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B10494 TGRS Agonist

Abstract

The G protein-coupled receptor known as TGR5 (Takeda G protein-coupled re-
ceptor 5) or GPBAR1 (G protein-coupled bile acid receptor 1) has been shown to
actively modulate cellular metabolism and inflammation. TGR5 is a promising tar-
get for drug development for chronic inflammatory diseases based on the inhibition
of cytokine production and inflammatory response that occurs through the activa-
tion of TGR5. Ulcerative Colitis (UC), a chronic inflammatory bowel disease (1B
is a candidate for treatment with a TGR5 agonist. UC is characterized by
to severe mucosal inflammation in the colon and rectum leading to weight lo
cramping, loose stools and bloody stools. Currently, patients are tre
on severity using corticosteroids, immunosupressants, anti-inflam
injectable antibody treatments.

This report details the steps in the development of an orally
agonist to treat UC as an anti-inflammatory and immunosupr
tor activation on macrophages. The flow scheme of degisi

brief overview of the structure of clinical trials. Th ts the justifi-
cation of the flow scheme based on evidenc i ific literature.
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1 Introduction

Takeda G protein-coupled receptor 5 (TGRS) is a G protein-coupled receptor that is nat-
urally activated by bile acids (BAs) and is expressed in varying levels throughout the
body. TGRS, also known as G protein-coupled receptor 131 (GPR131), membrane-
type receptor for bile acids (M-BAR) and G protein-coupled bile acid receptor 1 (GPB

1), has been shown to play an important role in the regulation of metabolism, energy
expenditure, weight gain, glucose homeostasis, gall bladder filling, bile co
and the regulation of the BA pool [1, 2]. Importantly, there is a strong body of
that TGRS signaling is involved in regulating immune responses and i

Colitis.

1.1 Bile Acid Synthesis and Metabolism

In the body, TGRS is naturally responsive to several cholic acid (LCA),
deoxycholic acid (DCA), chenodeoxycholic aci cid (CA). The bile
acid pool differs between mice and human esized in the liver through
either the classical/neutral pathway or t
[3, 4]. The synthesis follows several step Y
modification of the sterol ring and shesten

holesterol 7a-hydoxylase,
ains into the primary BAs of

CA and CDCA. The BAs are thep er glycine or taurine in humans
and mice respectively [3]. Once e metabolized in the intestine and
liver and stored in the gall 3 eased to aid with digestion of lipids and

then the majority are reabso

d mechanisms for the role of TGRS in inflammation. Three
mediated inhibition of cytokine production are illustrated in
nisms interferes in some way with pro-inflammatory cy-
e NF-xB pathway. Common to all three mechanisms, the ac-

ism (Figure 1.1A), the increase in cCAMP inhibits NF-xB by blocking
timulated |1xBa phosphorilation [5]. In the second mechanism (Fig-
reased cAMP stimulates Protein Kinase A (PKA). PKA then upregulates
ogene cFos which binds to the p65 subunit of NF-xB and blocks the pro-
nflammatory cytokines [5]. The stimulation of PKA by increased cAMP also

ys a role in the third mechanism (Figure 1.1C). In this mechanism, PKA generates

MP responsive element binding protein (CREB). CREB actively competes with NF-

to bind to CREB binding protein (CBP). When NF-xB is not bound to CBP fewer
pro-inflammatory cytokines are produced. Additionally, CREB bound to CBP induces
the transcription of the anti-inflammatory cytokine IL-10 [5].
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TGR5 plays a mul ic intestinal inflammation. It is expressed
well as in important inflammatory cells includ-

uation of the inflammatory response [6]. Through the sig-

al. tested the activation of TGRS signaling on differentiating
om patients with Crohn’s disease in vitro. TGRS activation by both
nists greatly inhibited the TNF-a production in response to bacteria
ted macrophages and for peripheral CD14+ monocytes [6]. Coupled with
on immunity and inflammatory response, TGRS expression also plays a

ice show significant changes in crypt morphology and reduction of mucous cells [7].
ditionally, these TGR5~/~ mice had increased severity of induced colitis compared
wild type mice. Oral administration of a TGR5 agonist in mice with colitis showed

dose dependent attenuation of colitis symptoms and expression of inflammatory cy-
tokines [7].
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1.4 Ulcerative Colitis

Ulcerative Colitis (UC) is a chronic inflammatory bowel disease (IBD) characterized
by the mucosal inflammation in the rectum and colon. In IBD, chronic inflammation is
caused by an abnormal immune response to luminal antigens [8]. UC can present itself
at any age, peak incidence is between 30-40 years of age with incidence rates rangi
between 2.2 to 19.2 cases per 100,000 people in North America and from 1.5 to 24.
cases per 100,000 people in Europe [9, 10]. Though the incidence rates have stablllzed
in high incidence areas, they continue to grow in lower incidence areas and déwv
countries. UC can vary in severity from mild, where patients present intermitte
bleeding, mild cramping and diarrhea, to severe, where patients pres
10 loose stools per day, severe cramping, high fever, rapid weig
bleeding.

Traditional treatment for UC varies with severity. For low
alicylates are used to control the disease while steroids and
taken to control flares and are discontinued throughout tim
medium to severe cases these measures are often insufficie ition must
be controlled with biological treatments and immu while colorectomy
is needed in up to 15% of patients as a final res ve benefited sig-

antibody therapy). These treatments, incl
imab, must be administered through reg
at a treatment center. The antibody treatme shown loss of efficacy over
ion, demyelinating disorders and
with corticosteroids during flare
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ever, if successful a second clinical trial will test the efficacy as an add-on
patients with severe UC currently receiving anti-TNF-« antibodies. TGR5

olecules [14]. BA mimicking drugs are cycled through the body through the
transport recycling mechanisms and may build up in the kidneys, gallbladder and
r. To avoid the cycling of the drug, the discovery and development will focus only on

nthetic small molecules. The chart in Figure 1.2 is a broad overview of this process.
A virtual screen using a G protein-coupled receptor homologue scanned thousands
of potential compounds for an initial overview. The virtual screen will be expanded to
1,000,000 compounds in order to identify 10,000 hits that advance to in vitro screening.
Primary and secondary in vitro screenings, an ex vivo screening, and in vivo validations
including pharmacology and toxicity tests further filter the hits until the final optimized

3
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compound enters clinical trial.

Anti-inflammatory TGR5 agonist treatment for Ulcerative Colitis
Once daily oral controlled release tablet for chronic treatment (stand alone OR add on)
Decrease inflammatory Response (Lower cytokines >60%, >15%)
Improve colonic absorption (Stool frequency and rectal bleeding 80%, >15%)

Virtual screening

Homology modeling || Compound selection |
1000 000 compounds
| Virtual screening

Phase 1: One healthy
subject at a time (<8Giotal)
for human dose reSpons

PK|PD: ADME profiling

PK|PD: ADME profiling
Efficacy: TNFa, IL-1B, BW, diarrhea
Toxicity, Genotoxicity

HTS for cAMP accumulation

Counter-screen: TGR5 KO (selectivity) Efficacy: molecular and
histological biomarkers | Efficacy as
l add-on
PK in dog (NZ?O":OO
Macrophage cells: anti-inflammation 1 patients)
Cytotoxicity, genotoxicity
l Efficacy: Histolog ‘

. - Carcinogepésis, mutagenesis,

Ex vivo on mouse colon biopsy rep f

tive toxici
. Stand alone treatment or testing onh treatment or testing
DSS: Mice for this step used 3 i DSS) induced ulcerative colitis

Solubility Permeability

Phase 4: Post-marketing
Rare or long term adverse
effects

g a UC flare. This will be judged based on
d symptoms, such as rectal bleeding and stool
able to induce complete remission in 80% of treated pa-
ccessful. The second criteria is a 60% decrease in cytokine

ability to induce co
the self reported
frequency. A

ne protein, TGRS is difficult to isolate for crystallization. Due to the lack
structure, a homology model of the structure was developed for the vir-
2en. The structure was modeled using the SWISS-MODEL homology modeling
er [15]. The two highest scored structures were built using a human adenosine re-
tor (Protein Databank Identifier (PDB): 5mzj) and a human muscarinic acetylcholine
ceptor (PDB: 5cxv) as templates.

A structure based on the human adenosine receptor was selected (Figure 2.3) for
the virtual screen. It was selected due to its high local quality, both in general and in
residues that could be important for the binding (Figure 2.4).

The virtual screening was performed using AutoDock Vina [16]. A box with a volume
of 10,982 A* was defined at the top of the structure as a potential docking site. Keeping

4
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Figure 2.3: Side (left) and top (right) views of the TGR5 homology structure based on the human aden
backbone is drawn as a ribbon diagram with sidechains represented as sticks. Oxyg

nitrogen atoms in
blue.

in mind Lipinski’s rule of five', compounds from the e with molecular
weight between 375 and 425 Da and partition iCi ween 4 and 5 were selected
[17]. This selection resulted in 388,000 co compounds, 2523 were

forward, a total of roughly 1,000,000 molec iftlally screened. The top 1%

ill be selected for the use in
in vitro screening. A correspo

illustrated in Figure 2.5.
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Sidu;s;\)lumberzoo >0 300 Molecule Number

ality estimate for the homology struc- Figure 2.5: Affinity of the virtually screened molecules.

Hue the expected similarity to the na- The molecules were sorted based on affinity (lower bind-

wn. Scores below 0.6 indicate residues ing energy results in better binding). The figure also shows

the. homology modél used for analysis the value for lithocholic acid, a native ligand of the struc-

ow score are located in loop regions witr; ture and a threshold that denotes the molecules (top 1%)

less defined structures. with the best binding.

"Drug candidates should have: less than hydrogen donors, less than 10 hydrogen acceptors, molec-
lar weight (MW) < 500 Da, octonal water partition coefficient <5 ClogP
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3 In vitro Screening

In vitro screening will be used to decrease the overall number of hits found in the virtual
screen. The in vitro screening will evaluate the physical properties, efficacy, in vitro
pharmacodynamics (PD) and toxicity to determine which compounds will move forward
to in vivo validation.

3.1 Physical properties measurement
3.1.1 Solubility

10,000 representative compounds from the virtual screen will under:

have inadequate and variable bioavailability and may resu
toxicity [18].

Solubility will be determined using the saturation
consists of continuously adding a solute to an

ility method which
il saturation. UV

relevance [19]. Only compounds that are reely soluble or very soluble (30:1
solvent:solute ratio [20]) over the physi i
permeability testing.

3.1.2 Permeability

Approximately 1,000-2, the solubility screen will undergo perme-
a substance to pass through it, known as
bsorption and distribution of drugs.

assay (Figure 3.6) will be used to determine how well

ross an epithelial membrane. The epithelial monolayer of

the permeability, i
The Caco-
the compoun

tion of the compound on both sides of the monolayer will be
id chromatography-tandem mass spectrometry (LC-MS/MS). The 300
st diffuse across the monolayer will have the highest concentration
n the basolateral liquid and will proceed to primary in vitro screening.

ary in vitro Screening: Pathway Activation

llowing solubility and permeability testing, appropriate in vitro assays must be de-
oped. It has been shown that some synthetic TGR5 agonists activate the human

d mouse TGRS receptors very differently [22]. In order to address this discrepancy
the tests will use a cell line which overexpresses human TGR5 (hTGRS). The primary
in vitro screening will be prepared with Human Embryonic Kidney cells 293 (HEK293)
that are easy to control and maintain. The cell lines will be transfected with a plasmid
containing a hTGRS receptor.
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‘ Apical Side ‘

Test Samples

Caco-2 Monolayer- u u u u u u

Membrane Filter

Figure 3.6: Caco-2 assay: Caco-2 cell monolayers will be cultured on semipermeable plastic. Test compound
added to the apical side of the monolayer. After incubation for various lengths of time, aliquots of the buffer in opposite
will be removed for the determination of the compounds’ concentration and the computation of the rates of permeab
compound. LC-MS/MS will be used to measure compound concentration in the liquid.

reporter gene assays. In an accumulation assay, labeled c
cellular cAMP following lysis for binding to a labeled anti-
reporter gene assays rely on the detection of expression le
ulated by a cAMP activated transcription factor. Th
assay due to its simplicity.

The compounds will be tested using the
cence (HTRF®) Assay from Cisbio internati
principle of Fluorescence Resonance E
energy is transfered from one fluorescent
quiring only labeled cAMP and labe i

This method uses the
) (Figure 3.8) in which
r. Itis a simple method, re-

alyzer. The results will be give io\Between luminosity at 665 nm and 620
nm, which is referred to a [
indicates higher cAMP

Cryptate conjugate
in lysis buffer

» HTRF® readout

Cell lysis
& cAMP detection

Step 2

eps in the HTRF® assay (Degorce,2003) [23]: The HTRF® assay is specifically designed for detecting
produced after TGR5 activation. It uses Fluorescence Resonance Energy Transfer (FRET) technology:
antibodies and cAMP-XL665 emit long lifetime fluorescence at 665 nm when bound together in the absence

occur and fluorescence is only seen at 620 nm.
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[ - Long Fetime Long lifetime
fluorescance fuarescance

/ at 665 nm at 620 nm

- b

Sl
FRET

Figure 3.8: FRET mechanism during labeled and natural cAMP competition (Williams, 2003) [24]

to the compounds.

At the end of the screening, compounds resulting in a
be retested. Those hits with HTRF ratios confirmed in the
counter-screen with HEK293 with a loss-of-functio
confirm that the compounds identified in the prima gh TGRS.

o check for poten-
tial non-specific GPCR, kinase, and nucle jon using the gpcrMAXSM

[25], the scanMAXSM [26] and the NHRs

[8]) of each compound and the
at each concentration for
analyzed for CAMP increase.

3.3 Seco ro Screening: Anti-Inflammatory Pathways

three-fold secondary screening (Figure 3.9) focusing on
matory properties associated with TGR5 activation. The
as a screening marker, due to its role in the degradation of
in UC [28].

will be tested in order to best emulate the disease phenotype. The
ill look at differentiating macrophages [8]. Macrophages will be dif-
th both macrophage colony-stimulating factor (M-CSF) and interferon-~

PS). The cells will then be incubated with different compound concentrations
uplicates (2, 4, 6, 8 and 10 nM). These concentrations will be used as 10 nM of the

R5 agonist known as 3-(2-chlorophenyl)-N-(4-chlorophenyl)-N, 5-dimethylisoxazole-
carboxamide, has been shown to lower TNF-a expression by 50% [8]. Negative and
positive controls will also be included on the plate. TNF-«a levels will be visualized
and quantified with ELISA and a spectrophotometer (Figure 3.9A). To identify com-
pounds that activate the TGR5 pathway, an HTRF-compatible analyzer will test for the
accumulation of cAMP (Figure 3.9B). A third test will assess the inflammatory gene ex-
pression levels using Nanostring’s nCounter® Human Inflammation v2 Panel (Figure

8
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| ELISA against TNF-a |

lSpectrcphatomeler l

Candidates are only kept
when
TNF-a production < 50%

Digital
Analyzer
ndidates are only kept when

TNF-a, IL-6 and IL- 1
expression < 50%

Figure 3.9: Analysis of the secondary screeni Il be added at concentrations 2, 4, 6, 8 and
10 uM to activated and differentiated macrophag
e analyzed with different markers. Note that the
(A) The first plate will be analyzed with ELISA in order to
biosource.com/learn/ELISA). The optical density of ELISA
at show a 50% reduction of TNF-«, compared to the blank
condition, at 10 M compound co
in the samples in order to veri
above in the primary screeni nalyzer, only candidates with an HTRF ratio lower than 2,000 at 10
and « A guide to optimizing agonists for Galphas », Cisbio). (C) The
sion. The levels of their mRNA can be measured using the nCounter®
ostring. Digital analysis will establish the presence levels of inflammatory cytokine mRNA.
antified specifically, for their role in UC [28]. (reference: « nCounter® Analysis System »,
0% in mRNA counts for each of the cytokines: TNF-«, IL-1 and IL-6, compared to the
ntration will be kept. The counts will be made using the nCounter® Analysis system.

Human Inflammation
TNF-q, IL-1 and IL-6

the'secondary screening, the dose response curve for TNF-« inhibition
compared with the dose response curve of cAMP production to establish

‘ he same compound concentrations and incubation times as for the EC50
asurements in the primary screening.
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3.4 In vitro Toxicology Assays

The majority (40%-50%) of compounds identified in drug discovery primary screens
often fail because of toxicity [29, 30]. Therefore, fast and productive in vitro toxicity
tests are needed to select the best drug candidates before beginning in vivo studies.

3.4.1 Cytotoxicity

Normally, cytotoxicity assays are conducted among the earliest toxicity assay
compounds are considered to be cytotoxic if they interfere with cellular att
significantly alter morphology, adversely affect cell growth rate or cause cell de

Digital Holographic Microscopy (DHM) will be used to assess iCi
generates quantitative phase images without added labels for an

is discerned based on the optical path difference (OPD) (Fi
they will become round and detach from the plate leadin values. Only

---------

M measures a signal that is proportional to
t is quantitatively measured by the optical path
rphology of dead cells is changed from a flat to a

| be used to detect drug candidates that induce potential
vitro aspects of genetic toxicology, gene mutation and both
romosome aberrations, will be assessed. The Ames test

. es testing uses a number of Salmonella strains which carry a de-
t) gene that renders them unable to synthesize the essential amino acid
grow to form colonies. However, new mutations caused by chemical com-
§ restore the gene’s ability to synthesize histidine. These mutations enable
bacteria to grow in the absence of histidine. Based on the Ames test results all
tagenic compounds will be eliminated as candidates for the final drug.
The in vitro micronucleus assay, Figure 3.12, is used to detect chemical compounds
hat induce chromosome aberration [34]. This assay is an important component of a
genotoxicity screening as it will identify chemicals that could produce chromosomal
damage. This chromosomal damage can generate small extra-nuclear bodies, known
as micronuclei, that contain whole or fragmented chromosomes that were not incorpo-
rated into the daughter nuclei during mitosis [35]. Chinese Hamster Ovary (CHO) cells

10
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D D

Control plate 12 hours Few colonies grow

|ncubatmr|

Test
compounds
Salmonella strains can
not produce histidine

Test plate Many colonies grow

well-characterized karyotype. The cells will be treated with
the compounds, fixed and scored by a software to score
clei. This score translates to the concentration dependen

Negative Positive
control  Testing compound control

Figure 3.12: Schematic of in i e cells are seeded in 96-well plates and treated with the test
compounds. The number of mi i ed. Co pounds that induce chromosome damage will lead to the induction
of micronuclei in interphase.

d in vivo evaluations there are several potential mouse models of
ically induced, bacterially induced and transgenic models. The pros and
, described briefly in Table 4.1, are weighed in the decision of the model.
0 screening and in vivo validation will use a Dextran Sulfate Sodium (DSS)
emically-induced mouse model of UC. All tests will be done on transgenic BALB/C

e with a human TGRS receptor (hnTGRS5). DSS is widely used (often in BALB/C
ce) due to its ease of administration, ability to mimic both chronic or acute human
C and for the ability to guide the severity with design [37, 38, 39]. The use of a
chemically-induced model avoids the cross-breeding step needed to create transgenic
UC mice with hTGR5, improving time and cost efficiency. A noteworthy downside to
the DSS model is a lack of control of severity from mouse to mouse. To address this
downfall the protocol for induction of colitis with DSS calls for the use of 5-10 mice per

11
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Table 4.1: Comparison of benefits and drawbacks of various chemical, bacterial or transgenic mouse models of ulcerative colitis.
Summary of information from Low et al. 2013, Manicassamy and Manoharan, 2014, and Randhawa et al. 2014.

Model Pros Cons Notes
Chemical
« Easy to administer « Variable severity Good to study contributions of
« Schedule chronic/acute innate immune response [36]

Dextran Sulfate Sodium (DSS) * Rough dosage control of severity

* Mimics human UC

Oxazolone * Mimics human UC « Lacks chronic phenotype
« Intrarectal administration
2, 4, 6-Trinitrobenzene « Chronic phenotype « Intrarectal administration Good to study T helper ¢
sulfonic acid (TNBS) * Mimics human UC mucosal immune respons
Bacterial
Salmonella * Mimics crypt loss and erosion « Risk of systemic infection[38] Good for acute study only
Adherent-invasive E.Coli * Mimics human UC « Simultaneous DSS treatment
Transgenic
IL-7 Tg Mice » Early UC development « Later UC progression
* Mimics human UC
TCRa KO * Mimics chronic human UC « SPF facility
« Long development time
Wiskott-Aldrich Syndrome * Mimics human disease « Long development time
(WASP KO) + Some WASP- humans dev. UC
Mdr1a KO » Mimic ulcers, crypt and goblet loss + 25% develop colitis
* Long development time
« SPF facility
IL-2 KO « Strongly Mimics human UC * 50% Mortali
« Conventional environment
Gai2 KO « Distinct lethal UC phenotype udy of B cell targeting

will be conducted using
il use male BALB/C hTGR5

treatment group [40]. Ex vivo screening
the protocols in Table 4.2. Primary and seco
mice between 7-9 weeks old and ch
ginning at the same age.

Table 4.2: Overview of DSS treatme i of the ex vivo screening and in vitro validation
Stage Severity Protocol
Ex vivo Mild-Mod 5% DSS in drinking water days 0-7,
water day 8, sacrifice[38, 37, 41].
1°in vivo Mild-Mod 5% DSS in drinking water days 0-7

water day 8, sacrifice [38, 37, 41].

10 Chronic Mod 3% DSS in drinking water days 0-7,
water day 8-21, 3% DSS days 22-28,
water day 29, sacrifice [37].

20 Chronic Mod 4 cycles of 5% DSS for 7 days,
followed by water for 12 days[37].

2° in vivo

The lon of an ex vivo screen will test hits in a more complete tissue setting to de-
ase the number of compounds that will move to the expensive in vivo testing. One
ised colon generates approximately 10 cultures therefore with only 20-25 mice the
vivo assay will decrease the hits from 30-40 to 15-20 [41]. Once the mice will be sac-
rificed the colons will be removed, washed, inspected for inflammation and prepared
for culture. Colon tissue will be cut into cross sectional pieces and cultured at 37°C in
5% CO, for 24 hours in a medium containing 10:M of the compound [41]. The top 15-
20 candidates, those with the lowest TNF« production and the most cAMP production
measured using ELISA and HTRF, will be retained for in vivo validation.

12
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6 In vivo Validation

After the selection of the top 15-20 compounds through the in vitro and ex vivo screen-
ings the hit-to-lead phase will continue with in vivo pharmacokinetic (PK), efficacy and
pharmacodynamic (PD) testing. Initial tests with healthy mice will focus on understand-
ing the PK/PD of each compound. After these initial tests, the remaining in vivo testi
will use the DSS model described above on mice expressing hTGRS5.

6.1 Pharmacokinetics (PK)

The four components of PK - absorption, distribution, metabolism and e
- must be assessed in a healthy hTGR5 murine model. A thorou
these properties will determine the appropriate dosages for in vi
saturation endpoints.

The 15-20 compounds will undergo an initial rapid PK
properties. Each compound will be tested on 3 animals with .
study will determine which compounds are able to be absorb rough the intestine,
overcome the “first passage effect” and be detec tream. Based on
previous investigations for TGRS agonists the will test 5mg/kg,
20 mg/kg, 50 mg/kg and 100 mg/kg [14, 42, ose that results in plasma
saturation will be the dose used for futur

Blood samples will be collected from
following the power of 2 rule (30 minsy

a 24 hr period at 7 times
, 16hr, and 24hr) [46]. Urine
K approach will pool the sam-
inter-sample variation is lost, this
g and will help minimize time and cost
study does not pool the samples and

ples of the three mice at eac
method decreases the am
at this stage. In contrast,

kg]) and 0.88 for maximum concentration (Cpmax [NM/mg/kg])
the use of this rapid PK study specifically in the hit-to-lead

ill generate a concentration curve that describes the bioavailability
nd. This analysis provides C,ax, time at maximum concentration (Tax)

ulated with WinNonLin [14].

The tissue distribution of compounds that successfully enter the bloodstream will be
estigated. Mice will be sacrificed at the time of C,,,.x and key organs - the small and
ge intestines, liver, gallbladder, and heart - will be harvested and tissue analyzed
with mass spectrometry. Tissue absorption in the intestines is desired, where as high
absorption in the gallbladder and heart may generate negative side effects [14]. The
distribution detected in the tissues combined with the apparent volume of distribution

13
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(Vy), calculated as:
Amount in body|ug]

Plasma Concentration[ug/mL]

will be used to screen potential compounds. A small V; may indicate strong binding
with blood plasma or a lack of distribution to tissues whereas a large V,; may indicate
good distribution to tissues or simply a high concentration in specific tissues.
Compounds that have successfully reached the bloodstream will undergo a ful
mass balance study (MBS) to understand the metabolism of the compound.

Vi =

Finally, the mass balance of metabolites in feces and urine
major routes of excretion and metabolism in the healthy

in healthy mice to investiga €
administer each compou d i0d to 5 healthy mice in order to investigate

Table 6.3: Pharmacodynamic parameters for study

iac Function Gallbladder Intestine

dard blood pressure (mmHg) <+ Overall Size * Bile acids diarrhea

Rate (bpm) » Total BAs (zmol/l) « Feces weight ratio (wet/dry)
* LVFS* (%) & LVEF* (%) » Energy (ingested/excreted)
fractional shortening), LVEF (left ventricular ejection fraction)

ay be positive effects of the compound, it is important that the agonist does not
se significant weight loss as this is a primary symptom of UC. These same PD
asures will be retested in the DSS-induced UC murine model for the compounds
maining in secondary in vivo validation.

6.3 Primary Validation

The primary in vivo validation will be conducted in hTGR5 BALB/C mice with DSS
induced UC and will rank the compounds in terms of efficacy. A second rapid PK
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study with full MBS will be conducted in the colitis mouse model to observe the effects
of the disease on the ADME of the compounds. At this stage, drug efficacy will be
estimated by measuring plasma levels of the inflammatory cytokines TNF« and IL-153
and by observing body weight and diarrhea score [9, 10]. A toxicity study will also be
performed to assess the safety of the candidate compounds in vivo.

6.3.1 Efficacy

will be tested on a small group of 5 mice and one group will remain
negative control. Whole blood will be collected prior to and after

validation
o optimize

will not look at histological markers and will not characteriz
i condary validation.

time and cost. Histological tests on tissue will be co
6.3.2 Toxicology and Genotoxicity

A toxicity study will be performed only for ng effect in the previous

study. Four doses, i.e. a placebo, an active previous PK and PD stud-
ies), an intermediate dose (5x the a ic dose (10x the active dose),
will be administered daily to 5 hg dose level over 5 days, and the
mice will be observed for 14 da i d morbidity will be assessed. Special

toxicity studies will investi ervous, circulatory, respiratory and im-

mune systems [50]. Ne

will be investigate
cells will be scare
sess structura
will be selected a
biomar ithout

onuclei as described previously (see section 3.4.2) to as-
ical chromosome aberrations [52]. The top 3-4 compounds

2this, the primary validation efficacy markers will be retested and expanded
include levels of inflammatory cytokines (TNFa and IL-153) in the intestinal tissue,
trophilic infiltration and intestinal epithelial damage. All of the measurements of
icacy were chosen as they are well-known markers of UC/UC progression or well-
known symptoms of UC [10, 9]. Each compound will be administered by oral gavage
at concentrations identified in PK dosing studies to 10 mice with DSS induced colitis.
The expression of inflammatory cytokines in the intestinal tissue will be assessed
by RT-gPCR (reverse transcription quantitative polymerase chain reaction) after RNA
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extraction from sections of colon of the sacrificed mice [40]. Each target mMRNA mea-
sured level has to be normalized to the expression of an endogenous reference gene or
to the total cellular RNA content to correct for errors in sample quantification, variation
in RT-gPCR efficiency or in RNA integrity and variations arising from animals. After
normalization, cytokine levels will be reported as relative mRNA expression. Plasma
levels of the same cytokines will be measured by ELISA. The diarrhea score will be

sessed every day based on stool characteristics (consistency and presence of occul
blood) [40, 49]. The mice will also be weighed every day to assess weight log

damage and inflammation [40].

If two compounds have similar results in the above studi
to a single administration, full, conventional in vivo PK
and a second rodent. Dogs and rats will be used for this

large animal
consistent

The lead compound will be chosen as th
sirable PK parameters and significa i ammatory and UC biomark-

efficacy of treatme i al aCtivities of TGR5 agonists and chronic toxicity
will be assessed dies. Since chronic toxicity has to be assessed
non-rodent model, the studies will be performed on healthy

e mimicked by 4 cycles of 5% DSS in drinking water for 1 week fol-
10-14 days in BALB/C mice with hTGRS5. After induction of UC, a

or 28 days. 20 untreated mice will serve as the negative control. The sec-
o validation markers - diarrhea score, weight loss, plasma and intestine
of inflammatory cytokines, neutrophilic infiltration and intestinal epithelial dam-
- will be reassessed for this chronic condition and treatment. Assuming satisfactory
onic efficacy the compound will continue chronic evaluation.

6.5.2 Chronic Toxicity

The chronic evaluation of the lead compound will continue with a battery of chronic
toxicity tests to assess potential negative long-term effects. Four drug doses, i.e. a
placebo, an active dose (based on previous PK and PD studies), an intermediate dose
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(5x the active dose) and a toxic dose (10x the active dose) will be administered to 20
healthy rats and 8 healthy dogs of each sex per dose level over 9 months. The bi-
ological activities of TGR5 agonists assessed previously in healthy mice after acute
treatment (see section 6.2) will be re-evaluated after chronic administration. These
include testing effects on metabolism, cardiac function, gallbladder size, total BA pool
size and itching as these are known potential liabilities of TGR5 compounds. Morta
and morbidity, neurotoxicity (based on neurofunctional and behavioural signs), hema-
tologic toxicity and the effects on the immune and the respiratory systems willa

involved in drug metabolism, will also receive particular attention.
Separate specific reproductive studies will be conducted on r.

effects are observed in an embryo-fetal development (EFD)
and early embryo development (FEED) and pre/postnatal
will be performed [54]. Combining the FEED and PPND stu [ he number
of overall animals required.

To gain approval and complete an Investigatio
drug must not be carcinogenic. This will be carcinogenicity
study using the same animal groups and d ove. A subsection of ran-
domly selected animals will be sacrificed ess the development of
tumors. If tumors will be present, the rem ill be sacrificed and the test
will be stopped. Otherwise, on success

acterize the drug s ivi anism of action in vivo.

The same test [ the secondary in vivo validation study will be
R5 KO and hTGRS5 (wild-type) mice. A comparison of the
ild-type will indicate if the drug is acting non-selectively.

chanism of action [55]. One of two macrophage TGRS KO
ent. The treatment/no treatment results in the conditional

e final lead compound, after thorough pre-clinical animal trials will move to the clinical

| phase of drug development. The objective of clinical trials is to demonstrate safety

nd efficacy in humans in order to establish the benefits and risks of the drug. The

design of clinical trials for patients with UC must adhere to universally accepted ethical

standards of human subject research. These ethical principles include beneficence,
non-maleficence, respect for persons, and justice.
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7.1 Phasel

Phase | clinical trials are the first administration of the drug to humans and will be
conducted on a single subject basis. The objective of phase | study will be to assess
safety and tolerability, to determine the appropriate doses (safe doses), to test the route
of administration and to evaluate human PK.

Sequentially ascending dose studies will be conducted in healthy humans to d
termine safe dosage levels. The principle of a unique ascending dose study is based

characterize the PK of the study drug. The ascending dose study
dose that is 10X less than the minimum anticipated biologic effect |

mouse dose/12.3 and dog dose/1.8) [58]. The dose at whic
benefit for increased dose represents the saturati
in vivo studies will be used as the maximum
lower doses will require only one subject, an increase, 3-5 subjects will
blood samples collected
from the subjects as well as urine and st will be Used to determine human

pharmacokinetics.

7.2 Phasell

patients presenting as a standalone treatment. If the drug is ef-
ficacious as a sta second phase |l trial may be conducted. This
second trial would e he drug as an add-on for patients suffering from moderate-
antibody treatments. The off-label use of the drug as an
t will be evaluated only in the clinical trial phase and no
ill be performed. One of the objectives in Phase Il is to
maximizes the efficacy/safety ratio (drug shows biological
imal side-effects). The symptoms of UC, primarily the diarrhea, may

doscopic assessment (normal mucosal appearance) (Table 7.4) [60, 61]. Stool
quency and rectal bleeding subscores will be assessed during patient screening,
oughout treatment and at the end-of-treatment visit while histological assessment of
doscopically obtained biopsies will evaluate crypt structure and intestinal epithelial
degradation during screening and at the end-of-treatment visit [61]. The Physicians
Global Assessment (PGA) will be noted at visits, however following FDA suggestions
it will not be included as an endpoint [61].
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Table 7.4: The Mayo Score used for assessment of remission. Reproduced from the FDA's Ulcerative Colitis: Clinical Trial
Endpoints Guidance for Industry originally from Schroeder, Tremaine et al. 1987.

Score  Stool Frequency* Rectal Bleeding PGA**
0 Normal for this patient No blood seen Normal
1 1-2 more than normal  Streaks of blood in stool <50% of the time Mild disease
2 3-4 more than normal  Obvious blood in stool most of the time Moderate diseas
3 5+ more than normal  Blood only Severe disease

*Stool frequency requires a baseline "normal” for each patient from healthy/remission periods.
**Physician’s Global Assessment

7.3 Phase lll & Phase IV

The aim of phase lll is to evaluate the efficacy and safety of a n

will be tested again in both naive and antibody treated pa
Phase Il the drug will be introduced to the market.
The Phase IV trial is a post-marketing study.

monitored throughout the post marketin g ars of Phase |V clinical
trials will be conducted.

8 Conclusion

Current treatments for ronic inflammatory bowel disease, in-
clude anti-inflammatori i ants, corticosteroids and antibody injec-

agonist drug could likely address some of these concerns
treatment for patients suffering from UC. TGR5 activation

The novel TGR5 agonist drug will decrease macrophage production
ry cytokines that can degrade the colon’s epithelium leading to the

is screen used AutoDock Vina and the homology model, stabilized A2A
enosine receptor to screen compounds in several chemical libraries and identify pre-
liminary hits. The solubility of these 10,000 representative compounds will be assessed
the shake flask method. All compounds that are soluble in water will advance to
permeability testing with the CaCo-2 permeability assay. The 300 compounds with the
greatest permeability will advance to the primary in vitro screening.
The primary screen will use hTGRS5 transfected HEK293 cells to identify compounds
that lead to increased cAMP production using the HTRF assay (CisBio) and FRET lu-
minescence. The 75 compounds with the lowest EC50 will advance to secondary in
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vitro screening that will look specifically at the effect of compounds on LPS activated
macrophages. The screen will quantify a number of downstream effects of macrophage
TGRS5 activation with several methods. These include using ELISA to determine the
reduction of TNF-a production, using HTRF to determine cAMP upregulation and us-
ing a Nanostring mRNA panel to determine the levels of inflammatory cytokines. The
secondary screen will also evaluate compound cytotoxicity using digital holograp
microscopy to assess cell viability through optimal path distance. Overall, the top 3
compounds from the in vitro screening will move forward in the drug develop
cess.

bodyweight and diarrhea) and a toxicity and genotoxicity st
on the top 3-4 compounds will include an in-depth efficacy sis that extensively

study.
Once identified and tested for chronic e
to the clinical trial phase. Clinical trialsgwi

and PK in one healthy subject at valuate the safety and efficacy
in patients with UC. First, a gra entstaking only the TGRS agonist drug
will complete the phase Il t naive patients are positive, a second
phase Il trial will be conduc rial will evaluate the drug as an add-on
medication for patient rrently treated with anti-TNF-« antibodies

ficacy and PK in d, phase Ill will expand treatment groups and
evaluate effic placebo. Assuming the drug proves efficient it can be mar-
keted after phasejlil. dard long term post marketing study (phase V) will follow

tment to watch for rare side effects or long term toxicity.
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