New insights into the pathogenesis of severe
corticosteroid-dependent asthma
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Severe asthma is characterized by persistent T-cell activation, as demonstrated in both
peripheral blood and bronchial mucosa. Endobronchial biopsy specimens of patients with
severe, corticosteroid-dependent asthma revealed increased expression of CD25+ on mucosal
T cells. Increased immunoreactivity for IL-5 further supports the evidence that the
inflammatory response is orchestrated by Ty ,-type T cells. Peripheral blood eosinophils and
total serum IgE levels were increased in the absence of allergen and despite optimal treatment.
The chemokine IL-8 may also be an aggravating factor in severe asthma; as well as being a
potent chemotactic and activating factor for neutrophils, it may also be chemoattractant for
eosinophils. We have recently detected increased levels of free IL-8 in the peripheral blood of
patients with chronic severe asthma but not in healthy control subjects or in patients with
mild asthma, even after allergen challenge. In patients with severe asthma there may be an
imbalance between IL-8 production and the blocking capacity of IL-8 autoantibodies. Higher
levels of IL-8 complexed to IgA autoantibody and increased numbers of activated T cells were
also found in patients with unstable asthma compared with patients who had severe but stable

disease. We conclude that IL-8 may provide an additional marker of asthma severity and
corticosteroid responsiveness. (J Allergy Clin Immunol 1996,98:522-6.)
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During the past decade, considerable progress
has been made in our understanding of the patho-
physiologic mechanisms underlying the clinical pic-
ture of asthma. It is now clear that mucosal
inflammation is a consistent finding in patients
with asthma and is closely related to its main
physiologic abnormalities, bronchial hyperrespon-
siveness and variable airflow limitation.! Postmor-
tem studies of persons who have died of asthma
have shown desquamation of the epithelium, dep-
osition of collagen beneath the basement mem-
brane, vasodilation, and widespread infiltration of
the airway wall with mononuclear cells and eosin-
ophils.? The use of bronchoalveolar lavage (BAL)
and endobronchial biopsy specimens has con-
firmed the presence of an active inflammatory
process in the airways of patients with mild and
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Abbreviations used
BAL: Bronchoalveolar lavage
IL-2R: Interleukin-2 receptor

moderately severe asthma, with evidence of mast
cell degranulation,® an increased number of eosin-
ophils,*> and activated T lymphocytes.® 7 In addi-
tion, a clear correlation of cellular findings with
indices of disease activity has been demonstrated
repeatedly. Bronchoscopy studies of the early- and
late-phase responses have shown evidence that
mast cell degranulation occurs very soon after
challenge and that an influx of neutrophils, eosin-
ophils, and lymphocytes occurs 3 to 4 hours after
allergic stimulation.’>> 8 This has led to the con-
cept that the immediate response after allergen
challenge is mediated by mast cells, whereas eosin-
ophils are the predominant cells in the late asth-
matic reaction. The finding of increased expression
of the Ty,-type cytokines associated with the late
phase has suggested that the T cell orchestrates the
allergic inflammatory reaction.!
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FIG. 1. Hypothesis for the interaction between the CD4 IL-2R T cell, eosinophil activation, and
the cytokine IL-8, leading to an enhancement of the inflammatory response. Two mechanisms
are suggested. First, T-cell activation characterized by increased cell surface expression of IL-Z2R
(CD25) is associated with the release of IL-5 and leads to an accumulation of activated
eosinophils in the bronchial mucosa. Second, increased levels of IL-8 in bronchial epithelial cells
are potent chemoattractants for cytokine-primed eosinaphils.

T-lymphocyte activation is characterized by in-
creased cell surface expression of IL-2 receptor
(IL-2R) (CD25) and class 1I histocompatibility
leukocyte antigen and is associated with the re-
lease of various cytokines, such as IL-3, IL-4, IL-5,
and granulocyte-macrophage colony-stimulating
factor. These cytokines are crucial for the recruit-
ment and activation of mast cells and eosinophils
in asthmatic airways. In particular, IL-4 and IL-5
are central to allergic inflammation in patients with
asthma. 114 is involved in the IgG-IgE isotope
switch, whereas IL-5 promotes the differentiation,
recruitment, activation, and vascular adherence of
eosinophils.’ In mice, CD4+ T cells can be subdi-
vided according to their cytokine profile into Ty,
cells, producing 1L-2 and interferon-y, and Ty,
cells, producing IL-4, IL-5, and IL-10.1° Several
studies have indicated that this classification can be
extended to human T cells.’®!! Compelling evi-
dence indicates that the inflammatory response in
airways of humans with asthma is orchestrated by a
Tyo-type T-helper cell."! With use of in sita hybrid-
ization, increased levels of mRNA for 1L-4 and
IL-5 but not for interferon-y have been demon-
strated in BAL fluid cells!' and bronchial biopsy
specimens!? obtained from patients with stable

asthma compared with that of healthy control
subjects.

CORTICOSTEROIDS IN SEVERE ASTHMA

Despite the considerable improvement in therapy
for patients with asthma, epidemiologic studies indi-
cate that the prevalence of severe asthma has in-
creased and now accounts for approximately 10% of
the total asthma population.”® Among the wide spec-
trum of antiasthmatic drugs, corticosteroids are the
most potent antiinflammatory drugs currently :avail-
able.? Numerous studies have confirmed their long-
term clinical efficacy,’ ** and their antiinflammatory
effects have been investigated intensively.® Cortico-
steroids reduce T-cell proliferation and activation by
inhibiting IL-2 production and suppressing IL-2R
gene expression.® Corticosteroids have been shown
to reduce the number of BAL fluid cells transcribing
mRNA for 1L-4 and IL-5, and this was accompanied
by a decrease in the number of eosinophils and
clinical improvement.!® The suppressive action on T
cells and cytokine release may explain the reduction
in the numbers of mast cells and the depletion of
eosinophils observed in the airways of patients with
mild asthma after treatment with inhaled corticoste-
roids."
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The cause of decreased corticosteroid sensitivity
has yet to be clarified. Although glucocorticoid re-
ceptor dysfunction and antilipocortin antibodies have
been proposed as possible causes of corticosteroid
resistance, no differences in glucocorticoid receptor
function and antilipocortin antibodies have as yet
been reported in corticosteroid-resistant patients
compared with that in corticosteroid-sensitive per-
sons.” However, a growing body of evidence shows
that persistent T-cell activation!” and a decreased in
vitro sensitivity of T cells to the antiproliferative
effects of dexamethasone!® are prominent features of
corticosteroid-resistant asthma. In peripheral blood
from corticosteroid-resistant patients who showed no
satisfactory clinical response to 2 weeks of treatment
with oral corticosteroids, increased numbers of
CD4+ cells bearing surface IL-2R and elevated
levels of soluble IL-2R have been demonstrated
compared with that in the blood of corticosteroid-
sensitive patients.!” In agreement with these obser-
vations, increased serum levels of IL-5 have been
detected in patients with stable corticosteroid-depen-
dent asthma.’

POTENTIAL MARKERS OF DISEASE
SEVERITY

The role of IL-5 in eosinophil functioning is well
established, but recent advances in understanding
leukocyte traffic have revealed a number of other
chemotactic cytokines, referred to as chemokines,
that are likely to be important in allergic inflam-
mation and asthma because they possess a degree
of specificity for the recruitment of eosinophils.??
The best described chemokine, IL-8, has been recog-
nized as the major neutrophil chemotactic and acti-
vating factor and is associated with a number of
pulmonary diseases in which neutrophils are impli-
cated.? Although neutrophils may be relevant to
the pathogenesis of asthma, the eosinophil seems to
be fundamental to the inflammatory changes found
in airways of patients with asthma.>* > Recent stud-
ies have provided circumstantial evidence that IL-8 is
a potent chemoattractant for cytokine (IL-3, IL-4,
IL-5, and granulocyte-macrophage colony-stimulat-
ing factor)-primed eosinophils in vitro.?® Marini et
al.*! have demonstrated increased levels of IL-8 and
IL-8 mRNA in bronchial epithelial cells isolated
from patients with asthma compared with control
subjects. These observations have been confirmed by
in vivo studies that have shown increased expression
of IL-8 on bronchial epithelium of biopsy specimens
obtained from patients with symptomatic asthma?
and elevated levels of IL-8 in BAL from patients with
both allergic and nonallergic asthma.?
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Adding to the complexity of the cytokine net-
work, the discovery of IL-8 autoantibodies pro-
vides a homeostatic control mechanism that serves
to limit the bioavailability of free IL-8 in peripheral
blood** and airways.”® Recently we detected free
IL-8 in peripheral blood of patients with severe
asthma but not in healthy persons or in patients
with mild disease, not even after allergen chal-
lenge, which suggests that in patients with severe
asthma, IL-8 production exceeds the blocking ca-
pacity of these autoantibodies.?® The levels of 1L-8
complexed to anti-IL-8 IgA were significantly
higher in patients having an exacerbation com-
pared with patients with severe asthma who were
clinically stable at the time that measurements
were performed. Similarly, higher numbers of ac-
tivated T cells and increased levels of 1L-8 com-
plexed to IgA autoantibody were found in patients
with unstable asthma compared with patients with
stable disease, and a highly significant correlation
was found between levels of free IL-8 and eosino-
philic cationic protein. In view of the relationship
of IL-8 with eosinophil and T-cell activation in
patients with severe asthma, the determination of
IL-8 and its autoantibodies may provide an addi-
tional marker of disease severity and corticosteroid
responsiveness in patients with severe asthma.

BIOPSY FINDINGS IN SEVERE ASTHMA

Initially, studies of severe asthma were restricted
to testing of blood and provided only an indirect
reflection of the ongoing process in the bronchial
mucosa. This prompted us to perform fiberoptic
bronchoscopy with endobronchial biopsies in a
number of patients with severe corticosteroid-
dependent asthma who had been referred to the
Dutch Asthma Centre in Davos, Switzerland (alti-
tude 1560 m) because of unstable disease.?’” Al-
though most persons with asthma benefit from a
stay in this low humidity, hypoallergenic environ-
ment,?® the asthma of the patients studied had
remained unstable as judged by decreased lung
function, persistent complaints of dyspnea, includ-
ing nocturnal asthma, and increased variability in
peak expiratory flow. Immunohistochemical anal-
ysis of bronchial biopsy specimens revealed an
increased expression of CD25, co-localized to T
cells, compared with specimens from patients with
mild asthma and healthy control subjects.” The
number of CD25+ cells showed a highly significant
correlation with disecase severity. These findings
were accompanied by increased immunoreactivity
for IL-5 in the bronchial mucosa compared with
that of patients with mild asthma and a high
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eosinophil blood count and increased levels of
total serum IgE, despite optimal treatment and the
lack of allergen. In contrast to previous observa-
tions in biopsy specimens obtained from patients
with mild asthma after treatment with inhaled
corticosteroids;'> in the patients with severe
asthma, corticosteroids failed to deplete the bron-
chial mucosa of eosinophils.

In conclusion, severe corticosteroid-dependent
asthma is characterized by persistent T-cell activa-
tion in both peripheral blood and bronchial mu-
cosa, with a subsequent increase in the release of
cytokines such as IL-5. Although IL-8 may be an
aggravating factor in patients with severe asthma,
further studies are required to elucidate its precise
role in the pathogenesis of this type of asthma.

REFERENCES

1. Djukanovi¢ R, Roche WR, Wilson JW, Beasley CRW,
Twentyman OP, Howarth PH, et al. Mucosal inflammation
in asthma: state of the art. Am Rev Respir Dis 1990;142:
434-57.

2. Dunnill MS. The pathology of asthma with special refer-
ence to changes in the bronchial mucosa. J Clin Pathol
1960;13:27-33.

3. Beasley R, Roche WR, Roberts JA, Holgate ST. Cellular
events in the bronchi in mild asthma before and after
bronchial provocation. Am Rev Respir Dis 1989;139:806-
17.

4, Aalbers R, Kauffman HF, Vrugt B, Smith M, Koéter GH,
Timens W, et al. Bronchial lavage and bronchoalveolar
lavage in allergen-induced single early and dual asthmatic
responders. Am Rev Respir Dis 1993;147:76-81.

5. Ohashi Y, Motojima S, Fukuda T, Makino S. Airway
hyperrésponsiveness, increased intracellular spaces of
bronchial epithelium, and increased infiltration of eosino-
phils and lymphocytes in bronchial mucosa in asthma. Am
Rev Respir Dis 1992;145:1469-76.

6. Walker C, Kaegi MK, Braun P, Blaser K. Activated T cells
and eosinophilia in bronchoalveolar lavages from subjects
with asthma correlated with disease activity. J Allergy Clin
Immunol 1991;88:935-42.

7. Azzawi M, Bradley B, Jeffery PK, Frew AJ, Wardlaw AJ,
Knowles G, et al. Identification of activated T lymphocytes
and eosinophils in bronchial biopsies in stable atopic
asthma. Am Rev Respir Dis 1990;142:1407-13.

8. Aalbers R, Kauffman HF, Vrugt B, Smith M, Koéter GH,
Timens W, et al. Allergen-induced recruitment of inflam-
matory cells in lavage 3 and 24 hours after challenge in
allergic asthmatic lungs. Chest 1993;103:1178-84.

9. Schleimer RP. Effects of corticosteroids on inflammatory
cells relevant to their therapeutic applications in asthma.
Am Rev Respir Dis 1990;141:559-569.

10. Wierenga EA, Snoek M, de Groot C, Chrétien I, Bos JD,
Jansen HM, Kapsenberg ML. Evidence for compartmen-
talization of functional subsets of CD4+ T lymphocytes in
atopic patients. J Immunol 1990;144:4651-6.

11. Robinson DS, Hamid Q, Sun Y, Tsicopoulos A, Barhaus J,
Bentley AM. Evidence for a predominant “Th2-type” bron-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Vrugt et al. $25

choalveolar lavage T-lymphocyte population in atopic
asthma. N Engl J Med 1992;326:298-304.

Hamid Q, Azzawi M, Sun Y, Mogbel R, Wardlaw AlJ,
Corrigan CJ. Expression of mRNA for interleukin-5 in
mucosal biopsies from asthma. J Clin Invest 1991;87:
1541-6.

Sears MR. Epidemiology. In: Asthma: basic mechanisms
and clinical management. 2nd ed. London: Academic Press
Ltd, 1992:1-19.

Kerstiens HAM, Brand PLP, Hughes MD, Robinson NI,
Postma DS, Sluiter HJ, and the Dutch CNSLD Study
Group. A comparison of bronchodilator therapy with or
without inhaled corticosteroid therapy for obstructive air-
ways disease. N Engl J Med 1992;327:1413-9.

Djukanovi¢ R, Wilson JW, Britten KM, Wilson SJ, Walls
AF, Roche WR. Effect of an inhaled corticosteroid on
airway inflammation and symptoms in asthma. Am Rev
Respir Dis 1992;145:669-74.

Robinson DS, Hamid Q, Ying S, Bentley A, Assoufi B,
Durham S, et al. Prednisolone treatment in asthma is
associated with modulation of bronchoalveolar lavage cell
interlenkin-4, interleukin-5, and interferon-y cytokine
gene expression. Am Rev Respir Dis 1993;148:401-6.
Corrigan CJ, Brown PH, Barnes NC, Tsai J-J, Frew AJ, Kay
AB. Glucocorticoid resistance in chronic asthma: periph-
eral blood T lymphocyte activation and comparison of the
T lymphocyte inhibitory effects of glucocorticoids and cy-
closporin A. Am Rev Respir Dis 1991;144:1026-32.
Corrigan CJ, Brown PH, Barnes NC, Szefler SJ, Tsai J-J,
Frew Al, et al. Glucocorticoid resistance in chronic asthma:
glucocorticoid pharmacokinetics, glucocorticoid receptor
characteristics, and inhibition of peripheral blood T cell
proliferation by glucocorticoids in vitro. Am Rev Respir
Dis 1991;144:1016-25.

Alexander AG, Barkans J, Mogbel R, Barnes NC, Kay AB,
Corrigan CJ. Serum interleukin 5 concentrations in atopic
and non-atopic patients with glucocorticoid-dependent
asthma. Thorax 1994;49:1231-3.

Shute JK. IL-8 is a potent eosinophil chemoattractant. Clin
Exp Allergy 1994;24:203-6.

Marini M, Vittori E, Hollemborg I, Mattoli S. Expression
of the potent inflammatory cytokines, granulocyte-macro-
phage-colony-stimulating factor and interleukin-6 in bron-
chial epithelial cells of patents with asthma. J Allergy Clin
Immunol 1992;89:1001-9.

Redington AE, Bradding P, Douglass JA, Teran LM,
Roberts JA, Holgate ST, et al. Bronchial epithelial cytokine
production in asthmatics and nonasthmatics. Thorax 1993;
48:1081.

Walker C, Bauer W, Braun RK, Menz G, Braun P,
Schwarz, et al. Activated T cells and cytokines int bronchoal-
veolar lavages from patients with various lung diseases
associated with eosinophilia. Am I Respir Crit Care Med
1994;150:1038-48.

Sylvester I, Yoshimura T, Sticherling M, Schroder J-M,
Ceska M, Peichl P, et al. Neutrophil attractant protein-1-
immunoglobulin G immune complexes and free anti-
NAP-1 antibody in normal human serum. J Clin Invest
1992,90:471-81.

Shute JK, Taylor I, Shaw R, Spellerberg MB, Lindley I,
Church MK. Autoantibodies to IL-8 in bronchoalveolar
lavage from normal and asthmatic individuals. Respir Med
1993;87:650-1.

Vrugt B, Shute J, Aalbers R, Simon U, Lindley I, Holgate



S26

27.

28.

Vrugt et al.

ST, et al. Interleukin-8 and its autoantibodies in severe
asthma [abstract]. Am J Respir Crit Care Med 1994;149:
A963.

Vrugt B, Bron AO, Yntema JL, Aalbers R. The safety
aspects of fiberoptic bronchoscopy and endobronchial bi-
opsies at high altitude in severe steroid dependent asthmat-
ics [abstract]. Am J Respir Crit Care Med 1994;149:A960.
Van Velzén E, van den Bos JW, Benckhuijzen JAW, van

29.

J ALLERGY CLIN IMMUNOL
NOVEMBER 1996

Essel T, de Bruyn R, Aalbers R. Effect of allergen avoid-
ance at high altitude on direct and indirect bronchial
hyperresponsiveness and markers of inflammation in chil-
dren with allergic asthma. Thorax 1996;51:582-4.

Vrugt B, Wilson S, Underwood JM, Bron AO, Djukanovié
R, Holgate ST, et al. Increased expression of interleukin-2
receptor in peripheral blood and bronchial biopsies from
severe asthmatics. Eur Respir J 1994;7:239S.



