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Abstract

Objective and design To evaluate the potency of RORyt blockade for treatment of Inflammatory Bowel Disease (IBD), the
efficacy of TAK-828F, a novel RORYt inverse agonist, in anti-TNF-ae mAb non-responsive mouse colitis model and effect of
TAK-828F on IL-17 production in peripheral mononuclear blood cells (PBMCs) of anti-TNF-a naive and treatment-failure
patients of IBD was investigated.

Methods and results The colitis model showed Th17-dependent pathogenicity and response to anti-IL-12/23p40 monoclonal
antibody (mAb), but no response to anti-TNF-a mAb. In the model, TAK-828F, at oral dosages of 1 and 3 mg/kg, inhibited
progression of colitis and reduced the immune reaction that characterize Th17 cells. Anti-IL-17A mAb showed neither effi-
cacy nor change in the T cell population and colonic gene expression in the model. In the normal mouse, a 4-week treatment
of TAK-828F at 30 mg/kg did not severely reduce lymphocyte cell counts in peripheral and intestinal mucosa, which was
observed in RORy ™~ mice. TAK-828F strongly inhibited IL-17 gene expression with ICy, values from 21.4 to 34.4 nmol/L
in PBMCs from anti-TNF mAb naive and treatment-failure patients of IBD.

Conclusions These results indicate that RORyt blockade would provide an effective approach for treating refractory patients
with IBD by blocking IL-23/Th17 pathway.

Keywords Inflammatory bowel disease - TAK-828F - RORyt inverse agonist - IL-23/Th17 pathway - Mouse colitis model

Introduction

Inflammatory bowel disease (IBD) is a chronic and refrac-
tory gastrointestinal disease along with a severe decrease
in QOLs [1, 2]. To treat the patients with IBD, anti-inflam-
matory and immunomodulatory drugs such as 5-aminosal-
icylates, corticosteroids and azathioprine are used. However,
the efficacy of these drugs is restricted in some patients, and
long-term use of corticosteroids and azathioprine is limited
due to their side-effects [3]. In the patients who show resist-
ance to these agents, treatment with anti-TNF-o monoclonal
antibodies (mAb) and vedolizumab are clinically approved
[3-5]. Although these biologics are providing a lot of ben-
efit in the treatment of severe IBD, non-responding patients
still exist [4]. Additionally, expensive drug prices and peri-
odic hospital visits for administration are also a burden on
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the patients. Thus, there is a high unmet medical need for
a novel oral drug that possesses strong efficacy, a favorable
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safety profile and less expensive alternatives to treat refrac-
tory patients to current therapy, especially against biologics.

The IL-23/Th17 axis has been identified to play a major
role in the pathogenesis of IBD. For example, genome-wide
association studies indicate that interleukin-23 (IL-23) and
additional genes in the IL-23/Th17 pathway (IL-12p40,
JAK?2, STAT3, CCR6 and TNFSF15) are associated with
Crohn’s disease (CD) and partially to ulcerative colitis (UC)
[6-9] Anti-IL-12/23p40 monoclonal antibody (mAb) and
anti-IL-23 mAb demonstrated significant efficacy in anti-
TNF-a mAb refractory patients with CD [10-13] indicating
the large impact of IL-23/Th17 pathway in the pathogen-
esis of severe CD. Involvement of IL-23 leading to Th17
cell differentiation, expansion and stabilization [14, 15]
indicates that blocking IL-23/Th17 axis is an attractive
therapeutic strategy to treat patients with severe CD, espe-
cially for non-responders to anti-TNF-a mAb. In addition
to Th17, the subset of IL-17 and IFN-y double-producing
Th17 (Th1/17) cells has been recently identified, which
may also be involved in the pathology of inflammatory dis-
eases including IBD and multiple sclerosis (MS) [16, 17].
RORyt has essential roles for the differentiation of Th17 and
Th1/17 cells and activation of these cells [17-19]. RORyt
dysregulation is also known to induce immune imbalance
by disturbing the equilibrium of pro inflammatory IL-17"
and regulatory IL-10" T cell populations [20]. Thus, RORyt
could be an attractive target for the treatment of Th17 and
Th1/17-related several immune diseases.

We have discovered an orally available novel small mol-
ecule RORyt inverse agonist, TAK-828F [21]. In a cell-based
functional assay, TAK-828F inhibited the transcriptional
activity of human RORyt with an ICy; of 6.1 nM and TAK-
828F showed clear selectivity when tested against 21 other
types of nuclear receptors including RORa and ROR [22].
TAK-828F, at 10 and 100 nM, suppressed IL-17 produc-
tion, but does not inhibit IFN-y, from murine splenocytes
and healthy human peripheral blood mononuclear cells
(PBMC) [23]. TAK-828F also inhibited Th17 cell differ-
entiation, without affecting Thl cell differentiation, from
primary naive T cells of mouse and human [23]. In the
in vivo efficacy study, TAK-828F showed protective and
therapeutic efficacy in the activated CD4* T cell transferred
colitis model [24]. This colitis model was highly respon-
sive to anti-TNF-a mAb indicating that RORyt blockade
may have a potency in anti-TNF-a mAb naive patients with
IBD. In addition to anti-TNF-a mAb responding patients,
non-responding patients to anti-TNF-a mAb are also clini-
cally important as mentioned above. Therefore, to evaluate
whether RORYt blockade has the potential to show efficacy
in anti-TNF-a mAb non-responding patients, we have con-
ducted efficacy studies of TAK-828F in the naive T cell
transfer colitis model that is non-responding to anti-TNF-o
mADb. In addition, efficacy and pharmacological profiles of
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TAK-828F was directly compared to that of anti-IL-17A
mADb, since anti-IL-17A mAb failed in a clinical trial of CD
[25]. Additionally, we have investigated the effects of TAK-
828F on the immune cell population in normal mouse to
evaluate the impact of RORYyt inhibition on immune status.

We previously reported the potent inhibitory effect
of TAK-828F on IL-17 production from in vitro cultured
PBMC:s of healthy human volunteers [23]. To discuss more
deeply the human relevancy of outcome from animal mod-
els described above, we established ex vivo Th-17-related
gene expression model by use of PBMC isolated from IBD
patients of anti-TNF-a mAb naive and failure, and inhibitory
effects of TAK-828F in this model were investigated. To
evaluate the contribution of RORyt-pathway in the patho-
genicity of IBD, plasma level of IL-17A was also measured.
We have discussed the clinical benefit of RORYt blockade
for the therapeutic option of IBD not only on the basis of
efficacy studies in mouse colitis model but also on the data
obtained by use of human PBMCs derived from IBD patients
of both anti-TNF-a mAb naive and failure.

Materials and methods
Animals

Balb/c mice (female) were purchased from Charles River
Japan (Kanagawa, Japan). C.B-17/Icr-scid mice (SCID
mice, female) were purchased from CLEA Japan. (Tokyo,
Japan). C.B-17/Icr-scid mice were used as recipient mice
and bred individually on white chip (Paperclean, Japan SLC,
Shizuoka, Japan). RORy knockout (RORy ") mice were
generated and bred at Takeda Pharmaceutical Company,
Ltd. (Tokyo, Japan). Mice were maintained under specific
pathogen-free conditions. All procedures were performed in
accordance with the standards for humane care, and treat-
ment of research animals was approved by IACUC (Institu-
tional Animal Care and Use Committee) in Takeda Pharma-
ceutical Company, Ltd. (Approval no. 10797, 10916).

Generation of RORy '~ mice

RORY ™~ mice were newly generated at Takeda Pharmaceuti-
cal Company, Ltd. (Japan, Uga et al. in submission). The tar-
geting vector pPKO-BAC-RORY was constructed by Red/ET
recombination system (GeneBridges, Heidelberg, Germany)
to modify BAC with mouse RORYy gene (RP23-263K17;
Advanced GenoTechs, Ibaraki, Japan). pPKO-BAC-RORYy
was designed to flox exon 3 and 4, containing the PGK-
Neo cassette. pPKO-BAC-RORYy was linearized by Ascl and
electroporated into Balb/cA embryonic stem cells (ESCs).
Clones with a disrupted RORy allele were screened after
G418 selection. Exon 3 and 4 were removed by transient
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expression of pCAG-Cre plasmids in recombinant ESCs.
Chimeric mice were generated by tetraploid complementa-
tion method described previously [26]. The chimeric mice
were crossed with Balb/cA mice to obtain mice heterozy-
gous for the mutant allele. Heterozygous mice were inter-
crossed to obtain animals homozygous for the mutant allele
and to obtain wild-type littermate controls. RORy gene con-
sists of two isomers of RORy and RORyt [27]. DNA binding
domain, ligand binding domain and activation function 2 are
identical to each other, and only N-terminal 19 amino acid
residues lack in RORyt [27]. Thus, deletion of RORYy gene
results in the disruption of RORYt gene of the mice.

Chemicals

TAK-828F was synthesized at Takeda Pharmaceutical Com-
pany, Ltd. (Japan).

Experimental colitis and treatment of TAK-828F
and neutralizing antibody

Mouse colitis was induced by adoptive transferring of
naive T cells of Balb/c mice to SCID mice [23]. Briefly,
CD4*CD62L" naive T cells (2 x 103 cells/mouse) from
Balb/c mice were intravenously injected into SCID mice
(day 0). In the experiment with RORyY™~ mice, naive T
cells (2x 10° cells/mouse) from RORy ™~ and WT mice were
intravenously injected into SCID mice. On day 21 after T
cell transfer, diarrhea score for stool consistency was graded
under blind fashion and mice were sacrificed under anesthe-
sia. The colon of each mouse was surgically removed, rinsed
with saline, and the weight of the colon was measured. Mes-
enteric lymph node (MLN) of each mouse was also collected
for flow cytometry analysis.

TAK-828F was suspended in 0.5% methyl cellulose (0.5%
MC) and administered to the mice via oral gavage. The test
compound was administered once a day on day 0, and twice
a day from days 1 to 20. On day 21, diarrhea score for stool
consistency and colon weight of each mouse was measured
under blind fashion [23].

Anti-TNF-a mADb (clone: XT3.11, Bio X Cell, West Leba-
non, NH) and its isotype Ig G1 (clone: MOPC21, Bio X
Cell) was intraperitoneally (i.p.) administered at a dose of
0.1 mg/mouse on days 0, 5, 9, 13 and 17 after the T cell
transfer since anti-TNF-a mAb showed strong protective
efficacy under these conditions in the activated T cell trans-
fer mouse colitis model [28]. In the preliminary study, the
neutralization activity of the anti-TNF-a mAb was meas-
ured in TNF-a induced cytotoxicity against L.-929 cells
and showed nearly complete inhibition at more than 3 pg/
mL (data not shown). In addition, plasma level of the anti-
TNF-a mAb was maintained over 30 pg/mL for 5 days in
the mouse plasma after single intraperitoneal administration

of the mAb (data not shown). These facts indicate that suf-
ficient amount of anti- TNF-a mAb to neutralize TNF-« in
the mouse plasma was administered in the efficacy study.
Anti-IL-12/23p40 mAb (clone: C17.8, R&D, Minneapolis,
MN) and its isotype IgG2 (clone: 54447, R&D) were also
administered at 0.1 mg/mouse with the same administra-
tion schedule with anti-TNF-a mAb, since this mAb also
showed strong efficacy in the activated T cell transfer colitis
model under this condition (data not shown). Anti-IL-17A
mAb (clone: 17A3, Bio X cell) and its isotype Ig G1 (clone:
MOPC21, Bio X Cell) were used in the efficacy study. Anti-
IL-17A mAb (clone: 17A3, Bio X Cell) at 1 and 10 pg/mL
almost completely inhibited IL-17-induced IL-6 production
from NIH 3T3 cells in vitro, showing a strong neutralizing
effect (data not shown). A plasma level of > 10 pg/mL was
sustained for 7 days after single intraperitoneal administra-
tion of 0.02 mg/mouse of anti-IL-17A mAb in normal mice.
To keep high plasma concentration (> 10 pg/mL) of anti-
IL-17A mADbD in the plasma of mice, anti-IL-17A mAb at
a dose of 0.02 mg/mouse was i.p. administered on days 0,
7 and 14 in the experiment. With this dose administration
schedule, anti-IL-17A mADb showed significant efficacy in
experimental autoimmune encephalomyelitis model of mice
(data not shown).

Intracellular cytokine staining

Single cell suspensions prepared from MLNs were stimu-
lated with PMA (50 ng/mL, Wako Pure Chemical Indus-
tries, Ltd, Osaka, Japan) and ionomycin (1 pg/mL, Wako
Pure Chemical Industries, Ltd), in the presence of transport
inhibitor containing monensin (BD Biosciences, Franklin
Lakes, NJ) for 4 h in RPMI-1640 medium containing 10%
of FBS. After blocking Fc receptor by anti-CD16/CD32
mADbD (clone: 2.4G2, Bio X Cell), cells were stained with
PE-conjugated anti-CD4 mAb (BioLegend, San Diego, CA).
Stained cells were fixed and permeabilized with Fixation/
Permeabilization solution (BD Biosciences). The intracel-
lular cytokine staining was carried out using FITC-con-
jugated anti-IFN-y mAb and Alexa Fluor 647-conjugated
anti-IL-17A mAb (BioLegend). Flow cytometry analysis
was performed using BD Accuri C6 Flow Cytometer (BD
Biosciences). The population of Th17, Th1/17 and Th1 cells
were defined as follows: Th17, IL-17* IFN-y~ cells gated
on CD4* cells; Th1/17, IL-17* IFN-y* cells gated on CD4*
cells; Thl, IL-17~ IFN-y* cells gated on CD4™ cells.

Real-time quantitative RT-PCR
Colon was stored in RNA later (Qiagen, Hilden, Germany)
at 4 °C. Total RNA was isolated using RNeasy Mini Kit

(Qiagen) and DNasel (Qiagen) to avoid genomic DNA con-
tamination, according to the manufacturer’s instructions.
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High Capacity cDNA Reverse Transcription Kit (Life
Technologies, Carlsbad, CA) was used for cDNA synthesis.
Quantitative PCR reactions were performed on a ViiA 7
Real-Time PCR System (Life Technologies), using TagMan
Fast Advanced Master Mix (Life Technologies) with specific
primers on TagMan Gene Expression Assays (Life Tech-
nologies) according to the manufacturer’s manual. FAM-
probed primers with following assay identification numbers
were used: 1117a, Mm00439618_m1; 1117f, Mm00521423_
ml; 1122, Mm01226722_g1; Ifng, Mm00801778_m1; 1110,
Mm00439614_m1. The data were normalized to f-actin
(Actb) gene expression.

Histopathology

Two small pieces from proximal and distal portions of the
colon were dissected from each mouse and placed in 10 vol%
neutral buffered formalin. All tissues were embedded in
paraffin, sectioned in a cross-sectional manner and stained
with hematoxylin and eosin. Histopathological evaluation
was performed independently by two pathologists, and the
following criteria were used.

Histopathological scoring system

Score Grade Criteria

Mucosal regeneration/ 0 None Not remarkable
hyperplasia
1 Minimal Regeneration/hyperpla-
sia of mucosa without
goblet cells is observed
in focal area
2 Mild Multifocal regeneration/

hyperplasia of mucosa
are observed in about
half of the mucosal
area

3 Moderate Regeneration/hyperplasia
of mucosa is observed
in about half to almost
all the mucosal area
with slightly increased
mucosal thickness.
Goblet cells are
observed focally

4 Marked  Regeneration/hyper-
plasia of mucosa is
observed diffusely
with twofold mucosal
thickness. Goblet cells

are scant
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Score Grade Criteria

Mononuclear cell 0 None Not remarkable

infiltration 1 Focal or multifocal infil-

tration of mononuclear
cells (mainly lympho-
cytes) in mucosa and/
or submucosa

Minimal

2 Mild Diffuse infiltration of
mononuclear cells
(mainly lymphocytes
in mucosal and/or
submucosa

Inflammatory cell 0 None Not remarkable

infiltration 1 Focal infiltrations of

inflammatory cells
(mainly neutrophils) in
mucosa

Minimal

Crypt abscesses/cell 0 None Not remarkable

debris in lumen

—

Abscess and/or cell
debris in the lumen of
the crypts

Minimal

Histopathological scores of all findings from both proxi-
mal and distal sections of the colon were combined to calcu-
late the total histopathological score for each animal (maxi-
mum score 16).

Analysis of immune cell population

TAK-828F was suspended in 0.5% methyl cellulose (0.5%
MC) and orally administered to the normal Balb/c mice for
28 days (3 or 30 mg/kg, b.i.d.). TAK-828F-treated mice and
RORY™~ mice (9 weeks) were sacrificed, spleen and small
intestine were collected. Small intestine was used in the
assay, since innate lymphoid 3 (ILC3) cells were mainly
localized in the small intestine, but not in the colon, of the
normal mice in our preliminary assay (data not shown).
Spleen cells were used as peripheral cells in the assay, since
mouse blood cells are unstable and therefore difficult to
accurately measure cell count by flow cytometry analysis.
Total lymphoid cells were recovered from murine spleno-
cytes by lympholyte-M (Cedarlane Laboratories, Burlington,
Canada). Then cell suspension was treated with HLB solu-
tion (IBL, Gunma, Japan) to hemolyze. Mucosal lympho-
cytes of small intestine were collected using Lamina Pro-
pria Dissociation Kit (Miltenyi Biotec, Bergisch Gladbach,
Germany) according to the manufacturer’s instructions.
For intracellular cytokine staining, single cell suspensions
were stimulated with PMA (50 ng/mL, Wako Pure Chemi-
cal Industries, Ltd) and ionomycin (1 pg/mL, Wako Pure
Chemical Industries, Ltd), in the presence of transport
inhibitor containing monensin (BD Biosciences) for 4 h in
RPMI-1640 medium containing 10% of FBS. For blocking
Fc receptor anti-CD16/CD32 mAb (BD Biosciences) was
used. For staining each cell surface makers, PE-conjugated
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anti-mouse NKp46 mAb, PE conjugated anti-mouse CD4,
PerCP/Cy5.5 conjugated anti-mouse CD3 (BioLegend),
V450 conjugated anti-mouse DXS5, V450 conjugated anti-
Mouse CD45R (BD Biosciences), PerCP-Cy5.5 conjugated
anti-mouse/human CD44 and FITC conjugated anti-mouse
CD8a (Affymetrix, Santa Clara, CA) were used. For intra-
cellular staining, after staining with antibodies against cell
surface markers, cell suspensions were fixed and permea-
bilized with Foxp3/Transcription Factor Staining Buffer
Set (Affymetrix). Antibodies for intracellular staining were
FITC conjugated anti-mouse IFN-y, Alexa Fluor 647 con-
jugated anti-mouse IL-17A (BioLegend), Alexa Fluor 647
conjugated anti-mouse RORyt (BD Biosciences) and FITC
conjugated anti-mouse/rat Foxp3 (Affymetrix). Flow cytom-
etry analysis was performed using BD FACSCanto II Flow
Cytometer (BD Biosciences). The population of total CD4*
T, naive CD4" T, memory CD4* T, activated CD4" T, CD8™*
T, B, NK, naturally occurring regulatory T cell (nTreg),
Thl, Th17, innate lymphoid 3 (ILC3), natural cytotoxicity
receptors (NCR)* ILC3 and NCR™ ILC3 cells were defined
as follows: total CD4* T cells, CD4" cells; naive CD4* T
cells, CD25-CD44~ cells gated on CD4* cells; memory
CD4" T cells, CD25"CD44" cells gated on CD4" cells;
activated CD4" T cells, CD251CD44™" cells gated on CD4™*
cells; CD8™ T cells, CD8" cells; B cells, B220" cells; NK
cells, CD37DX5™ cells; nTreg, CD25%Foxp3* cells gated
on CD4* cells; Thl, IFN-y*IL-17" cells gated on CD4%*
cells; Th17, IFN-y"IL-177 cells gated on CD4* cells; ILC3,
CD3 RORyt* cells; NCR* ILC3, NKp46™ cells gated on
ILC3; NCR™ ILC3, NKp46~ cells gated on ILC3.

In vitro assay by use of blood samples from IBD
patients

The study was conducted in accordance with the Declara-
tion of Helsinki, and the protocol was approved by the ethics
committees of both Keio University School of Medicine and
Takeda Pharmaceutical Company Ltd. Signed informed con-
sent forms were obtained from all patients and volunteers,
and all the data were analyzed anonymously throughout the
study. The diagnosis of ulcerative colitis (UC) and Crohn’s
disease (CD) was based on established clinical, radio-
graphic, endoscopic and histopathological criteria. Patients’
characteristics were determined from medical records and
interviews. Thirteen UC patients, twelve CD patients, and
five healthy volunteers were recruited from Keio University
Hospital. The clinical disease activity in the patients with
UC and CD was determined by the diagnostic guidelines of
the Ministry of Health, Labor and Welfare in Japan. Active
UC was defined as partial Mayo score >3, and active CD
was defined as Crohn’s Disease Activity Index > 150. The
inclusion criteria to participate in this study were as fol-
lows; age over 16 years and patients with active UC who

were steroid-dependent/resistant or patients with active CD.
Blood samples were collected from patients who have just
started anti-TNF-a mAb treatments (anti-TNF naive) imme-
diately before the first infusion, or ones whose anti-TNF-a
mADb treatments have just failed (anti-TNF failure) immedi-
ately before dose escalation or switching to other therapies,
with use of heparin as an anticoagulant. When anti-TNF
naive patients were diagnosed as an anti-TNF failure within
16 weeks since started the treatments, their blood samples
were collected again and used as those from anti-TNF fail-
ure. As a control, blood samples from five healthy volunteers
were also collected.

PBMCs were isolated from fresh blood by using Ficoll-
paque density gradient centrifugation at 400xg for 40 min
at 4 °C. The PBMCs were seeded on flat 96 well plates at
160,000 cells/well in RPMI1640 (Gibco, Co Dublin, Ireland)
supplemented with 10% FBS and 1 X Penicillin-Streptomy-
cin (Gibco), and then TAK-828F was added to each well at
indicated final concentrations. Thirty minutes after incuba-
tion at room temperature, Dynabeads™ Human T-Activator
CD3/CD28 (Gibco) conditioned in the same culture medium
were added to each well at 160,000 beads/well. These plates
were further incubated at 37 °C in 5% CO, for 20 h, and
then total RNA of each well was isolated by RNeasy Plus
Micro Kit (Qiagen) according to the manufacturer’s instruc-
tions. The extracted RNA was then reverse transcribed into
cDNA by using High Capacity RNA-to-cDNA Kit (Applied
Biosystems, Foster City, CA) and quantified by real-time
PCR analysis using EXPRESS qPCR Supermix (Invitro-
gen, Carlsbad, CA). Following TagMan primers and probe
sets purchased from Applied Biosystems were used: human
IL17a (Hs00174383_m1) and RPLPO (4333761T). Thermal
cycle reactions were performed on StepOnePlus Real-Time
PCR System (Applied Biosystems) or 7900HT FAST Real-
Time PCR System (Applied Biosystems). The data were
analyzed by normalizing Ct values of IL17A to those of the
housekeeping gene RPLPO.

For cytokine assays, plasma samples were prepared by
centrifugation at 3000 rpm at 4 °C for 15 min and then
stored at — 80 °C until analysis. Concentrations of IL17a in
plasma were measured using Human IL-17A High Sensitiv-
ity ELISA (eBioscience, San Diego, CA) according to the
manufacturer’s instructions. Since it has been reported that
tobacco smoke is related to Th17 generation in psoriasis
patients, active smokers (n=1in HV, n=2 in UC, naive, and
n=1in CD, failure) were eliminated in this study.

Statistics

Statistical analysis was performed using SAS System for
Windows (Release 8.2, SAS Institute, Tokyo, Japan) or
the EXSUS statistical analysis system (8.0 ver, CAC EXI-
CARE, Tokyo, Japan). Wilcoxon test, Student’s ¢ test and
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Aspin—Welch’s ¢ test were performed as required. p < 0.05
were considered statistically significant. One-tailed Wil-
liams’ test or Shirley—Williams’ test were performed
as required and p < 0.025 was considered statistically
significant.

In vitro study by use of human PBMC:s, statistical analy-
sis was performed using GraphPad PRISM 5 for Windows.
Mann—Whitney U test was performed as required, and
p <0.05 was considered statistically significant. To calculate
ICs values of TAK-828F, each data was further normalized
to that of controls; data without the compound was defined
as 100%, and that with the maximum concentration (1 pM)
of the compound was defined as 0%. The ICs, values were
determined by non-linear logistic regression.
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Fig.1 Effect of anti-TNF-a mAb and anti-IL-12/23p40 mAb on
naive T cell transfer colitis model. Anti-TNF-o mAb (a, b), anti-IL-
12/23p40 (¢, d) mAb or isotype control at dose of 0.1 mg/mouse
were intraperitoneally administered to the SCID mice on day 0, 5, 9,
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Results

Effect of anti-TNF-a mAb and IL-12/23p40 mAb
on naive T cell transfer colitis model

To validate the sensitivity of naive T cell transfer colitis
model to representative anti-cytokine mAb, we investigated
the protective efficacy of anti-TNF-« and IL-12/23p40 mAb
in the colitis model. Anti-TNF-a mAb did not prevent onset
of diarrhea and increase of colon weight (Fig. 1a, b). In
contrast to anti-TNF-a mAb, anti-IL-12/23p40 mAb sig-
nificantly inhibited onset of diarrhea and colon weight gain,
respectively (Fig. 1c, d).

Pathogenesis of CD4* naive T cells prepared
from RORy ™'~ mice on colitis

For the purpose to evaluate the impact of RORyt in the
pathogenesis of naive T cell transfer colitis model, naive
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Q
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13 and 17 after naive T cell transfer. Diarrhea score (a, ¢) and colon
weight (b, d) were analyzed under blind fashion. Data were repre-
sented as the mean+SE. #p < 0.05 (Student’s ¢ test) and 5Ep<0.05
(Wilcoxon test) vs. normal group or control group
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T cells, isolated from splenocyte of RORy ™~ or WT mice,
were transferred to SCID mice and disease severity was
observed. In the recipient mice transferred with naive T
cells from RORy ™~ mice, disease severity was significantly
decreased compared to the mice transferred with that of WT
mice (Fig. 2a, b). Noteworthy, specific reduction of Th17
and Th1/17 cell population, but not Th1l, were observed in
the MLN of the mice transferred with naive T cells from
RORy ™~ mouse (Fig. 2c—f), indicating that RORY has essen-
tial role to regulate not only Th17 but also Th1/17 cell dif-
ferentiation and contribute to the pathogenesis of colitis.

Effect of TAK-828F on naive T cell transfer colitis
model

Protective efficacy of TAK-828F in the colitis model was
investigated. TAK-828F was orally administered to the mice
at the doses of 1 and 3 mg/kg twice a day. TAK-828F signifi-
cantly inhibited onset of diarrhea and colon weight gain in a
dose-dependent manner (Fig. 3a, b). In the histopathological
study, TAK-828F at 1 and 3 mg/kg significantly reduced
the total histopathological score of the colon (Fig. 3c). The
mean total histopathological score for the vehicle-treated
control group was 11.0+2.6 and for 1 and 3 mg/kg of
TAK-828F treatment groups were 7.7 +3.0 and 6.1+ 1.6,

respectively. TAK-828F reduced the severity and/or inci-
dent of infiltration of mononuclear and inflammatory cells,
mucosal regeneration/hyperplasia and crypt abscesses/debris
in the lumen (Fig. 3d—g).

Comparison of efficacy between TAK-828F
and anti-IL-17A mAb in naive T cell transfer colitis
model

Anti-IL-17A mAb failed in a clinical trial of CD [25].
Treatment of human and mouse immune cells by TAK-
828F resulted in the inhibition of Th17 cell generation
and Th17-related multiple cytokines production [23], indi-
cating the difference of pharmacological effect between
blocking IL-17A and RORyt. To elucidate the difference
of pharmacological profile between blocking of IL-17A
and RORyt in vivo, the efficacy of TAK-828F in the coli-
tis model was directly compared to that of anti-IL-17A
mAb. As shown in Fig. 4a, b, TAK-828F again ameliorated
disease progression in the model. In the mice, TAK-828F
significantly reduced Th17 and Th1/17 cell population
in the MLN, but did not affect that of Th1l in the model
(Fig. 5), as shown in the mice transferred naive T cells
from RORy ™~ mice. To evaluate the effect of TAK-828F
on effector function of T cells in the colon, we measured
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Fig.2 Role of RORYy in the pathogenesis of the colitis model. Naive
T cells, isolated from splenocyte of RORy‘/_ (KO) and WT mice,
were transferred to SCID mice and disease severity was evaluated on
day 21 after naive T cell transfer. a Diarrhea score and b colon weight
were analyzed in a blind fashion on day 21. Data were represented as
the mean + SE of 6 (normal) or 9 (transferred mice) animals. The fre-
quency of Th17, Th1/17 and Thl cells in MLNs was determined by
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flow cytometry. ¢ Representative dot plot analysis of Thl, Th1/17 and
Th17 cells in CD4* T cells. The frequency of d Th17 cells, e Th1/17
cells and f Th1 cells gated on CD4* T cells. Data were represented as
the mean + SE of three samples (MLNs from 3 animals were gathered
into one sample). $p<0.05 (Wilcoxon test) and #p<0.05 (Student’s ¢
test) vs. wild type group
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Colon weight (g)

Normal Control 1 3

TAK-828F (mglkg)

d Normal SCID mouse

Fig.3 Effect of TAK-828F on naive T cell transfer colitis model.
TAK-828F (1 and 3 mg/kg) or vehicle (0.5% methylcellulose) was
orally administered to the SCID mice twice a day for 21 days. a Diar-
rhea score, b colon weight, and c¢ total histopathological score were
analyzed. Histopathological score of the colon was determined by
staining with H&E as d normal SCID mice, e vehicle control group,

colonic gene expression of IL-17A, IL-17F and IL-22 that
are characteristic of the Th17 signature, and IFN-y that of
the Th1 signature. In the colonic gene expression analy-
sis, TAK-828F treatment resulted in the significant reduc-
tion of IL-17A, IL-17F and IL-22 expression (Fig. 6a—c).
Colonic gene expression of IFN-y was partially reduced by
treatment with TAK-828F. Interestingly, TAK-828F treat-
ment at a dose of 3 mg/kg significantly increased the gene
expression of IL-10, an anti-inflammatory cytokine, in the
colon. In contrast to TAK-828F, no significant efficacy
was observed in the mice treated with anti-IL-17A mAb
to neutralize IL-17A (Fig. 4). Anti-IL-17A mAb affected
neither T cell frequency in the MLN nor colonic gene
expression in the mice (Figs. 5 and 6).
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f TAK-828F at 1 mg/kg-treated group and g TAK-828F at 3 mg/kg-
treated group. Data were represented as the mean+SE of 5 (nor-
mal) or 10 (transferred mice) animals. $p<0.05 (Wilcoxon test) and
*p<0.05 (Aspin—Welch’s ¢ test) vs normal group. ¥p <0.025 (one-
tailed Shirley—Williams’ test) and *p <0.025 (one-tailed Williams’
test) vs vehicle control group

Effect of TAK-828F on the immune cell population
in normal mice

Immunomodulatory agents usually cause immunosuppres-
sion and sometimes induce the reduction of infection immu-
nity in the patients [29]. In order to evaluate whether block-
ing RORyt activity causes systemic immunosuppression or
not, we investigated the effect of TAK-828F on the immune
cell population in normal mice. TAK-828F was adminis-
tered to the normal mice at effective (3 mg/kg, b.i.d.) and
excess (30 mg/kg, b.i.d.) doses for 4 weeks, lymphocytes
prepared from the spleen and the mucosa of small intestine
were measured by flow cytometry. Small intestine was used
in the assay as described in “Materials and methods”, since
innate lymphoid 3 (ILC3) cells were mainly localized in
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Fig.4 Effect of TAK-828F and anti-IL-17A mAb on naive T cell
transfer colitis model. TAK-828F (1 and 3 mg/kg) or vehicle (0.5%
methylcellulose) was orally administered to the SCID mice twice a
day for 21 days. Anti-IL-17A mAb or IgG isotype control Ab (20 pg/
mouse) was intraperitoneally administered to mice at day 0, 7 and 14.

Fig.5 Effect of TAK-828F
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a Diarrhea score and b colon weight were analyzed in a blind fashion
on day 21. Data were represented as the mean + SE of 5 (normal) or 9
(transferred mice). SEp <0.05 (Wilcoxon test) and #p <0.05 (Student’s ¢
test) vs normal group. p <0.025 (one-tailed Shirley—Williams’ test)
and *p <0.025 (one-tailed Williams’ test) vs vehicle control group
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Fig.6 Effect of TAK-828F and anti-IL-17A mAb on colonic gene
expressions in naive T cell transferred mice. Total RNA was isolated
from colonic tissue on day 21 and relative mRNA expression of a IL-
17A, b IL-17F, ¢ IL-22, d IFN-y and e IL-10 in colon was measured
by real-time RT-PCR, normalized with the expression of B-Actin.

the small intestine of the mice. Spleen cells were used as
peripheral cells in the assay as described in the methods.
TAK-828F, at any dose, did not decrease the peripheral lym-
phocytes cell population of male mice (Fig. 7). In female
mice, TAK-828F showed no dose-dependent reduction of
peripheral lymphocyte cell population, though partial reduc-
tion of total CD4", CD8*, naive CD4" and memory CD4*
cells was observed at an effective dose. In the small intes-
tine, TAK-828F dose-dependently reduced RORyt-positive
Th17, ILC3 and its subtype (NCR" ILC3 and NCR™ ILC3)
cells. In addition to the reduction in these cell types, CD4*
and CD8™ cell populations in female mice were decreased
by the treatment of excess dose of TAK-828F (30 mg/kg,
b.i.d.), but counts of other cell types were not affected. Thus,
effects of TAK-828F on immune cell fractions in periphery
and small intestine were limited.

Next, the immune cell population in the mice of
RORYy ™~ mice was compared to that of WT mice (Fig. 8).
The populations of CD4%, CD8*, NK and naive CD4*
cell were significantly decreased in the periphery of
RORy ™~ mice compared with those in WT mice. In the
small intestine, Th17, ILC3 and its subtypes (NCR* and
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Data were represented as the mean+SE of 5 (normal) or 9 (trans-
ferred mice). #p <0.05 (Student’s ¢ test) and *p <0.05 (Aspin—Welch’s
1 test) vs normal group. p <0.025 (one-tailed Shirley—Williams’ test)
and *p <0.025 (one-tailed Williams’ test) vs vehicle control group

NCR™ ILC3) cell population significantly decreased in the
RORy ™"~ mice. In addition to these cell species, a significant
reduction of CD4", B, naive CD4*, memory CD4* and acti-
vated CD4* cell population was observed in RORy ™~ mice.
Therefore, RORy™~ mice have severe perturbations of
immune cell fractions in both periphery and gut.

Effects of TAK-828F in PBMCs from IBD-patients

Finally, we have evaluated the inhibitory effects of TAK-
828F in human PBMCs, as well as whether RORyt-related
pathways contribute to the sensitivity of anti-TNF failure in
IBD, by using blood samples of IBD patients. For this pur-
pose, a total of 13 UC patients, 12 CD patients, and 5 healthy
volunteers (HV) were recruited to perform this study, and
they were further divided into anti-TNF naive or failure sub-
groups; baseline characteristics of these patients were sum-
marized in Table 1.

First, we evaluated both plasma concentration of IL-
17a and CD3/CD28-induced gene expression of IL-17a in
the PBMCs. IL-17a was used as an activation marker of
RORyt. Although the IL-17a mRNA induction in PBMCs



Pharmacological effects of TAK-828F: an orally available RORyt inverse agonist, in mouse colitis...

503

/10K cells

/10K cells

/10K cells

/10K cells

/10K cells

/10K cells

/10K cells

Fig.7 Effect of TAK-828F on immune cell population of normal
mice. Normal mice were administered with TAK-828F (3 or 30 mg/
kg, b.i.d.) for 28 days. Then the population of each type immune cells
was analyzed by flow cytometry. Absolute cell number per 10000
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Fig.8 Comparison of immune
cell population between normal
and RORy ™~ mice. The popula-
tion of each type immune cells
was analyzed by flow cytometry
using wild type and RORy™~
mice. Absolute cell number per
10,000 cells in spleen, absolute
cell number per 100,000 cells in
small intestine (except for Th1l
and Th17) and absolute number
per 50,000 cells in small
intestine (Th1 and Th17) were
indicated. Data was represented
as mean + SE [n=4 (wild type
mice), n=3 (RORy_/ ~ mice)].
#p <0.05 (Student’s 7 test) vs.
wild type group

@ Springer

/100K cells

/100K cells

/100K cells

/100Kcells

/100K cells

/100Kcells

/100Kcells

Spleen total CD4 T

1800
1600 I
1400 .
1200
1000
800
600
400
200
o
wr RORgt KO
Spleen naive CD4
1400
1200
1000 i
800
600
400
200
o
wT RORgt KO
Spleen memory CD4 T
250
200 I
150
100
50
0 +
wT RORgt KO
Spleen activated CD4 T
70
60
50 L
40
30
20
10
o
wT RORgt KO
Spleen CD8 T

I

wr RORgt KO
Spleen B cell

6000 .-
5000
4000
3000
2000
1000

o

wr RORgt KO
Spleen NK cell

300

wr RORGLKO

/100K cells

/100K cells

/100K cells

/100K cells

/100K cells

/100Kcells

Lamina propria total CD4 T

EEBBEEE

-

"

SEREEE

L

.

wr RORgt KO

Lamina propria naive CD4 T

1

.

.

wr RORgt KO

Lamina propria memory CD4 T

5
3

|

1

wr RORgt KO

Lamina propria activated CD4 T

1

1

wr RORgt KO

Lamina propria CD8 T

wr RORgt KO

Lamina propria nTreg

/50K cells.

/50K cells

/100Kcells

/100Kcells

/100Kcells

/100K cells

/100Kcells

Lamina propria Thl

03888

wr RORgt KO

Lamina propria Th17

i —

wr RORgLKO

Lamina propria B cell

-] 1

wr RORgt KO

Lamina propria NK cell

wr RORgt KO

Lamina propria total ILC3

1800
1600 ~
1400 1
1200
1000
800
600 o
400
200 L
o .
wr RORgt KO

Lamina propria NCR+ ILC3

wr RORgt KO

Lamina propria NCR- ILC3




Pharmacological effects of TAK-828F: an orally available RORyt inverse agonist, in mouse colitis... 505

Table 1 Characteristics of HV and IBD patients included in this
study

HV ucC CD
N 5 13 12
Age (mean+SD) (years) 34.2+3.63 38.69+16.92 27.58+8.44
Gender (male/female) 4/1 5/8 6/6
Disease duration n.a. 8.85+7.72 7.67+7.50
(mean + SD) (years)
Anti-TNF treatment
Naive n.a. 11 5
Failure n.a. 5% 9b
Smoking status, n (%)
Non smoker 3 (60.0) 4(30.1) 9 (75.0)
Smoker (past) 1(20.0) 2(154) 1(8.3)
Smoker (active) 1(20.0) 2(154) 1(8.3)
Unknown 0 (0.0) 5(38.5) 1(8.3)

“Three patients were also included in naive-group
>Two patients were also included in naive-group

(Fig. 9c, d) was not significantly different between HV
and IBD patients, the concentration of IL-17a in plasma
(Fig. 9a, b) was significantly higher in UC (both anti-TNF
naive and failure) and CD (anti-TNF failure) than that in
HV. Interestingly, in CD patients, induction of IL-17a
mRNA in PBMC was increased in anti-TNF failure com-
pared to naive patients (Fig. 9d). The same tendency could

be seen in plasma IL-17a concentration, although it was
not significantly different (p =0.10, Fig. 9b).

Next, we evaluated the inhibitory effects of TAK-828F
against the CD3/CD28-induced IL-17a gene expression in
PBMCs. As shown in Fig. 10, TAK-828F inhibited the gene
expression of IL-17a in a concentration-dependent man-
ner in the PBMCs from IBD patients as in those from HV.
An ICs, value of TAK-828F against PBMCs from HV was
26.4 nmol/L, and anti-TNF naive, or anti-TNF failure of IBD
patients were from 21.4 to 34.4 nmol/L (Fig. 10a, b). No
significant inhibition in the gene expression of IFN-y in the
PBMCs by TAK-828F was observed even at 1000 nmol/L.
(data not shown). These results indicated that TAK-828F
strongly inhibits RORyt-dependent IL-17 gene expression in
PBMC:s both in anti-TNF naive and failure patients of IBD.

Discussion

Before conducting in vivo efficacy study of TAK-828F in
the naive T cell transfer colitis model, we have investigated
the sensitivity of the model to typical monoclonal antibody,
such as ant-TNF-a mAb and anti-IL-12/23p40 mAb. The
colitis model showed less sensitivity to anti-TNF-a mAb
(Fig. 1a, b) despite of the sufficient plasma concentration of
the mAb in mice as described in “Materials and methods”.
In contrast, anti-IL12/23p40 mAb showed significant effi-
cacy in the model (Fig. 1c, d). Clinically, ustekinumab, an
anti-IL-12/23p40 mAb, shows efficacy in the anti-TNF-a

Fig.9 IL-17A in IBD patient- uc CD
oriented blood samples. Plasma a
IL-17A concentration (a, b) 30+ - b 6 —
and anti-CD3/CD28-induced —_
IL-17A mRNA expression in E -~ = E .
PBMCs (c, d) were evalu- ‘-&'20- g 4 &
ated in HV, UC (a, ¢) and CD a ™ —
(b, d) patients. As explained =y E
in “Materials and methods”, ™ 104 . o 24 . -
active smokers (n=1in HV, ='.1 _& = %
n=2in UC, and n=1 in CD) " e " -
were eliminated in this study. 0- T T 0 » *
Data were represented as the HV Naive Failure HV Naive Failure
mean=+ SE. "p<0.05, Mann—
Whitney U test
c uc d CcD
5 0.04+ — 0.03- ~
2 2 —
< 0.03 as - .
= = 0.02+
14
£ 0.024 @
: " E. .
~ - [ < 0.01
0,014 _E_ L I~ % n
i
(] A - 'y
i E, e s 5 A == L
0.00 T T -7 0.00 . ] .
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Fig. 10 Inhibitory effects of TAK-828F against the induction of IL-
17A mRNA in PBMCs of UC and CD patients. Total RNA was iso-
lated from PBMCs 20 h after stimulation with CD3/CD28 antibodies,
and relative IL-17A mRNA expression was measured by real-time
PCR. Each data was normalized to that of controls; data without the
compound was defined as 100%, and that with the maximum con-

mAb-refractory CD patients [30]. From these facts, we con-
sider that naive T cell transfer colitis model might be useful
to evaluate candidate compounds for indication of severe CD
in patients who are refractory to anti-TNF-a mAb therapy.

To evaluate the involvement of RORyt in the pathogen-
esis of naive T cells transfer colitis model, we compared
the severity of colitis induced by naive T cells derived from
RORy ™"~ mice and WT mice. Disease severity induced by
naive T cells from RORy ™~ mice was less than that induced
by naive T cells from WT mice (Fig. 2). In the mice trans-
ferred with naive T cells from RORy ™~ mouse, Th17 and
Th1/17 cell population in the MLN was significantly reduced
in comparison with naive T cells from WT mice induced
colitis, but Th1 cell population was not affected. These find-
ings corresponded to the study of the colitis model induced
by transfer of naive T cells isolated from IL-23R™~ mice
[31]. In addition, it is reported that IL-23 plays a critical role
in Th17 cell differentiation [14, 15]. These results indicated
that RORyt has a high contribution to the pathogenesis of
the colitis model by accelerating Th17 and Th1/17 cell dif-
ferentiation and pharmacological role of RORyt in the colitis
is well overlapping to that of the IL-23/Th17 pathway.

In the colitis model, oral treatment of TAK-828F at
doses of 1 and 3 mg/kg significantly prevented onset of
colitis (Figs. 3 and 4). In the histopathological analysis of
the colon, TAK-828F reduced intestinal inflammation and
mucosal hyperplasia in the lumen. These results suggest
that TAK-828F exhibits a beneficial effect on prevention of
mucosal damage caused by intestinal inflammation. Con-
sistent with our findings, Withers et al. [32] reported that
GSK805, a selective RORyt inverse agonist, showed efficacy
in a similar adoptive T cell transfer model (CBirl1 TCR trans-
genic T cells into RAG1™"~ mice). However, the sensitivity
of the colitis against anti-TNF-a and IL-12/23p40 mAb has
not been investigated in their model. Thus, it is the first time,
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centration (1 pM) of the compound was defined as 0%. The ICs, val-
ues were determined by non-linear logistic regression in UC (a) and
CD (b): 26.4 nmol/L (HV, n=5), 34.4 nmol/L (anti-TNF naive UC,
n=11), 33.5 nmol/L (anti-TNF failure UC, n=35), 21.4 nmol/L (anti-
TNF naive CD, n=5), and 25.0 nmol/L (anti-TNF failure CD, n=9)

to our knowledge, to demonstrate that a RORyt inverse ago-
nist was efficacious in the anti-TNF-a mAb non-responding
colitis model.

Th17 and Th1/17 cell populations, but not Thl, in the
MLN were significantly decreased by the treatment of TAK-
828F in the model (Fig. 5), which is the same observation
in the mice that transferred naive T cells isolated from
RORy™~ mice (Fig. 2). In vitro assay by using primary
human memory T cells, TAK-828F also specifically inhib-
ited Th17 and Th1/17 cell differentiation but did not affect
Th1 differentiation [23]. In addition to the reduction of Th17
cells in MLN by treatment with TAK-828F in the colitis
model, TAK-828F dose-dependently inhibited IL-23-related
gene expression, such as IL-17A, IL-17F and IL-22 in the
colon of mice (Fig. 6). These results suggest that TAK-828F
can block IL-23/Th17 axis in vivo by selectively inhibiting
RORpyt.

As shown in Fig. 6, remarkable reduction of Th17 signa-
ture gene expression, but partial reduction of Th-1 signature
gene expression, in the colon was observed by treatment
with TAK-828F, suggesting that Th17 cells strongly exert
their effector function in the colon of mice and TAK-828F
specifically inhibits the function. Although we did not meas-
ure T cell population in the colon, the colonic T cell popu-
lation might be similar to that observed in MLN, because
strong reduction of Th-17-related gene expression, but not
Thl-related gene expression was observed in the colon by
treatment with TAK-828F. The partial reduction of colonic
gene expression of IFN-y by treatment with TAK-828F
might be due to the significant reduction of Th1/17 cells
which produce IFN-y.

In contrast to TAK-828F, anti-IL-17A mAb was ineffec-
tive in the model and does not affect the cell population of
Th17 and Th1/17 in the MLN and the colonic gene expres-
sion that are characteristic of the Th-17 signature. Moreover,
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Maxwell et al. [33] reported that IL-17 inhibition exacer-
bated colitis of multidrug resistance-1a-ablated (Abcbla™")
mouse model whereas IL-23 inhibition attenuated disease
severity of that model by decreasing frequency of Th17 and
Th1/17 cells. Therefore, we can conclude that pharmaco-
logical profile of TAK-828F is clearly different from IL-17
inhibitor.

Although IL-17 and IL-17 receptor (IL-17R) mAb,
secukinumab and brodalumab, are clinically efficacious in
psoriasis [34], these mAbs against CD show no beneficial
effect or exacerbation of disease [25]. IL-17A is reported to
have a key role to maintain intestinal tight junction via the
IL-17 receptor adaptive protein Act-1; therefore, complete
blockage of IL.-17 signal by anti-IL-17 and anti-IL-17R mAb
is considered to one of the possible reason of exacerbation
in CD [35]. In the intestine, IL-17 is produced by not only
Th17 but also ILC3 cells, and gene expression of IL-17
in ILC3 is regulated by other transcription factor such as
GATA-3 and aryl hydrocarbon receptor [36] [37]. Actually,
the colonic gene expressions of IL-17A and IL-17F were
not completely inhibited by treatment with TAK-828F in the
colitis model (Fig. 6a, b) and TAK-828F protected mucosal
damage in the histopathological analysis (Fig. 3c). From
these results, we could expect that blockage of RORyt in
CD patients would not induce the exacerbation of symptoms
observed in anti-IL-17 mAb therapy.

TAK-828F showed limited effect on immune cell pop-
ulation in normal mice compared with RORy™~ mice
(Figs. 7, 8). Recently, bi-allelic RORYy loss of function
mutations (RORy™7) in human has been reported and
suggests that mucocutaneous immunity to Candida and
systemic immunity to Mycobacterium require RORy or
RORyt, or both [38]. RORy ™~ patients displayed a severe
reduction of peripheral MAIT, typel NKT, ILC3 and
Th17 cells along with mild T cell lymphopenia and these
immunological features were similar to that observed
in RORy ™~ mice [38]. In our experiments, a significant
reduction of multiple lymphocytes both in peripheral and
intestine was observed in RORy_/_ mice, though we did
not measure peripheral MAIT, type 1 NK cell population.
In contrast, administration TAK-828F at 3 mg/kg, an effec-
tive dose in the colitis mode, to normal mice for 4 weeks
showed little effect on other peripheral lymphocytes and
TAK-828F specifically reduced cell population of only
Th17 and ILC3 cells. These results indicate that impact
to the immune cell population by transient blockade of
RORyt after birth is lower than that in the lack of RORyt
function at the development stage. In regard to ILC3 in
human, effect of RORyt inhibition on the human ILC3
cells might be limited, since GSK805 only reduced Th17
cells, but did not alter ILC3 frequencies in the ex vivo
culture of colonic resection tissues of CD patients [32].

Although the numbers of some immune cells (e.g. B cells
and NK cells) other than Th17 and ILC3 tended to differ
between males and females in the TAK-828 administration
study, we speculate that it was due to the small number of
mice in each group (n=4).

Plasma level of IL-17a from anti-TNF failure in UC
and CD patients was higher than that from HV (Fig. 9a,
b). In addition, increase in the gene expression of IL-17a
in PBMCs was also detected in anti-TNF failure UC and
CD patients compared with HV, though it was not signifi-
cant in UC (Fig. 9c, d). Interestingly, gene expression of
IFN-y in PBMCs from UC and CD patients were decreased
compared with that of HV (data not shown). These results
suggest that up-regulation of the RORyt-related pathway
in PBMC:s is involved in the pathogenicity of IBD, espe-
cially in the patients of anti-TNF failure. The increase in
the plasma level of IL-17A in the patients of TNF failure
also supports the hypothesis that RORyt pathway may
contribute to the resistance to anti-TNF mAb. In order to
clarify this hypothesis, additional studies using PBMCs
from more number of patients and HV is necessary.

ICs, values of TAK-828F against PBMCs from anti-
TNF naive and anti-TNF failure of UC and CD patients
were around 30 nmol/L and they were almost similar to
that of HV (Fig. 10a, b). These data indicate that TAK-
828F can comparably suppress RORYyt-related pathways
not only in anti-TNF naive patients, but also in anti-TNF
failure patients. These evidences suggest that blockade of
RORyt is a strategic way to manage the symptoms of UC
and CD patients including anti-TNF non responder.

To summarize, TAK-828F was efficacious in the naive
T cell transfer colitis model that is non-responding to anti-
TNF-a mAb and pharmacological profile of TAK-828F in
the model was different from that of anti-IL-17A mAb.
In addition, TAK-828F inhibited ex vivo Th-17-related
gene expression in PBMC from anti-TNF-a mAb naive
and failure patients of IBD. RORyt blockade by oral small
molecular compound would provide the unique approach
for treating anti-TNF-a mAb refractory patients of IBD by
blocking IL-23/Th17 pathway without severely affecting
systemic immunity.

Acknowledgements The authors would like to thank the following
employees of Takeda Pharmaceutical Company Limited, Yasushi
Fujitani, Chihiro Akimoto, Keiko Koga and Keiko Ishigami, Asako
Tagashira, Hikaru Saitou for their contribution in the pharmacological
studies and discussion, Naoya Nishimura for breeding RORyt KO mice
and Tsuneo Oda, Atsuko Ochida, Mitsunori Kono, Junya Shirai and
Satoshi Yamamoto for contributing in compound synthesis.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

@ Springer



508

K. Igaki et al.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ghosh S, Mitchell R. Impact of inflammatory bowel disease on
quality of life: results of the European Federation of Crohn’s
and Ulcerative Colitis Associations (EFCCA) patient survey. J
Crohns Colitis. 2007;1:10-20.

Xavier RJ, Podolsky DK. Unravelling the pathogenesis of
inflammatory bowel disease. Nature. 2007;448:427-34.
Pithadia AB, Jain S. Treatment of inflammatory bowel disease
(IBD). Pharmacol Rep. 2011;63:629-42.

Mozaffari S, Nikfar S, Abdolghaffari AH, Abdollahi M. New
biologic therapeutics for ulcerative colitis and Crohn’s disease.
Expert Opin Biol Ther. 2014;14:583-600.

Chandar AK, Singh S, Murad MH, Peyrin-Biroulet L, Loftus
EV Ir. Efficacy and safety of natalizumab and vedolizumab for
the management of Crohn’s disease: a systematic review and
meta-analysis. Inflamm Bowel Dis. 2015;21:1695-708.

Duerr RH, Taylor KD, Brant SR, Rioux JD, Silverberg MS, Daly
MJ, et al. A genome-wide association study identifies IL23R as
an inflammatory bowel disease gene. Science (New York, NY).
2006;314:1461-3.

Cummings JR, Ahmad T, Geremia A, Beckly J, Cooney R, Han-
cock L, et al. Contribution of the novel inflammatory bowel
disease gene IL23R to disease susceptibility and phenotype.
Inflamm Bowel Dis. 2007;13:1063-8.

Barrett JC, Hansoul S, Nicolae DL, Cho JH, Duerr RH,
Rioux JD, et al. Genome-wide association defines more than
30 distinct susceptibility loci for Crohn’s disease. Nat Genet.
2008;40:955-62.

Fisher SA, Tremelling M, Anderson CA, Gwilliam R, Bump-
stead S, Prescott NJ, et al. Genetic determinants of ulcerative
colitis include the ECMI1 locus and five loci implicated in
Crohn’s disease. Nat Genet. 2008;40:710-2.

Mannon PJ, Fuss 1J, Mayer L, Elson CO, Sandborn WJ, Present
D, et al. Anti-interleukin-12 antibody for active Crohn’s disease.
N Engl J Med. 2004;351:2069-79.

Sandborn WJ, Feagan BG, Fedorak RN, Scherl E, Fleisher MR,
Katz S, et al. A randomized trial of ustekinumab, a human inter-
leukin-12/23 monoclonal antibody, in patients with moderate-to-
severe Crohn’s disease. Gastroenterology. 2008;135:1130—41.
Tuskey A, Behm BW. Profile of ustekinumab and its potential
in patients with moderate-to-severe Crohn’s disease. Clin Exp
Gastroenterol. 2014;7:173-9.

Feagan BG, Sandborn WIJ, D’Haens G, Panes J, Kaser A, Ferrante
M, et al. Induction therapy with the selective interleukin-23 inhib-
itor risankizumab in patients with moderate-to-severe Crohn’s
disease: a randomised, double-blind, placebo-controlled phase 2
study. Lancet (Lond, Engl). 2017;389:1699-709.

Hoeve MA, Savage ND, de Boer T, Langenberg DM, de Waal
Malefyt R, Ottenhoff TH, et al. Divergent effects of IL-12 and
IL-23 on the production of IL-17 by human T cells. Eur J Immu-
nol. 2006;36:661-70.

Aggarwal S, Ghilardi N, Xie MH, de Sauvage FJ, Gurney AL.
Interleukin-23 promotes a distinct CD4 T cell activation state
characterized by the production of interleukin-17. J Biol Chem.
2003;278:1910-4.

Rovedatti L, Kudo T, Biancheri P, Sarra M, Knowles CH, Ramp-
ton DS, et al. Differential regulation of interleukin 17 and inter-
feron gamma production in inflammatory bowel disease. Gut.
2009;58:1629-36.

Kebir H, Ifergan I, Alvarez JI, Bernard M, Poirier J, Arbour N,
et al. Preferential recruitment of interferon-gamma-expressing
TH17 cells in multiple sclerosis. Ann Neurol. 2009;66:390-402.
Ivanov II, McKenzie BS, Zhou L, Tadokoro CE, Lepelley A,
Lafaille JJ, et al. The orphan nuclear receptor RORgammat

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

directs the differentiation program of proinflammatory IL-17%
T helper cells. Cell. 2006;126:1121-33.

Annunziato F, Cosmi L, Santarlasci V, Maggi L, Liotta F, Mazz-
inghi B, et al. Phenotypic and functional features of human
Th17 cells. J Exp Med. 2007;204:1849-61.

Lochner M, Peduto L, Cherrier M, Sawa S, Langa F, Varona
R, et al. In vivo equilibrium of proinflammatory IL-17* and
regulatory IL-10* Foxp3* RORgamma t* T cells. J Exp Med.
2008;205:1381-93.

Kono M, Ochida A, Oda T, Imada T, Banno Y, Taya N, et al.
Discovery of [cis-3-({(5R)-5-[(7-fluoro-1,1-dimethyl-2,3-di-
hydro-1 H-inden-5-yl)carbamoyl]-2-methoxy-7,8-dihydro-
1,6-naphthyridin-6(5H)-yl}carbonyl)cyclobutyl]acetic acid
(TAK-828F) as a potent, selective, and orally available novel
retinoic acid receptor-related orphan receptor gammat inverse
agonist. ] Med Chem. 2018;61:2973-88.

Nakagawa H, Koyama R, Kamada Y, Ochida A, Kono M, Shi-
rai J, et al. Biochemical properties of TAK-828F, a potent and
selective retinoid-related orphan receptor gamma t inverse ago-
nist. Pharmacology. 2018;102:244-52.

Shibata A, Uga K, Sato T, Sagara M, Igaki K, Nakamura Y,
et al. Pharmacological inhibitory profile of TAK-828F, a potent
and selective orally available RORgammat inverse agonist. Bio-
chem Pharmacol. 2018;150:35-45.

Igaki K, Nakamura Y, Komoike Y, Uga K, Shibata A, Ishimura
Y, et al. Pharmacological evaluation of TAK-828F, a novel
orally available RORgammat inverse agonist, on murine colitis
model. Inflammation. 2019;42:91-102.

Hueber W, Sands BE, Lewitzky S, Vandemeulebroecke M, Rei-
nisch W, Higgins PD, et al. Secukinumab, a human anti-IL-17A
monoclonal antibody, for moderate to severe Crohn’s disease:
unexpected results of a randomised, double-blind placebo-con-
trolled trial. Gut. 2012;61:1693-700.

Yamamoto S, Ooshima Y, Nakata M, Yano T, Matsuoka K,
Watanabe S, et al. Generation of gene-targeted mice using
embryonic stem cells derived from a transgenic mouse model
of Alzheimer’s disease. Transgenic Res. 2013;22:537-47.
Jetten AM. Retinoid-related orphan receptors (RORs): critical
roles in development, immunity, circadian rhythm, and cellular
metabolism. Nucl Recept Signal. 2009;7:¢003.

Igaki K, Komoike Y, Nakamura Y, Watanabe T, Yamasaki M,
Fleming P, et al. MLN3126, an antagonist of the chemokine
receptor CCR28, ameliorates inflammation in a T cell mediated
mouse colitis model. Int Immunopharmacol. 2018;60:160-9.
Epple HJ. Therapy- and non-therapy-dependent infectious
complications in inflammatory bowel disease. Dig Dis (Basel,
Switz). 2009;27:555-9.

Sandborn WJ, Gasink C, Gao LL, Blank MA, Johanns J, Guzzo
C, et al. Ustekinumab induction and maintenance therapy in
refractory Crohn’s disease. N Engl J Med. 2012;367:1519-28.
Ahern PP, Schiering C, Buonocore S, McGeachy MJ, Cua DJ,
Maloy KIJ, et al. Interleukin-23 drives intestinal inflammation
through direct activity on T cells. Immunity. 2010;33:279-88.
Withers DR, Hepworth MR, Wang X, Mackley EC, Halford
EE, Dutton EE, et al. Transient inhibition of ROR-gammat
therapeutically limits intestinal inflammation by reducing TH17
cells and preserving group 3 innate lymphoid cells. Nat Med.
2016;22:319-23.

Maxwell JR, Zhang Y, Brown WA, Smith CL, Byrne FR, Fiorino
M, et al. Differential roles for interleukin-23 and interleukin-17
in intestinal immunoregulation. Immunity. 2015;43:739-50.
Patel DD, Kuchroo VK. Th17 cell pathway in human immunity:
lessons from genetics and therapeutic interventions. Immunity.
2015;43:1040-51.



Pharmacological effects of TAK-828F: an orally available RORyt inverse agonist, in mouse colitis... 509

35.

36.

37.

Lee JS, Tato CM, Joyce-Shaikh B, Gulen MF, Cayatte C, Chen
Y, et al. Interleukin-23-independent IL-17 production regulates
intestinal epithelial permeability. Immunity. 2015;43:727-38.
Serafini N, Klein Wolterink RG, Satoh-Takayama N, Xu W,
Vosshenrich CA, Hendriks RW, et al. Gata3 drives development
of RORgammat+ group 3 innate lymphoid cells. J Exp Med.
2014;211:199-208.

Qiu J, Zhou L. Aryl hydrocarbon receptor promotes RORgam-
mat(+) group 3 ILCs and controls intestinal immunity and inflam-
mation. Semin Immunopathol. 2013;35:657-70.

38. Okada S, Markle JG, Deenick EK, Mele F, Averbuch D, Lagos

M, et al. IMMUNODEFICIENCIES. Impairment of immunity
to Candida and Mycobacterium in humans with bi-allelic RORC
mutations. Science (New York, NY). 2015;349:606-13.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Pharmacological effects of TAK-828F: an orally available RORγt inverse agonist, in mouse colitis model and human blood cells of inflammatory bowel disease
	Abstract
	Objective and design 
	Methods and results 
	Conclusions 

	Introduction
	Materials and methods
	Animals
	Generation of RORγ−− mice
	Chemicals
	Experimental colitis and treatment of TAK-828F and neutralizing antibody
	Intracellular cytokine staining
	Real-time quantitative RT-PCR
	Histopathology
	Analysis of immune cell population
	In vitro assay by use of blood samples from IBD patients
	Statistics

	Results
	Effect of anti-TNF-α mAb and IL-1223p40 mAb on naive T cell transfer colitis model
	Pathogenesis of CD4+ naive T cells prepared from RORγ−− mice on colitis
	Effect of TAK-828F on naive T cell transfer colitis model
	Comparison of efficacy between TAK-828F and anti-IL-17A mAb in naive T cell transfer colitis model
	Effect of TAK-828F on the immune cell population in normal mice
	Effects of TAK-828F in PBMCs from IBD-patients

	Discussion
	Acknowledgements 
	References




