
EDITORIAL

IgE Ð a marker of late asthmatic response?

Hersheimer observed in the 1950s that airway responses to

allergen inhalation have two distinct components 2 the

early asthmatic response (EAR) and the late asthmatic

response (LAR) [1]. Following allergen inhalation, bronch-

oconstriction occurs immediately and gradually improves

over the next 2 h, the early asthmatic response (EAR). In

approximately, 50% of adults [2] and 70% to 85% of

children [3] with asthma, a second response is seen with

maximum bronchoconstriction between 6 and 8 h after

allergen inhalation, the late asthmatic response (LAR).

Early and late asthmatic responses are typical features of

asthma. EAR is clearly dependent on IgE-mediated

activation of mast cells through high affinity receptors

(Fc1RI). The pathogenetic mechanisms responsible for the

induction and magnitude of LAR are not fully understood.

However, allergen reactive TH2 cells play a central role in

the activation and recruitment of IgE producing B-cells,

mast cells and eosinophils involved in late asthmatic

reaction.

Factors determining the occurrence and severity of LAR

have been extensively studied. High circulating IgE

antibody or skin sensitivity to the inhaled allergen is said

to be an important determinant for the development of LAR

[4,5]. However, Durham et al. were unable to find an

association between total or specific IgE and pattern of

asthmatic responses following allergen inhalation [6]. The

dosage of the allergen rather than the concentration appears

to determine the early and late asthmatic responses after

allergen challenge [7]. Increasing the dose of allergen can

induce LAR in an asthmatic subject who previously

demonstrated only an early reaction [8]. Other major

determinants of LAR are nonspecific bronchial responsive-

ness and size of the early response. A lower value for

methacholine PC20 at baseline and a greater fall in FEV1

during an early response predict the development of a late

response [9±11]. However, other investigators have failed

to confirm the relationship between the sizes of early and

late asthmatic responses [12]. van der Veen et al. proposed

a model combining PC20 histamine, allergen skin sensi-

tivity and allergen-specific proliferative response of

peripheral T lymphocytes in vitro, for the prediction of

LAR [13].

The late phase inflammatory response involves the

recruitment and activation of eosinophils, neutrophils,

macrophages and T cells. The most remarkable feature of

LAR is an increase in recruitment and activation of the

airway eosinophils [5,14], mediated to a great extent by

CD41 T-helper cells. T cells are unique in that they are

the only cells that can recognize processed antigens and

respond to them. Allergen inhalation induces an immune

response through the uptake and processing by antigen

presenting cells, which then presents peptide fragments to

specific T cells. The polarization towards a TH2

phenotype depends on the secretion of TH2 cytokines,

which include IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, and

GM-CSF. Pre-existing allergen specific IgE may favour the

induction of TH2 responses, both by activating mast cells

to produce IL-4 and IL-13 and by facilitating B-cell

antigen presentation [15].

Antigen-specific IgE (as determined by allergen-specific

IgE levels) response is regulated by HLA class II and T-cell

receptors and involve T±B cognate interaction while

nonantigen-specific IgE response (as determined by total

serum IgE levels) involve noncognate interaction of mast

cells, basophils and T cells with B cells [15]. TH2 cells

produce IL-4 and IL-13, which are switching factors for

IgE and IgG4 isotypes, and IL-5, a potent growth and

activation factor for eosinophils [16]. IL-4 is the most

important cytokine mediating IgE synthesis and together

with IL-13 plays a central role in IgE-dependent allergic

reaction. Some of the effect of IgE-dependent focusing of

allergen to T cells is perhaps mediated by CD23, the low

affinity IgE receptor [17]. The role of IgE in mediating

allergic airway reaction is confirmed by the finding that

treatment of allergic asthmatic patients with monoclonal

anti-IgE antibodies attenuated airway eosinophilia, increased

the dose of allergen needed to provoke an early reaction,

and reduced the mean maximum fall in FEV1 during the

early and late responses to allergen challenge [18].

Therefore, IgE has a direct role in mediating not only the

EAR but also the LAR.

In this issue Peebles et al. have demonstrated that

presence of allergen-specific IgE and IgA could be an

important determinant in the pathogenesis of late phase

reactions [19]. Ragweed allergen-specific IgE levels in

serum and bronchoalveolar lavage (BAL) fluid directly

correlated with the severity of the LAR. The subjects

were classified based on whether ragweed-specific IgE

was detectable or undetectable in BAL fluid at baseline.

It was found that subjects with detectable levels of

allergen-specific IgE antibodies had a stronger late

reaction and also had higher levels of BAL fluid
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fibrinogen and eosinophilic cationic protein (ECP) levels,

markers of airway inflammation. Furthermore, the

association between ragweed-specific IgA, both in serum

and BAL fluid, and the magnitude of LAR was

interesting. Although IgA plays an important role in

host defence against microbial organisms, its role in the

handling of allergens is ambiguous. In an earlier study

Nahm et al. showed that IgA levels against Dermato-

phagoides farinae extracts and Streptococcus pneumoniae

capsular antigens were higher in induced sputum from

atopic asthmatics as compared to the levels in healthy

controls. They also showed specific IgA levels correlated

with levels of eosinophilic cationic protein, a marker of

eosinophil degranulation [20]. There is also evidence that

eosinophils from atopic asthmatics are more prone to the

effects of IgA, since these eosinophils express more

FcaR (CD89) receptors [21]. Besides, Th2-derived

cytokines IL-4 and IL-5, produced at the site of an

allergic inflammatory response, increase the binding of

IgA to eosinophils thereby promoting eosinophil degra-

nulation [22]. These findings incriminate IgA in promot-

ing the inflammatory response in asthmatic patients but

the extent of the involvement is unclear. In view of these

findings, the observation by Peebles et al. on the role of

allergen-specific IgA in modulating the LAR assumes

significance.

While IgE-dependent inflammation plays a major part in

allergic asthma, there are many inconsistencies. The

SAPALDIA study has demonstrated that total IgE is a poor

diagnostic indicator of respiratory allergic diseases [23] and

in the African population serum levels of IgE have been

reported to be higher in nonasthmatics than asthmatics [24].

Moreover IgE±/± knock out mice when challenged with

allergen can elicit inflammatory response of the airways and

airway hyperresponsiveness [25]. These studies cast a

question mark on the precise role of IgE in allergic disease.

Late asthmatic responses are associated with an increase

in airway hyperresponsiveness and this may last for days,

weeks or months [26]. As noted earlier, an increase in

nonspecific bronchial hyperresponsiveness promotes the

development of a late phase reaction [9,13]. Cockcroft

proposed that in perennial asthmatics, a vicious cycle could

be established by natural allergen exposure leading to

airway hyperresponsiveness. The increased airway hyper-

responsiveness could further amplify the response to

subsequent exposure to allergen [27]. These observations

have been supported by a recent study in which atopic

asthmatics, following inhalation of doubling doses of

allergen, were found to have significant decreases in

PC20 methacholine and histamine. These changes were

more pronounced in subjects who exhibited late response to

allergens [28], suggesting that allergens could cause asthma

rather than merely triggering symptoms.

The late phase reaction is considered to be a model

system to study the mechanisms of chronic inflammation

in asthma. However, the inability to maintain a chronic

state of LAR following an allergen challenge is a major

disadvantage. A continuing allergen exposure, akin to the

natural allergen exposure, is required to induce a state of

low-grade chronic inflammation. Repeated exposure to

low doses of allergen, where the allergen dose is

standardized (in contrast to natural allergen exposure), is

a valuable alternative research tool. Previous studies have

established that repeated low-dose allergen exposure

produced signs of mild exacerbation of asthma, with

significant changes in the bronchial reactivity, and hence

can provide an attractive model to study the various

pathophysiological mechanisms involved in asthma

[29,30]. The dose of allergen and the duration of exposure

are important determinants, and these have yet to be

standardized to yield consistent results. Once standar-

dized, such an experimental model of asthma could

provide an excellent tool to study the roles of IgE, growth

factors, airway remodelling, the role played by epithelium

in the handling of allergen and to evaluate the therapeutic

efficacy of novel drugs.

The study by Peebles et al. has indicated an

involvement of allergen-specific IgE and IgA, in the

pathogenesis of LAR. However, there are a number of

unanswered questions on the true role of IgE in asthma.

In a recent study T-cell epitope peptides of cat allergen

were shown to initiate a T-cell-dependent LAR, without

the requirement for an early IgE mast cell-dependent

response, in sensitized asthmatic subjects [31]. The

existence of IL-5-producing helper T cells in the absence

of antigen-specific immunoglobulins (IgE, A and G) is

sufficient for the development of the eosinophilic

inflammation at the bronchial mucosa upon inhalation

of the relevant antigen [32]. These studies illustrate that

features that are by and large mediated by IgE can be

achieved in its absence. Hence, it appears that there exists

a missing link to interpret the true role of IgE in asthma.

It is possible that the experimental allergen challenge,

with large doses of allergen inhaled over a short period

of time, is not the best method to study the pathogenetic

mechanisms in asthma. Further studies with repeated

exposure to low doses of allergen may provide clues to

some of the missing links.

References

1 Herxheimer H. The late bronchial reaction in induced asthma.

Arch Allergy 1952; 3:323±8.

2 Robertson DG, Kerigan AT, Hargreave FE, Chalmers R,

Dolovich J. Late asthmatic responses induced by ragweed

pollen allergen. J Allergy Clin Immunol 1974; 54:244±54.

IgE Ð a marker of late asthmatic response 183

q 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 182±185



3 Warner JO. Significance of late reactions after bronchial

challenge with house dust mite. Arch Dis Child 1976; 51:905±

11.

4 Cockcroft DW, Ruffin RE, Frith PA, Cartier A, Juniper EF,

Dolovich J, Hargreave FE. Determinants of allergen-induced

asthma: dose of allergen, circulating IgE antibody concentra-

tion, and bronchial responsiveness to inhaled histamine. Am

Rev Respir Dis 1979; 120:1053±8.

5 Aalbers R, Kauffman HF, Vrugt B, Smith M, Koeter GH,

Timens W, de Monchy JG. Bronchial lavage and broncho-

alveolar lavage in allergen-induced single early and dual

asthmatic responders. Am Rev Respir Dis 1993; 147:76±81.

6 Durham SR, Lee TH, Cromwell O, Shaw RJ, Merrett TG,

Merrett J et al. Immunological studies in allergen induced

late phase reactions. J Allergy Clin Immunol 1984; 74:49±

60.

7 Frolund L, Madsen F, Scharling B, Heinig JH, Svendsen UG.

Bronchial allergen challenge: dose versus concentration. Clin

Exp Allergy 1992; 22:219±25.

8 Lai CK, Beasley R, Holgate ST. The effect of an increase in

inhaled allergen dose after terfenadine on the occurrence and

magnitude of the late asthmatic response. Clin Exp Allergy

1989; 19:209±16.

9 Avila PC, Segal MR, Wong HH, Boushey HA, Fahy JV.

Predictors of late asthmatic response. Logistic regression and

classification tree analyses. Am J Respir Crit Care Med 2000;

161:2092±5.

10 Hargreave FE, Dolovich J, Robertson DG, Kerigan AT.

Symposium on allergic lung disease. II. The late asthmatic

responses. Can Med Assoc J 1974; 110:415.

11 Huagaard L, Iversen M, Dahl R. Predictors of early- and late-

phase reactions to bronchial allergen challenge. Allergy 1997;

52:999±1004.

12 MacIntyre D, Boyd G. Factors influencing the occurence of a

late reaction to allergen challenge in atopic asthmatics. Clin

Allergy 1984; 14:311±7.

13 van der Veen MJ, van Neerven RJ, de Jong EC, Aalberse RC,

Jansen HM, van der Zee JS. The late asthmatic response is

associated with baseline allergen-specific proliferative respon-

siveness of peripheral T lymphocytes in vitro and serum

interleukin-5. Clin Exp Allergy 1999; 29:217±27.

14 Metzger WJ, Richerson HB, Worden K, Monick M,

Hunninghake GW. Bronchoalveolar lavage of allergic asthmatic

patients following allergen bronchoprovocation. Chest 1986;

89:477±83.

15 Shirakawa I, Deichmann KA, Izuhara I, Mao I, Adra CN,

Hopkin JM. Atopy and asthma: genetic variants of IL-4 and

IL-13 signalling. Immunol Today 2000; 21:60±4.

16 Yssel H, Groux H. Characterization of T cell subpopulations

involved in the pathogenesis of asthma and allergic diseases.

Int Arch Allergy Immunol 2000; 121:10±8.

17 Coyle AJ, Wagner K, Bertrand C, Tsuyuki S, Bews J,

HeusSeries C. Central role of immunoglobulin (Ig) E in the

induction of lung eosinophil infiltration and T helper 2 cell

cytokine production: inhibition by a non-anaphylactogenic

anti-IgE antibody. J Exp Med 1996; 183:1303±10.

18 Fahy JV, Fleming HE, Wong HH, Liu JT, Su JQ, Reimann J

et al. The effect of an anti-IgE monoclonal antibody on the

early- and late-phase responses to allergen inhalation in

asthmatic subjects [see comments]. Am J Respir Crit Care

Med 1997; 155:1828±34.

19 Peebles Jr RS, Hamilton RG, Lichtenstein LM, Schlosberg M,

Liu MC, Proud D, Togias A. Antigen-specific IgE and IgA

antibodies in bronchioalveolar lavage fluid are associated with

stronger antigen-induced late phase reactions. Clin Exp

Allergy 2001; 31:239±48.

20 Nahm DH, Kim HY, Park HS. Elevation of specific immuno-

globulin A antibodies to both allergen and bacterial antigen in

induced sputum from asthmatics [see comments]. Eur Respir J

1998; 12:540±5.

21 Monteiro RC, Hostoffer RW, Cooper MD, Bonner JR,

Gartland GL, Kubagawa H. Definition of immunoglobulin A

receptors on eosinophils and their enhanced expression in

allergic individuals. J Clin Invest 1993; 92:1681±5.

22 Bracke M, Dubois GR, Bolt K, Bruijnzeel PL, Vaerman JP,

Lammers JW, Koenderman L. Differential effects of the T

helper cell type 2-derived cytokines IL-4 and IL-5 on ligand

binding to IgG and IgA receptors expressed by human

eosinophils. J Immunol 1997; 159:1459±65.

23 Tschopp JM, Sistek D, Schindler C, Leuenberger P, Perru-

choud AP, Wuthrich B et al. Current allergic asthma and

rhinitis: diagnostic efficiency of three commonly used atopic

markers (IgE, skin prick tests, and Phadiatop). Results from

8329 randomized adults from the SAPALDIA Study. Swiss

Study on Air Pollution and Lung Diseases in Adults. Allergy

1998; 53:608±13.

24 Scrivener S, Britton J. Immunoglobulin E and allergic disease

in Africa [editorial; comment]. Clin Exp Allergy 2000;

30:304±7.

25 Mehlhop PD, van de Rijn M, Goldberg AB, Brewer JP, Kurup

VP, Martin TR, Oettgen HC. Allergen-induced bronchial

hyperreactivity and eosinophilic inflammation occur in the

absence of IgE in a mouse model of asthma [see comments].

Proc Natl Acad Sci USA 1997; 94:1344±9.

26 Cartier A, Thomson NC, Frith PA, Roberts R, Hargreave FE.

Allergen-induced increase in bronchial responsiveness to

histamine: relationship to the late asthmatic response and

change in airway caliber. J Allergy Clin Immunol 1982;

70:170±7.

27 Cockcroft DW. Mechanism of perennial allergic asthma.

Lancet 1983; 2:253±6.

28 Cockcroft DW. Allergen-induced increase in nonallergic

airway responsiveness: a citation classic revisited. Can Respir

J 2000; 7:182±7.

29 Arshad SH, Hamilton RG, Adkinson NF Jr. Repeated aerosol

exposure to small doses of allergen. A model for chronic

allergic asthma. Am J Respir Crit Care Med 1998; 157:1900±

6.

30 Palmqvist M, Pettersson K, Sjostrand M, Andersson B,

Lowhagen O, Lotvall J. Mild experimental exacerbation of

asthma induced by individualised low-dose repeated allergen

exposure. A double-blind evaluation. Respir Med 1998;

92:1223±30.

31 Haselden BM, Barry Kay A, Larche M. Immunoglobulin

184 K. S. Babu and S. H. Arshad

q 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 182±185



E-independent major histocompatibility complex-restricted T

cell peptide epitope-induced late asthmatic reactions. J Exp

Med 1999; 189:1885±94.

32 Kaminuma O, Mori A, Ogawa K, Nakata A, Kikkawa H,

Naito K, Suko M, Okudaira H. Successful transfer of late

phase eosinophil infiltration in the lung by infusion of

helper T cell clones. Am J Respir Cell Mol Biol 1997;

16:448±54.

K. S. Babu

S. H. Arshad
Medical Specialities

Level D, Centre Block

Southampton General Hospital

Southampton, SO16 6PS

UK

IgE Ð a marker of late asthmatic response 185

q 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 182±185


