
EDITORIAL

Glucocorticoids enhance IgE synthesis. Are we heading

towards new paradigms?

Atopy, which is de®ned as an inherited predisposition to

produce abnormal amounts of immunoglobulin (Ig) E in

response to contact with allergens, is considered to be one of

the strongest risk factors associated with allergic diseases.

Elevated levels of circulating IgE almost invariably accom-

pany asthma, allergic rhinitis and atopic dermatitis, with

increased levels of IgE commonly being used as a guide for

diagnosis, environmental modi®cation and immunotherapy.

Previous epidemiological studies have demonstrated an

association between circulating levels of total IgE and

airway hyperresponsiveness (AHR), prevalence of asthma

and asthma severity [1,2]. Furthermore, both total and

allergen-speci®c IgE have consistently been found to be

present in airway secretions from human patients with

allergic rhinitis and asthma [3,4]. Laboratory studies have

demonstrated that receptor cross-linking of membrane-

bound IgE on mast cells and basophils leads to rapid release

of both preformed and newly synthesized mediators, such as

histamine, leukotrienes, prostaglandins, neutral proteases such

as tryptase and pro-in¯ammatory cytokines. Each of these

substances has been implicated in different aspects of the

acute phase reaction as well as in recruiting in¯ammatory

cells that drive the chronic phase of allergic disease [5]. These

observations have led to the belief that IgE plays a central role

in the initiation and perpetuation of the allergic disease [6,7].

Glucocorticoids are regarded as the most effective drugs

for treatment of allergic disorders, including asthma, atopic

dermatitis, allergic rhinitis. The most widespread use of

glucocorticoids is in asthma, where inhaled and oral pre-

parations have revolutionized asthma treatment and accord-

ing to management guidelines have become the mainstay of

therapy for patients with all grades of asthma severity.

Generally, quite marked and rapid clinical improvements

and changes in lung functions can be seen with relatively

low doses of corticosteroids given daily. Higher doses

reduce airway hyperresponsiveness as well as the numbers

of activated eosinophils, mast cells and T-lymphocytes.

Although glucocorticoids generally suppress innate immu-

nity, their action on the cellular and humoral response is

more complex. The cellular immune response is strongly

suppressed by glucocorticoids, whereas the humoral

immune response is either poorly inhibited or even

enhanced [8]. The effects of glucocorticoids on IgE synth-

esis and IgE-mast cell-mediated responses have been con-

troversial. Skin test reactivity to allergens is not altered by

treatment with either short periods [9] or even prolonged

periods of systemic steroid administration [10], thereby

suggesting that they do not affect allergen-speci®c IgE or

IgE-mast cell-mediated responses in vivo.

In this issue, Cho et al. [11] have demonstrated that

hydrocortisone enhances total and allergen-speci®c IgE

production by peripheral blood mononuclear cells from

atopic subjects in vitro. Moreover, the induction of house

dust mite-speci®c IgE synthesis in subjects with high serum

allergen-speci®c IgE levels was even greater than that of IL-

4. Although, previous studies have reported that glucocorti-

coids enhance total IgE production, this is the ®rst report to

show that hydrocortisone enhances dust mite-speci®c IgE

production from circulating B cells in atopic asthma. The

immediate in vivo interpretation of these ®ndings would be

that glucocorticoids promote allergy, which in theory would

mean that the most ef®cacious treatment for allergic dis-

eases is detrimental regarding disease progress. However, is

this a true effect? If so, what is the underlying mechanism

by which glucocorticoids enhance IgE production? And

what do these ®ndings really mean with regard to the current

paradigm for the role of IgE and glucocorticoids in asthma?

Glucocorticoids enhance IgE synthesis in vitro, ex vivo
and in vivo

Glucocorticoids (hydrocortisone, prednisolone, dexametha-

sone) have been shown to enhance IL-4-induced IgE synth-

esis by peripheral blood mononuclear cells and puri®ed B

cells from atopic as well as nonatopic healthy subjects in

vitro as well as ex vivo by several workers (Table 1). This

effect is speci®c for glucocorticoids and is not observed

with other steroid molecules [12]. The IgE potentiating

effect varies between two and 100-fold and occurs at low

concentrations of hydrocortisone, levels that are comparable

to those found in plasma during systemic or inhaled admin-

istration.

Glucocorticoids have also been shown to enhance IgE

synthesis in vivo. Earlier work by Settipane et al. [13] and

Posey et al. [14] have demonstrated that oral prednisolone

increases both total and allergen-speci®c circulating IgE

levels, suggesting that the rise in IgE is polyclonal in nature.

The levels of IgE return to normal after discontinuation of
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the drug. More recently, it has been reported that both short-

term (prednisolone 40 mg/day for 7 days) and long-term

(prednisolone 20 mg/day for 2 years) glucocorticoid admin-

istration increases total as well as allergen-speci®c circu-

lating levels of IgE in vivo [10,15], Glucocorticoids do not

suppress skin test reactivity to allergens, and in fact, 50% of

the patients receiving long-term oral steroids have been

reported to develop new allergic sensitivities [10]. In a

mouse model, Bargatze et al. [16] have demonstrated a

correlation in the normal diurnal variation of endogenous

cortisone production and the cyclical pattern of IgE synth-

esis after antigen sensitization at various times of the

day, and have suggested that judicious caution should be

followed in avoiding exposure to potential sensitizing aller-

gens during the course of steroid therapy. Glucocorticoids

suppress IgE in vivo only when given in very high doses

[17].

These studies therefore suggest that the increase in IgE

synthesis produced by glucocorticoids occurs both in vitro

and in vivo.

How do glucocorticoids increase IgE synthesis?

IgE synthesis requires at least two distinct signals. The ®rst

signal is provided by the cytokines IL-4 or IL-13, which

stimulate transcription of the Ce gene locus containing the

exons encoding the constant region domains of the IgEe-

heavy chain. The second signal activates the genetic

arrangement (deletional switch recombination) that brings

into proximity all the elements of a functional e-heavy

chain. This second signal can be delivered by T cells,

Ebstein±Barr virus or engagement of CD40 [18]. Hydro-

cortisone has been shown to induce Sm to Se deletional

switch recombination in IL-4-treated B cells, thereby caus-

ing sequential switching from IgM to IgE via IgG4 [18].

Initial studies suggested that glucocorticoids enhance IgE

synthesis from B cells only in the presence of T cells or

monocytes [19], probably by enhancing Th2 cytokines

synthesis or by inhibiting the production of IFNg. However,

addition of antibodies directed against IL-4 or IL-5 have not

been shown to suppress hydrocortisone-induced IgE syn-

thesis [12]. Several studies have shown that glucocorticoids

enhance IL-4 induced IgE synthesis when added to pure B

cell cultures in the absence of T cells or monocytes

[18,20,21].

B lymphocytes that are already switched to IgE produc-

tion are no longer dependent on IL-4 for IgE synthesis [22];

further stimulation with glucocorticoids then enhance IgE

synthesis even in the absence of IL-4 [11]. In vitro studies

have shown that HC increases the production of IgE even

when added up to day 6 of cultures, in contrast to IL-4,

which increases IgE only when added during the ®rst 4 days.

It has been suggested that glucocorticoids facilitate the

maturation of IgE B cells to plasma cells resulting in greater

IgE secretion [23±25]. This viewpoint is also supported by

the observation that glucocorticoids induce differentiation
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Table 1. Effect of glucocorticoids on IgE

Cells analysed Glucocorticoids studied Dose Effects Reference

Non-atopics

PBMC's Hydrocortisone 10ÿ5±10ÿ9 M " Total IgE (in the presence of IL-4) [12]

B-cells (blood, Dexamethasone

tonsils & spleen Prednisolone

PBMC's Hydrocortisone 10ÿ4±10ÿ7 M " Total IgE (in the presence of IL-4) [18,19]

Peripheral blood B-cells

PBMC's Hydrocortisone 10ÿ5±10ÿ7 M " Total IgE [20,66]

10ÿ3 # Total IgE

PBMC's Prednisolone 10ÿ7 " Total IgE (not mediated by IL-4/IL-6) [67]

PBMC's Hydrocortisone 10ÿ5±10ÿ7 M " Total IgE [21]

Dexamethasone

Prednisolone

Atopics

Peripheral blood B-cells Hydrocortisone 10ÿ7±10ÿ9 M " IgE [68]

10ÿ5 # IgE

Beclomethasone " Total IgE [69]

", increased; #, decreased.



of B cell chronic lymphocytic leukaemia (cells that are

arrested at the intermediate stage of their differentiation)

into IgE producing plasma cells and enhance IgE synthesis

in the presence of IL-4 [26].

In summary, corticosteroids therefore enhance IgE synth-

esis by inducing Sm to Se deletional switch recombination in

IL-4-treated B cells and by facilitating the maturation of IgE

B cells to plasma cells.

Do these studies suggest that glucocorticoids worsen the
underlying disease state?

Clinical experience dictates that glucocorticoids are the

most effective drugs used in the management of allergic

diseases. Glucocorticoid-induced enhancement of IgE

synthesis occurs despite producing signi®cant improve-

ment in symptoms and pulmonary function changes. In

asthma, glucocorticoid inhalation results in a dose- and

time-dependent reversal of bronchial hyperresponsiveness

and other clinical outcome measures towards normal [27],

while introduction of steroid therapy earlier in disease

progression has been shown to produce better long-term

outcomes for lung function [28]. Biopsy studies have

clearly demonstrated that corticosteroids are the most

effective drugs in reducing the underlying in¯ammatory

changes seen in asthma and rhinitis.

These clinical and laboratory observations do not support

the view that corticosteroids worsen the underlying allergic

process. However, the clinical relevance of these obser-

vations needs to be examined seriously in future studies.

The other possibility would be that IgE does not play a

major contributing role in the pathogenesis of allergic

diseases. Do epidemiological and laboratory studies support

this possibility?

Do epidemiological studies suggest an important role for
IgE in asthma pathogenesis?

Early epidemiological studies reported a strong correlation

between serum total IgE levels and the prevalence of asthma

[1,2]. However, determination of the presence/absence of

asthma in these studies was crude and based entirely on

information from questionnaires. Recent studies from

Australia [29], China [30] and Africa [31] have shown

little or no association between the prevalence of atopy

and diagnosed asthma. A recent large randomized sample of

Swiss adult population (SAPALDIA study) has demon-

strated that total IgE is a poor diagnostic indicator of current

respiratory allergic diseases [32]. Studies in Africa have

found a generally lower prevalence of self-reported asthma

symptoms, exercise-induced bronchoconstriction and aller-

gic rhino conjunctivitis, although they all have higher IgE

levels [31,33,34]. In fact, in the African population serum

levels of IgE have been reported to be higher in nonasthmatics

than asthmatics [35]. Although this has been argued to be due

to high parasite burdens and that parasite speci®c IgE block

allergic response, several studies do not support the parasite-

protective hypothesis [36,37], and there is also evidence to

suggest that parasitic infection actually increases the risk [35].

Standardized comparisons across populations or time

periods show only a weak and inconsistent association

between the prevalence of atopy and asthma [38]. Recent

analysis of several published studies have shown that the

population attributable risk of atopy (de®ned as raised total

serum IgE level) for asthma varies between less than 0% (an

inverse association) to 80% with a weighted mean of 33%

[38]. As the de®nition of atopy is strengthened, the associ-

ation of asthma also strengthens, but the population attribut-

able risk decreases to 3% because of the reduction in the

proportion of population that is positive. The available

epidemiological studies suggest that the population-based

proportion of asthma cases that are attributable to atopy is

usually less than one half, and it has been suggested that the

proportion of asthma cases attributable to atopy may have

been over estimated and that atopy may not explain all the

pathogenesis of asthma as has been currently believed [38].

Laboratory evidence suggesting that IgE does not play
an important role in asthma pathogenesis

Despite the putative functions of IgE in asthma, it has been

dif®cult to demonstrate a precise role for this immuno-

globulin isotype in the pathogenesis of asthma using murine

models of the disease. In¯ammation of the bronchial

mucosa and the induction of bronchial hyperresponsiveness

have been shown to be elicited to the same extent in wild-

type and IgE±/±knockout mice subjected to repeated inha-

lation of allergen extracts [39]. Hamelman et al. [40] have

demonstrated that intraperitoneal sensitization plus repeated

airway challenge of B cell-de®cient mice with allergen

results in normal eosinophilic airway in¯ammation and

development of airway hyperresponsiveness, both in vivo

and in vitro. Similarly, use of anti-IgE antibody in the wild-

type mice does not prevent airway in¯ammation and airway

hyperresponsiveness [41]. These data indicate that neither B

cells nor allergen-speci®c antibodies (IgE or other isotypes)

are required for the recruitment and activation of eosino-

phils in the airways that result in the development of airway

hyperresponsiveness in sensitized and challenged animals.

Tournoy et al. [42] have recently demonstrated that induc-

tion of airway hyperresponsiveness and late phase airway

obstruction following house dust mite allergen challenge in

a mouse model of asthma is not related to the quantity

of circulating allergen-speci®c IgE, and suggest that IgE

is not essential for the development of allergic airway

hyperresponsiveness.
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Although the role of IgE is best characterized in the

pathogenesis of anaphylaxis, active anaphylaxis with mast

cell activation and mediator release has been demonstrated

in mouse models by both allergen sensitized IgE±/± and

FceRI±/±de®cient mice after intravenous challenge with

allergen [43,44]. Similarly, allergic rhinitis and atopic

dermatitis also arise independently of the presence of IgE

in mice.

Based on these data the exact role of IgE in allergic

diseases, in particular asthma, have yet to be fully understood.

Anti-IgE studies in humans

The concept that allergen-speci®c IgE initiates allergic

airway symptoms has driven the development of therapeu-

tics such as eliminating IgE with a blocking monoclonal

antibody approach. Although initial studies demonstrated

that anti-IgE monoclonal antibody suppressed the early and

late phase responses to inhaled allergen in allergic asthmatic

subjects as measured by mean maximal fall in FEV1 and the

dose of allergen required to induce a fall in FEV1 by 15%

[45,46], aerosol administration of anti-IgE antibody by the

same group demonstrated no more ef®cacy than placebo in

attenuating the early phase responses to allergens [47].

Casale et al. [48] reported that humanized anti-IgE mono-

clonal antibody, although greatly reduced circulating levels

of free IgE, did not produce any bene®cial effect on

symptom scores in ragweed sensitive allergic rhinitis.

Neverthless, recombinant humanized monoclonal anti-IgE

has been observed to have a corticosteroid sparing effect in

moderate-severe asthmatics [49]. More recently, Milgrom et

al. [50] have reported that a recombinant humanized mono-

clonal anti-IgE antibody greatly reduces circulating levels

of IgE in moderate asthma subjects and improves asthma

symptoms as well as allowing a reduction in oral and

inhaled corticosteroid use. However, the differences in

symptom scores between the active and placebo group

were marginal, and there were no changes observed in

objective parameters such as standard lung function mea-

surements (FEV1 and PEF) [51].

Overall, recent studies suggest that the effect of anti-IgE

antibody on bronchial hyperresponsiveness induced by

methacholine is only modest. Clinical measures of chronic

asthma are not signi®cantly different between anti-IgE

antibody-treated individuals and controls and there are no

differences in peak ¯ows, medication scores or symptom

scores [52].

Other therapies effective in asthma and allergy also
enhance IgE synthesis

Coqueret et al. [53,54] and others [55] have previously

reported that b2-adrenoreceptor agonists (salbutamol and

fenoterol) potentiate the IL-4 induced IgE production from

normal human peripheral blood mononuclear cells in vitro

at concentrations which would normally be found in

plasma. Similarly, other cAMP elevating agents such as

vasoactive intestinal peptide (VIP) [56], cholera toxin [57],

prostaglandin E2 [58] and phosphodiesterase enzyme inhi-

bitors [59] have all been shown enhance IgE synthesis in

vitro. Allergen immunotherapy, which has recently been

found to be greatly effective in relieving symptoms of

allergic rhinitis, has also been shown to be associated with

increased levels of both total and allergen-speci®c IgE

[60±63]. It has been recently suggested that the predictive

value of speci®c IgE present in serum is questionable with

regard to organ-based manifestations of allergy in that a

certain level of speci®c-IgE does not provide any informa-

tion about the level of sensitization existing in a target

organ such as airways [64].

While substantial evidence exists to support the view that

IgE plays an important and sometimes necessary role in the

development of airway hyperresponsiveness and airway

pathology, it is likely that a number of parallel mechanisms

participate in asthma pathogenesis. Although IgE is

uniquely important in the acute allergic response, it repre-

sents only one component of the ongoing chronic allergic

in¯ammatory response. It is likely that IgE may be required

for pathogenesis in some circumstances while functioning

as an accessory or regulatory factor in other. Sunyer et al.

[65] have suggested that co-inherited genetic factors could

increase susceptibility both to asthma and to the production

of raised serum IgE levels and that total serum IgE levels

could in part be a marker of asthma itself. Future studies will

now need to address the issue whether the association

between raised levels of circulating IgE in allergic disorders

represents an underlying causal mechanism of allergic

diseases or a parallel but related phenomena and whether

it is in¯uenced by pharmacotherapy.

References

1 Burrows B, Martinez FD, Halonen M et al. Association of

asthma with serum IgE levels and skin-test reactivity to

allergens. N Engl J Med 1989; 320:271±7.

2 Sears MR, Burrows B, Flannery EM et al. Relation between

airway responsiveness and serum IgE in children with asthma

and in apparently normal children. N Engl J Med 1991;

325:1067±71.

3 Crimi E, Scordamaglia A, Crimi P et al. Total and speci®c IgE

in serum, bronchial lavage and bronchoalveolar lavage of

asthmatic patients. Allergy 1983; 38:553±9.

4 Peebles RS Jr, Liu MC, Adkinson NF Jr. et al. Ragweed-

speci®c antibodies in bronchoalveolar lavage ¯uids and serum

before and after segmental lung challenge: IgE and IgA

associated with eosinophil degranulation. J Allergy Clin

Immunol 1998; 101:265±73.

1502 S. S. Salvi et al.

q 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 1499±1505



5 Coyle AJ, Wagner K, Bertrand C et al. Central role of

immunoglobulin (Ig) E in the induction of lung eosinophil

in®ltration and T helper 2 cell cytokine production: inhibition

by a non-anaphylactogenic anti-IgE antibody. J Exp Med 1996;

183:1303±10.

6 Broide DH, Gleich GJ, Cuomo AJ et al. Evidence of ongoing

mast cell and eosinophil degranulation in symptomatic asthma

airway. J Allergy Clin Immunol 1991; 88:637±48.

7 Bradding P, Roberts JA, Britten KM et al. Interleukin-4-5,

and -6 and tumor necrosis factor-alpha in normal and

asthmatic airways: evidence for the human mast cell as a

source of these cytokines. Am J Respir Cell Mol Biol 1994;

10:471±80.

8 Ashwell JD, Lu FWM, Vacchio MS. Glucocorticoids in T cell

Development and Function. Annu Rev Immunol 2000;

18:309±45.

9 Olson R, Karpink MH, Shelanski S et al. Skin reactivity to

codeine and histamine during prolonged corticosteroid therapy.

J Allergy Clin Immunol 1990; 86:153±9.

10 Des Roches A, Paradis L, Bougeard YH et al. Long-term oral

corticosteroid therapy does not alter the results of immediate-

type allergy skin prick tests. J Allergy Clin Immunol 1996;

98:522±7.

11 Cho YJ, Hong SJ, Moon HB. Hydrocortisone enhances aller-

gen-speci®c IgE production by peripheral blood mononuclear

cells from atopic patients with high serum allergen-speci®c IgE

levels. Clin Exp Allergy 2000; 30:1575±1580.

12 Kimata H, Lindley I, Furusho K. Effect of hydrocortisone on

spontaneous IgE and IgG4 production in atopic patients. J

Immunol 1995; 154:3557±66.

13 Settipane GA, Pudupakkam RK, McGowan JH. Corticosteroid

effect on immunoglobulins. J Allergy Clin Immunol 1978;

62:162±6.

14 Posey WC, Nelson HS, Branch B et al. The effects of acute

corticosteroid therapy for asthma on serum immunoglobulin

levels. J Allergy Clin Immunol 1978; 62:340±8.

15 Zieg G, Lack G, Harbeck RJ et al. In vivo effects of gluco-

corticoids on IgE production. J Allergy Clin Immunol 1994;

94:222±30.

16 Bargatze RF, Katz DH. Allergic breakthrough after antigen

sensitization: height of IgE synthesis is temporally related to

diurnal variation in endogenous steroid production. J Immunol

1980; 125:2306±10.

17 Puignero V, Salgado J, Queralt J. Effects of cyclosporine and

dexamethasone on IgE antibody response in mice, and on

passive cutaneous anaphylaxis in the rat. Int Arch Allergy

Immunol 1995; 108:142±7.

18 Jabara HH, Loh R, Ramesh N et al. Sequential switching

from mu to epsilon via gamma 4 in human B cells

stimulated with IL-4 and hydrocortisone. J Immunol 1993;

151:4528±33.

19 Bohle B, Willheim M, Baier K et al. Hydrocortisone enhances

total IgE levels ÿ but not the synthesis of allergen-speci®c IgE

ÿ in a monocyte-dependent manner. Clin Exp Immunol 1995;

101:474±9.

20 Nusslein HG, Trag T, Winter M et al. The role of T cells

and the effect of hydrocortisone on interleukin-4-induced

IgE synthesis by non-T cells. Clin Exp Immunol 1992;

90:286±92.

21 Wu CY, Sarfati M, HeusSeries C et al. Glucocorticoids

increase the synthesis of immunoglobulin E by interleukin

4-stimulated human lymphocytes. J Clin Invest 1991;

87:870±7.

22 Bacharier LB, Geha RS. Molecular mechanisms of IgE regula-

tion. J Allergy Clin Immunol 2000; 105:547±58.

23 Hemady Z, Gellis S, Chambers M et al. Effect of dexametha-

sone on de novo IgE synthesis by human blood lymphocytes. J

Allergy Clin Immunol 1985; 75:304±12.

24 Grayson J, Dooley NJ, Koski IR et al. Immunoglobulin

production induced in vitro by glucocorticoid hormones: T

cell-dependent stimulation of immunoglobulin production

without B cell proliferation in cultures of human peripheral

blood lymphocytes. J Clin Invest 1981; 68:1539±47.

25 Smith RS, Sherman NA, Middleton E Jr. Effect of hydrocorti-

sone on immunoglobulin synthesis and secretion by human

peripheral lymphocytes in vitro. Int Arch Allergy Appl Immu-

nol 1972; 43:859±70.

26 Sarfati M, Luo H, Delespesse G. IgE synthesis by chronic

lymphocytic leukemia cells. J Exp Med 1989; 170:1775±80.

27 Barnes PJ, Pedersen S. Ef®cacy and safety of inhaled

corticosteroids in asthma. Report of a workshop held in

Eze, France, October 1992. Am Rev Respir Dis 1993;

148:S1±26.

28 Haahtela T, Jarvinen M, Kava T et al. Effects of reducing or

discontinuing inhaled budesonide in patients with mild asthma.

N Engl J Med 1994; 331:700±5.

29 Peat JK, Toelle BG, Gray EJ et al. Prevalence and severity of

childhood asthma and allergic sensitisation in seven climatic

regions of New South Wales [see comments]. Med J Aust

1995; 163:22±6.

30 Leung R, Ho P, Lam CW et al. Sensitization to inhaled

allergens as a risk factor for asthma and allergic diseases in

Chinese population. J Allergy Clin Immunol 1997; 99:594±

9.

31 Yemaneberhan H, Bekele Z, Venn A et al. Prevalence of

wheeze and asthma and relation to atopy in urban and rural

Ethiopia. Lancet 1997; 350:85±90.

32 Tschopp JM, Sistek D, Schindler C et al. Current allergic

asthma and rhinitis: diagnostic ef®ciency 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.

33 Faniran AO, Peat JK, Woolcock AJ. Prevalence of atopy,

asthma symptoms and diagnosis, and the management of

asthma: comparison of an af¯uent and a non-af¯uent country.

Thorax 1999; 54:606±10.

34 Strachan D, Sibbald B, Weiland S et al. Worldwide variations

in prevalence of symptoms of allergic rhinoconjunctivitis in

children: the International Study of Asthma and Allergies in

Childhood (ISAAC). Pediatr Allergy Immunol 1997; 8:161±

76.

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

in africa. Clin Exp Allergy 2000; 30:304±7.

Glucocorticoids, IgE and asthma 1503

q 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 1499±1505



36 Warrell DA, Fawcett IW, Harrison BD et al. Bronchial asthma

in the Nigerian savanna region. A clinical and laboratory study

of 106 patients with a review of the literature on asthma in the

tropics. Q J Med 1975; 44:325±47.

37 Carswell F, Meakins RH, Harland PS. Parasites and asthma in

Tanzanian children. Lancet 1976; 2:706±7.

38 Pearce N, Pekkanen J, Beasley R. How much asthma is really

attributable to atopy? Thorax 1999; 54:268±72.

39 Mehlhop PD, van de Rijn M, Goldberg AB et al. Allergen-

induced bronchial hyperreactivity and eosinophilic in¯amma-

tion occur in the absence of IgE in a mouse model of asthma.

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

40 Hamelmann E, Takeda K, Schwarze J et al. Development of

eosinophilic airway in¯ammation and airway hyperrespon-

siveness requires interleukin-5 but not immunoglobulin E or

B lymphocytes. Am J Respir Cell Mol Biol 1999; 21:480±

9.

41 Hamelmann E, Cieslewicz G, Schwarze J et al. Anti-interleu-

kin 5 but not anti-IgE prevents airway in¯ammation and airway

hyperresponsiveness. Am J Respir Crit Care Med 1999;

160:934±41.

42 Tournoy KG, Kips JC, Schou C et al. Airway eosinophilia is

not a requirement for allergen-induced airway hyperrespon-

siveness. Clin Exp Allergy 2000; 30:79±85.

43 Oettgen HC, Martin TR, Wynshaw-Boris A et al. Active

anaphylaxis in IgE-de®cient mice. Nature 1994; 370:367±70.

44 Miyajima I, Dombrowicz D, Martin TR et al. Systemic

anaphylaxis in the mouse can be mediated largely through

IgG1 and Fc gammaRIII. Assessment of the cardiopulmonary

changes, mast cell degranulation, and death associated with

active or IgE- or IgG1-dependent passive anaphylaxis. J Clin

Invest 1997; 99:901±14.

45 Fahy JV, Fleming HE, Wong HH et al. The effect of an anti-

IgE monoclonal antibody on the early- and late-phase

responses to allergen inhalation in asthmatic subjects. Am J

Respir Crit Care Med 1997; 155:1828±34.

46 Boulet LP, Chapman KR, Cote J et al. Inhibitory effects of

an anti-IgE antibody E25 on allergen-induced early asth-

matic response. Am J Respir Crit Care Med 1997;

155:1835±40.

47 Fahy JV, Cockcroft DW, Boulet LP et al. Effect of aerosolized

anti-IgE (E25) on airway responses to inhaled allergen in

asthmatic subjects. Am J Respir Crit Care Med 1999;

160:1023±7.

48 Casale TB, Bernstein IL, Busse WW et al. Use of an anti-IgE

humanized monoclonal antibody in ragweed-induced allergic

rhinitis. J Allergy Clin Immunol 1997; 100:110±21.

49 Metzger WJ, Fick RB. E-25 Study Group Investigators. Corti-

costeroid (CS) withdrawal in a study of recombinant huma-

nised monoclonal antibody to IgE (rhu mAB-E25) [Absract]. J

Allergy Clin Immunol 1998; 101:S231.

50 Milgrom H, Fick RB Jr, Su JQ et al. Treatment of allergic

asthma with monoclonal anti-IgE antibody. Rhumab-E25

Study Group N Engl J Med 1999; 341:1966±73.

51 Salvi SS, Babu KS. Treatment of allergic asthma with mono-

clonal anti-IgE antibody [letter]. N Engl J Med 2000;

342:1292±3.

52 Oettgen HC, Geha RS. IgE in asthma and atopy: cellular and

molecular connections. J Clin Invest 1999; 104:829±35.

53 Coqueret O, Dugas B, Mencia-Huerta JM et al. Regulation of

IgE production from human mononuclear cells by beta 2-

adrenoceptor agonists. Clin Exp Allergy 1995; 25:304±11.

54 Coqueret O, Demarquay D, Lagente V. Role of cyclic AMP in

the modulation of IgE production by the beta 2-adrenoceptor

agonist, fenoterol. Eur Respir J 1996; 9:220±5.

55 Paul-Eugene N, Kolb JP, Calenda A et al. Functional

interaction between beta 2-adrenoceptor agonists and inter-

leukin-4 in the regulation of CD23 expression and release

and IgE production in human. Mol Immunol 1993; 30:157±

64.

56 Hassner A, Lau MS, Goetzl EJ et al. Isotype-speci®c regulation

of human lymphocyte production of immunoglobulins by

sustained exposure to vasoactive intestinal peptide. J Allergy

Clin Immunol 1993; 92:891±901.

57 Lycke NY. Cholera toxin promotes B cell isotype switching by

two different mechanisms. cAMP induction augments germ-

line Ig H-chain RNA transcripts whereas membrane ganglio-

side GM1-receptor binding enhances later events in differen-

tiation. J Immunol 1993; 150:4810±21.

58 Roper RL, Conrad DH, Brown DM et al. Prostaglandin E2

Promotes IL-4-Induced Ige Igg1 Synthesis J Immunol 1990;

145:2644±51.

59 Strannegard O, Strannegard IL. Effect of cyclic AMP-elevating

agents on human spontaneous IgE synthesis in vitro. Int Arch

Allergy Appl Immunol 1984; 74:9±14.

60 Fanta C, Bohle B, Hirt W et al. Systemic immunological

changes induced by administration of grass pollen allergens

via the oral mucosa during sublingual immunotherapy. Int

Arch Allergy Immunol 1999; 120:218±24.

61 Bousquet J, Scheinmann P, Guinnepain MT et al. Sublingual-

swallow immunotherapy (SLIT) in patients with asthma due to

house-dust mites: a double-blind, placebo-controlled study.

Allergy 1999; 54:249±60.

62 Hirata H, Yukawa T, Arima M et al. Effect Rush Immunother-

apy (RIT) Hymenoptera Allergy Arerugi 1999; 48:1331±6.

63 Fennerty AG, Jones KP, Davies BH et al. Immunological

changes associated with a successful outcome of pollen immu-

notherapy. Allergy 1988; 43:415±9.

64 Gehlhar K, Schlaak M, Becker W et al. Monitoring allergen

immunotherapy of pollen-allergic patients: the ratio of aller-

gen-speci®c IgG4 to IgG1 correlates with clinical outcome.

Clin Exp Allergy 1999; 29:497±506.

65 Sunyer J, Anto JM, Castellsague J et al. Total serum IgE is

associated with asthma independently of speci®c IgE levels.

The Spanish Group of the European Study of Asthma. Eur

Respir J 1996; 9:1880±4.

66 Levo Y, Harbeck RJ, Kirkpatrick CH. Regulatory effect of

hydrocortisone on the in vitro synthesis of IgE by human

lymphocytes. Int Arch Allergy Appl Immunol 1985;

77:413±5.

67 Fischer A, Konig W. In¯uence of cytokines and cellular

interactions on the glucocorticoid-induced Ig (E, G, A, M)

synthesis of peripheral blood mononuclear cells. Immunology

1991; 74:228±33.

1504 S. S. Salvi et al.

q 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 1499±1505



68 Del Prete GF, Vercelli D, Tiri A et al. Effect of in vitro

irradiation and cell cycle-inhibitory drugs on the spontaneous

human IgE synthesis in vitro. J Allergy Clin Immunol 1987;

79:69±77.

69 Hiratsuka S, Yoshida A, Ishioka C et al. Enhancement of in

vitro spontaneous IgE production by topical steroids in patients

with atopic dermatitis. J Allergy Clin Immunol 1996; 98:107±

13.

S. S. SALVI

K. S. BABU

S. T. HOLGATE

Department of Respiratory Cell and Molecular Biology

University of Southampton

Southampton

UK

Glucocorticoids, IgE and asthma 1505

q 2000 Blackwell Science Ltd, Clinical and Experimental Allergy, 30, 1499±1505


