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* heat loss from the airway

Much of the original research into the mechanisms of EIB
focused on two different proposals:

The respiratory water loss mechanism: Dr. Sandra

Anderson
The heat loss mechanism: Dr. Regis McFadden

Kippelen P, Immunol Allergy Clin N Am 33 (2013) 299-312
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Figuwre 57-3 Relationship betweesn respiratory water loss and bron-
choconstriction  during ewcapnic woluntary hyperprea. Asthmatic
patients inhaled gases with identical heat-carrying but differing water-
carrying capacities to demonstrate that severity of bronchoconatric-
ticnm iz stroangly tied 1o amownt of respiratory water bloss, but ot to
armount of respiratory heat koss. During these experiments, esopha-
geal temperatune did ot dedine duwring exercise. FEV,, Forced expira-
rory wolume in 1 second. [Drawn from data i Arapros (GJ, Phdllifos Y,
Raybwen DEF, Rosenthal BR. Jaegers . Water boss without heat flus énm
amaErrtse-rtiuced broarnchagmasnn. Am Rew Respdr Dlis 1993147 TAT8-24.)




in exhaled breath condensate after

exercise

# #
/-/ -l\l
_ -
- i -“‘-"‘n.__‘_
-
o~ S,
.
"ll
P

l’l
r"l

EBC adenosine nM

0 e S S S e S—
5 10 15 20 25 30 35

.0
Pre-exercise . .
Time after exercise min

FIGURE 3. Time course of changes in post-exercise forced expiratory volume
in one second (FEV1; a) and in exhaled breath condensate (EBC) adenosine (b) in
healthy control volunteers (@) and asthmatic patients (M). Data are presented as
mean + so for n =6 subjects. Significances are expressed as the difference between
controls and asthmatic patients (*) and the difference between baseline and post-
exercise values (*). One symbol: p<0.05; two symbols: p<0.01; three symbols:

p<0.001.




Although the water loss stimulus appears to be primary, heat loss with
rebound bronchoconstriction plays a significant role in cooler climates.

Both mechanisms may apply in our EIB patients.

Kippelen P, Immunol Allergy Clin N Am 33 (2013) 299-312
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Why do some asthmatics have EIB and others not?

Some reasons for this may be:

1. Genetic predisposition for EIB

2. Increased chemical mediators and cellular inflammation in EIB
patients

3. Increased airway permeability

4. lon channel changes/aquaporin dysregulation

5. Sensory nerves

5. Modulators/amplifiers




TFF3
cLCAM
TSPAB

csST
CPA3
KLK11

TSPANS

AGR2 CJArray
- . PCR

0.0 2.5 5.0 7.5
A with Exercise in EIB" Group

Hallstrand, PloS ONE 5(1): e8583. doi:10.1371/journal.pone.0008583



capability.

Lack of aquaporin 5 (discussed in
later slides) may be the reason for
this (data from mice that have
diminished sweat secretion).
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FIGURE f. Sweat soclinm exoretion rabes were higher in subjects
wha were relatively unresponsive to ishaled neethacholine when
compared to those sabjects who had a fall in FEV, of > 20%. The
miean {2+ SER) st soiliim EaTetion mbes were 275 4 0048 v
1.52 + 0.2 pEgfem” of skin per 20 min, respectively {p < (.05},

Park, CHEST 2008; 134:552-558




Genetic predisposition

Susceptible EIB patients have increased cellular
inflammation:
*eosinophils, mast cells, leukotrienes, histamine
*cytokines, PGD2,, MUCS5A, eosinophil products,
etc.
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FIG 3. Comparison of the concentration of columnar epithelial cells (A) and the concentration of easinophils

. . . (B} in induced sputum between asthmatic subjects with EIB and asthmatic control subjects without EIB. The
e OS I n O p h I I S tO re I e a Se I e U kOt rl e n eS . median concentration of columnar epithelial cells and eosinophils was higher in the group with EIB.

Hallstrand et al, JACI 2005; 116:586
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Epithelial shedding is also linked to increased IL-17 and IL-22.
There is a possible underproduction of PGDE2 and lipoxin (which inhibit EIB).

Hallstrand et al. JACI 2005: 116: 586



associated activation of sensory airway
nerves.
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1. Genetic predisposition for EIB

3. Increased airway permeability

4. lon channel changes/aquaporin dysregulation
5. Sensory nerves

6. Modulators/amplifiers
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Kanazawa: CHEST 2002; 122:166 —170




Inflammatory mediators, chemical stimuli, pollutants and
other inhaled substances may affect the TRP ion channels
and cause sensory nerve stimulation and
bronchoconstriction.

Tarran R. Proc Amer Thor Soc 2004; 1: 42-46



ofthe diological world



of cells.

Studies in animal models of asthma suggest
that they may play a role in asthma and
possibly EIB.
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A dysregulation of aquaporins could explain why some
patients have EIB and others do not.
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1. Genetic predisposition for EIB

5. Sensory nerves
6. Modulators/amplifiers
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Figure 1: Anatomical representation of neural pathways for cough

Cough receptors (shown in red colour) at the airway bifurcations, in the larynx and at the distal oesophagus, link to
cough afferents through the vagus and superior laryngeal nerves to the cough centre and cerebral cortex. Efferent
pathways coordinate the muscle response that leads to a cough.
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Figure 2: Representative scheme of afferent and efferent pathways that regulate cough, and of the pathophysiology of the enhanced cough reflex
Laryngeal and pulmonary receptors, such as rapidly adapting receptors (RARs), C-fibres, and slowly adapting fibres (SAR), and cough receptors provide input to the
brainstem medullary central cough generator through the intermediary relay neurons in the nucleus tractus solitarius (NTS). The central cough generator then
establishes and coordinates the output to the muscles that cause cough. An output to airway smooth muscle and mucosal glands (not shown) is also present. The
cerebral cortex can control the motor output of cough volitionally, or influence the urge-to-cough sensation. Factors that act in the upper airways or brainstem, to
enhance the cough reflex, are illustrated. CGRP=calcitonin gene-related peptide. LTD,=leukotriene D4. PGE,=prostaglandin E. NK1=neulokinin-1. TRPV=transient
receptor potential vanilloid. TNF=tumour necrosis factor.



This is hypersensitivity may be another reason that athletes
exercising frequently wil have EIB.



1. Genetic predisposition for EIB
2. Increased chemical mediators and cellular

6. Modulators/amplifiers



3. Pollen exposure in atopic patients

4. Other conditions which aggravate asthma in general:
sinus disease (swimmers, boxers); cold air venues

5. GERD

6. ?? High salt diet

This may explain why athletes in some sport venues have EIB and
athletes in other venues do not
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cells/eosinophils

Increased inflammatory mediator release
Epithelial cell shedding

Sensory nerve stimulation

Increased vascular permeability

Increased mucus release

Hypersensitive airway TRPV receptors (?)

. Reduced aquaporin expression (?)

10 Abnormal parasympathetic responsiveness
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