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Long-term asthma remission during adolescence
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Asthma is a heterogeneous disorder with a variable course, characterized by episodes of cough, wheezing and shortness of breath,
reversible airflow limitation, and bronchial hyperresponsiveness (BHR). It begins early in life in many subjects, and it is well recog-
nized that over 50% of asthmatic children go into long-term clinical remission, defined as the complete absence of asthmatic symp-
toms and no asthma medication for at least 24 months, during adolescence. Several studies have shown spirometric abnormalities
and BHR during clinical remission. It is unknown whether these functional abnormalities, which are supposed to be indicative of
asthma severity with respect to symptomatic asthma, reflect persistent airway inflammation or merely indicate residual airway dam-
age or are related to another mechanism such as a familial predisposition. It is likely that the nature of BHR in asthma remission is
not same as that in symptomatic asthma. We have shown that the former condition is associated with lower levels of blood eosino-
phils and eosinophilic cationic protein, a lower degree of bronchial responsiveness to exercise, and a more common formation of
plateau on the dose-response curve to high-dose inhaled methacholine (i.e,, limited maximal airway narrowing), compared to the
latter condition. It is still controversial whether BHR in adolescents with asthma remission is reduced by inhaled corticosteroids. Bet-
ter understanding of the mechanisms that lead to asthma remission, especially that seen during adolescence, is likely to lead to sig-
nificant advances in our understanding of asthma pathogenesis, and should provide insights into how remission might be induced
with therapy. We still have minimal understanding of the mechanism underlying BHR in adolescents with asthma remission. Eluci-
dation of this mechanism would be an important step towards new perspectives that see remission as the next therapeutic frontier

in asthma. (Allergy Asthma Respir Dis 1(1):11-19, 2013)

Keywords: Adolescence, Asthma, Bronchial hyperresponsiveness, Clinical remission

4 F4o] o oA LA 9 Ale| 2 At | Sk 4]
of ok 212 glol, 2 PAlE AL§ 1A EORIA, 14 S4p0] 47

{F 4] el (long-term asthma re-
mission)e} Q. 4712°0] Ol itk chEvk A A4
o] S TeiapH 2w W ol4e] 2712 a2 G, o

olefel 4717k 24] el Aellis 2 A)7]ofA] Felo] T
o aheb) 2o} 4] Bkl Hadrlel 4] Z4po] A
7] B P3| B REEEA] o] Al ATk S0 o)
Sk sl U A ] 2 9 ke e ef o
7% A5}, 71 8A] 2 3
o) ZAE A= Qe o] Ao M HAd7] WA Taf Al
o oAk, o] Afefoll Al ekt w715 A3l 712k T, 7]
4%, 71 Y Sol ©F HAAe} zfo]7} 4=, o] 5 Afolo]
A olufgt eigho] Qlml e WaTHe 24, H47] 717 24
el e ool LAt ek

Correspondence to: Young Yull Koh

Department of Pediatrics, Seoul National University Hospital, Seoul National University College of Medicine,

101 Daehak-ro, Jongno-gu, Seoul 110-744, Korea
Tel: +82-2-2072-3631, Fax: +82-2-747-5130, E-mail: kohyy@plaza.snu.ac.kr
Received: March 6, 2013 Accepted: March 15,2013

© 2013 The Korean Academy of Pediatric Allergy and Respiratory Disease
The Korean Academy of Asthma, Allergy and Clinical Inmunology

This is an Open Access article distributed under the terms of the Creative

Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/).

http://www.aard.or.kr



AARD Allergy Asthma Respir Dis

9] YRofAfgto] Al 21
Kjellman®} Gustafsson”2 4-144|2] 4] o} 5508 25-354]]
A7) 32 Bsko] 99 (16%) 00141 2 1 5t 4] ) 4
BlS 2 75FIE De Marco S92 444|2] 18,8739 A 5& EA415}
o WO W WS BAS F 2 2d Fe] A4 Bl A
7} 45.8%0]31.0, FAof|A] 49.5%, A} A 41.6% = FAFO A
0} Y22 HIETE Vonk 58] A9 A 5-144] 24 2
of 1S T 304 < 3 BAeHo] 242 Aol 4773
(sLewe] 3 Fete] 1A w9l 4w

olfgh 7|7t HA] el A= oln] A = A A7)0
A sE3to] PAEICE o] A7]] BAEL o = 3 972
HH, Martin 52| #90)| A= 74 o] dell Zdgo] Ak 3317 %
144|714 5§ o)/ o] 22370l A QUSIE=T, o1& 5 7978(35.4%)
o] L 118 oJAFe] HAl I A E ¥l o™, Tucson Children’s
Respiratory Study (TCRS)O| A& Al7] o]Alof HA] o2 Xt vt
2 16679] 24 B 164027 ol % Bt 42419
T2 AR A3t 6978 (42%) 0 A AFE7] 0] F Aol aAE
C}” Taylor S9% 176™42] 4x0} 4] Fkx} 2= 184]0]] 687H(38.6%) 0|
A 2 1 59H0] 4] T A7} 5148 & 1 A1, Seker-
ol 5] QoA 1152 20} 24 BAE B 1 FeL 2
2] sto] 617 (53%)0ll A 19 o]o] 4] el AelE Hairk
7Tt Ontario F2of|4] 19940 Z4Y5}] 64| o] Hof| Ao =
Rk {2 34,2167800|1 4, 12A|704] A =2 QIgh B9l Hhwo] &
Q giE AT} 48.6%0]3) Y 3FH Childhood Asthma Man-
agement Program (CAMP) ¢15Lo] A= o]t &R LR 4]
&2 H stk o] o) A= 4-61d712] budesonide/cro-
molyn/91oF A& £ 447k} T2k 7|7t 5 mpA|et 19 59k(13-22
A) A4] A S remitting (no asthma activity in the last year),
persistent (asthma activity in the last year), periodic (neither re-
mitting nor persistent) .2 L2351 =4], 22 6%, 55%, 39%2)
232 59t} oo} o] S WE-L 0|9 T @-Bo| 3
A/ 5 A0 7)o OfEFH Alof whaf) AF(1do]] 43]) HE &
3l AAEE wHetslel7] wlmolm, ok des] We Hel= 49
35 Aactivity) & QVF35A7] Tholck Tyt o] oA persis-
tent-0| L} periodictto A= FA19] Al A= 2bA FoF 7|7h
o vlsto] B A7EElo] SIsick. olk ol A4 Bl et A
1A A1) ol ol Rk SAL Al 1 24 4

12 http://dx.doi.org/10.4168/aard.2013.1.1.11

KohYY ¢ Long-term asthma remission during adolescence

Percent

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Age (yr)

Fig. 1. Prevalence of current asthma among males and females aged 1-85
years, by age: United States, annual average 2001-2009. Adapted from Cen-
ters for Disease Control and Prevention.'
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Fig. 2. PDx AMP (micrograms, not cumulative) values of currently asthmatic
subjects, of subjects in clinical remission of atopic asthma, and of healthy con-
trols. Nonresponders are arbitrarily given a value of twice the highest dose ad-
ministered. Horizontal bars represent geometric mean values. The y axis shows
PD2 AMP values logarithmically. AMP, adenosine 5'-monophosphate. Reprinted
from van den Toorn et al. Am J Respri Crit Care Med 2000;162:953-7, with per-
mission of American Thoracic Society."
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Fig. 3. Thickness of the reticular basement membrane (RBM) in biopsy speci-
mens from currently asthmatic subjects, subjects in clinical remission of atopic
asthma, and healthy control subjects. Horizontal bars represent median values.
Reprinted from van den Toorn et al. Am J Respri Crit Care Med 2001;164:2107-
13, with permission of American Thoracic Society®

Table 1. Sputum markers in each group of subjects

Cell differences Mild asthmatics Asymptorr_latlc Healthy individuals
asthmatics
Eosinophils % 257(115-39.9)*  136(7.3-19.8) 0.6(-0.3-1.5)
Neutrophils % 39(2.2-5.6) 5.3(4.0-6.6) 29(2.0-3.7)
Lymphocytes % 06(0.1-1.1) 04(0.1-0.7) 0.3(0.0-05)
Macrophages %  735(66.0-81.0)  816(758-875)  96.3(95.0-94.6)
ECP (pg/L) 234 (84-383)* 109 (84-256)* 16(9-24)
TNF-a (pg/mL) 69.3(38.2-1004)* 438(294-583)*  4.0(28-5.2)
GM-CSF (pg/mL) 199(7.1-326)*  145(10.1-189*  32(1.9-4.5)

Values are presented as mean (95% confidence interval).

ECP. eosinophil cationic protein; TNF, tumor necrosis factor; GM-CSF, granulocyte
macrophage-colony stimulating factor.

*P<0.01 vs. healthy individuals.

Reprinted from Obase et al. Allergy 2003;58:213-20, with permission of John Wiley
& Sons.”
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Fig. 4. Theoretical relationship between the severity of inflammation and the
likelihood of developing a remission over time. The vertical axis refers to ‘in-
flammation’, but this could be used inter-changeably with other measures of
asthma that fluctuate over time such as ‘airflow obstruction” or ‘airway hyper-
responsiveness. Reprinted from Upham and James. Pharmacol Ther 2011;130:
38-45, with permission of Elsevier."
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Table 2. Methacholine PCy values before and after treatment in the studied groups™
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Fig. 5. Scatter plot of peripheral blood eosinophil total counts (A) and serum concentrations of eosinophil cationic protein (ECP) (B) in the four groups studied. Horizon-
tal bars represent means + standard deviation. Reprinted from Koh et al. Ann Allergy Asthma Immunol 2003;91:297-302, with permission of Elsevier?®
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