénTcklls with 0.6 mM GLN (Fig. 5B), the TJ and
desmosome displayed an intact structure. In cetlsowt GLN and in the absence of MSO in the
medium, the TJ and desmosome appear preserved@igVhen the cells are deprived of exogenous
and de novo synthesized GLN (with 4 mM MSO; Fig),568e TJ complex appeared reduced and
contained less electron-dense material, whereadesrmosomes were still evident. With 0.6 mM GLN,
this effect was rescued (Fig. 5D). These resultsahstrated that GLN deprivation resulted in distort

of normal TJ morphology.

Fig. 5. Effects of GLN on ultrastructure of tighnctions. Caco-2 cells were treated with (B and
D) or without (A and C) 0.6 mM GLN in the absengeand B) or presence (C and D) of MSO for 5
days. Cells were processed for transmission electioroscopy (TEM) as described in MATERIALS
AND METHODS. The junction structures between thpigmihg cells were observed under TEM.
Arrows, tight junctions; arrowheads, desmosomess B&00 nM.

DISCUSSION

GLN helps maintain intestinal mucosal integritypesally during stresses, such as radiation thefépy
chemotherapy (1), and total parenteral nutritid®)(2nd blunts increased gut permeability assatiate
with experimental sepsis (7). Previous studies foumlaboratory demonstrate that, when endogenous
GS is inhibited by MSO in addition to nutritionadtivation of GLN, Caco-2 culture systems exhibit



significant breakdown in barrier function (6). Cezaell models subjected to media change stre9so¢19
"luminal starvation" (18) wherein inhibition of Gf&as not required for breakdown in barrier function

also responded to GLN by decreasing permeabititya$ also been shown that GLN deprivation caused a
breakdown of the epithelial junctions in a gastost-fed infant rat model (32).

The Western immunoblots demonstrate that deprivatecreases the insoluble fraction of claudin-1 and
occludin and that this effect is partially revelsitvith GLN supplementation. This is supported g t
immunofluorescence studies showing that both oacladd claudin-1 are affected by GLN depletion. To
test if GLN 0/MSO 4 mM could cause cell death, déetdehydrogenase (LDH) assays were done to
evaluate cell viability. Cells were treated as abdvhere was no difference in percentage of LDEHas
among various GLN/MSO treatment groups (data nowsi). This result demonstrated that GLN
deprivation does not cause the cell death, and Gdjivation has a specific effect on TJ proteine Th
fact that ZO-1 protein was affected on the prot@imunoblot but not demonstrated in the
immunofluorescent microscopy is of interest. Ihggable that the cells in the GLN-depleted grougreh
Z0-1 was examined appeared larger, but we do rmw krow this might relate to the discrepancy
between decreased ZO-1 protein in the immunobludsn@rmal discrete junctions in the
immunofluorescence studies. The electron microssoyports the protein immunoblot data by
demonstrating a poorly visualized TJ in the GLN+tlegl group compared with the GLN-supplemented
groups or the group that was allowed to syntheSizN via GS (Fig. 5).

Several stressors have been found to have profeffiects on intestinal TJ. These include bacteasins
(30), commonly used drugs such as indomethacin &) allergens including gliadin (5). To our
knowledge, the current studies are the first tal#isth a relationship between intestinal cell Gltatss
and intercellular junction proteins. The fact thiaudin-1 and occludin were affected by GLN is of
interest. The claudin family consists of 15 clggelated proteins, several of which have beendadnn
distinct tissues and defects of which have beetigated in several disease processes involving
paracellular permeability (16, 37). Claudin-1 wassen for evaluation in this study primarily beeaao$
its previous association with intestinal epithetialls (41). Claudin and occludin appear to work in
concert and appear to be necessary for normal glanae function (14, 15).

Although these studies demonstrate a relationstiypden TJ proteins and paracellular biophysical,
physiological properties, and intestinal epitheGlN status, the mechanisms of these effects remain
unclear. Although the possibility exists that tleeitase in TJ proteins is simply the result ofette
protein synthesis, the overall TJ protein conceiona did not differ on the Western blots, wheréwees
greatest effect was seen in the detergent-insoftddéions, which suggests a more direct effectdn
protein localization. This conclusion was validabgdboth light and electron microscopy in theseligts.

There currently exist several candidate pathwagsrttight be related to nutrition and stress-related
signaling mechanisms of TJ assembly (26). Seviered lof evidence have implicated
phosphatidylinositol 3-kinase (PI3K) in regulatifid assembly. Previous investigators have found that
prostaglandins stimulate recovery of paracelludgistance via a mechanism involving transepithelial
osmotic gradients and PI3K-dependent restoratidrigdrotein distribution (21). These findings sugjge
that the PI3K, phosphatidylinositols, and filamerg@ctin rearrangements, in combination, play an
important role in the modulation of the junctionegrity.



In addition to PI3K, two Rho family GTPases, Rha &ac, have also emerged as key regulators acting
antagonistically to regulate endothelial barrierdiion: Rho increases actin-myosin contractilitjet
facilitates breakdown of intercellular junctionsheveas Rac stabilizes endothelial junctions and
counteracts the effects of Rho (40). Similar medrmaa (Rho and Rac) are implicated in the reguladion
intestinal epithelial junction integrity. Whethet® affects either PI3K or the Rho/Rac pathways
remains speculative.

In summary, GLN status affects TJ proteins in ameamhat is commensurate to its effects on eledtric
resistance and permeability. Further evaluationufitional agents affecting these proteins and the
mechanism of action will be critical because thayéhmajor implications in the pathogenesis of saver
disease entities.
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Luying Peng3,5, Zhong-Rong Li4, Robert S. GreeaB,R. Holzman3 and Jing Lin3,*

3 Department of Pediatrics, Mount Sinai School @didine, New York, NY 10029-6574; 4 Department
of Pediatric Surgery, Yuying Children's HospitaMdénzhou Medical College, Wenzhou, China 325027,
and 5 Department of Medical Genetics, Tongji UnsitgrSchool of Medicine, Shanghai, China 20009

ESSENCE OF ARTICLE
“We conclude that butyrate enhances the inteskiaaier by regulating the assembly of tight junctd
ARTICLE

Butyrate, one of the SCFA, promotes the developrottite intestinal barrier. However, the molecular
mechanisms underlying the butyrate regulation efititestinal barrier are unknown. To test the
hypothesis that the effect of butyrate on the tmakbarrier is mediated by the regulation of the
assembly of tight junctions involving the activatiof the AMP-activated protein kinase (AMPK), we
determined the effect of butyrate on the intestir@atier by measuring the transepithelial electrica
resistance (TER) and inulin permeability in a C2azell monolayer model. We further used a calcium
switch assay to study the assembly of epitheligittjunctions and determined the effect of butyate
the assembly of epithelial tight junctions and AMB&ivity. We demonstrated that the butyrate
treatment increased AMPK activity and acceleraedaissembly of tight junctions as shown by the
reorganization of tight junction proteins, as vasdlthe development of TER. AMPK activity was also
upregulated by butyrate during calcium switch-ireiight junction assembly. Compound C, a specific
AMPK inhibitor, inhibited the butyrate-induced a@tion of AMPK. The facilitating effect of butyrate
on the increases in TER in standard culture mediayell as after calcium switch, was abolished by



compound C. We conclude that butyrate enhancestisinal barrier by regulating the assembly gfiti
junctions. This dynamic process is mediated byatttevation of AMPK. These results suggest an
intriguing link between SCFA and the intracellutarergy sensor for the development of the intestinal
barrier.
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