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Learning Objective (Summary)

Large scale hypothesis-generating study
It can not provide clinical evidences.

Its newly-generated hypothesis should be
verified.

It can provide more probable hypothesis than
your intuition can.

It can bring a new paradigm which we can not
imagine.

Working Hypothesis and Hypothesis Testing

Research
Questions

Observation

Biological
Understanding

Significant
(Evidence?)
Statistical

LS Hypothesis

Hypotheses .
Saill Testing .
Understanding Rejected

Intuition
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Hypothesis-Testing and
Hypothesis-Generating Studies

Hypothesis-testing studies are predominate in
Established fields,

Interventional studies,

Prospective studies,

Longitudinal studies

Hypothesis-generating studies are often found in
Less developed fields,

Observational studies,

Retrospective studies,

Cross-sectional studies

The fact is not so beautiful as the theory.
Hypothesis-testing studies often fail.

ClinicalTrials.gov PP sl e s

A snvich of e U.S. Hesonal inathuta of Hesth Advaroed Search | Melp | Shudes by Topic | Glossary

Fing Studies  About Clinical Studies Suben® Stuches  Mesouress  Abeut This Site
Home > Find Stuses > Search e Text Sire w
26 studies feundTor:  Altercy and Prevention s Prebictics
Moty this ssarch | How 1o Use Search Resuts

Lt ByTopkc OnaMap  Seach Detss
+ Show Displey Optioms T Downioad Sutscribe In RSS
Inciude orty ppen stuces [ Excude studes we Uniknown status
Rank  Status Study
1 Completed  Primary Pravention of Alopsc Dissase by Perinatal Administration of Probictics

Conditions: Food Alergy. Atopc Dermantis; Astvma;  Rninitis
Infervenitions:  Dietary Suppiement: Frobioti baceria;  Distary Supplement: Piaceta

2 Active.not  Problotics in Prevension of ABergies, Cbesity and Caries

g Conmiona: Ecrema; Alery, Astma Doesty, Dereal Caried m Published
Iferventions:  Deetary Suppiement: Lactobacius F18,  Dietary Supplement: Pacebo
3 Completed  Pravention of Asthma snd Allergy by Probios: Lactbaciis 00 m Not Yet Comp|Eted

Unpublished <2Y
® Unpublished >4Y

26 studies found for: Allergy and Prevention and Probiotics in ClinicalTrial.gov
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Sometimes, the fact is even ugly when the
theory is too beautiful.

A mouse embrya injected with cells made pluripotent through stress, tagged with a fluorescent protein,

Acid bath offers easy
path to stem cells

We started a large-scale hypothesis-generating
study by using microarray in 2000.

PB-derived MCs

WA— - s

CB-derived MCs

|
!
oL

Working Hypothesis for this
hypothesis-generating study:

We might find differentially
regulated genes between
neonatal and adult
hematopoietic progenitor
derived mast cells.

The mRNA expression of FceRla,
in neonatal progenitor-derived
cultured mast cells is selectively
down-regulated compared to
adult progenitor-derived mast
cells, even though they were
cultivated in the same condition.

lida M, et al. Blood 2001
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Hypothesis: A druggable and steroid-resistant molecule

in relation to airway remodeling in asthma may be found
in the whole transcriptome of Ige-dependently activated
human mast cells, which had been treated with

glucocorticoid.

Anti-IgE-upregulated
Glucocorticoid-insensitive

23,000 kinds
of transcripts

Anti-IgE-upregulated
Glucocorticoid-sensitive

Identification

of —
Amphiregulin

Confirmation of
biological significance
(in vivo samples)

Mast cell-  Tissue-
specificity remodeling
(database) (literatures)

Amphiregulin was the molecule that was selectively
expressed by activated mast cells, insensitive to
corticosteroid pretreatment, and was reported to be
involved in the tissue remodeling.

Okumura S, et al. J Allergy Clin Immunol 2005; 115: 272

Amphiregulin was increasingly expressed by mast cells in
bronchial biopsy samples only of asthmatics.
Amphiregulin promoted mucin production in bronchial
epithelial cells.
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Okumura S, et al. J Allergy Clin Immunol 2005; 115: 272

Enomoto Y, et al. J Allergy Clin Immunol 2009; 124: 913
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Hypothesis: Genetic variation associated with asthma onset in the
whole human genome may be identified.

Results: IL-33 and IL-33R were constantly identified as asthma (and
eosinophilia)-associated genes in these 3 independent large scale
studie.

Gudbjartsson DF, Bjornsdottir US, Halapi E, et al. Sequence variants affecting eosinophil
numbers associate with asthma and myocardial infarction. Nat Genet 2009; 41: 342-47.
IL18/IL33R, (IL33, TSLP/WDR36, MYB)

Meta analysis of 7996 adult asthma patients of 10 different regions

Moffatt MF, Gut IG, Demenais F, et al. A large-scale, consortium-based genome-wide
association study of asthma. N Engl J Med 2010; 363: 1211-21.

IL18/IL33R, IL33, 17921 (ORMDL3/GSDMB), HLA-DQ, SMAD3, IL2RB

Meta analysis of 10365 European adult asthma patients

Torgerson DG, Ampleford EJ, Chiu GY, et al. Meta-analysis of genome-wide association
studies of asthma in ethnically diverse North American populations. Nat Genet. 2011; 43:
887-92.

IL18/IL33R, IL33, TSLP/WDR36, 17q21 (ORMDL3/GSDMB), PYHIN1

Meta analysis of 5416 North American asthma patients of various races

*P<0.05/1,000,000 SNPs=5x10"

New Questions: What is IL-33? How does it work?

IL-33

-
jm——-g
 gmmees- @

MyD88

Cell Activation

.

IL-33 is one of IL-1 family cytokines and shares its common receptor, IL-1RACP,
with IL-1. Unlike IL-1 beta and IL-18, however, without caspase-mediated
proteolytic cleavage, IL-33 released from necrotizing cells can act on
inflammatory cells to release cytokines.

Lamkanfi M, et al. Immunity 2009; 31: 84-98 (Editorial)
Luthi AM, et al. Immunity 2009; 31: 84-98 (Original)
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We conducted a new hypothesis-generating studies by producing IL-33 gene-

deficient mice.»>

Allergen-induced eosinophilic inflammation and airway hypersensitivity were
markedly diminished in the IL-33 deficient mice, while IgE production and
Th2/Th17 cell development were not significantly affected.
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Oboki K, et al. Proc Natl Acad Sci USA 2010; 107: 18581

IL-33 and its receptor were essential for papain-induced innate
airway eosinophilic inflammation.

[ JWT [l IL-33KO

[ 1wr HEST2KO
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0

100 pg of Papain
i.n. output
\ | |
f } } —>
1 2 3 4 Day

Papain is a cysteine protease (EC 3.4.22.2) enzyme, present in
papaya or pineapple, used as a meat tenderizer, and having a
high structural homology with major mite group 1 allergens
(Der f1 and Der p1). Mol Immunol. 1992;29:257.

Oboki K, et al. Proc Natl Acad Sci USA. 2010;107:18581

->A New Hypothesis: Innate immune cell types probably induce
more inflammation in response to IL-33.
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Norvimmune calls @/ L= {93 (=

S Endotheial Fibroblast EMG
Imnenung calls {‘::",b @ @
1t Macrophage Mast ool
. i .
Cuw Hypothesis:
8 [ 1133 Receptor ]/" A ¢ | 1L-33 Fecephor-Expressing Gells | SeVeraI ce" types can
Extracelular ( ! Survial, achesion, degranuation, CO'11b,
I I S IL-8 IL-9&CCL2
e | EXPYESS IL-33 receptors,

et phETEN e | release IL-33 and a
InsracoBular figands & AAMS activat

‘adhesion, IL-10, IL-5, IL-6, IL-8, IL-13,
x eeranecarwacoccs | iNNate cell types related

IL-1ALY
IL-1 RACP
Soluble IL-1TALT

Survival, adhesion, CD11b, ICAM-1, IL-6,

aucsmecan cazaraor | variety of cell types
CD8s, OX40L & Th2 cell diflerentation T

Mol it o et it to allergic inflammation
MAPK / NET call FN-y, IL-2, IL-4, IL-5, IL-13 & TNF
568 Teol Gl L5112+ such as mast cells and
Tet o IFNy
| Bloel oo, 15,1138 I 1 basophils may be more
- NH coll B ILC2  Prokferation, IL-8 & IL-134
cowrcat W Wit important.
Host dedims against nematodis & Microgha  Prokferation, IL-1p, IL-8, IL-10, IL-13, TNF,
vinuses & CCLz, CCL3, OCLS, CXCL10
Astrocyte & IFN-y dependent NO +
?mﬁﬂiwl:l: o IL-6, IL-8, IL-17F, CCL2, NO, VCAM1
ir:‘a’:v’m;w ki | cootal cet ICAM-1 & E-solectin T '
Suppression of TII‘::‘;!‘ :'ypu Endothelial cell IL-6, IL-8 & CCL2 +
| [T responees and Ceeases | Fhecblast  COL11 T Nakae S, et al. Allergol Int. 2013;62:13-20

A Hypothesis: Innate immune cell types would induce more
inflammation in response to IL-33.

" Mouse natural helper cells can
%" produce >1ug IL-13 or IL-5 per 10°
.~ cells in response to IL-33.

. oy Moro K, et al. Nature 2010; 463: 540-4.
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Mj6sberg JM, et al. Nat Immunol 2011;12:1055-62.
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A New Hypothesis: Natural helper cells/ILC2s capable of producing
more IL-13 and IL-5 in response to IL-33 may be important.
->Natural helper cells were essential to induce airway

hypersensitivity at least in mice. Gycalpid from
‘,.V MicrobalAllergen
wim i 4nd r&qr
lololceloloe
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/ r r
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Kim HY, et al. J Allergy Clin Immunol 2012;129:216.

Another question raised by GWAS: Why does the eosinophil
number increase in IL-33R gene-variant individuals?
IL-33 plays a substantial role in increasing the eosinophil number by

inducing the development of pathogenic memory Th2 cells, which
can produce a massive amount of IL-5.

Allergen

IL-5 44+
IL-4 .

Expansion =13

of the iS5 gene locus

Pathogenic
memory ThZ cells

LUNG TISSUE

Endo Y, et al. Immunity. 2015;42:294-308.
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* |L-33 expression was increased in the endothelial cell nuclei of nasal polyps
derived from eosinophilic chronic rhinosinusitis (CRS) compared to non-
eosinophilic CRS.

* The addition of IL-33 to the nasal polyp tissue increased the levels of IL-5, IL-
13 and IL-33R only in eosinophilic CRS where pathogenic Th2 cell number was
significantly high.
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Endo Y, et al. Immunity. 2015;42:294-308.

IL-33R gene is preferentially upregulated in human mast cells.
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A New Question: What is the role of mast cells in IL-33-mediated reaction?

2015/10/17

10



A New Hypothesis: Mast cells
would promote IL-33-

mediated inflammation.

Protease allergens

£f
BEAE | | AEBBABARR Results: Mast cells inhibited

avha protease allergen-induced
pre and IL-33-mediated

eosinophilic inflammation by
promoting the polyclonal
expansion of regulatory T
cells. The hypothesis was
rejected.

On the other hand, natural
helper cells enhance such

inflammation by producing a
large amount of IL-5 and IL-

13- Morita H, et al. Immunity. 2015;43:175-186.

A New Question: Do human mast cells promote polyclonal Treg
expansion like mouse mast cells do?->Yes, they do.
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Morita H, et al. Immunity. 2015;43:175-186.

A pressing research question for next working hypotheses:
What are the real roles of IL-33 in human diseases?
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Summary

Large scale hypothesis-generating study
It can not provide clinical evidences.

Its newly-generated hypothesis should be
verified.

It can provide more probable hypothesis than
your intuition can.

It can bring a new paradigm which we can not
imagine.
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