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KICOTINE ARD NICOTINIC AGONIST COMPOSITIONS FOR THE
PREVENTION AND TREATMENT OF PANCREATITIS AND METHODS OF
USING SAME

RELATED APPLICATIONS
{6081} This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 63/332,326 fled April 19, 2022, incorporated herein by reference in its

entirety for all purposes.

GOVERNMENT FUNDING
[B082]  This invention was made with Government support under Federal Grant Nos.
DRO064213, DKO9E796 and DEI09368 awarded by the NIH. The Federal Government has

certain rights to this invention.

Figip

[3083] The present disclosure provides composttions and methods for weating and
preventing  pancreatifis. Particularly, the disclosure provides methods for treating and
preventing pancreatitis using a nicotinic acetyicholine receptor agonist,

BACKGROUND

[#664]  Pancreatitis is a severe, painful, and debilitating disease for which there is no specific
treatment. Over 200,000 patients are hospitalized in the United States cach year with
pancreatitis and severe acute pancreatitis is associated with a ~20% mortality rate. Smoking
has been shown to be a risk factor for both acute and chronic pancreatitis in people based
primarily on published correlative epidemiological data. Tobacco smoke contains nicoting plus
approximately 4000 other chemicals, but there is scant evidence concerning which component
of tobaceo is responsible for increasing the risk of developing pancreatitis in smokers. As of

yet, there are not any effective treatments for pancreatitis.

SUMMARY

[005]  The present disclosure is based, in part, on the findings that agonists of nicotime
acetylcholine receptors (e.z., the o7 nicotinic cholinergic receptor fo7nAChR]), act on one or
more types of splenocytes to protect the pancreas against acute pancreatitis. Embodiments of
the present disclosure provide methods of treating or preventing pancreatitis in a subject. In
some embodiments, the pancreatitis is acuic pancreatitis.

[B086]  In some embodiments, the methods include admuinistering an effective amount of a

nicotinic acctylcholine receptor agonist to the subject. In some embodiments, the nicotinic
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acetylcholine receptor agonist s a 07 nicotinic acetylcholine receptor (7nAChR) agonist. In
some embodiments, the nicotinic acetylcholine receptor agonist includes one or more of:
nicotine, GT5-21, a quinuciidine derivative, a substituted quinuchidine, varenicline,
galantamine, 3-(I-methylpyrrolidin-2-vDpyridine, carbachol, succinyicholine, epibatidine,
{oheline, encenicline, or a pharmaceutically acceptable salt or derivative thereof. In some
embodiments, the nicotinic acetylcholine receptor agonist is GT3-21 or nicotine.

[8087]  In some embodiments, the methods decrease pancreatic edema, plasma amylase
levels, pancreatic myeloperoxidase (MPO) concentrations, or a combination thereol.

[B088]  In some embodiments, the subject is at high risk of pancreatitis. In some
embodiments, the subjoct had or is having a procedure which increases the risk of
pancreatitis. In some embodiments, the subject had or is having endoscopic retrograde
cholangiopancreatography (ERCP). In some embodiments, the nicotinic acetylcholine
receptor agonist is administered prior to, concomitant with, or after the procedure (2.2,
ERCP).

(3009 In some embodiments, the nicotinic acetyvicholine receptor agonist is administered
after onset of pancreatic damage or pancreatitis.

[3618]  In some embodiments, the methods further include administration of a second
therapy. In some embodiments, the second therapy inclodes administration of a TRPV]
antagonist, a TRPV4 antagonist, phosphate, or a combination thereof.

{8611} Insome embodiments, the methods comprise administering an effective amount of
a population of modified splenocvies, wherein the modified splenocytes were freated with a
nicotinic acetylcholine receptor agonist prior to admimstration. In some embodiments, the
modified splenocytes arc autologous or allogeneic, or a combination thereof.

(80121 Insome embodiments, the nicotinic acetyicholine receptor agonist is a 97 nicotinic
acetvicholine receptor (0070 AChR) agonist. In some embodiments, the nicotinic acetylcholine
receptor agouist includes one or more of: nicotine, (FI5-21, a quinuclidine derivative, a
substituted guinuclidine, varenicline, galantamine, 3-(1-methylpyrrolidin-2-vhpyridine,
carbachol, succinylcholine, epibatidine, lobeline, encenicling, or a pharmaceutically
acceptable salt or derivative thercof. In some embodiments, the nicotinic acetyicholine
receptor agonist is GT8-21 or nicotine.

[013]  In some embodiments, the subject is at high risk of pancreatitis. In some
embodiments, the subjoct had or is having a procedure which increases the risk of

pancreatitis. In some embodiments, the subject bad or is having endoscopic retrograde

V]
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cholangiopancreatography {ERCP). In some embodiments, the modified splenocytes are
administered prior {o, concomitant with, or after the procedure {c.g., ERCP).

[8014]  In some embodiments, the modified splenocytes are administered after onset of
pancreatic damage or pancreatitis,

[#315]  Embodiments of the present disclosure provide compositions comprising a
nicotinic acetylcholine receptor agonist; and one or more of a TRPVIE antagonist, a TRPV4
antagonist, phosphate, or a combination thereof. In some embodiments, the nicotinic
acetyicholine receptor agonist is a &7 nicotinic acetylcholine receptor (07n AChR) agonist. In
some embodiments, the nicotinic acetylcholine receptor agonist includes one or more of:
nicotine, GT5-21, a quinuciidine derivative, a substituted quinuchidine, varenicline,
galantamine, 3-(I-methylpyrrolidin-2-vDpyridine, carbachol, succinyicholine, epibatidine,
lobeline, encenicling, or a pharmaceutically acceptable salt or derivative thereof. In some
cmbodiments, the nicotinic acetylcholine receptor agonist is GTS-21 or nicotine.

{816}  Another aspect of the present disclosure provides a compound comprising,
consisting of, or consisting essentially of nicotine and/or nicotinic agonist(s} for the
prevention and/or treatment of pancreatifis in a subject.

18617]  In some embodiments, the compound is selected from the group consisting of
quinuclidine carbamates, quinuclidine amides, quinuclidine ethers, (11 7,8,9,10-tetrabydro-
6,10-methano-6H-pyrazino[2,3-h}{3 Jbenzazepine, 42,5,9,10,11.12-hexabydro-3-methoxy-11-
methyl-6H-benzofuro{3a.3,2-ef [{2]-benzazepin-6-0i, 3-(1-methylpyreolidin-2-yhpyridine, 2-
[{aminocarbonyhoxy]-N, N N-trimethylethanaminium, 2,2-[(1,4-dioxobutanc-1,4-
diyDbis{oxy}]bis{N N, N-trimethylethanamimum}, 2-{6-chloropyridin-3-yD-7-
azabicyclo{2.2.1 theptane, GTS-21, any salts, esters, and derivatives thereof, and any
combinations thereof. In some embodiments, the compound comprises GTS-21.

[B018]  Another aspect of the present disclosure provides a pharmaceutical composition
comprising a nicotine and/or a nicotinic agonist{s} compound as provided herein and a
pharmaceutically acceptable carrier, didvent, and/or excipient.

[B818]  Another aspect of the present disclosure provides a method for preventing and/or
reducing the severity of, and/or treating pancreatitis in a subject, the method comprising,
consisting of, or consisting essentially of administering to the subject a therapeutically
cffective amount of a nicotine or a nicotinic agonist compound, a pharmaccutical

composition thereof, as provided herein such that the pancreatitis is treated.

()
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[8028]  Another aspect of the present disclosure provides a method for preventing and/or
treating and/or reducing the severity of pancreatitis associated with conditions that increase
risk of acute pancreatifis in a subject comprising, consisting of, or consisting essentially of
adroinistering to the subject a therapeutically effective amount of a nicotine or a mcotinic
agonist compound, a pharmaceutical composition thereot, as provided herein such that the
pancreatitis is treated.

18621 Other aspects and embodiments of the disclosure will be apparent in light of the

following detailed description and accompanying figures.

BrIEr DESCRIPTION OF THE DRAWINGS

(80221 The accompanying Figures and Examples are provided by way of illustration and
not by way of limitation. The foregoing aspects and other features of the disclosure are
cxplained in the folowing description, taken in connection with the accompanying example
figures {also “FIG.”) relating to one or more embodiments, in which:

[B023]  FIGS. 1A-1E show nicotine dose-dependently inhibits endoscopic retrograde
cholangiopancreatography (ERCP)-induced pancreatitis (pancreatic edema, serum amylase,
pancreatic MPO levels, and histopathology) in accordance with one embodiment of the
present disclosure. The results are normalized to percent of the mean responses to pressure
alone. FEG5. 1A-1D are graphs showing the effects of nicotine on pressure-induced
pancreatic edema, plasma amylase, pancreatic MPO, and pancreatic histology score,
respectively. FIG. 1E is images of the effects of nicotine on pressure-induced pancreatic
histology. #P<0.05; **P<0.01; #**P<0.001; ***¥*P<.0001

[B#824]  FIGS. ZA-2E show the a7nAChR agonist, GTS-21, inhibits ERCP pressure-
induced pancreatic edema, serum amylase, pancreatic MPO levels, and histopathology and
this effect is blocked by the nicotinic antagonist, mecamylamine. The results are normalized
to percent of the mean responses o pressure alone. FIGS. 2A-2D are graphs showing the
cffects of GTS-21 and mecamylamine on pressurc-induced pancreatic edema, plasma
amylase, pancreatic MPO, and pancreatic histology score, vespectively. FIG. 2E is images
showing the effects of GTS-21 and mecamylamine on pressure-induced pancreatic histology.
#P<B.05; ¥FP<0.01; ¥ P<0.001; ¥+ P<0.0001

[8G28] FIGS. 3A-3E show the a7nAChR agonist, GTS-21, inhibits ERCP pressure-
induced pancreatic edema, senum amylase, pancreatic MPO levels, and histopathology and
this effect is blocked by prior splenectomy. The resulis are normalized to percent of the mean

responses to pressure alone. FIGS. 3A-3D are graphs showing the effects of GTS-21 and
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splenectomny on pressure-induced pancreatic edema, plasma amylase, pancreatic MPO, and
pancreatic histology score, respectively. FIG. 3E is images of the effects of GT5-21 and
splenectomy on pressure-induced pancreatic histology *P<(.05; **P<0.01; ***P<0.001;

R PC).000]

[B#026]  FIGS. 4A-4F show splenocytes from GTS-21-treated mice inhibit ERCP-induced
pancreatitis but splenocytes from control (vehicle-treated mice. The results are normalized to
percent of the rean responses to pressure alone. FIG. 4A is flow-cytometric analysis
demonstrating the depletion of T cells from a preparation of total mouse splenocytes by the
usc of magnetic beads coupled to the T cell-specific antigen, CD3e. T cclls from the spicens
of both vehicle-treated (Control) and GTS-21-treated mice were depleted by about 94%.
FIGS. 4B-4EF are graphs showing the effects of various spleniocyte preparations on pressure-
induced pancreatic edema, plasma amylase, pancreatic MPO, and pancreatic histology score,
respectively. FIG. 4F is iroages of various splenocyte preparations on pressure-induced
pancreatic histology. *P<0.03; **P<0.01; ***P<0.001; ***P<0.0001.

180271  FIG. 5 shows nicotine dose-dependently inhibits ERCP pressure-induced
pancreatic inflaramation, including pancreatic ederma, serum amylase, pancreatic MPO levels,
and histopathology. **P<0.01 vs. Pressure -/Nicotine (; *¥*P<0.001 vs. Pressure -/Nicotine
(; R P.0001 vs. Pressure -/Nicotine {3; #P<3.05 vs. Pressure +/Nicotine §; #P<(3.01 vs.
Pressure +/Nicotine O; ###P<0.001 vs. Pressure +/Nicotine 0; ###HP<0.0001 vs. Pressure
+/Nicotine (.

(8028  FIG. 6 1s flow-cytometric analysis demonstrating the depletion of T cells from a
preparation of total mouse splenocytes by the use of magnetic beads coupled to the T cell-
spectfic antigen, CD3. T cells from the spleens of both vehicle-treated (Ciely and GTS-21-
treated mice were depleted by about 94%. The splenocytes depicted in the upper (vehicle-
treated controls) and lower (GT5-21-treated) right hand panels, dramatically depleted of T
cells, were used to obtain the data shown in FIG. 3.

10291 FIG. 7 is graphs showing splenocyies depleted of T celis do not protect against
pressure-induced acute pancreatitis in response o GT5-21 administration.

[6038]  FIGS. SA-8E show ERCP pressure-induced acute pancreatifis can be inhibited after
darnage to the pancreas has begun by administration of the nicotinic agonist, GT5-21. The
results are normalized to percent of the mean responses to pressure alone. FIGS. §A-8D show
the effects of GT5-21 administered at various intervals after ERCP pressure-induced
increases in pancreatic edema, plasma amylase, pancreatic MPQO, and pancreatic histology

score, respectively. FIG. BE s images of the effects of GTS-21 administered at various
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intervals after ERCP pressure-induced pancreatic histological damage. *P<0.05; **P<0.01;
FEFEPB 001 FFFFP<0.0001

[3031] FIG. 9 is data showing prior splencctomy reduces the protective effects of GTS-21
adrotmistered 2 h after ERCP-induced damage to the pancreas has begun. Effects of prior
splenectomy on the protective effects of GTS-21 administered 2 h after ERCP pressure-
induced increases in pancreatic edema, plasma amylase, and pancreatic MPO. **P<0.01;
FEEPQ.001; FHFP<0.0001

[8032] FIGS. 10A-10E show splenectomy alone has no effect on inflammation but blocks
the protective effects of GTS-21 on caerulein hyperstimulation-induced acuts pancreatitis,
Fi(G5. 10A-100 show the cffects of prior spicnectomy on the protoctive effects of GTS8-21 on
ERCP pressure-induced increases in pancreatic edema, plasma amylase, pancreatic MPO, and
pancreatic histology score, respectively. FIG. 10E is images of the effects prior splenectomy
on the proteciive effects of GTS-21 on caerulein hyperstinmlation-induced acute pancreatitis.
#P<(.05; ¥FP<(.0T; ¥ P<0.001; ¥+ P<0.0001.

(80331  FIG. 11 is a schematic of nicotinic protection against ERCP-induced acute
pancreatitis showing that stimulation of g7 nicotinic cholinergic receptors may protect against
ERCP-indoced acute pancreatitis.

DETAILED BESCRIPTION

(8034} Embodiments of present disclosure relate to the treatmoent and prevention of
pancreatitis. In particular, the present disclosure provides compositions and methods for
freating and preventing pancreatitis using nicotinic acetylcholine receptor agonists. For
cxample, as disclosed herein, pretreatment with nicotine dosc-dependently inhibited acute
pancreatitis caused by infusion of endoscopic retrograde cholangiopancreatography (ERCP)
contrast solution into the main pancreatic duct in mice. GT3-21, a specific partial agonist of
a70AChRs, also elicited nicotinic protection against ERCP-induced acute pancreatitis, when
administered intraperitoncally (ip) at 1, 2, 4, and 12 hours after ERCP surgery. Significant
inhibition of most inflammatory indices was obscrved when GTS-21 was given 2-12 howrs
after ERCP. Splenectomy performed 7 days prior to ERCP abolished the protective effect of
GTS-21, suggesting that a splenocyie mediates the nicotinic protective effect. T cell-depleted
splenocyies prepared fromn GTS-21-treated mice did not protect against ERCP-induced
pancreatitis whereas crude splenocyies from GTS-21-treated mice did protect the pancreas.
[8G38]  Secction headings as used in this section and the entire disclosure herein are merely

for organizational purposes and arc not intended to be limiting.
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1. DPefinitions

[8036F  To facilitate an understanding of the present technology, a number of terms and
phrases are defined below. Additonal definitions are set forth throughout the detaled
description.

1386377 The terms “comprise(s},” “include(s},” “having,” “has,” “can,” “contain(s},” and
variants thercof, as used herein, are intended to be open-ended transitional phrases, terms, or
words that do not preclude the possibility of additional acts or structures. The singular forms
“a,” “and” and “the” include plural references unless the context clearly dictaies otherwise. The
present disclosure also contemplates other embodiments “comprising,” “consisting of” and
“consisting essentally of,” the embodiments or elements presented herein, whether explicitly
set forth or not.

18638]  For the recitation of numeric ranges herein, each intervening nuraber there between
with the same degree of precision is explicitly conteroplated. For example, for the range of 6-
9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the
number 6.0, 6.1, 6.2, 63, 64, 635, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contemplated.
Recitation of ranges of vahies herein are merely intended to serve as a shorthand method of
referring individually to each scparate value falling within the range, vnless otherwise-
Indicated herein, and cach scparate value is incorporated into the specification as if it were
individually recited herein. For example, if a concentration range is stated as 1% to 50%, it is
intended that values such as 2% to 40%, 10% to 30%, or 1% to 3%, ctc., are expressly
enumerated in this specification. These are only examples of what is specifically intended, and
all possible combinations of numerical values between and including the lowest value and the
highest value enumerated are to be considered to be expressly stated in this disclosure.

[038]  As used herein, the modifier “about” used in connection with a guantity s inclusive
of the stated valie and has the meaning dictated by the context (for example, it includes at least
the degree of ervor associated with the measurement of the particular quantty). The modifier
“about” should also be considered as disclosing the range defined by the absohite values of the
two endpoints. For exarapie, the cxpression “from about 2 to about 47 also discloses the range
“frora 2 to 4.7 The term “about”™ may refer to £10% of the indicated number. For cxample,
“about 10%” may indicate a range of 9% to 11%, and “about 17 may mean from 0.9 - 1.1,
Other meanings of “about” may be apparent from the contexi, such as rounding off; for

cxample, “about 17 may also mean from 0.5 to 1.4,
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[80448]  “Subject” and “patient” as used herein interchangeably refers to any vertebrate,
including, but not limited to, a mammal (e.g., cow, pig, camel, Hama, horse, goat, rabbit, sheep,
harasters, guinca pig, cat, dog, rat, and mouse, a non-human priumaie {¢.g., a monkey, such as
a cynomolgus or thesus monkey, chimpanzee, ete.) and a human). In some embodiments, the
subject may be a human or a non-human. In one embodiment, the subject is a human.,

180411 As used herein, “treat,” “treating,” and the like means a slowing, stopping, or
reversing of progression of a disease or disorder. The term also includes a reversing of the
progression of such a disease or disorder to a point of eliminating or greatly reducing the
disease. As such, “treating” means an application or administration of the nicotine and/or a
nicotinic acetyicholine receptor agonist described herein to a subject, where the subject has a
disease or a symptom of a disease, where the purpose is to cure, heal, alleviate, relieve, alter,
remedy, amcliorate, improve, or affect the disecase or symptoms of the discase. In some
cmbodiments, the methods disclosed herein cure, heal, alleviate, relieve, alter, remedy,
ameliorate, improve, or affect pancreatitis or symptoms of pancreatitis.

{80421  Asused herein, the term “preventing” refers to partially or completely delaying onset
of an infection, disease, disorder and/or condition; partially or completely delay onset of one
or more sympioms, {eanires, or clinical manifestations of a particalar infection, discase,
disorder, and/or condition; partially or completely delay onset of one or more symptoms,
features, or manifestations of a particular infection, disease, disorder, and/or condition;
partially or completely delay progression from an infection, a particular discase, disorder
and/or condition; and/or decreasing the risk of developing pathology associated with the
infection, the disease, disorder, andfor condition. As such, the disclosed methods may partially
or completely delay onset of pancreatitis; partially or completely defay onset of one or more
symptoms, features, or clintcal manifestations of pancreatitis; partially or completely delay
onset of one or more symptoms, features, or manifestations of pancreatitis; partially or
completely delay progression of pancreatitis; and/or decrease the risk of developing pathology
associated with pancreatitis.

[8043]  An “effective amount” refers to an amount sufficient to elicit a desired biological
response {e.g., freating a condition). As will be appreciated by those skilled in the art, the
cffective amount may vary depending on such factors as the desived biological endpoint, the
pharmacokinetics, the condition being treated, the mode of admimstration, and the age and
health of the subject. An effective amount encompasses therapeutic and prophylactic treatment.
For exarople, a “therapeutically cffective amount” is an amount sufficient to provide a

therapeutic benefit in the weatment of a condition, or to delay or minimize one or more
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symptoms associated with the condition. In some embodiments, a therapeutically effective
amount is an ampount sufficient to provide a therapeutic benefit in the treatment of a condition
of to rinimize one or raore symptoms assoctated with the condition. A therapeutically effective
amount means an amount of therapeutic agent, alone or in combination with other therapies,
which provides a therapeutic benpefit in the weatment of the condition. The term
“therapeutically effective amount”™ can encompass an amount that troproves overall therapy,
reduces or avoids symptorns or causes of the condition, or enhances the therapeutic efficacy of
another therapeutic agent.

2

[8044]  As used herein, the terms “providing”, “administering,” “introducing,” are used
interchangeably berein and refer to the placernent into a cell, tissue, organism, or subject by a
method or route which results in at least partial localization to a desired site. The admimstration
can be by any appropriate route which results in delivery to a desived location in the cell, tissue,
organism, or subject.

[8048]  The term “contacting” as used herein vefers to bring or put in contact, to be in or
come inio contact. The term “contact” as used herein refers to a state or condition of touching
or of immediate or local proximity. Contacting a nicotinic acetvicholine receptor agonist of the
disclosed methods to a target destination, such as, but not limited to, an organ, tissue, cell, or
tumor, may occur by any means of administration known to the skilled artisan.

[8846]  Unless otherwise defined herein, scientific, and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by those of
ordinary skill in the art. The meaning and scope of the terms should be clear; in the eveny,
however of any latent ambiguity, definitions provided hercin take precedent over any
dictionary or extrinsic definition. Further, unless otherwise required by context, singular terms
shall inclode pluralities and plural terms shall include the singular.

[B347]  Preferred methods and materials are described below, although methods and
materials similar or equivalent to those described herein can be used in practice or festing of
the present disclosure. Al publications, patend applications, patents and other refercnees
mentioned herein are incorporated by reference in their entivety. The materials, methods, and

cxamples disclosed herein are illustrative only and not intended to be limiting.
2. Nicotinic acetylcholine recepior agonist

18348]  The present disclosure is based, in part, on the findings that nicotinic acetylcholine
receptor agonists act on one or more types of splenocytes to protect the pancreas against acute

pancreatitis. As used herein, the term “nicotinic acetylcholine receptor agonist” refers to a

9



WO 2023/205249 PCT/US2023/019117

compound that mimics the action of acetylcholine (ACh) at a nicotinic acetylcholine receptor
(n AChR). Suitabic agonist compounds include small molecules, proteinaceous molecules such
as peptides, polypeptides and proteins and genetic molecules such as RNA, DNA and mimetics
and chemical analogs thereof as well as cellular agents. In particular embodiments,
the nicotinic acetylcholine receptor agonist is a small molecule.

180491 Types of nicotinic acetylcholine receptors (nAChRS) can be classified based on thewr
site of expression, for example mauscle type (subfamily -1, based on protein sequence) or
neuronal type (subfamily IV). Neuronal nAChRs are transmembrane proteins that form
pentameric structures assembled from a family of subunits composed of ¢2-ai and B2-B4.
Muscle nAChRs have both erabryonic and adult forms, differing in the inclusion of a gamma
or epsilon subunit. For example, ermbryonic forms are composed of a1, Bi, v, and & subunits in
a 2:1:1:% ratio ({1 2Pivd) whereas the adult form is composed of ¢y, 1, 8, and e subunits ina
2:1:1:1 ratio ({ounPide). Herein, nicotinic acetyicholine receptor agonist comprises any
compound which agonizes any one or moore of the various classes or farnilics of known nAChRs
fully or partially. As such, the invention is not Hmited by the type of mcotinic acetylcholine
receptor or by the extent of the effect {c.g., full or partial inhibition).

30381 In some embodiments, the nicotinic acetyicholine receptor agowmst acts on an 7
nicotinic acetylcholine receptor (W7nACHhR), thus the nicotinic acetylcholine receptor agonist
is an o7 nicotinic acetylcholine receptor agonist. The terms "7 nicotinic acetylcholine receptor
agomst” and “a7 nicotinic agomst” refer to compounds that bind and stimulate the o7 nicotinic
acetyicholine receptor (nAChR). The agonist effect of a compound may be determined using
routine methods routine, for cxample, by measuring clectrophysiologically or radioisotopically
the ion flux or change in intracellular calcium concentration. The a7 nicotinic acetylcholine
receptor agonist may be a full agonist or a partial agonist. A partial agonist is a compound that
stimulates the o7 receptor, but whose maximal response is less than that of natural ligands (e.g.,
acetylcholine) when measured vnder the same conditions. A full agonist is a compound whose
maximal response is the same or greater than that of natural Ligands when measured under the
same conditions. In some embodiments, the o7 nicotinic acetyicholing receptor agonist
selectively binds to an o7 nicotinic acetylcholine receptor relative to other nicotinic
acetylcholine receptors. In some embodiments, the o7 nicotinic acetylcholine receptor agonist
also binds to other nicotinic acctylcholine receptors. Extensive studies have identified and
cvaluated o7 nicotinic acctylcholine receptor modulators. Exemplary ¢7  nicotinic

acetyicholine receptor agonists are reviewed in Papke RL and Horenstein NA, Pharmacol Rev.
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2021 Jul;73(3)»:1118-1149, Yang T, et al,, Acta Pharm Sin B. 2817 Nov;7{(6:611-622, Zhou
Y€, et al., Front Mol Neurosci. 2022 Sep 30:15:970040, and Toychara I and Hashimoto K,
Open Med Chem 1. 2010 May 27:4:37-56, each incorporated herein by reference in their
entirety.

[{#051]  Exemplary nicotinic acetyicholine receptor agonists include, but are not limited to,
nicotine, choline, cviisine, 2-(3-pyridyliazaadamantanes, diazabicyclic  compounds,
pyridylazabicyclic compounds, cinnamamides of 3-aminoquinuclidine, aryvlcarbamates of 3-
quinuclidinol, aromatic amides of 3-aminoguinuchidine, spiroquinuclidines, pyrazolo
pyrimidine derivaiives, and benzylidencanabaseines. For example, acetylcholine receptor
agonists include, but are not limited to, diroximel fumarate, carbamoylcholine, epibatidine,
succinyicholine {(also known as suxamethoniom), levamisole, varenicline, carenicline,
cthadone, dimethylphenylpiperazinium (DMPP), rivanicline, bradanicline, anabasine,
anabaseine and analogs thercof (e.g., 3-(2.4)-dimethoxvbenzilidine anabascine (DMXB-A or
GTS-2D), 3-{(4)-dimethylaminobenzylidine anabaseine {(DMAR), and 3-{4)-
dimethylaminocinnamylidine (DMAC)), and epiboxadine.

(8652  In some embodiments, the nicotinic acetyicholing receptor agonist includes, but is
not limited to: (2} a quinuclidine derivative or a substituted quinoaclidine, and any salts, csters,

and dertvatives thereof, such as quinuchdine carbamate e.g.,
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{(b) 7.8,9,10-tetrahydro-6,10-methano-6H-pyrazino{2.3-h]{3 [benzazepine, also known as

varenicline, having the structure

, and any esters, salts, and derivatives thereod;

(¢} 4a,5,9,10,11,12-hexahydro-3-methoxy- 1 1 -methyl-6H-benzoturef3a,3,2-ef {2 -

benzazepin-G-ol, aiso known as galanthamine or galantamine, having the structure

v, and any salts, esters, and derivatives thereof;

{dy 3-(1-methylpyrrolidin-2-yhpyridine having the structure
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e bl . .
. and any salts, esters, and derivatives thereof;

(e} 2-[{aminocarbonyloxy |-N.N,N-trimethviethanaminiurm, also known as carbachol, having

the struchure
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, and any salts, esters, and derivatves thereot;

() 2,2-1(1 4-dioxobutane-1.4-divhbis(oxy) Jbis(N, N, N-trimethylethanaminium), also known

as succinylcholine, having the structure
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{g) 2-(6-chloropyridin-3-yl)-7-azabicyclo{2.2. 1 Theptane, also known as epibatidine, having

the structure

<, and any salts, esters, and derivatives thereof; and

(h} 3-(2 4-dimethoxybenzylidene)anahaseine {(also known as GTS-21 or DMBX-a) having the

structure

, and any salts, esters, and derivatives thereod;

(i) 2-[2R,65)-6-1(28)-2-hydroxy-2-phenylcthyl i-1-methyipiperidin-2-yl}- I -phenyicthan- 1-

one, also known as lobeline, having the structure
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, andd any salts, esters, and derivatives thereof; and

(i3 N-{{(3R)-1-azabicycloi2.2 2 Joct-3-y1}-7-chloro- 1 -benzothiophene-2-carboxamide, also

known as encenickine, having the structure

L% P N . ~

N and any salis, esters, and derivatives thereof.

[8053]  In some embodiments, the nicotinic acetylcholine receptor agonist is nicotine, also

known as 3-[(25)-1-methvipyvrrolidin-2-vijpyridine or a compound comprising mcotine.
' 7 o o o o Lo

Nicotine has the general structure
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[80%4]  In some embodiments, the nicotinic acetylcholine receptor agonist comprises one or
more oft nicotine, GTS-21, a quinuchidine derivative, a substituted guinuclidine, varenicline,
galantamoine, 3-(1-methylpyreolidin-2-yhpyridine, carbachol, succinyicholine, epibatidine,
lobeline, encenichine, or a pharmacecutically acceptable salt or derivative thereof, or a
pharmaceutically acceptable salt or derivative thereof. In select cmbodiments, the nicotinic
acetvicholine receptor agonist comprises GIN-21.

(80551  In sclect embodiments, the nicotinic acetylcholine receptor agonist comprises
nicotine. In some embodiments, the nicotinic acetylcholine receptor agonist is not nicotine or
a compound comprising nicoting.

(8056 In some cmbodiments, the nicotinic acetylcholine receptor agonist comprises
quinuchidine carbamates, quinuclidine amides, quinuclidine ethers, 7,8,9.10-tetrahydro-6,10-
methano-6H-pyrazino{2,3-h}i3jbenzazepine, 42,5,9,10,11.12-hexahydro-3-methoxy-11-
methyl-6H-benzofuro{3a,3,2-ef[{2|-benzazepin-6-of, 3-(I-methylpyrrolidin-2-yhpyridine, 2-
{{aminocarbonyloxy [-NN N-trimethylethanaminium, 2-{6-chloropyridin-3-y1)-7-
azabicyclo|2.2. 1 theptane, GTS-21, any salts, esters, and derivatives thereof, and any
combinations thereof.

[B057]  The nicotinic acetyicholine receptor agonist may be utilized as a composition which
further comprises an excipient or pharmaceutically acceptable carrier. The choice of excipients
or pharmaccutically acceptable carriers will depend on factors including, but not limited to, the
particular mode of administration, the cffect of the excipient on solubility and stability, and the
nature of the dosage formu

[8058] Excipients and carriers may include any and all solvents, dispersion media,
antibacterial and antifungal agents, isotonic and absorption delaying agents. Some cxamples of
materials which can serve as excipients and/or carriers are sugars inchiding, but not limited to,
lactose, ghicose and sucrose; starches including, but not Hmited to, com starch and potato
starch; ccliulose and its derivatives including, but not limited to, sodium carboxymethyl
ccliufose, cthyl cellulose and cellulose acetate; powdered tragacanth; malt; gelating talc;
excipients including, but not imited to, cocoa butter and suppostiory waxes; oils inclading, bt
not limited to, peanut oil, cottonsced oil, safflower oil, sesame oil, olive oil, corn oil and
sovbean otl; glyeols; including propylene glycol; esters including, but not limited to, ethyl
oleate and ethyl laurate; agar; boffering agents including, but not limited to, magnesiom
hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's
sofution; cthyl alcohol, and phosphate buffer solutions, as well as other non-toxic compatible

hibricants including, but not Himited to, sodivm lawryl sulfate and magoesium stearate, as well
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as coloring agents, releasing agents, preservatives, and antioxidants. Technigues and
formulations may be found, for cxample, in Remington's Pharmaceutical Sciences, 19th
Edition {Mack Publishing Company, 1993).

[8058]  The phrase “pharmaceutically acceptable,” as used in connection with compositions
and/or cells of the present disclosure, refers to molecular entitics and other ingredients of such
compositions that are physiologically tolerable and do not typically produce untoward reactions
when administered to a subject (e.g., a mammal, a human). Preferably, as used herein, the term
“vharmaceutically acceptable”™ means approved by a regulatory agency of the Federal or a state
government or listed in the U.8. Pharmacopeia or other generally recognized pharmacopeia for
use in mammals, and more particularly in humans. “Acceptable” means that the carrier is
compatible with the active ingredient of the composition {e.g., the nucleic acids, vectors, cells,
or therapeutic antibodies) and does not negatively affect the subject to which the
composition(s) are administered. Any of the pharmaceutical compositions and/or cells to be
used in the present methods can comprise pharmaceutically aceeptable carriers, excipients, or
stabilizers tn the form of lyophilized formations or aguecus solutions.

(8068  Pharmaceutically acceptable carriers, including buffers, are well known in the art,
and may comprise phosphate, citrate, and other organic acids; antioxidants including ascorbic
acid and methionine; preservatives; low molecular weight polypeptides; proteins, such as
serum albumin, gelatin, or immunoglobulins; amino acids; hydrophobic polymers;
monosaccharides; disaccharides; and other carbohydrates; metal complexes; and/or non-ionic
sarfactants.

[8668] The compositions may be formulated for any appropriate manner of administration,
and thus administered, including for example, oral, nasal, intraccular, intravenous,
intravaginal, epicutancous, sublingual, intracramial, intradermal, intraperitoneal, subcutaneous,
intramuscolar administration, or via inhalation. Technigues and formulations may generally be
found in “Remington’'s Pharmaceutical Sciences,” {(Mcade Publishing (o., Easton, Pa.).
Therapeutic or pharmaceutical compositions must typically be sterile and stable under the
conditions of manufactire and storage.

3. Methods of Treatment

{3062} Embodiments of the present disclosure inchlude methods for treating and/or
preventing pancreatitis. In some embodiments, the methods comprise administering an
cffective amnount of a nicotinic acetylcholine receptor agonist, as described above, 1o a subject

in need thereof.

[
i
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[8063] Embodiments of the present disclosure inchude methods for treating and/or
preventing pancreatitis with adoptive ccll fransfer. Adoptive cell wansfer or ACT refers to the
infusion of cells of varicus lineages into a subject to treat discase. {n some embodiments, the
methods for treating and/or preventing pancreatitis comprise administering an effective amount
of a population of modified splenocytes, wherein the modified splenocytes were treated with a
nicotinic acctylcholine receptor agonist, as described above, prior to administration.
Splenocyies are a cell population obtained from the spleen of a subject. Splenocytes usually
comprise T cells, B cells as well as antigen presenting cells. Protocols and techniques for
isolation and treatment of splenocytes are known in the art.

(8064}  The modified splenocytes may be autologous and/or allogeneic (c.g., the population
may comprise only autologous cells, only allogenic cells, or combinations of both autologous
and aliogenic celis). As used herein, allogeneic cells are those isolated from one individual {the
donor) and infused into another (the recipient or host); whereas autologous cells refer 1o those
cells that are isolated and infused back into the same individual (recipient or bost). In some
crbodiments, the modified splenocyies are syngeneic with respect 1o a subject; sufficiently
identical to the subject so as to prevent an immune rejection upon {ransplantation.
Alternatively, an established cell ine may be made from allogeneic or autologous sources. The
cell line can be stored, expanded, and modified until needed.

[#065] The pancreatitis may be any form of pancreatitis, acute pancreatitis, chronic
pancreatitis, and hereditary pancreatitis. In some embodiments, the pancreatitis is acute
pancreatitis. In certain embodiments, acute pancreatitis can be mild to moderate to severe
discase. In certain embodiments, acute pancreatitis includes discase post ERUP {endoscopic
retrograde cholangiopancreatography ).

[B066] Al forros of pancreatitis are characterized by nflammation and edema of the
pancreas. Moderate and severe pancreatitis is finther characterized by pancreatic necrosis and
secondary damage to extra-pancreaiic organs, with moderaic acufe pancreatitis paticnts
suffering from transient (<48 hours) organ failure, while severe acuie pancreatitis patienis
suffer from persistent (48 hours) organ failure. Chronic pancreatitis is a long-term
inflamnmation of the pancreas that alters the normal structure and function of organs. It may be
associated with the onset of acute pancreatitis or persistent abdorminal pain or digestive
defects. Chronic pancreatitis is often diagnosed bhased on tests of pancreatic structure and
function. Serum amylase and lipase may or may not be moderately elevated in the case of
chronic pancreatitis, due to uncertain levels of productive cell damage. Increased lipase was

the more likely result to be found in both. Elevated amylase and lipase enzymes are almost
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always found in acute conditions, as well as elevated inflammatory markers of CRP that are
gencrally consistent with the severity of the coundition. The method disclosed herein can
decrease pancreatic edema, plasma amylase levels, pancreatic myeloperoxidase (MPO)
concentrations, or a4 combination thereof.

[#067]  The subject may have a history of pancreatitis or be at high risk of pancreatitis.
Subjects with a high risk of pancreatitis, for example, include those individuals suffering from
pancreas divisum, a blocked duct, diabetes, obesity, or a history of gallstone, engaging in heavy
alcohol vse, or taking certain medications {g.g.. corficosteroids such as preduisolone, HIV
drugs such as didanosine and pentamidine, diuretics, anticonvuisants such as valproic acid,
chemotherapeutic  agents such as L-asparaginase and azathioprine, estrogeuns, blood
triglyceride increasing drugs, statin drugs such as cholesterol lowering statin drags,
antithyperglycemic drugs such as metformin and statin drugs such as vildagliptin, sitagliptin,
and Hnagliptin (linaglipting, tetracycline, sulfanilamide, azathioprine, mercaptopuring,
pentamudine, wimethopriro-sulfamethoxarole, and salicylates).

[8068] In some embeodiments, the subtect had or is having a procedure which increases the
risk of pancreatitis. For cxample, procedures which require an injection of or use of a contrast
agent.  In some  embodiments, the procedure i3 endoscopic  retrograde
cholangiopancreatography (ERCP). The nicotinic acetvicholine receptor agonist may be
administered prior to, concomitant with, or after the procedure or ERCP.

[8669] The nicotinic acctvicholine receptor agonist or the modified splenocytes may be
administered any tirne prior to or after onset of pancreatic damage. In some emnbodiments, the
nicotinic acctyicholine receptor agonist or the modified splenocytes is administered prior to the
ouset of pancreatic damage. For example, to a subjoct at high risk or a subject having or
planning to have a procedire which increases the risk of pancreatitis. In some embodiments,
the nicotnic acetylcholine receptor agonist or the modified splenocyies is administered after
the onset of pancreatic damage (¢.g., as causcd from a procedure) or pancreatitis.

0781 A wide range of second therapies may be used with the disclosed mcethods. The
second therapy may be administration of a therapeutic agent or may be a second thevapy not
comnected to administration of another agent (e.g., fluids, diet management). In some
cmbodiments, the second therapy may be a therapeutic agent (o.g., analgesics, antibiotics,
TRPVI antagonist, TRPV4 antagonist, phosphate}.

[8071]  In select embodiments, the methods further comprise administering one or more of
a TRPVI antagonist and or a TRPV4 antagonist. Transient receptor potential vandloid 1

{(TRPV1) is an ion channel present on sensory neurons which is activated by heat, protons,
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capsaicin and a variety of endogenous lipids termed endovanilloids. TRPV 1 antagonists
include, but are not limited to, capsaicin related compounds {e.g., oleoyivanillamine (olvanil},
phenylacetylrinvanil), thiourca derivatives {¢.g., capsazepine, JYL 1421}, urea derivatives {e.g.,
piperazinyl orea, A-425619, SB-705498 and SB-452533 (GSK) and ABT-102 (Abbott),
cinnamides, carboxamides, imidazole derivates, diarylethers and amines. TRPV4, ancther
member of the vanioid subfamily in the transient receptor potential (TRP) superfamily of ton
channels, 18 activated by a wide range of sumuli including temperature, pH and osmolarity.
TRPV4 antagonists include, but are not limited to, spivocarbamates, sulfonamides, rosmarinic
acid and its derivatives, 2-phenyl-pyrrole carboxamide and indole carboxamide derivatives,
ruthenium red, RN-1734, HC-067047, and RN-9893,

[B8072]  In select embodiments, the methods further comprise administering phosphate. See,
for example, Faroog, A., et al, Am J Physiol Gastrointest Liver Physiol 2022 Jun
1;322(6):G361-G570, incorporated herein by reference. Phosphate mav be provided as a
supplement to a food or drink, formulated with the nicotinic acetylcholine receptor agonists for
administration by any method listed above, or in a separate dosage unit {e.g., for intravenous
administration). The phosphatc may be inorganic (salts of phosphoric acid) or organic
phosphate (esters of phosphoric acid salt).

[8073]  The second therapy may be administered at the same time as the disclosed methods,
cither in the same composition or in a separate composition administered at substantially the
same time. When administered separately, the second therapy may be administered in the same
or different manner as the nicotinic acetylcholine receptor agonists. The second therapy may
be administered in any manner, ¢.g., oral, nasal, intraocular, intravenous, infravaginal,
cpicutancous, sublingual, intracranial, intradermal, intraperitoncal, subcutancous,
intramuscolar administration, or via inhalation. In some embodiments, the second therapy may
precede or follow the disclosed methods by tme intervals ranging from hours to days.

13674}  Assuch, also provided herein are compositions comprising: a nicotinic acetylcholine
receptor agonist; and one or more of a TRPVI antagonist, a TRPV4 antagonist, phosphate, or
a combination thereof.

[8G78]  When utilized as a method of treatment, the effective amount may depend on the
particular agounist or composition sclected but also with the route of administration, the level
of risk of the patient, the nature and symptoms of the disease, the individual patient parameters
including age, physical condition, size, gender and weight, the duration of the treatment, the
nature of concurrent therapy (if any), the specific route of administration and like factors within

the knowledge and expertise of the health practitioner.
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[8376] The determination of effective dosage levels, that is the dosage levels necessary to
achieve the desired resuit, can be accornplished by one skilled in the art using routine methods,
for cxamople, human clinical trials, in vivo studies, and in vitro studies. For example, useful
dosages of a nicotinic acctylcholine receptor agonist, or composition thereof, can be
determined by comparing their in vitro activity, and in vive activity in ammal models.

10777 Dosage amount and intorval may be adjusted individually to provide plasma levels
of the active agent which are sufficient to maintain the modulating effects, or minimal effective
concentration (MEC). The MEC will vary for each a nicotinic acetyicholing receptor agonist
but can be estimated from in vivo and/or in vitro data. Dosages necessary to achieve the MEC
will depend on individual characteristics and route of administration. However, bioassays can
be used o determine plasma concentrations. Dosage intervals can also be determined using
MEC valuc. Nicotinic acetylcholine receptor agonist, the second therapy, or compositions
thereof should be administered using a regimen, which maintains plasma levels above the MEC
for 10-90% of the tirne, preferably between 30-90% and most preferably between 50-90%. In
cases of local admunistration or selective uptake, the effective local concentration of the
nicotinic acctylcholine receptor agonist or the second therapy may not be related to plasma
concentration.

[8078] It should be noted that the attending physician would know how to and when to
ferminate, interrupt, or adjust administration due to toxicity or organ dysfunctions. Conversely,
the attending physician would also know to adjust treatment to higher levels if the clinical
response were not adequate, precluding toxicity. The magnitade of an administrated dose in
the management of the disorder of interest will vary with the severity of the symptoms o be
treated and the route of administration. Further, the dose, and perhaps dose frequency, will also
vary according to the age, body weight, and response of the individual patient. A program
comparable to that discussed above may be also used in veterinary medicine for non-human
subjects.

[8079] A nicotinic acetylcholine receptor agonist or a composition thereof can be evaluated
for efficacy and toxicity using known methods. For example, the toxicology of a particular
nicotinic acctylcholine receptor agonist may be established by determining in vitro toXicity
towards a ccll line, such as a mammalian, and preferably huran, ccll line. The results of such
studies are often predictive of toxicity in anirpals, such as mammals, or more specifically,
humans. Alternatively, the toxicity of a particular nicotinic acetylcholine receptor agomst in an
animal model, such as mice, rats, rabbits, dogs, or monkeys, may be determined using known

methods. The efficacy of a particular nicotinic acetylcholine receptor agonist may be
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cstablished using several recognized methods, such as in vitro methods, animal models, or
human clinical trials. When selecting a model to determine efficacy, the skilled artisan can be
guided by the state of the art to choose an appropriate model, dose, route of administration

and/or regime.
4. Examples

[6088] It will be readily apparent to those skilled in the art that other suitable modifications
and adaptations of the methods of the present disclosure described herein are readily applicabie
and appreciable, and may be made using suitable equivalents without departing from the scope
of the present disclosure or the aspects and embodiments disclosed herein. Having now
described the present disclosure in detail, the same will be more clearly understood by
reference to the following examples, which are merely intended only to iHustrate some aspects
and embodiments of the disclosire, and should not be viewed as limiting to the scope of the
disciosure. The disclosures of all journal references, U.5. patents, and publications referved to
herein are hereby incorporated by reference in their entirctics.

[3081]  The present disclosure has multiple aspects, illastrated by the following non-limiting

examples.

Example 1

Nicotinic Stimulation of Splenic T Cells is Protective in ERCP-Induced Acute
Pancreatitis in Mice

[B082]  Acute pancreatitis develops in 3.5% of all patients after endoscopic retrograde
cholangiopancreatography (ERCPF} and up to 40-58% of high-risk ERCPs. The role of intra-
pancreatic duct pressure on acute pancreatifis in the mouse was studied previously by infusing
buffered isotonic saline into the main pancreatic duct after tying off the common bile duct to
prevent backflow into the galibladder and liver. Increasing intva-pancreatic duct pressure from
7-11 mm Hg to 25-33 sun Hg using this method induced acute pancreatitis via activation of
the mechanoreceptor, Piczol, and selective knockout of Piezol in pancreatic acinar cells
prevented acute pancreatitis caused by elevated pressure. To more closely mimic buman ERCP
conditions herein, the radiocontrast solution used in ERCP was infused at the same volume and
rate of infusion used previously. This procedure caused reproducible increases in several
indices of acute pancreatitis: increased pancreatic edema, clevated plasma amylase levels,
increased pancreatic myeloperoxidase (MPO) concentrations {a marker of neutrophil intlux

into the pancreas), and histopathology (FI1G. 2).

20



WO 2023/205249 PCT/US2023/019117

[6083]  When the mice were pretreated 30 min before ERCP surgery with intraperitoneal
injections of nicotine hydrogen tartrate there was a significant nicotine dose-dependent
inhibition of ERCP-induced pancreatic edema, plasma amylase elevation, pancreatic MPO
concentrations, and histopathology (FIGS. 1A-1D). This was consistent with the mechanism
of the cholinergic anti-inflammmatory reflex. The effects of nicotine in the cholinergic anti-
inflammatory reflex are mediated by o7nACHRSs, and it was also found that the inflammatory
effects of ERCP were inhibited by a specific o7nAChR agonist drag, GTS-21 (FIG. 2). To
confirm that the effects of GTS-21 were specific to nicotinic receptors and not some other
nonspecific effect, the nicotinic receptor antagonist drug, mecamylamine, blocked the
protective effects of GTS-21 (FIG. 2.

[8084] The role of the spleen in these effects was evaluated. Prior splenectomy alone had
no cffect on ERCP-induced acute pancreatitis, but prior splencctomy blocked the protective
cffects of GTS-21 on ERCP-induced pancreatic inflammmation (FIG. 3). Splenocytes prepared
from mice treated 24 hours previously with GT5-21 exhibited significantly less ERCP-induced
inflammation than splenocyies prepared from control mice treated with the GT3-21 vehicle
(FIG. 4), suggesting that a cell type {or types) that is stimulated by o7nAChRs mediates the
splenic protection of the pancreas in this model. Thus, adoptive wansfer of splenocytes from
GTS-21-treated mice could prevent ERCP-induced acute pancreatitis in intact, normal mice. T
cells were specifically deleted from a suspension of crude spicnocyies using immunomagnetic
depistion of CD3e-expressing T cells. T cell depletion was confirmed by flow cyfometric
analysis (FIG. 44). When injected intravenously info intact mice, splenocytes depleted of T
cells from GTS-21-treated mice did not inhibit acute pancreatic inflamumation (FIGS, 4B-4F).
[B085]  The results described above have come from pretreating the mice with nicotine or
GTS-21 30 min prior to imitiating pancreatic damage by HERCP or prior to harvesting
splenccytes/T cells. To determine if nicotinic stimulation can reverse pancreatic damage after
it has begun, GTS-21 was administered at either 1, 2, 4, or 12 hours after performing the ERCP
procedure. When given after initiating pancreatic damage, GT5-21 was able to inhibit
inflammation significantly and time-dependently (FIG. &),

[6086] To determine if this post-treatroent nicotinic protoction was mediated by
splenocytes, the same experiracnt was repeated using splenectomized mice. Just as in the
prefreatment study, splenectomy abolished the protective effects of GTS-21 administered after
ERCP surgery (FIG. 9), suggesting that nicotinic o7nAChHR stimulation can treat as well as

prevent acute pancreatitis in this model via a spleen-dependent mechanisn
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(60871  Tpally, pretreatment with GT8-21 was protective in the caerulein hyperstimulation
madel of acute pancreatitis and that this effect is blocked by prior splenectomy (FIG. 1{3).
Materials and Methods
[B088] Nicotine hydrogen tartrate, GTS-21 (3-2,4-dirvethoxybenzylidene anabaseine;
DMXB-A), mecamylamine, and human myeloperoxidase (MPQO) were obtained from Sigma-
Aldrich (St. Louis, M),
(80881  Animals. Male C57BL/GT mice 6-8 weeks old (Jackson Labs) were used. Mice were
housed in a 12:12-h light-dark cycle and given water and chow ad libitum. Al studies were
approved by the Duke University Animal Care and Use Commitice.
130981 ERCP Surgery. Surgery was performed as previously described (See, R. 8. Shahid
SID, et al, Gastroenterology 146: 5297, 2014, Shahid RA, et al., Cell Mol Gastroenterol
Hepatol 1: 75-86, 2015, Swain SM, et al., J Clin Invest 130: 2527-2541, 2020, each
incorporated herein by reference), with the following modifications. Mice were anesthetized
by intraperitoncal mjection of a mixture of 87.5% ketamine/12.5% xylazine, and a midline
laparctomy was used to expose the first portion of the ducdenum. A puncoire wound was made
in the antimesenteric swrface of the dundemum opposite the ampulia of Vater, and a 306G
catheter attached with tubing to an infusion pump was passed through the puncture wound and
then into the compon bile duct via the ampulla of Vater. The infusion catheter was secured in
the distal cornmon bile duct distal to the entrance of the pancreatic duct with a ligature, and the
bile duct near the liver was occluded with a bulldog clamp 1o prevent backflow into the
gallbladder and liver. The infusate consisted of ERCP contrast medivm pumped into the
pancreatic duct using a high performance PHD ultra-syringe IY'W programmable pumyp with
pressure fransducer APT300 Hg from Harvard Apparatus (Holliston, MA) that was set to a
range of 0-200 mum Hg. Intraductal pressure was monitored continuously during injection using
the software dedicated to the instrument. Contrast medium was injected at a rate of &0 ul/min
for 5 min as previously described. Methylene biue {(1%) was included in the infusate (o allow
wdentification of leakage from the duct lumen. After 10 minutes, the catheter, ligature, and
bulldog clamp were removed, and the doodenotomy was closed using a purse-string suture.
The laparotomy was closed in two layers, and analgesia was achieved by subcutancous
injection of buprenorphine hydrochloride at a dose of 50 mg/kg. The animals were given free
access to food and water upon recovery. The mice were killed 24 hours after surgery by €05
asphyxiation and then were weighed. The pancreas was removed and weighed; a portion was

frozen at 80°C for later myecloperoxidase (MPO) assay, and a separate portion was fixed
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overnight at 4°C in 10% formalin for the histopathologic analysis. Mixed artertovenous blood
was also collected by decapitation for serum amylase measurement.
[B081]  Splenectomy. Seven davs before ERCP surgery, mice were anesthetized with
isofhirane, a small incision was made in the left flank, and the splenic vasculature was then
ligated and the spleen removed through the incision as previously described (See, Inoue T, et
al., J Clin Invest 126: 1939-19352, 2016). Shan-operated controls were treated identically but
without splenic artery ligation and spleen removal.
[8092]  One group of mice was preteated 30 min before ERCP surgery ip with either 0.1,
0.5, or 1.0 mg/kg nicotine hydrogen tartrate (equivalent to 32.3, 162.5, and 325 ug/kg of pure
nicotine, respectively). In some groups, mice were pretreated 30 min before ERCY surgery ip
with 4 mg/kg GTS5-21. In another group, mice were administered 1 mg/kg mecamylamine {ip
36 min before (3TS-21 and again 12 hours iater). Some mice were injectad ip with 4 mg/kg
GTS-21 or saline (controls) as described 24 h before they were killed and their spleens removed
for in vitro splevocyte preparation. Crude splenocytes or T cell-depleted splenocytes (see
below} were injected v into intact recipicnt mice via the retro-orbital sinus under tsoflurane
anesthesia 24 hours before ERCP surgery.
[B093]  Splenocytes. After removal, spleens from mice pretreated 24 hr previously with
either 4 mg/kg GTS-21 or vehicle were mashed through a 70 pum filter using a 3 ml syringe
plunger with a rubber tip, incubated with DNase-1 for 10 min at 37°C, treated to lyse red blood
cells, and washed by centrifugation in PBS three times as previously deseribed. These crude
splenocytes were either injected iv into untreated recipient mice or used to prepare a suspension
of splenocytes lacking T celis. In this preparation, crude splenocytes were incubated with a
biotinylated anti-C3¢e antibody {(eBioscience; 2.5 ul/mol}; for 30 min at 4°C. After washing the
cells by centrifugation, the cells were then incubated with 25 pl/mi of MACS streptavidin
microbeads {Miltenyi Biotec (Somerville, MA} for 15 min at 4°C. The cells were then washed
again by centrifugation and then passed throvgh negative sclection LD columns attached to a
MACS multistand magnetic separator (Miltenyi Biotec, Somerville, MA} at unit gravity. After
sashing, the purified mouse splenocytes lacking T cells, or crude splenocytes from mice
treated with the GTS-21 vehicle, were resuspended in sterile PBS and then 100 yl of the cell
suspensions confaining 20 million cells were injected iv into the retro-orbital sinus in intact
mice under isoflurane anesthesia. An aliquot of the cells was separately analyzed by flow
cytometry o assess the extent of the removal of T cells.
130947 Assavs. The scrum amylase concentration was measured as previously described

clsewhere (See, Shahid RA, et al., Cell Mol Gastroenterol Hepatol 1:75-86, 20135, incorporated
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herein by reference), except that Phadebas amylase test tablets (Magle Life Sciences,
Cambridge, MA) were used as substrate instead of Procion Yellow starch.

[B09S]  Pancreatic tissue activity of MPO, an enzyme produced by neutrophiis and used as
a marker of inflammation associated with neutrophil infiliration, was measuored as previously
described elsewhere using the substrate tetramethyltbenzidine (See, Shahid RA, et al., Cell Mol
Gasiroenterol Hepatol 10 75-86, 2015, incorporated herein by reference). The pancreatic total
protein was roneasured using micro-BCA kits (Therrno Scientific, Rockford, L)

[8096]  Portions of pancreas were fixed overnight in phosphate-buffered 10% formalin. The
tissue was then embedded in paraffin, sectioned at 5 ym, stained with H&E, and coded for
cxamination by two investigators blinded to the cxperimental design. The severity of
pancreatitis was graded using a modified scoring criterion previously described elsewhere.
18697 Statisrics. Results are expressed as mean + standard ermvor of the mean (SEM). To
control for day-to-day variations all results were normalized as percent of the mean valucs
obtained in mice treated with elevated intradoctal pressure alone. Mean differences among
groups werg examined by one-way Analysis of Variance followed by the Tukey-Kramer
posttest (GraphPad Prism, ver. 8.03; GraphPad Software, San Diego, CA). P <« (.05 was

considered statistically sigmificant.

[B098]  One skilled in the art will readily appreciate that the present disclosure is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as those
inherent therein. The present disclosure described herein is presently representative of
preforred embodiments, are exeraplary, and are not intended as limitations on the scope of the
present disclosure. Changes thercin and other uses will occur to those skifled in the art which
are encompassed within the spirit of the present disclosure as defined by the scope of the
claims.

[B699)  No admission is made that any reference, including any non-patent or patent
document cited in this specification, constitutes prior art. In particufar, o will be understood
that, unless otherwise stated, reference to any document herein does not constitute an admission
that any of these documents forms part of the common general knowiledge in the art in the
United States or in any other country. Any discussion of the references states what their authors
assert, and the applicant reserves the right to challenge the accuracy and pertinence of any of
the documents cited herein. All references cited herein are fully incorporated by reference,
unless explicitly indicated otherwise. The present disclosure shall control in the cvent there are

any disparities between any definitions and/or description found in the cited references.
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CLAIMS
What is claimned is:

1. A method of treating or preventing pancreatitis in a subject in need thereof comprising

administering an cffective amount of a mcotinie acetyicholine receptor agonist to the subject.
o v p=

2. The method of claim 1, wherein the nicotinic acetylcholine receptor agonist is a o7

nicotinic acetylcholine receptor ((7aACHR) agonist.

3. The method of claim 1 or 2, whercin the nicotinic acetylcholine recoptor agonist compriscs
one or more of: nicotine, GTS-21, a quinuclidine derivative, a substituted quinuchidine,
vareniciine, galantamine, 3-(1-methylpyrrolidin-2-ylpyridine, carbachol, succinylcholine,

epibatidine, lobeline, encenicline, or a pharmaceutically acceptable salt or derivative thereof.

1

4. The method of any of claims 1-3, wherein the nicotinic acetylcholine receptor agonist
comaprises GTS-21 or nicotine.

5. The method of any of claims 1-4, wherein the methods decrease pancreatic edema, plasma
amylase levels, pancreatic mycloperoxidase (MPO) concentrations, or a combination thereof.
6. The method of any of claims 1-5, wherein the subject is at high risk of pancreatitis.

7. The method of any of claims 1-6, wherein the subject had or is having a procedure which
increases the risk of pancreatitis.

8. The method of claim 7, wherein the procedure is endoscopic refrograde
cholangiopancreatography.

9. The method of claim 7 or 8, wherein the nicotinic acetyicholine receptor agonist is
administered prior to, concomitant with, or after the procedure.

14. The method of any of claims 1-9, wherein the nicotinic acetvicholine receptor agonist is
administered after onset of pancreatic damage or pancreatitis.

11, The method of any of claims 1-10, further comprising administration of a second thevapy.
12. The method of claim 11, whercin the second therapy comprises adminisiration of a

TRPVI antagonist, a TRPV4 antagonist, phosphate, or a compbination thereof.

13. The method of any of claims 1-12, wherein the pancreatitis is acute pancreatitis.
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14. A method of treating or preventing pancreatitis in a subject in need thereof comprising
administering an effective amount of a population of modified splenocytes, wherein the
madificd splenocyies were treated with a nicotinic acetylcholine receptor agonist prior to
administration.

-7

15. The method of claim 14, wherein the nicotinic acctyicholine receptor agonist is an o7

nicotinic acetyicholine receptor (7TnACKR) agonist.

16. The method of claim 14 or 15, wherein the nicotinic acetylcholine receptor agonist
comprises one or more of: nicotine, GT8-21, a guinuclidine derivative, a substituted
quinoclidine, varenicline, galantamine, 3-(1-methylpyrrolidin-2-ylpyridine, carbachol,
succinylcholine, epibatidine, lobeline, encenicling, or a pharmaceutically acceptable salt or
derivative thereof.

17. The method of any of claims 14-16, wherein the subject is at high risk of pancreatitis.
18. The method of claimn 17, wherein the subject has or is having an endoscopic retrograde
cholangiopancreatography.

19. The method of claim 17 or 18, wherein modified splenocyies arve administered prior to,
concomitant with, or after the procedure.

20. The method of any of claims 14-19, wherein the modified splenocytes are administered
after onset of pancreatic damage or pancreatitis.

21. The method of any of claims 14-20, wherein the modified splenocytes are administered to
the subject before, at the same ame as, or after a second therapy.

22. The method of any of claims 14-21, wherein the pancreatitis is acute pancreatitis,
23, The method of any of claims 14-22, wherein the modified splenocytes are autologous or
allogeneic, or a combination thereof.
24. A composition comprising:

a) 4 nicotinic acetylcholine receptor agonist; and

b} one or more of a TRPVI antagomst, a TRPV4 antagonist, phosphate, or a
combination thereof.
25. The composition of claim 24, wherein the nicotinic acetylcholine receptor agonist is an

o7 nicotinic acetylcholine receptor {(g7nAChR) agonist.
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26. The composttion of claim 24 or 23, wherein the nicotinic acetylcholine receptor agonist
coraprises onc or more of: nicotine, GTS-21, a quinuciidine derivative, a substituted
quinuciidine, varenicline, galantamine, 3-(3-methylpyrrolidin-2-yUpyridine, carbachol,
succinylcholine, epibatidine, lobeline, encenicline, or a pharmaceutically acceptable salt o

derxivative thereof,

27. The composition of any of clairos 24-26, wherein the nicotinic acetylcholine receptor
agonist cornprises GTS-21 or nicotine.

28. A composition comprising a nicotinic acetylcholing veceptor agonist for use in treating or
preventing pancreatitis.

29. The composttion of claim 28, wherein the composition further comprises one or more of a
TRPVI antagonist, a TRPV4 antagonist, phosphate, or a combination thereof, for use in

treating or preventing pancreafitis.
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