Pathogenesis of Severe asthma
- We've just started -

Department of Internal medicine
Chungnam National University Hospital
Sunyoung Yoon

—— . r =~ - |
CNU T uE&
HOSPITAL | CHUNGNAM NATIONAL UNIVERSITY HOSPITAL



Pathogenesis

« 12| A0: Pathos (& &) + Genesis (7| &)



Contents

* Intro
« Airway remodeling
 Airway inflammation

« Steroid resistance



Definition_GINA 2018

« Uncontrolled asthma
- Frequent symptoms and/or flare-ups (exacerbations)
- Many of these patients may potentially have mild asthma, i.e. their asthma could be
well-controlled with low dose ICS, if taken regularly

* Difficult-to-treat asthma
- Not difficult patients!
- Asthma uncontrolled despite prescribing high dose preventer treatment
Contributory factors may include incorrect diagnosis, incorrect inhaler technigue, poor
adherence, comorbidities

« Severe asthma
- |Asthma that is uncontrolled|despite maximal optimised therapy and treatment of
contributory factors, or that worsens when high dose treatment is decreased
I.e. relatively refractory to corticosteroids (rarely completely refractory)
With the advent of biologic therapies, the word ‘refractory’ is no longer appropriate.

2018 GINA




Uncontrolled asthma

« Poor symptom control (frequent symptoms or reliever use,
activity limited by asthma, night waking due to asthma)

* Frequent exacerbations (>2/year) requiring oral corticosteroid,
or serious exacerbations (>1/year) requiring hospitalization

2018 GINA




Severe asthma_Histology

Respirology (2018) 23, 262 — 271



Structural difference of Severe asthma
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Cardinal features of Severe asthma

 Airway remodeling
» Airway inflammation (TH,/ non-TH.)

o Steroid resistance



Airway remodeling



Airway remodeling
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Epithelial alteration
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Epithelial alteration

* Thymic stromal lymphopoietin , 1L-25, 1L-33
— Recruit and activate dendritic cell, mast cell, eosinophil
— Provoke type2 innate lymphoid cell (ILC2)
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Anti-TSLP monoclonal Ab

* Tezepelumab
« Uncontrolled asthma despite to step 4-5 treatment
* Reduces the rate of asthma exacerbation by 60-70%
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ASM hypertrophy & Subepithelial
fibrosis

« Thickening & stiffening
— Airway narrowing due to ASM thickening itself
— Increase airway contractility
— Loss of protective mechanism against ASM contraction

 Increase airway hyperresponsiveness (AHR)

« Augments airway inflammation by pro-inflammatory
cytokines/ chemokines
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Bronchial thermoplasty
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Long-term outcomes

Clinical Trial Evaluation Bronchial Thermoplasty)

« 3-year follow up
 Reduces the rate of asthma exacerbation

AIR2 (Asthma Intervention Research 2) vs. PAS2 (Post-FDA Approval
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Angiogenesis & vascular permeability

« Amplifies inflammatory response
 Contribute airway wall thickening

-1 Increased
permeability

IL-1, IL-6, IL-8,
TNF-a, CXCR2..

Allergology International 65 (2016) 21-29



Airway Inflammation



Phenotype in Severe asthma
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« 2010 SARP Cohort

» 34 of core variables

- Onset age

- Gender

- Atopy

- Lung function & reversibility
- Medication use

- Health care utilization
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Phenotype in Severe asthma

« early onset, female predominant, atopic, normal lung
function, minimal HCU , < 2 controller medication,
Highest serum eosinophil & IgE

- largest group, early onset, female predominant, atopic,
borderline lung function, low HCU, < 2 controller

medication
Cluster 3 - Smallest group «  Moderate FEV1 & reversibility
*  Adulthood * Highest BMI
Late Onset1 (Obese) s F>M * >3 controller medication
- * Less-atopic *  More HCU use
non-atopic asthma P
* Early onset * Low pre-FEV1 & reversibility
e F=M * >3 controller medication
+ Atopic * High HCU use
» Later-onset * Poor FEV1 & reversibility
- F>M * Frequent OCS use
* Less-atopic * High HCU use




Evolving endotypes in relation to severe
asthma
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Subphenotypes of Severe asthma

 Severe asthma with vs. without airway eosinophils
* Th2 low vs. Th2 high severe asthma
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Th2 inflammation in Severe asthma

 Cardinal cells
— Type 2 helper T-cell (Th2 cell), eosinophil, mast cell,
Innate lymphoid cell2 (ILC2), basophil

e Cardinal mediators
— IgE, IL-4, IL-5, IL-13



Diversification of CD4+ T cell lineages
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Type2 helper T-cell
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Mast cell
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Atopic vs. Eosinophilic asthma

 Atopic, but less eosinophils vs.
* Non- or less atopic, but highly eosinophilic
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Innate lymphoid cell type2 (ILC2)

e Human ILC2 from chronic rhinosinusitis
e LIinCD117*-CD127*CTRH2* cell line
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Innate lymphoid cell type2

* Derived from common lymphoid progenitor cells
* Non-B/ Non-T nature
e Major source of IL-5, IL-13
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Th2 inflammation
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Biologics for Th2 high severe asthma
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Non-Th2 inflammation in Severe asthma
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Non-Th2 inflammation in Severe asthma

* Involved cells
Typel helper T-cell (Thl cell), Typel7 helper T-cell
(Th17 cell)

e Assoclate mediators
— IFN-y, IL-17, 1L-22, IL-25, TNF-a



Type1 helper T-cell
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Type17 helper T-cell
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Non-Th2 inflammation

$ Oxidative stress
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Corticosteroid resistance



Molecular mechanism of CS resistance
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Therapeutic implications

* Promote GR dephosphorylation
— p38MAPK inhibitor, B-agonist
« Restoring HDAC?2 activity

— Antioxidants, theophylline, nortriptyline, macrolides, PI3Kd
Inhibitor, HDAC?2 activator
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Take home message

The major pathogenesis of severe asthma are airway remodeling,
chronic airway inflammation and steroid resistance.

Various structures are involved in airway remodeling, especially
bronchial epithelium and airway smooth muscle are considering
potential therapeutic target for severe asthma.

Airway inflammation can be largely divided into TH2/ non-TH2
subtypes, and development of customized treatment for non-TH2
Inflammation is urgent.

Several molecular mechanisms of corticosteroid resistance have
been unveiled, researches are in progress as a potential treatment
target.
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