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Lancet 2015;386:1086

Pathophysiological mechanisms underlying asthma



Lancet 2018;391:350

Asthma : Chronic airway inflammation

Allergic(atopic) eosinophilic asthma 



Lancet 2018;391:350

Non-Allergic(atopic) eosinophilic asthma 

Asthma: Chronic airway inflammation



Lancet 2018;391:350

Asthma : Airway remodeling (Smooth muscle cells)

Hypertrophy and 
hyperplasia 

of smooth muscle



Airway remodeling in asthma
• First described in 1922 by Hubert 

and Koessler in cases of fatal 
asthma

• Documented in all degrees of 
asthma severity

• In both large and small airways wall. 

Airway remodeling: structural changes that occur in the airway wall in asthma!
➢ Thickening of the lamina reticularis 
➢ Structural changes : epithelium, submucosa, smooth muscle, and vasculature of the 

airway 

C Bergeron et al. Can Respir J 2010;17(4): e85-e94.

Rabe et al. Allergy 66 (2011) 1142–1151

Redington AE, Howarth PH. Thorax 1997;52:310-2

Huber HL, Koessler KK. Arch Intern Med 1922;30:689–760 



Airway remodeling, cause ?
•Repetitive injury to the airway wall arising from cycles of 

inflammation and repair.   Beckett, Howarth Thorax 2003;58:163–174 

•May occur in response to chronic inflammation 
Lloyd CM, Gonzalo JA, Coyle AJ, Gutierrez-Ramos JC. Adv Immunol2001; 77: 263–295.

Kumar RK, Foster PS. Am J Respir Cell Mol Biol 2002;27: 267–272.

Lloyd CM, Robinson DS, McMillan SJ. Drug Discov Today: Disease Models2004; 1: 425–430.

• Immune-mediated events such as viral infection

Rabe et al. Allergy 66 (2011) 1142–1151

Eur Respir J 2007; 29: 1020–1032



Main characteristics of airway remodeling

Airway 
Remodeling

Modified from Proc Am Thorac Soc Vol 6. pp 301–305, 2009

Increased 
smooth 

Muscle Mass

Subepithelial
Fibrosis

Goblet &
Mucous Glands 

Hyperplasia 

Angiogenesis
Loss of Cartilage 

integrity 

Inflammation

Epithelial 
Alteration



Mechanisms of airway remodeling in asthmatic patients

J Allergy Clin Immunol 2011;128:451-62



Pathogenesis of airway remodeling in allergen-induced asthma

Eur Respir J 2007; 29: 1020–1032
activated epithelial mesenchymal trophic unit (EMTU)



Microscopic features of endobronchial biopsies from asthma patients

Health 

control
Mild 

asthmatics

Severe 

asthmatics

GC : goblet cell; EP: epithelium; RBMt: reticular basement membrane; Ang: angiogenesis. Scale bars=50 

μm.

Eur Respir Rev 2015; 24: 594–601



Tissue sections from 

non-asthmatic airway

Tissue sections from severe 

asthmatic airways

Rabe et al. Allergy 66 (2011) 1142–1151

• Increased goblet cells (black arrows)

• Thickening of basement membrane and
lamina reticularis (asterisks)

• Increased mast cells (blue arrows, red

arrow in C/F),

• Eosinophils (green arrows in inset D)

• Mucus (M) fills the airway lumen

• Bronchial smooth muscle increased



Clinical consequences of airway remodeling

Can Respir J 2010;17(4): e85-e94. Can Respir J 2010;17(4): e85-e94.

• Severity of asthma
• AHR

Subepithelial fibrosis

Epithelial alternation

Angiogenesis

Increased smooth
muscle mass

Goblet and mucous 
gland hyperplasia

• AHR 
• Decrease protective 

barrier
• Airway wall edema
• Mediators delivery

• Inflammation/fibrosis 
products

• Asthma severity 
• Airway narrowing 
• AHR

• Increased sputum 
• Airway wall thickness
• Airway narrowing 
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Classical IgE and cytokinergic IgE activation of 
high affinity IgE receptor on Mast Cells

17 Bax HJ et al. Front Immunol. 2012 ;3:229

(Immunonergic IgE)



Survival
Class switch to IgE producing cells

Continued production of IgE and cytokines occurs in 
the absence of antigen

Bax HJ et al. Front Immunol. 2012 ;3:229

Positive feedback between mast cell and B cell mediated by 
Cytokinergic IgE



Role of IgE in Eosinophilic inflammation of asthma

Respir Res 2018;19:113

IgE/Th2

Eosinophils

+

ILC-2

IL-5



IgE plays a central role in allergic inflammation asthma

20

1. Sensitization

2. Acute
Reaction

3. Late Reaction

4. Chronic effects
(Persistent asthma)

-Bronchial remodeling:
-mucosal
-bronchial smooth muscle

Int. J. Mol. Sci. 2017, 18, 1328; doi:10.3390/ijms18061328



Regulation of viral-induced dendritic cell 
IFN-α release by IgE in asthma patients

21

1. Holgate ST. Nature Medicine 2012;18:673–683. 2. Licona-Limon P. et al. Nature Immunology. 2013; 14:536-542. 3. Olin JT & Wechsler ME. BMJ 2014;349:g5517. 4.  Busse WW et 

al. Lancet 2010;376:826-834. 5. Gill MA et al. J Immunology 2010;184:5999-6006. 6. Durrani SR et al. J Allergy Clin Immunol 2012;130:489-495. 7.  Pritchard AL et al. J Immunology 

2012;188:5898-5905. 8. Rowe RK, Gill MA. Immunol Allergy Clin N Am 2015;35:115-127. 9. Soto-Quiros J et al. J Allergy Clin Immunol 2012;129:1499-1505.

IgE

IFN-α

TH2 cell

Dendritic 

cell

FcεRI

Virus Epithelial cells

IL-9IL-5

EXACERBATIONS

IL-13

No concomitant 

allergy

Concomitant 

allergy

ILC2 cell

IL-25,

IL-33, 

TSLP

Dendritic cells isolated 

from individuals with 

allergy showed increased 

FcεR1 expression vs. 

those from non-allergic 

individuals.5

Activation and 

cross-linking of 

FcεR1 on 

dendritic cells 

prior to rhinovirus 

stimulation 

reduces IFN-α

production.5,6

Allergic individuals 

exposed to allergens 

have the highest risk 

for virus-induced 

wheezing and 

exacerbations.4,9 

Inhibition of viral-induced 

dendritic cell IFN-α release 

may represent one potential 

mechanism by which viral 

infections precipitate 

exacerbations in patients 

with asthma.5,7



JAMA. 2017;318(3):279-290

Current Medical Research and Opinion 2017,

The role of IgE in 

asthma and the 

allergic inflammatory 

cascade



Type 2 Biomarkers and biologics in (severe) asthma
Biomarker Prognostic Theragnostic

(the ability to predict 

treatment effect)

Therapeutic 

Target

Blood eosinophil counts ++ ++: Anti-IL5

Anti-IL5R

Anti-IL4Rα

+:  Anti-IgE

Yes

FeNO ++ ++: Anti-IL4Rα

+: Anti-IgE

Anti-IL5

Anti-IL5R

No

Serum total IgE - ± Yes

Local allergen-

specific IgE

Guy Brussel ERS 2019 



JAMA. 2017;318(3):279-290

Current Medical Research and Opinion 2017,

The role of IgE in 

asthma and the 

allergic inflammatory 
cascade

EpC

ASM

ECM

?



Expression of the High-affinity Receptor for IgE (FceRIa) on Bronchial 
Epithelial Cells of Asthmatics

Campbell et al., Am. J. Respir. Cell Mol. Biol. Vol. 19, pp. 92–97, 1998



Increasing alarming production (TSLP,IL-25, IL-33) of airway 
epithelial cell after allergen challenge in atopic asthma patients 

J Immunol. 2018 Oct 15;201(8):2221-2231Human Study



J Immunol 2005; 175:2613-2621

anti-FceRI-chain mAb15–1

FcRI -chain protein expression by ASM 

cells

Human Tissue Study

Ip: Immunoprecipitation, Wb: Western blot



Expression of the High-affinity Receptor for IgE on ASMCs of Asthmatics

Int. J. Mol. Sci. 2019, 20, 875Human Tissue Study GAPDH: Glyceraldehyde 3-phosphate dehydrogenase
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PLoS One. 2013;8:e56015.

A) ASMC immunofluorescence staining for filamentous a-SMA, Ige-RI and Ige-RII. 
(B) Immune-blot of Ige-RI and Ige-RII siRNA treatment (48 hours) on protein 
expression siCon: control siRNA; U: untreated cells; 

SiRNA: Small Interfering RNA

GAPDH: Glyceraldehyde 3-phosphate dehydrogenase

Human Tissue Study



* p < 0.05

Int. J. Mol. Sci. 2019, 20, 875

Cell-based ELISA assessed IgE-induced deposition of collagen 

type-I and fibronectin by asthmatic ASMC at 24 and 48 h.

IgE stimulated ECM deposition, and  ASMC migration in ASMCs of 

asthmatic patients 

Cell migration was assessed by 

measuring the width of a wound at 

12, 24, and 36 h in the absence 

(control) or presence of IgE

Human Tissue Study



PLoS One. 2013;8:e56015.

IgE induced the

increase of

collagen deposition

IgE induced the

increase of ECM

ECM : Extracellular matrix

Human Tissue Study
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IgE Upregulated the Expression of Mitochondria-Related 

Genes and Proteins in ASMC

Int. J. Mol. Sci. 2019, 20, 875Human Tissue Study



33 Int. J. Mol. Sci. 2019, 20, 875
STAT3 signal transducer and activator of transcription

PTEN phosphatase and tensin homolog gene

IgE activated PI3K→ AKT → mTOR and STAT3 → microRNA-21-5p, 
down-regulating PTEN in ASMC

Human Tissue Study
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IgE activated PI3K→ AKT → mTOR and STAT3 → microRNA-21-5p, 
down-regulating PTEN in ASMC

Int. J. Mol. Sci. 2019, 20, 875Human Tissue Study
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IgE activated  two signaling pathways in ASMC cells

Int. J. Mol. Sci. 2019, 20, 875

IgE / FcεRI

STAT3
PI3K

miR-21-5p

PTEN

AKT

mTOR

ASMC remodeling

Positive Feedback

Negative Feedback

Human Tissue Study

ASMC: airway smooth muscle cells

STAT3: signal transducer and activator of transcription

PTEN: phosphatase and tensin homolog gene

COX-2: cytochrome c Oxidase Subunit 2

PPAR-γ : Peroxisome Proliferator-Activated Receptor-γ

PGC-1 : Peroxisome Proliferator-Activated Receptor  Coactivator-1

PI3K: phosphatidylinositol 3-kinases 

mTOR: Mammalian target of rapamycin

Akt: protein kinase B

miR-21-5p: MicroRNA-21-5p



？

PLoS ONE 2015;10(9): e0136549.
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The main findings of important 

recent clinical and experimental 

studies directly associating IgE

or anti-IgE treatment with 

features of airway remodeling

Eur Respir Rev 2015; 24: 594–601



Effects of Blocking IgE

39



Anti-IgE decreased IL-33, IL-25, TSLP and IL-17A expression in 
Asthmatic airways
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Clin Exp Allergy. 2019;49:44–53.Human Study



ECM reduction 

by anti-IgE

introduction

Collagen deposition  

reduction by anti-IgE

introduction

PLoS One. 2013;8:e56015.Human Tissue Study



42 Current Medical Research and Opinion 2017, DOI:10.1080/03007995.2017.1400961Modified from Current Medical Research and Opinion 2017, 

DOI:10.1080/03007995.2017.1400961 Campbell et al., Am. J. Respir. Cell Mol. Biol. Vol. 19, pp. 92–97, 1998

Omalizumab mode of action: Reducing levels of circulating free IgE has direct and 
indirect effects on inflammatory cells

Neutralize free IgE

Down-regulation of FcεRI 

Reduced persistent airway 

inflammation



Ex vivo production of IL-5 by PBMCs decreased significantly 
after omalizumab treatment

Stimulated with Df antigen Stimulated with ionomycin and PMA

Int Arch Allergy Immunol 2013;161(suppl 2):107–117Human Study



The longer omalizumab treatment the 
greater decreased in blood EOS counts 

44

Pool evidence from 2 

studies

After 16 weeks of omalizumab treatment After 28 or 32 weeks of omalizumab treatment 

Pool evidence from 3 

studies

Respiration 2010;80:534–542
Human Study



The longer omalizumab treatment the greater 
decreased in blood EOS counts 

Respiration 2010;80:534–542

Omalizumab Conventional therapy

Human Study



Not only EOS counts but ECP decrease significantly after 
Omalizumab tx

Omalizumab Conventional therapy

Respiration 2010;80:534–542
Human Study



Omailizumab therapy was also related to the tendency towards 
reduction of the eosinophil count in blood, BAL and bronchial mucosa

J Asthma. 2019 Mar 23:1-10
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and after the OMA therapy.

Baseline After OMA treatment

200

140

0

50

100

150

200

250

Blood

Results of the Eos count in blood at 
the baseline and after OMA therapy

Baseline After OMA treatment

BAL: bronchoalveolar lavage

C
e
lls

/u
L

C
e
lls

/u
L

N=13 N=13 N=13 N=13

Human Study



IgE blockade decreases eosinophils in sputum and bronchial 
submucosa in patients with asthma

Am J Respir Crit Care Med 2004;170:583–593

Percentages of eosinophils in induced 

sputum

Eosinophil counts in the bronchial submucosa

Human Study



Allergy. 2018;73:490–497.

J Allergy Clin Immunol. 2001;108:184-190.

Eur Respir J. 2001;18:254-261.



Clinical factors of Asthma patients predict the 
response of Omalizumab

Allergy. 2018;73:490–497.
Post-hoc study (Phase3)



Blood eosinophil counts predict the efficacy of Omalizumab in 
asthma AE 

Allergy. 2018;73:490–497.
Post-hoc study (Phase3)



Management of Severe Asthma: 

a European Respiratory Society/American Thoracic Society Guideline
Recommendations: 

1) Suggest using anti-IL5 and anti IL-5Rα for severe uncontrolled adult eosinophilic asthma 

phenotypes

2) Suggest using blood eosinophil cut-point of ≥ 150/μl to guide anti-IL5 initiation in adult patients 

with severe asthma

3) Suggest considering specific eosinophil (≥ 260 /μl) and FeNO (≥19.5 ppb) cutoffs to identify 

adolescents or adults with the greatest likelihood or response to anti-IgE therapy
4) Suggest using inhaled tiotropium for adolescents and adults with severe uncontrolled asthma 

despite GINA step 4-5 or NAEPP step 5 therapies

5) Suggest a trial of chronic macrolide therapy to reduce asthma exacerbations in persistently 

symptomatic or uncontrolled patients on GINA step 5 or NAEPP step 5 therapies, irrespective of 

asthma phenotype 

6) Suggest using anti-IL4/13 for adult patients with severe eosinophilic asthma, and for those with 

severe corticosteroid-dependent asthma regardless of blood eosinophil levels. 
Fernando Holguin et al. ERJ 2019 in press 



Omalizumab results a decreased of basement 
membrane thickness after 12 months treatment

Responder Non-responder

Baseline 8.74 7.35

12 months 6 8.62
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G. Pelaia et al., Asthma: Targeted Biological Therapies, DOI 10.1007/978-3-319-46007-9_4

Riccio et al. Int. J. Immunopathol. Pharmacol. 2012;25(2):475-484,Human Study



Airway dimensions WA (mm2)
WA / BSA
(mm2/m2)

WA (%) Ao (mm2)
Ao / BSA
(mm2/m2)

Ai (mm2) Ai / BSA (mm2/m2)

Baseline 21 30.3 18.6 62 49.7 30.6 19.5 12

16 wk 21 29.5 18.1 60.6 48.9 30.1 19.4 12

48 wk 14 26 11 57.1 45.6 27.9 19.6 12.1
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Effect of OMA on CT indices

Baseline 16 wk 48 wk

Omalizumab results a significant decreased of 
bronchial wall thickness after 48 weeks treatment

P=0.002

P=0.025

P=0.024

Ai, luminal area; Ao, outer area of bronchus; BSA, body surface area; CT, 

computed tomographic; WA%, percentage of wall area equal to wall area 

divided by outer area of bronchus multiplied by 100; WA, wall area. 

P value for baseline vs 48 weeks by paired t test.

Ann Allergy Asthma Immunol 2014;113: 470-475
Human Study



Omalizumab decrease unfavorable structural airway changes in allergic 
asthmatics: decreasing the fibronectin deposit and thickness of the basal lamina.

Group 1: Patients who manifested one exacerbation episode at the maximum during treatment with 

omalizumab, n=8)

Group 2: Patients demonstrated a minimum of two exacerbations, n=5.

J Asthma. 2019 Mar 23:1-10

22% 33%

P=0.002 P=0.024

Human Study



Omalizumab may exert disease-modifying effect on 
airway remodeling
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G. Pelaia et al., Asthma: Targeted Biological Therapies, DOI 10.1007/978-3-319-46007-9_4

Riccio et al. Clin Transl Allergy (2017) 7:6,
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Human Study



Improvement of FEV1 after omalizumab introduction

9.04
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months

12 months 24 months

%

Mean change from 
baseline in FEV1 (%)

FEV1 (%)

Normansell R et al. Cochrane Database Syst Rev. 2014 Jan 13;1:CD003559

J ALLERGY CLIN IMMUNOL PRACT, 2017. Expert Rev Clin Immunol. 2019 Feb 14:1-17



Improvement of ACT and lung function after 
4 months omalizumab treatment

Clin Exp Allergy. 2019;49:44–53Each dot represents an individual patient. *P < 0.05, **P < 0.01 ***P < 0.001
Human Study



Omalizumab improves lung function and reduces exacerbations in 
patients with severe non-atopic asthma

Garcia G et al. Chest. 2013 Aug;144(2):411-9

Change in FEV1 Exacerbations

+250 mL

59

Human Study



Case  67 y/o woman

CC: wheezing at night and dyspnea on exertion (Walk distance <100 m)  

S/S: night time awaking(+), cough with scanty whitish sputum 

dyspnea on exertion, talk in sentences (+)

frequent watery rhinorrhea (+)

PH: Previous diagnosed as asthma s/p tx

but loss f/u for 7 years without tx

Diagnosed Asthma since she was 20+ year-old without control 

PH: Allergic rhinitis (+) under anti-histamine tx at LMD 

Atopic eczema since childhood but improving after 20 year-old 

Drug allergy: pyrin

Occupation: Farmer (雲林斗六) 

Nonsmoker (denied secondhand smoke exposure), 

No pet or animal  exposure



No obvious structural lung disease

[PE]

BH: 150.3 cm , BW: 62.2 Kg  BMI:27.2

Clear consciousness 

BS: bilateral wheezing, diffuse

HS: no murmur

No leg edema 

Nasal polyposis (-)

Non-stop Runny nose (+)

Walk distance <100 m 

(走去照CXR 就需要停下來)

[Current medication of LMD ]
Montelucast 1# HS 

Dextromethorphan 1# bid po

Procaterol 1# bid po

Aminophylline 1# tid

Fenoterol prn use

No ICS

use ! 



Lung function test 

Previous lung function: 2009/4 (NTUH) 

FEV1/FVC: 58% 

FEV1: 56% 
FVC: 81% 

BDT(+): 22%

No IgE data and allergy panel ?



Lab data 2015.12 (asthma AE)

Atopic 

Blood eosinophil: 6.6% (794 

cells/uL)

Allergy test (+) : mites (+)

IgE :152 IU/ml



1

1

1

1

1

5



How about the “Asthma control” in this patient ?

•Daytime symptoms-->Can’t work due to symptoms

•Frequent Asthma AE →ER visit (～2 times/last year) 

•Nighttime symptoms (dyspnea, cough, chest tightness/wheezing every night ) 醒來1-2次/night

•Frequent SABA use: 2-3 times/day

✔
✔

✔
✔



Dx: Uncontrolled asthma

1.Give high dose ICS/LABA (Budesonide/Formoterol 2puff Bid/SMART) for 
asthma control 

2. Asthma education and exposure survey  

3. Survey comorbidities of asthma , check device technique

2019 GINA guideline



Tx: high dose ICS/LABA 

ICS/LABA

Tiotropium

Asthma AE 

Added on Tiotropium 

1. Check inhaler technique of device →OK
2. Poor adherence? →No ,use Inhaler and correct 

dose every day 
3. Special exposures (smoking (x) , allergen mite (v) 
4. Occupational or environment change→ No
5. Comorbidities :  ACT

OCS

SABA

PFT:FEV1/FVC:52.58%, FEV1:65%, FVC:102.2%



Comorbid Conditions commonly

associated with Asthma

Allergic rhinitis

Nasal polyposis 

BMI:27

Acid- reflux after oral intake



Under high dose ICS/LABA 

ICS/LABA

Tiotropium

Asthma AE 

Added on Tiotropium 

1. Check inhaler technique of device →OK
2. Poor adherence? →No ,use Inhaler and correct 

dose every day 
3. Special exposures (smoking (x) , allergen (v) 
4. Occupational or environment change→ No
5. Comorbiditis :  ACT

OCS

SABA

PFT:FEV1/FVC:52.58%, FEV1:65%, FVC:102.2%

• GERD: acid-reflux after oral intake: Esomeprazole use (V)

• Allergic rhinitis (V): Levocetirizine, Fluticasone nasal spray (V)

• Obesity[BMI=27.2(V)]: Weight loss

• Atopic eczema: mild 



ICS/LABA

Tiotropium

Asthma AE 

Still exacerbation under high dose ICS/LABA + Tiotropium

•Optimize treatment   (check and 

correct inhaler technique and adherences switch 

to maintenance and reliever therapy if available)

• Treat comorbidities and modifiable 

risk factors

•Asthma education
• Consider non-pharmacological  therapy,  

e.g. smoking cessation, exercise, weight loss 

mucus clearance, influenza vaccination

• Consider non-biologic add-on therapy 

(e.g. LABA, Tiotropium, LM/LTRA 

macrolide)
GINA 2018 (示意圖, 非當事人)



ICS/LABA

Tiotropium

Asthma AE 

high dose ICS/LABA + Tiotropium added Omalizumab

Omalizumab



ICS/LABA

Tiotropium

Asthma AE 

high dose ICS/LABA + Tiotropium added Omalizumab

Omalizumab

2 months later 

ACT > 20



ICS/LABA

Tiotropium

Asthma AE 

high dose ICS/LABA + Tiotropium added Omalizumab

Omalizumab

IgE level
No more Fluticasone NA use 

for Severe allergic rhinitis

FEV1: 65% FEV1: 72% FEV1: 93.5%

Taper off Tiotropium 

Asthma Good control under Omalizumab (ACT >20)



74
Modified from korean j intern med 2011;26:367-383

Omalizumab blocking Inflammatory cells and mediators related to 
reverse airway remodeling

Omalizumab IgE receptors 

down-regulation

Neutralize

Free form IgE



Conclusions
➢ Airway remodeling: 

⚫ Repeated airway Injury, chronic Inflammation and Immune-mediated Event (Viral Infection)

⚫ Thickening of the lamina reticularis 

⚫ Structural changes : epithelium, submucosa, smooth muscle, and vasculature of the 

airway 

➢IgE plays an important role in allergic severe asthma as well as airway 
remodeling process 
⚫ IgE affect inflammatory cells from sensitization to chronic phase in allergic asthma

⚫ IgE can directly interact with ASMC and Epithelium to cause structure changes and stimulate 
related cytokines production of airway remodeling  

➢ Anti-IgE offer disease-modifying effect and improved lung function
⚫By inhibiting IgE mediated cytokine and chemokine release (IL-4, IL-5, IL-13, GM-CSF, IL-25, IL-33, 

TSLP etc.) 

⚫Anti-IgE ameliorates of tissue remodeling process.

⚫ Real evidences show Omalizumab improve lung function and symptoms, reduce AE rates  
Thank you ! NTUH-YL branch Yen-Fu Chen. Email: yenfu1228@gmail.com


