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1.  ABSTRACT

Allergic bronchopulmonary aspergillosis (ABPA)
is a hypersensitivity lung disease mediated by an allergic
late-phase inflammatory response to Aspergillus fumigatus
antigens. ABPA is characterized by markedly elevated
Aspergillus-specific and total IgE levels and eosinophilia,
and manifested by wheezing, pulmonary infiltrates and
bronchiectasis and fibrosis, which affect asthmatic and
cystic fibrosis (CF) patients.  In the pathogenesis of ABPA,
A. fumigatus proteases play a role in facilitation of antigen
transport across the epithelial cell layer by damaging the
epithelial integrity and by a direct interaction with
epithelial cell surface receptors, resulting in pro-
inflammatory cytokine production and corresponding
inflammatory responses.  In genetically susceptible
asthmatic and CF patients, this leads to an allergic
inflammatory response to Aspergillus allergens.  A genetic
susceptibility is HLA-DR restriction demonstrated by
increased frequency of HLA-DR2 and/or DR5 and lack
HLA-DQ2.  IL-4 plays a central role in the development of
allergic inflammatory responses.  Our group has
demonstrated that ABPA patients have increased sensitivity
to IL-4 stimulation and skewing of Th2 responses to
Aspergillus allergens in ABPA subjects and a Th1 response
in non-ABPA subjects.  Interestingly, Aspergillus allergens
stimulate IL-10 synthesis is both ABPA and non-ABPA
subjects.

2.  INTRODUCTION

Allergic bronchopulmonary aspergillosis (ABPA)
is a late-phase allergic inflammatory response to
Aspergillus fumigatus (Af) allergens that occurs in
genetically susceptible patients with asthma and cystic
fibrosis (1-33).  In addition, Af allergens, especially

proteases, have direct effects on the respiratory epithelium
that result in pro-inflammatory responses and increased
allergen exposure to the pulmonary immune system. The
allergic inflammation to Af leads to pulmonary central
bronchiectasis and fibrosis. Thus, the understanding of the
pathogenesis of ABPA provides the opportunity to examine
the genetics of a destructive allergic lung disease to specific
allergens.

The diagnosis of ABPA is based on a set of
criteria outlined in Table 1 (33-35). The criteria consist of
clinical and immunologic reactivity to Af.  ABPA occurs
only in atopic asthmatic and CF patients. The second
criteria is that ABPA patients have an elevated total serum
IgE concentration >1000 IU/ml. Two of the criteria consist
of immunologic reactivity to Af. Patients with ABPA
develop IgE and IgG antibody to Af. Initially this was
determined by allergy prick skin test and precipitating
antibodies. Subsequently, in vitro studies demonstrated that
the IgE, IgG and IgA anti-Af antibodies were greater than
in atopic individual who did not have ABPA (36-40).
Immunoblot studies demonstrated that ABPA patients
developed IgE, IgA and IgG antibodies to more Af
allergens and at a higher concentration than non-ABPA
patients (41-43). Recently with the development of
studying serologic reactivity to recombinant purified Af
allergens difference between ABPA and atopic individual
has been observed. Atopic individuals develop IgE
antibodies to fewer purified allergens, namely Asp f1 and
f3; whereas ABPA patients develop IgE antibodies to more
Af allergens, namely Asp f1, f2, f3, f4, f6, f12 and f16 and
at greater level (Figure 1). Finally, repeated pulmonary
allergic inflammation in response to Af colonization may
lead to central bronchiectasis and/or fibrosis. The
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Table 1.  Diagnostic criteria of allergic bronchopulmonary
aspergillosis

• Underlying asthma or cystic fibrosis
• IgE antibodies to A. fumigatus

o positive prick skin test to A.
fumigatus

o elevated IgE anti-A. fumigatus
antibodies

• IgG antibodies to A. fumigatus
o positive precipitating antibody to A.

fumigatus
o elevated IgG anti-A. fumigatus

antibodies
• Eosinophilia, blood and pulmonary
• Elevated total serum IgE >1000 IU/ml
• Central bronchiectasis and/or fibrosis

differences between ABPA and atopic individuals’ responses
to Af appear to be quantitative and qualitative. In this regard,
the differences of ABPA from allergic asthma may provide
insight into severe atopic asthma that leads to airway
remodeling.

3.  HISTOPATHOLOGY OF ABPA

In the pathogenesis of ABPA as seen in Figure 2, Af
spores 3-5 microns in size are inhaled and germinate deep
within the bronchi into hyphae (44,45). In addition, fragments
of the hyphae can be identified within the interstitia of the
pulmonary parenchyma as well. The implication of this is that
there is the potential for high concentrations of Af allergens
exposed to the respiratory epithelium and immune system. A.
fumigatus releases a variety of proteins, including superoxide
dismutases, catalases, proteases, ribotoxin, phospholipases,
hemolysin, gliotoxin, phthioic acid and other toxins (46-
64). The first line of defense against Af colonization in the
lungs is macrophage and neutrophil killing of the condidia
and the hyphae (65-68).  This is evident in patients with
defective phagocytic killing, such as chronic
granulomatous disease who are susceptible to invasive
pulmonary aspergillosis.  In the development of ABPA,
Kauffman’s group proposed that Af proteins have a direct
effect on the pulmonary epithelia and macrophage
inflammation. They demonstrated that Af proteases induce
epithelial cell detachment (69-73). In addition, protease
containing culture filtrates of Af induce human bronchial
cell lines to produce pro-inflammatory chemokines and
cytokines, such as IL-8, IL-6 and monocyte
chemoattractant protein (MCP)-1. In addition, we have
observed that Asp f2/, f3 and f4 stimulated cultures
stimulate MNC IL-10 synthesis. Thus, various Af proteins
have significant biological activity that disrupts the
epithelial integrity and induces a monokine inflammatory
response (73, 74). Other fungi, such as Alternaria and
Cladosporium and Der p1 from house dust mite also
produce proteases with similar biologic activity, but Af
proteases are more potent (73, 75).  This protease activity
allows for enhanced allergen exposure to bronchoalveolar
lymphoid tissue (BALT) immune system.

4.  BRONCHOALVEOLAR LYMPHOID TISSUE
(BALT) IN ABPA

There are several lines of evidence that the BALT
initiates and maintains an immune response to Af with
subsequent trafficking to the peripheral lymphoid system
(76-79). Greenberger and colleagues demonstrated that IgE
and IgA anti-Af antibodies were primarily made in the
BALT; whereas IgG anti-Af antibodies were produced in
the peripheral lymphoid tissue (80). Furthermore, specific
IgE anti-Af antibodies represented only a fraction of the
total elevated IgE levels and that the majority of the total
IgE was synthesized by the peripheral lymphoid system. In
lung biopsies of CF ABPA patients, lymphoid follicles
containing predominantly IgE+ B-cells were observed,
supporting BALT IgE synthesis (81). Analysis of cells
obtained from bronchoalveolar lavage fluid (BALF) in
ABPA reveal that they are an admixture of alveolar
macrophages, eosinophils and lymphocytes, similar to that
found in asthma. Eosinophil infiltration predominates both
in BALF and lung tissue as is evident in lung biopsy (44).
In addition, eosinophils are activated and have released
their mediators, such as major basic protein. Thus, the Th2
cytokine IL-5, which is essential for the activation of
eosinophils, is important in the development of ABPA.
However, in murine models of ABPA, eosinophils do not
appear to be critical to mediate tissue damage, as IL-5
deficient animals or animals treated with anti-IL-5
antibodies still develop the full spectrum of microscopic
lesions (82, 83).

In addition to eosinophils, T-, B- and NK-cells
are also found in BALF (76-79).  The T-cells are an
admixture of CD4+ and CD8+ T-cells in an approximate
2:1 ratio. Both CD23+ NK cells and CD23+ CD4+ T-cells
obtained from BALF of ABPA patients have been
observed, indication of in vivo IL-4 stimulation (1). In
previous studies of Af stimulated T-cell lines of ABPA,
low percentages of CD23+ CD4+ T-cells were observed
(84). Recently, we have observed that in vitro IL-4
stimulated MNC from CF patients were induced to express
5-10% CD23+ CD4+ T-cells with high density CD23
expression. This was prompted by the observation that in
CF ABPA patients there was increased in vivo CD23+
CD4+ T-cells. The role of these cells may be T-cell CD23
and B-cell CD21 ligand-counterligand interaction, which
augments IgE synthesis (85-92). Similarly, CD23+ NK
cells may be an important source of sCD23 and/or NK-cell
CD23:B-cell CD21 interactions increasing immunoblast
IgE synthesis.

5.  LYMPHOCYTES
5.1.  Th2 CD4+ T-cells

From human and murine models, Th2 CD4+ T-
cells and their cytokines are central to the development of
ABPA, as outlined in Table 2 (84, 93-95). The Th2
cytokine IL-4 plays a central role in the allergic
inflammatory responses observed in ABPA (85, 86, 96).
IL-4 up-regulates cellular activity via binding to the IL-4
alpha receptor (IL-4Rα) (85, 86, 97-100). The IL-4
receptor is a heterodimer comprised of IL-4Rα and the
common gamma chair receptor (Cγ), IL-4Rα/Cγ.  In
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Figure 1.  IgE antibodies to purified recombinant A. fumigatus allergens in ABPA CF patients. ABPA CF patients had
significantly increased IgE antibodies to Asp f2, f3, f4, and f6 allergens. P values above each Aspergillus allergen preparation.

Table 2. Th1 and Th2 T-cell cytokines
Cytokine Sources Primary Targets Effects
IL-4 Th2 CD 4+ T cell B cell Growth and activation

Mast cell IgE isotype switch
↑ HLA-DR II expression
↑CD23

Th1 cell ↓differentiation from Th0 and IFN-γ    synthesis
Th2 cell ↑ differentiation
NK cell ↓ proliferation
Endothelium ↑ VCAM expression
Fibroblast ↑ proliferation

IL-5 Th2 CD 4+ T cell Eosinophil ↑ proliferation, chemoattraction, adhesion, activation
CD8+ T cell Basophil Primes for histamine release

B cell ↑ IgE, IgA synthesis
IL-13 Th2 CD 4+ T cell B cell Similar as IL-4

Mast cell Monocyte ↑ HLA-DR II expression
Endothelium ↑ VCAM expression

IL-10 Th0 CD 4+ T cell Monocyte ↑ differentiation
Monocyte ↓ HLA-DR II expression

↓ IFN-γ and TNF synthesis
Th2 skewing

Immature T cell ↑ response to IL-2 and IL-4
↑ Th2 differentiation

Th1 T cell ↓ activation and cytokine synthesis
B cell ↓ response to IL-4 and IgE synthesis
Mast cell Co-stimulator
NK cell ↓ cytokine synthesis

IFN-γ Th1 CD 4+ T cell Monocyte ↑ differentiation
↑ HLA-DR I and II expression

CD4+ T cell Shift of Th2 to Th1 cell
CD8+ T cell ↑ cytotoxicity
NK cell ↑ activation
Endothelium ↑ HLA-DR II expression

↑ ICAM-1 expression
Epithelium ↑ RANTES

IL-2 CD4+ T cell T cell ↑ growth of Ag-specific cells
NK cell ↑ cytokine synthesis

↑ maturation of CD8+ T cell
B cell ↑ growth and Ig synthesis

IgG1 switch
NK cell ↑ growth, activation, IFN-γ synthesis
Monocyte ↑ proliferation, differentiation, IL-1 and TNF synthesis

TGF-β CD4+ T cell T cell ↓ IL-2 stimulated growth
Platelets B cell counteracts Il-4

NK cell ↓ cytotoxicity
Fibroblasts ↓ at low concentrations, ? at high concentrations
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Figure 2.  Model of pathogenesis of allergic bronchopulmonary aspergillosis.

addition, IL-4Rα forms a heterodimer with IL-13 alpha (IL-
13Rα), IL-4Rα/IL-13Rα. Both IL-4 and IL-13 binds the IL-13
receptor. The IL-4 receptor is present on a variety of cells
including B-cells, NK-cells, mast cells, endothelial cells and
subpopulation of T-cells. Both IL-4 and IL-13 induce IgE
isotype switch of B-cells to IgE synthesis. IL-4 also induces
CD23+ expression, the low affinity IgE receptor, and soluble
CD23 (sCD23) which augments B-cell IgE synthesis. In Asp
f1 T-cell lines, the phenotypes were CD4+CD25+ T-cells
and had the cytokine profiles IL-4+ and IFNγ-, indicating
Th2 CD4+ T-cells (1, 9). Furthermore, lymphoproliferative
responses for Asp f1 T-cell lines were inhibited by anti-IL-
4 but not by anti-IL-2, suggesting an IL-4 autocrine
response. Interestingly, atopic CF patients without ABPA
also developed Asp f1 generated Th2 CD4+ T-cell lines.
Chauhan et al (101-102) subsequently developed T-cell
clones from asthmatic ABPA patients and demonstrated
either Th2 (IL-4+, IFN-γ-) or Th0 (IL-4+, IFN-γ+) patterns.
Importantly, tetanus toxoid generated T-cell clones showed
a Th1 phenotype, indicating that the Th2 response in ABPA
is specific to Af allergens and not a generalized Th2
skewing to cell antigens.

In ABPA CF patients, the cytokine pattern to Asp
f2, f3 and f4 stimulated 7 days MNC cultures were
examined, as seen in Figure 3.  ABPA CF patients had
significantly increased IL-4 and IL-5 and decreased IFN-γ
synthesis compared to non-ABPA and non-atopic controls.
Interestingly, IL-10 synthesis was increased in all patient
groups to Asp f2, f3 and f4 stimulation, but not to tetanus
toxoid stimulation.  Moss and colleagues reported
decreased IL-10 and normal IFN-γ synthesis following
PMA and ionomycin stimulation of tetanus toxoid clones in
CF patients (103). However, they did observe normal L-10
synthesis to lipopolysaccharide (LPS) stimulation.  Other
investigators observed an imbalance of increased pro-
inflammatory cytokines, such as TNF-α and IL-8, and
decreased anti-inflammatory cytokine IL-10 (104-107).
Berger and colleagues showed that cystic fibrosis bronchial
epithelial cells have decreased IL-10 synthesis.  Thus, IL-
10 synthesis in CF ABPA may depend upon the antigen
stimulation used.  Aspergillus appears to stimulate IL-10
synthesis.  IL-10 is an anti-inflammatory cytokine
synthesized by a variety of cell types, including monocytes,
Th1 and Th2 cells, and bronchial epithelial cells. IL-10
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Figure 3.  Cytokine synthesis in ABPA to Aspergillus stimulation.  Following tetanus toxoid and Asp f2/3/4 stimulation, ABPA
CF patients had significantly decreased IFN-γ synthesis and increased IL-4 and IL-5 synthesis compared to non-ABPA CF
patients and control.  IL-10 synthesis was increased in all three groups following Asp f2/3/4 stimulation. Data presented as Mean
± SE.

regulates both Th1 and Th2 lymphocytes though there is a
preferential inhibition of Th1 responses (108). In murine
models of ABPA, IL-10 inhibited lung inflammation by
restricting IL-5 and IFN-γ secretion into the airway lumen
(109). The source of IL-10 in these culture studies is
unknown but is probably both monocyte and T-cell
derived.  Af allergens, by stimulating IL-10 synthesis and
preferentially inhibiting Th1 response, may promote a Th2
T-cell response toward Af allergens. The frequency of Th1
and Th2 T-cells were also examined in those patients
(Figure 4). In ABPA and non-ABPA CF patients, the
frequency of PMA and ionomycin stimulated IFN-γ+
CD3+ T-cells was reduced compared to normal controls
(110). Though PMA and ionomycin stimulated IL-4+
CD3+ T-cells were not increased in ABPA patients, the
frequency Af-stimulated cultures IL-4+ CD3+ T-cells was
increased in of ABPA. When tetanus toxoid and Asp f2, f3,
and f4 stimulated T-cells were examined, IFN-γ+ CD3+ T-
cells were decreased in CF patients.  Thus in ABPA CF
patients, there is increased frequency of Af-stimulated Th2
T-cells and decreased IFN-γ+ Th1 T-cells. Thus, in CF
patients, there is a skewing of Th2 T-cells which probably
plays a role in the increased incidence of ABPA in CF
patients.

5.2  B-cells
In addition, IL-4 appears to up-regulate CD86

expression in B-cells in atopic patients (85, 86, 97, 111-
120). This is important since CD86 in B-cells is an
important co-stimulatory molecule for augmentation of IgE
synthesis. The ligand for CD86 is CD28 on T-cells. CD86
and CD28 colligation also stimulates T-cells, promoting
Th2 CD4+ T-cell responses and cytokine synthesis,
eosinophil airway inflammation and airway hyper-
responsiveness after allergen challenge. Recently, we have
examined the effects of IL-4 stimulation of CD23 and
CD86 expression on B-cells of patients with ABPA. In

previous studies, purified B-cells from ABPA were
observed to spontaneously synthesize elevated amounts of
IgE compared to Af sensitive non-ABPA patients,
indicating in vivo stimulation into IgE secreting
immunoblasts (121). In recent studies, CD23 and CD86
expression on freshly isolated B-cells of ABPA patients
were increased compared to non-ABPA Af sensitive
patients suggesting in vivo IL-4 or IL-13 stimulation.
Following IL-4 stimulation, ABPA patients had
significantly increased rates of CD23 expression per B-cells
compared to atopic and non-atopic (Figure 5). IL-4 stimulation
did not increase the percentage of CD86 in ABPA patients, but
did significantly increase the number of CD23 molecules per
CD86+ B-cell. Though IL-13 also increased CD23 expression,
there was no significant increase compared to other groups
(Figure 6). Thus, ABPA patients had increased sensitivity to
IL-4 stimulation with up-regulation of CD23 and CD86
expression compared to other atopic individuals, such that
ABPA >atopic >>non- topic patients. The consequences of
repeated allergic inflammation in ABPA are central
bronchiectasis and/or fibrosis. The inflammatory cells and
cytokines involved in this process are unknown. From other
studies in asthma IL-13 and/or TGF-β has been proposed.

6.  IL-4Rα  RECEPTOR

As a potential mechanism for this observation,
mutations of IL-4Rα polymorphisms are being evaluated.
Polymorphisms of IL-4Rα have been identified in atopic
individuals with elevated IgE levels (122-123). Some of
these polymorphisms have been associated with a gain-in-
function of IL-4 and IL-4Rα interactions promoting
increased CD23+ expression and IgE synthesis.
Subsequently, seven polymorphisms have been identified
that result in increased IL-4 activity. In preliminary studies,
homozygous mutations of the Q576R polymorphisms were
observed in 2 ABPA patients (124). However, increased
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Figure 4.   Th1 and Th2 CD3+ T cells .  Following PMA and ionomycin stimulation (A), ABPA CF patients had
comparable percentages of IFN-γ and IL-4 CD3+ T cells compared to non-ABPA CF patients.  However, both ABPA and
non-ABPA CF patients had significantly decreased percentages of IFN-γ CD3+ T cells compared to normal controls
(p<0.001, <0.001 respectively).  Following tetanus toxoid and Asp f2/3/4 stimulation (B), both ABPA and non-ABPA CF
patients had significantly decreased IFN-γ CD3+ T cells compared to normal control (p<0.05, <0.05, respectively) but not
different from each other.  However, ABPA CF patients had significantly increased Asp f2/3/4/ stimulated IL-4 CD3+ T
cells compared to non-ABPA CF patients and normal controls (p<0.01, <0.01, respectively). Data presented as Mean ±  SE.
From Knutsen AP (106).
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Figure 5.   IL-4 induction of CD23+ molecules on CD20+ and on CD86+CD20+ B-cells.  ABPA CF patients had
significantly increased number of CD23 molecules per B-cell A and per CD86+ B-cell 3B on day 0 compared to non-
ABPA CF patients (p<0.01) and non-atopic control patients (p<0.01).  Following IL-4 stimulation, ABPA CF patients had
a significantly increased rate of CD23+ expression per B-cell (A) and per CD86+ B-cell (B) compared to non-ABPA CF
(p<0.01) and non-atopic control patients (p<0.01). Data presented as Mean ± SE.   From Knutsen AP (106).
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Figure 6. IL-13 induction of CD23+ molecules on CD20+ and on CD86+CD20+ B-cells.  Following IL-13 stimulation ABPA
CF patients had no significantly increased rate of CD23+ expression per B-cell (A) and per CD86+ B-cell (B) compared to non-
ABPA CF and non-atopic control patients (p<0.01). Data presented as Mean ± SE.  From Knutsen AP (106).

sensitivity to IL-4 stimulation was observed in ABPA and
atopic patients without the Q576R polymorphism. Thus,
current studies were being conducted to identify all the known
polymorphisms in these patients.

7.  TCR Vβ  AND HLA-DR RESTRICTION

Chauhan et al (101-102, 125) investigated whether
there is unique TCR recognition (T-cell epitopes), TCR-Vβ
restriction, or HLA-class II restriction that would promote
enhanced Th2 responses.  Analysis of T-cell epitope mapping
has revealed that there were three immunodominant regions of
the Asp f 1 protein in ABPA patients that is recognized by
TCR (115).  Their findings were similar to that found in other
allergen models.  O’Hehir and Lamb’s group has evaluated T-
cell responses to purified house dust mite allergens.  In their
model, T-cell clones were generated from atopic and non-
atopic individuals (116).  Significantly, the T-cell clones from
non-atopic individuals proliferated in response to allergen
stimulation but did not support IgE synthesis, whereas the T-
cell clone from atopic patients did.  Furthermore, TCR epitope
mapping studies revealed limited number of epitopes reacting
with TCR (127-128), TCR Vβ restriction or usage (129-130),

and HLA class II restriction (130).  Four major Vβ chains, Vβ
3,6,13 and 14, react to Asp f 1.  This will allow for the
evaluation whether mutations of the epitope might alter the T-
cell cytokine and/or lymphoproliferative responses for
potential immunotherapy of ABPA.  Recently, Chauhan et al
(125) identified that there is HLA-DR2 and DR5 restriction in
patients with ABPA.  Furthermore, within HLA-DR2 and
HLA-DR5, there are restricted genotypes.  In particular, HLA-
DRB1*1501 and 1503 was reported to provide high relative
risk.  On the other hand, 40 to 44% of non-ABPA atopic Af-
sensitive individuals have the HLA-DR2 and/or DR5 type.
Further studies indicated that the presence of HLA-DQ2
(especially DQB1*0201) provided protection from the
development of ABPA.  These results are similar to those
found with purified house dust mite allergens (131-133).
Thus, certain genotypes of HLA-DR2 and DR5 may be
necessary but not sufficient to cause ABPA.  Furthermore,
Chauhan et al (102) demonstrated that Asp f l allergen has a
low-affinity of binding to HLA-DR.  This is consistent with
Th2 T cell response previously reported by others in that
strong antigen HLA-DR-Ag-TCR affinity binding favors a
Th1 cellular response whereas low affinity binding favors a
Th2 humoral response (132-136).
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Table 3.  Summary of immunopathogenesis of ABPA
• Th2 CD4+ T-cell response to Aspergillus

fumigatus
Ø BALT mucosal immune response
Ø ↑ IL-4, IL-13, IL-5
Ø ↓ IFN-γ in CF
Ø ↑ IL-10 to Aspergillus
Ø ↑ IgE total and anti-Aspergillus

antibodies
Ø ↑ IgA & IgG anti-Aspergillus

antibodies
Ø ↑ Eosinophil BALT and peripheral
Ø ↑ VLA-4 and VCAM integrins
Ø ↑ migration of eosinophils &

lymphocytes into inflammatory
lesions

Ø ↑ Th2 Af-specific responses
• HLA-DR2 (DR15, DR16) and HLA-DR5

restriction
Ø genotype restriction

HLA-DR2: DRB1*1501, 1502,
1503, 1601
HLA-DR5: DRB1*1101, 1103,
1104, 1202

Ø low affinity binding
Ø presence of HLA-DQ2 is protective

(DQB1*0201)
• TCR-Vβ restriction (Vβ3, β6, β13, β14)
• ↑ IL-4 activity

Ø ↑ IL-4Rα polymorphisms
• Mast cell degranulation

Ø basophil hyperreactivity
• ↑ sCD25 during ABPA flares
• ↑ T suppressor function
• Anergy to A. fumigatus by DTH
• CFTR heterozygous mutations
• Mucus properties (polymorphisms of

surfactant SP-A2

8.  CHEMOKINES

The role of chemokines, chemokine receptors,
and adhesion molecules in ABPA has not been fully
investigated (137-143). A number of chemokine receptors
have been identified in chemotaxis of eosinophils and Th2
T-cells, namely CCR3, CCR4, CCR8, and CxCR4.
Similarly, their ligands are synthesized by a variety of cell
types including eosinophils, Th2 T-cells, epithelial and
endothelial cells that positively feed back the allergic
inflammatory response. The central position that Th2 T-
cells and IL-4 plays in ABPA is again seen (144-148).
CCL11 (eotaxin) secreted by Th2 T-cells and eosinophils
(as well as monocytes, epithelial and endothelial cells) is
the most potent chemokine for migration of eosinophils. In
addition, eotaxin is expressed on endothelial cells where it
interacts with its receptor, CCR3 present on endothelial
cells.  IL-4 up-regulates both eotaxin synthesis and CCR-3
expression.  Other chemokines such as CCL2 (MCP-1),
CCL5 (RANTES), CCL7 (MCP-3), CxCL8 (IL-8) and
CxCL12 (SD-1α), also induce eosinophil chemotaxis. The

principal sources of these chemokines are endothelial cells,
macrophages and fibroblasts. The counterligand for eotaxin
and RANTES is CCR3, for CxCL12 is CxCR4, for MCP-1
is CCR2, for CxCL8 is CxCR1. The expression of
chemokine receptors on T-cells seems to depend upon their
differentiation state. Naïve T-cells express CCR7 and
CxCR4 with antigen stimulation in the presence of either
IL-12 or IL-4, a characteristic chemokine receptor pattern
develops. CCR3, CCR4, CCR8 and CxCR4 are induced on
Th2 T-cells and the Th1 receptors CCR5 and CxCR3 are
down-regulated. Emigration of Th2 T-cells from the blood
vessels into the site of allergic inflammation appears to be
dependent on eotaxin (CCL11), TARC (CCL17) and MCP-
4 (CCL13) from eosinophils and eotaxin from endothelium
and smooth muscle. In addition, epithelial cells secrete
RANTES (CCL5), eotaxin (CCL11), MCP-4 (CCL13) and
MCP-1α (CCL3) promoting both Th2 T-cell and
eosinophils into the airway lumen. Thus, IL-4 up-regulates
the receptors for these chemokines enhancing migration of
eosinophils and Th2 T-cells into the allergic inflammatory
site. Similarly, IL-4 also up-regulates expression of the
adhesion molecules VLA-4 on T-cells and eosinophils and
VCAM in endothelial cells, again promoting selectively of
cells involved in the allergic inflammation.

In summary, a quantitative increased Th2 CD4+
T-cell response to Aspergillus in both the BALT and
systemic immune systems characterize ABPA (Table 3).
Perhaps key in the immunopathogenesis is that the BALT
is exposed to high levels of Af allergens that have a
disrupting effect on the respiratory epithelium allowing for
Af allergens causing monocytes pro-inflammatory
response.  In addition, Af allergens may stimulate high IL-
10 synthesis skewing a Th2 T-cell response. Then
abnormal mucus properties due to CFTR mutations may
promote growth of Af.  Other genetic factors are
characterized by restricted TCR-Vβ  usage and by HLA-
DR 2 and DR5 restriction to Af allergens with low
affinity antigen binding.  This also promotes a Th2 T-
cell response.  Thus, there is host immunogenetic
susceptibility to develop ABPA which resides within the
HLA-DR-Ag-TCR signaling of the T-cells and biologic
properties of Af that skew a Th2 CD4+ T-cell response.

9.  ACKNOWLEDGMENTS

The authors appreciate the willing
participation of the patients with cystic fibrosis who
participated in this study. The study was funded by
grants from the Cystic Fibrosis Foundation.  The author
especially acknowledges Viswanath P. Kurup for his
collaboration providing Aspergillus allergens (supported
by Veterans Administration Medical Research).

10.  REFERENCES

1. Knutsen AP, B. Chauhan & R.G. Slavin: Cell-mediated
immunity in allergic bronchopulmonary aspergillosis.
Immunol Allergy Clin N Am  18, 575-599 (1998)
2. Patterson R, P.A. Greenberger, J.M. Halwig, J.L. Liotta,
& M. Roberts: Allergic bronchopulmonary aspergillosis.



T- and B-cells in ABPA

598

Natural history and classification of early disease by
serologic and roentgenographic studies. Arch Intern Med
146, 916-918 (1986)
3. Laufer P, J.N. Fink, W.T. Burns, G.F.R. Ung, J.H.
Challenge, P.A. Greenberger & R. Patterson: Allergic
bronchopulmonary aspergillosis in cystic fibrosis. J Allergy
Clin Immunol 73, 44-48 (1984)
4. Nelson LA, M.L. Callerame & R.H. Schwartz:
Aspergillosis and atopy in cystic fibrosis. Am Rev Respir
Dis 120, 863-873 (1979)
5. Schwartz HJ & P.A. Greenberger: The prevalence of
allergic bronchopulmonary aspergillosis in patients with
asthma, determined by serologic and radiologic criteria in
patients at risk. J Lab Clin Med 117, 138-142 (1991)
6. Krasnick J, P.A. Greenberger, M. Roberts & R.
Patterson: Allergic bronchopulmonary aspergillosis:
serologic update for 1995. J Clin Lab Immunol   46, 137-
142 (1995)
7. Greenberger PA: Diagnosis and management of allergic
bronchopulmonary aspergillosis. Allergy Proceedings 15,
335-339 (1994)
8. Zeaske R, T. Bruns, J.N. Fink, P.A. Greenberger, H.
Colby, J.U.L. Liotta & M. Roberts: Immune responses to
Aspergillus in cystic fibrosis. J Allergy Clin 82, 73-77
(1988)
9. Valletta EA, C. Braggion & G. Mastella:  Sensitization
to Aspergillus and allergic bronchopulmonary aspergillosis
in a cystic fibrosis population. Pediatr Asthma Allergy
Immunol 7, 43-49 (1993)
10. El-Dahr JM, R. Fink, R. Selden, L.K. Arruda, T.A.
Platts-Mills & P.W. Heymann:  Development of immune
responses to Aspergillus at an early age in children with
cystic fibrosis. Am J Respir Crit Care Med 150, 1513-1518
(1994)
11. Wojnarowski C, I. Eichler, C. Gartner, M. Gotz, S.
Renner, D.Y. Koller, & T. Frischer: Sensitization to
Aspergillus fumigatus and lung function in children with
cystic fibrosis. Am J Respir Crit Care Med 155, 1902-1907
(1997)
12. Knutsen AP & R.G. Slavin: Allergic bronchopulmonary
aspergillosis in patients with cystic fibrosis. Clin Rev
Allergy 9, 103-118 (1990)
13. Knutsen AP & R.G. Slavin: Allergic bronchopulmonary
mycosis complicating cystic fibrosis. Sem Resp Infect 7,
179-192 (1992)
14. Hutcheson PS, A.J. Regent & R.G. Slavin: Variability
in immune parameters of allergic bronchopulmonary
aspergillosis in patients with cystic fibrosis. J Allergy Clin
Immunol  88, 390-394 (1991)
15. Hutcheson PS, A.P. Knutsen, A.J. Rejent & R.G.
Slavin: A twelve year longitudinal study of Aspergillus
sensitivity in cystic fibrosis patients. Chest 110, 363-366
(1996)
16. Becker JW, W. Burke, G. McDonald, P.A.
Greenberger, W.R. Henderson & M.L. Aitken: Prevalence
of allergic bronchopulmonary aspergillosis and atopy in
adult patients with cystic fibrosis. Chest 109, 1536-1540
(1996)
17. Skov M, T. Pressler, H.E. Jensen, N. Hoiby & C. Koch:
Specific IgG subclass antibody pattern to Aspergillus
fumigatus in patients with cystic fibrosis with allergic
bronchopulmonary aspergillosis. Thorax 54, 44-50 (1999)

18. Geller DE, H. Kaplowitz, M.J. Light & A.A. Colin:
Allergic bronchopulmonary aspergillosis in cystic fibrosis:
Reported prevalence, regional distribution, and patient
characteristics. Chest 116, 639-646 (1999)
19. Mitchell-Heggs P, M. Mearns & J.C. Batten: Cystic
fibrosis in adolescents and asthma. Q J Med 45, 479-504
(1976)
20. Feanny S, S. Forsyth, M. Corey, H. Levison & B.
Zimmerman: Allergic bronchopulmonary aspergillosis in
cystic fibrosis: a secretory immune response to a colonizing
organism. Ann Allergy 60, 64-68 (1988)
21. Light MJ, L.M. Greene & N.W. Wilson: Increase in
allergic bronchopulmonary aspergillosis in CF patients in
San Diego (abstract) Pediatr Pulmonol Suppl 6, 276 (1991)
22. Baculard A, A. Scalbert & E. Tassin: A prospective
study of Aspergillus fumigatus (Af) allergy and/or Af
bronchopulmonary infection in children with cystic fibrosis
(abstract) Pediatr Pulmonol Suppl 10, 257 (1994)
23. Mroueh S & A. Spock: Allergic bronchopulmonary
aspergillosis in patients with cystic fibrosis. Chest 105, 32-
36 (1994)
24. Marchant JR, J.O. Warner & A. Bush: Rise in total IgE
as an indicator of allergic bronchopulmonary aspergillosis
in cystic fibrosis. Thorax 49, 1002-1005 (1994)
25. FitzSimmons SC: Cystic Fibrosis Foundation. Patient
Registry. 1995 Annual data report. Bethesda, MD; 1996.
26. Skov M, C. Koch, C.M. Reimert & L.K. Poulsen:
Diagnosis of allergic bronchopulmonary aspergillosis in
cystic fibrosis. Allergy 55, 50-58 (2000)
27. Nepomuceno IB, S. Esrig & R.B. Moss: Allergic
bronchopulmonary aspergillosis in cystic fibrosis: Role of
atopy and response to itraconazole. Chest 115, 364-370
(1999)
28. Schonheyder H, T. Jensen, N. Hoiby & C. Koch:
Clinical and serological survey of pulmonary aspergillosis
in patients with cystic fibrosis. Int Archs Allergy Appl
Immunol  85, 472-477 (1988)
29. Simmonds EJ, J.M. Littlewood & E.G. Evans: Cystic
fibrosis and allergic bronchopulmonary aspergillosis. Arch
Dis Child 65, 507-511 (1990)
30. Milla CE: Allergic bronchopulmonary aspergillosis and
cystic fibrosis. Pediatr Pulmonol 27, 71-73 (1999)
31. Greenberger PA, T.P. Miller, M. Roberts & L.L. Smith:
Allergic bronchopulmonary aspergillosis in patients with and
without bronchiectasis. Ann Allergy 70, 333-338 (1993)
32. Brueton MJ, L.P. Ormerod, K.J. Shah & C.M. Anderson:
Allergic bronchopulmonary aspergillosis complicating cystic
fibrosis. Arch Dis Child 55, 348-353 (1980)
33. Rosenberg M, M. Rosenberg, R. Mintzer, B.J. Cooper, M.
Roberts & K.E. Harris: Clinical and immunologic criteria for
the diagnosis of allergic bronchopulmonary aspergillosis. Ann
Intern Med 86, 405-414 (1977)
34. Greenberger PA & R. Patterson. Diagnosis and
management of allergic bronchopulmonary aspergillosis. Ann
Allergy 56, 444-452 (1986)
35. Patterson R, P.A. Greenberger, R.D. Radin & M. Roberts:
Allergic bronchopulmonary aspergillosis: Staging as an aid to
management. Ann Intern Med 96, 286-291 (1982)
36. Greenberger PA & R. Patterson: Application of
enzyme-linked immunosorbent assay (ELISA) in diagnosis
of allergic bronchopulmonary aspergillosis. J Lab Clin Med
99, 288-293 (1983)



T- and B-cells in ABPA

599

37. Patterson R, M. Roberts, A.C. Ghory & P.A.
Greenberger: IgA antibody against Aspergillus fumigatus
antigen in patients with allergic bronchopulmonary
aspergillosis. Clin Exp Immunol 42, 395-398 (1980)
38. Gutt L, P.A. Greenberger & J.L. Liotta: Serum IgA
antibodies to Aspergillus fumigatus in various stages of
allergic bronchopulmonary aspergillosis. J Allergy Clin
Immunol 78, 98-101 (1986)
39. Leser C, H.F. Kauffman, C. Virchow, Sr & G. Menz:
Specific serum immunopatterns in clinical phases of
allergic bronchopulmonary aspergillosis. J Allergy Clin
Immunol 90, 589-599 (1992)
40. Knutsen AP, P.S. Hutcheson, K.R. Mueller & R.G.
Slavin: Serum IgE and IgG anti-Aspergillus fumigatus
antibody in cystic fibrosis patients with allergic
bronchopulmonary aspergillosis. J Lab Clin Med 116, 724-
727 (1990)
41. Bernstein JA, C.R. Zeiss, P.A. Greenberger, R.
Patterson, J.F. Marhoul & L.L. Smith: Immunoblot analysis
of sera from patients with allergic bronchopulmonary
aspergillosis: correlation with disease activity. J Allergy
Clin Immunol 86, 532-539 (1990)
42. Trompelt J, W.M. Becker & M. Schlaak: Analysis of
IgG subclass and IgE response in allergic disease caused by
Aspergillus fumigatus by immunoblotting techniques. Int
Arch Allergy Immunol 104, 390-398 (1994)
43. Knutsen AP, K.R. Mueller, P.S. Hutcheson & R.G.
Slavin: Serum anti-Aspergillus fumigatus antibodies by
immunoblot and ELISA in cystic fibrosis with allergic
bronchopulmonary aspergillosis. J Allergy Clin Immunol
93, 926-931 (1994)
44. Slavin RG, C.W. Bedrossian, P.S. Hutcheson, S.
Pittman, L. Salinas-Madrigal, C.C. Tsai & G.J. Gleich: A
pathologic study of allergic bronchopulmonary
aspergillosis. J Allergy Clin Immunol 81, 718-725 (1988)
45. Paris S, E. Boisvieux-Ulrich, B. Crestani, O. Houcine,
D. Taramelli, L. Lombardi & J.P. Latge: Internalization of
Aspergillus fumigatus conidia by epithelial and endothelial
cells. Infect Immun 65, 1510-1514 (1997)
46. Holdom MD, R.J. Hay & A.J. Hamilton: The Cu, Zn
superoxide dismutases of Aspergillus flavus, Aspergillus
niger, Aspergillus nidulans, Aspergillus terreus:
Purification and biochemical comparison with the
Aspergillus fumigatus, Cu, Zn superoxide dismutase. Infect
Immun 64, 3326-3332 (1996)
47. Hearn VM, E.V. Wilson & D.W.R. MacKenzie:
Analysis of Aspergillus fumigatus catalases possessing
antigenic activity. J Med Microbiol  36, 61-67 (1992)
48. Takasuka T, M. Anderson, N. Sayers & D.W. Denning:
Molecular cloning and in vivo expression of an Aspergillus
fumigatus catalase gene. FEMS Immunol Med Microbiol
23, 125-133 (1999)
49. Calera JA, S. Paris, M. Monod, A.J. Hamilton, J.P.
Debeaupuis, M. Diaquin, R. Lopez-Medrano, F. Leal & J.P.
Latgé: Cloning and disruption of the antigenic catalase
gene of Aspergillus fumigatus. Infect Immun 65, 4718-4724
(1997)
50. Birkinshaw JH, J.H.V. Charles, A.C. Hetherington &
H. Raistrick: Studies in the biochemistry of micro-
organisms. Part IX - On the production of mannitol from
glucose by species of Aspergillus.  Philos Trans Roy Soc
London B22, 153-171 (1931)

51. Wong B, K.L. Brauer, R.R. Tsai & K. Jayasimhulu:
Increased amounts of the Aspergillus metabolite D-
mannitol in tissue and serum of rats with experimental
aspergillosis. J Infect Dis  160, 95-103 (1989)
52. Monod M, A. Fatih, K. Jaton-Ogay, S. Paris & JP
Latgé: The secreted proteases of pathogenic species of
Aspergillus and their possible role in virulence. Can J Bot
73, S1081-S1086 (1995)
53. Markaryan A, I. Morozova, H.Yu & P.E. Kolattukudy:
Purification and characterization of an elastinolytic
metalloprotease from Aspergillus fumigatus and
immunoelectron microscopic evidence of secretion of this
enzyme by the fungus invading the murine lung. Infect
Immun  62, 2149-2157 (1994)
54. Reichard U, M. Monod, F. Odds & R. Rüchel:
Virulence of an aspergillopepsin-deficient mutant of
Aspergillus fumigatus and evidence for another aspartic
proteinase linked to the fungal cell wall. J Med Vet Mycol
35, 189-196 (1997)
55. Latgé JP, M. Moutaouakil, J.P. Debeaupuis, J.P.
Bouchara, K. Haynes & M.C. Prévost: The 18 kilodalton
antigen secreted by Aspergillus fumigatus. Infect Immun
59, 2586-2594 (1991)
56. Arruda LK, B.J. Mann & M.D. Chapman: Selective
expression of a major allergen and cytotoxin, Asp f1, in
Aspergillus fumigatus. Implications for the
immunopathogenesis of Aspergillus related diseases. J
Immunol 149, 3354-3359 (1992)
57. Birch M, G. Robson, D. Law & D.W. Denning:
Evidence of multiple phospholipase activities of
Aspergillus fumigatus. Infect Immun  64:751-755 (1996)
58. Ebina K, H. Sakagami, K. Yokota & H. Kondo:
Cloning and nucleotide sequence of cDNA encoding Asp-
hemolysin from Aspergillus fumigatus. Biochimica et
Biophysica Acta 1219, 148-150 (1994)
59. Sutton P, N.R. Newcombe, P. Waring & A.
Müllbacher: Exacerbation of invasive aspergillosis by the
immunosuppressive fungal metabolite, gliotoxin. Immunol
Cell Biol 74, 318-322 (1996)
60. Birch M, D.B. Drucker, V. Boote & D.W. Denning:
Prevalence of phthioic acid in Aspergillus spp. J Met Vet
Mycol  35, 143-145 (1997)
61. MO Moss: Biosynthesis of Aspergillus toxins – non-
aflatoxins.  In: The Genus Aspergillus. Eds: Powell KA,
Peberdy JF, Renwick A, Plenum Press, New York 29-50
(1994)
62. Jaton-Ogay K, S. Paris, M. Huerre, M. Quadroni, R.
Falchetto, G. Togni, J.P. Latgé & M. Monod: Cloning and
disruption of the gene encoding an extracellular
metalloprotease of Aspergillus fumigatus. Mol Microbiol 14,
917-928 (1994)
63. Tomee JF, A.T.J. Wierenga, P.S. Hiemstra & H.F.
Kauffman: Proteases from Aspergillus fumigatus induce
release of proinflammatory cytokines and cell detachment in
airway epithelial cell lines. J Infect Dis  176, 300-303 (1997)
64. Pott GB, T.K. Miller, J.A. Bartlett, J.S. Palas, C.P.
Selitrennikoff & D.A. Stevens: The isolation of FOS-1, a gene
encoding a putative two-component histidine kinase from
Aspergillus fumigatus.  Fung Genet Biol 31, 55-67 (2000)
65. Schaffner A, H. Douglas & A. Braude: Selective
protection against conidia by mononuclear and mycelia by
polymorphonuclear phagocytes in resistance to Aspergillus:



T- and B-cells in ABPA

600

observations on these two lines of defense in vivo and in
vitro with human and mouse phagocytes. J Clin Invest 69,
617-631 (1982)
66. Roilides E, K. Uhlig, D.Venzon, P.A. Pizzo & T.J.
Walsh: Prevention of corticosteroid-induced suppression of
human polymorphonuclear leukocyte-induced damage of
Aspergillus fumigatus hyphae by granulocyte colony-
stimulating factor and gamma interferon. Infect Immun 61,
4870-4877 (1993)
67. Brummer E, A. Maqbool & D.A. Stevens: Protection of
bronchoalveolar macrophages by GM-CSF against
dexamethasone suppression of fungicidal activity for
Aspergillus fumigatus conidia. Med Mycol 39, 509-515
(2001)
68. Brummer E, A. Maqbool & D.A. Stevens: In vivo
granulocyte macrophage colony-stimulating factor prevents
dexamethasone suppression of killing of Aspergillus
fumigatus by broncho-alveolar macrophages. J Leukocyte
Biol 70, 868-872 (2001)
69. Kauffman HF & J.F. Tomee: Inflammatory cells and
airway defense against Aspergillus fumigatus. Immunol
Allergy Clin N Am 18, 619-640 (1998)
70. Tomee JF & H.F. Kauffman: Putative virulence factors
of Aspergillus fumigatus. Clin Exp Allergy 30, 476-484
(2002)
71. Tomee JF, H.F. Kauffman, A.H. Klimp, J.G.R.
Monchy, G.H. Koëter & A.E.J. Dubois: Immunologic
significance of a collagen-derived culture filtrate containing
proteolytic activity in Aspergillus-related diseases. J
Allergy Clin Immunol 93, 768-778 (1994)
72. Tomee JF, T.S. van der Werf, J.P. Latge, G.H. Koeter,
A.E. Dubois & H.F. Kauffman: Serologic monitoring of
disease and treatment in a patient with pulmonary
aspergilloma. Am J Respir Crit Care Med 151, 199-204
(1995)
73. Kauffman HF, J.F. Tomee, M.A. van de Riet, A.J.
Timmerman & P. Borger: Protease-dependent activation of
epithelial cells by fungal allergens leads to morphologic
changes and cytokine production. J Allergy Clin Immunol
105, 1185-1193 (2000)
74. Robinson BW, T.J. Venaille, A.H. Mendis & R.
McAleer: Allergens as proteases: an Aspergillus fumigatus
proteinase directly induces human epithelial cell
detachment. J Allergy Clin Immunol 86, 726-731 (1990)
75. Herbert CA, C.M. King, P.C. Ring, S.T. Holgate, G.A.
Stewart, P.J. Thompson & C. Robinson: Augmentation of
permeability in the bronchial epithelium by the house dust
mite allergen Der p1. Am J Respir Cell Mol Biol 12, 369-
378 (1995)
76. Durham SR, S.J. Till & C.J. Corrigan: T lymphocytes
in asthma: bronchial versus peripheral response. J Allergy
Clin Immunol 106, S221-S236 (2000)
77. Hamid QA & L.A. Cameron: Recruitment of T cells to
the lung in response to antigen challenge. J Allergy Clin
Immunol 106, S227-S234 (2000)
78. Walker C, M.K. Kaegi, P. Braun & K. Blaser:
Activated T cells and eosinophilia in bronchoalveolar
lavages from subjects with asthma correlated with disease
activity. J Allergy Clin Immunol  88, 935-942 (1991)
79. Bochner BS: Systemic activation of basophils and
esoinophils: markers and consequences. J Allergy Clin
Immunol  106, S292-S302 (2000)

80. Greenberger PA, L.J. Smith, C.C. Hsu, M. Roberts &
J.L. Liotta: Analysis of bronchoalveolar lavage in allergic
bronchopulmonary aspergillosis: Divergent responses of
antigen-specific antibodies and total IgE. J Allergy Clin
Immunol  82, 164-170 (1998)
81. Slavin RG, G.J. Gleich, P.S. Hutcheson, G.M.
Kephardt, A.P. Knutsen & C.C. Tsai: Localization of IgE to
lung germinal lymphoid follicles in a patient with allergic
bronchopulmonary aspergillosis. J Allergy Clin Immunol
90, 1006-1008 (1992)
82. Kurup VP, P.S. Murali, J.Guo, H. Choi, B. Banerjee,
J.N. Fink & R.L. Coffman: Anti-IL-4 and IL-5 antibodies
downregulate IgE and eosinophilia in mice exposed to
Aspergillus antigens. Allergy  52, 1215-1221 (1997)
83. Corry DB, G. Grunig, H. Hadeiba, V.P. Kurup, M.L.
Warnock, D. Sheppard, D.M. Rennick & R.M. Locksley:
Requirements for allergen-induced airway hyperreactivity
in T- and B-cell-deficient mice. Molecular Med 4, 344-355
(1998)
84. Knutsen AP, K.R. Mueller, A.D. Levine, B. Chauhan,
P.S. Hutcheson & R.G. Slavin: Characterization of Asp f1
CD4+ T cell lines in allergic bronchopulmonary
aspergillosis. J Allergy Clin Immunol 94, 215-221 (1994)
85. Bacharier LB & R.S. Geha: Molecular mechanisms of
IgE regulation. J Allergy Clin Immunol 105, S547-S558
(2000)
86. Oettgen HC & R.S. Geha: Molecular mechanisms in
allergy and clinical immunology. J Allergy Clin Immunol
107, 429-440 (2001)
87. Reljic R, G. Cosentino & H.J. Gould: Function of
CD23 in the response of human B cells to antigen. Eur J
Immunol 27, 572-575 (1997)
88. Challa A, J.D. Pound, R.J. Armitage & J. Gordon:
Epitope-dependent synergism and antagonism between
CD40 antibodies and soluble CD40 ligand for the
regulation of CD23 expression and IgE synthesis in human
B cells. Allergy 54, 576-583 (1999)
89. Bonnefoy JY, J.F. Gauchat, P. Life, P. Graber, J.P.
Aubry & S. Lecoanet-Henchoz: Regulation of IgE
synthesis by CD23/CD21 interaction. Inter Arch Allergy
Immunol 107, 40-42 (1995)
90. Yoshimoto T, A. Bendelac, C. Watson, J. Hu-Li &
W.E. Paul: Role of NK1.1+ T cells in a Th2 response and
in immunoglobulin E production. Science 270, 1845-1847
(1995)
91. Bonnefoy JY, J.F. Gauchat, P. Life, P. Graber, G.
Mazzei & J.P. Aubry: Pairs of surface molecules involved
in human IgE regulation:  CD23-CD21 and CD40-CD40L.
Eur Resp J 22, 63S-66S (1996)
92. Armant M, M. Rubio, G. Delespesse & M. Sarfati:
Soluble CD23 directly activates monocytes to contribute to
the antigen-independent stimulation of resting T cells. J
Immunol 155, 4868-4875 (1995)
93. Knutsen AP & R.G. Slavin: In vitro T cell responses in
cystic fibrosis patients with allergic bronchopulmonary
aspergillosis. J Lab Clin Med 113, 428-435 (1989)
94. Slavin RG, P.S. Hutcheson & A.P. Knutsen:
Participation of cell mediated immunity in allergic
bronchopulmonary aspergillosis. Int Arch Allergy Appl
Immunol 83, 337-340 (1987)
95. Kurup VP, B.W. Seymour, H. Choi & R.L. Coffman:
Particulate Aspergillus fumigatus antigens elicit a TH2



T- and B-cells in ABPA

601

response in BALB/c mice. J Allergy Clin Immunol 93, 1013-
1020 (1994)
96. Romagnani S: The role of lymphocytes in allergic diseases.
J Allergy Clin Immunol 105, 399-408 (2000)
97. Leonard WJ & J-X. Lin: Cytokine receptor signaling
pathways. J Allergy Clin Immunol 2000; 105:877-888.
98. Ryan JJ: Interleukin-4 and its receptor: Essential mediators
of the allergic response. J Allergy Clin Immunol 99, 1-5 (1997)
99. Izuhara K, Y. Yanagihara, N. Hamasaki, T. Shirakawa &
J.M. Hopkin: Atopy and the human IL-4 receptor α chain. J
Allergy Clin Immunol 106, S65-71 (2000)
100. Nelms K, A.D. Keegan, J. Zamorano, J.J. Ryan & W.E.
Paul: The IL-4 receptor: signaling mechanisms and biologic
functions. Annu Rev Immunol  17, 701-738 (1999)
101. Chauhan BA, A.P. Knutsen, P.S. Hutcheson, R.G. Slavin
& C.J. Bellone: T cell subsets, epitope mapping, and HLA-
restriction in patients with allergic bronchopulmonary
aspergillosis. J Clin Invest 97, 2324-2331 (1996)
102. Chauhan B, L. Santiago, D.A. Kirschmann, V.
Hauptfield, A.P. Knutsen, P.S. Hutcheson, S.L. Woulfe, R.G.
Slavin, H.J. Schwartz & C.J. Bellone: The association of HLA-
DR alleles and T-cell activation with allergic
bronchopulmonary aspergillosis. J Immunol 159, 4072-4076
(1997)
103. Moss RB, R.C. Bocian, Y.P. Hsu, Y.J. Dong, M. Kemna,
T. Wei & P. Gardner: Reduced IL-10 secretion by CD4+ T
lymphocytes expressing mutant cystic fibrosis transmembrane
conductance regulator (CFTR)  Clin Exp Immunol 106, 374-
388 (1996)
104. Bonfield TL, M.W .Konstan, P. Burfeind, J.R. Panuska,
J.B. Hilliard & M.Berger: Normal bronchial epithelial cells
constitutively produce the anti-inflammatory interleukin-10,
which is downregulated in cystic fibrosis. Am J Resp Cell Mol
Biol 13, 257-261 (1995)
105. Bonfield TL, M.W. Konstan & M. Berger: Altered
respiratory epithelial cell cytokine production in cystic fibrosis.
J Allergy Clin Immunol  104, 72-78 (1999)
106. Shmarina GV, A.L. Pukhalsky, S.N. Kokarovtseva, D.A.
Pukhalskaya, L.A. Shabalova, N.I. Kapranov & N.J.
Kashirskaja: Tumor necrosis factor-alpha/interleukin-10
balance in normal and cystic fibrosis children.  Mediators
Inflammation  10, 191-197 (2001)
107. Noah TL, H.R. Black, P.W. Cheng, R.E. Wood & M.W.
Leigh: Nasal and bronchoalveolar fluid cytokines in early
cystic fibrosis.  J Infect Dis  175, 638-647 (1997)
108. R de Waal-Malefyt, CG Figdor & JE de Vries:
Regulation of human monocyte functions by Interleukin-10.
In: Interleukin-10. Eds: de Vries JE, de Waal-Malefyt R.
Springer-Verlag, Heidelberg 37-52 (1995)
109. Grünig G, D.B. Corry, M.W. Leach, B.W. Seymour, V.P.
Kurup & D.M. Rennick: Interleukin-10 is a natural suppressor
of cytokine production and inflammation in a murine model of
allergic bronchopulmonary aspergillosis. J Exp Med 185,
1089-1099 (1997)
110. Knutsen AP, P.S. Hutcheson, J. Smick & V.P. Kurup:
Increased sensitivity to IL-4 in cystic fibrosis patients with
allergic bronchopulmonary aspergillosis. Allergy accepted
111. Jeannin P, Y. Delneste, S. Lecoanet-Henchoz, J.F.
Gauchat, J. Ellis & J.Y. Bonnefoy: CD86 (B7-2) on human B
cells. A functional role in proliferation and selective
differentiation into IgE- and IgG4-producing cells. J Biol
Chem  272, 15613-15619 (1997)

112. Nakajima A, N. Watanabe, S. Yoshino, H. Yagita, K.
Okumura & M. Azuma: Requirement of CD28-CD86 co-
stimulation in the interaction between antigen-primed T
helper type 2 and B cells. Inter Immunol 9, 637-644 (1997)
113. Jirapongsananuruk O, M.F. Hofer, A.E. Trumble,
D.A. Norris & D.Y. Leung: Enhanced expression of B7.2
(CD86) in patients with atopic dermatitis: a potential role in
the modulation of IgE synthesis. J Immunol 160, 4622-
4627 (1998)
114. Haczku A, K. Takeda, I. Redai, E. Hamelmann, G.
Cieslewicz, A. Joetham, J. Loader, J.J. Lee, C. Irvin &
E.W. Gelfand: Anti-CD86 (B7.2) treatment abolishes
allergic airway hyperresponsiveness in mice. Am J Resp
Crit Care Med 159, 1638-1643 (1999)
115. Jiang GZ, Y. Kato, T. Sugiyama, N. Koide, D.
Chakravortty, M. Kawai, M. Fukada, T. Yoshida & T.
Yokochi:. Role of CD86 (B7-2) in triggering of antigen-
specific IgE antibody response by lipopolysaccharide.
FEMS Immunol Med Microbiol 21, 303-311 (1998)
116. Huang Y, N. Watanabe & H. Ohtomo: The
involvement of CD80 and CD86 costimulatory molecules
in the induction of eosinophilia in mice infected with
Nippostrongylus brasiliensis. Inter Arch Allergy Immunol
Suppl 117, 2-4 (1998)
117. Tsuyuki T, J. Tsuyuki, K. Einsle, M. Kopf & A.J.
Coyle: Costimulation through B7-2 (CD86) is required for
the induction of a lung mucosal T helper cell 2 (TH2)
immune response and altered airway responsiveness. J Exp
Med 185, 1671-1679 (1997)
118. Nakada M, K. Nishizaki, T. Yoshino, M. Okano, T.
Yamaoto, Y. Masuda, N. Ohta & T. Akagi: CD80 (B7-1)
and CD86 (B7-2) antigens on house dust mite-specific T
cells in atopic disease function through T-T interactions. J
Allergy Clin Immunol 104, 222-227 (1999)
119. Gause WC, M. Ekkens, D. Nguyen, V. Mitro, Q. Liu,
F.D. Finkleman, R.J. Greenwald & J.F. Urban: The
development of CD4+ T effector cells during the type 2
immune response. Immunol Res  20, 55-65 (1999)
120. Jirapongsananuruk O & D.Y. Leung: The modulation
of B7.2 and B7.1 on B cells by immunosupressive agents.
Clin Exp Immunol  118, 1-8 (1999)
121. Knutsen AP, K.R. Mueller, P.S. Hutcheson & R.G.
Slavin: T- and B-cell dysregulation in cystic fibrosis
patients with allergic bronchopulmonary aspergillosis. Clin
Immunol Immunopathol 55, 129-138 (1990)
122. Hershey GKK, M.F. Friedrich, L.A. Esswein, M.L.
Thomas & T.A. Chatila: The association of atopy with a
gain-of-function mutation in the α subunit of the
interleukin-4 receptor. N Engl J Med 337, 1720-1725
(1997)
123. Ober C, S.A. Leavitt, A. Tsalenko, T.D. Howard,
D.M. Hoki, R. Daniel, D.L. Newman, X. Wu, R. Parry,
L.A. Lester, J. Solway, M. Blumenthal, R.A. King, J. Xu,
D.A. Meyers, E.R. Bleecker & N.J. Cox: Variation in the
interleukin 4-receptor a gene confers susceptibility to
asthma and atopy in ethnically diverse populations. Am J
Hum Genet 66, 517-526 (2000)
124. McClellan JS, A.White, T.A. Chatilla, S.T. Roodman
& A.P. Knutsen:  Increased sensitivity to IL-4 and
mutations of IL-4Ra in patients with allergic
bronchopulmonary aspergillosis and atopy.  J Allergy Clin
Immunol 105, S303, (2000)



T- and B-cells in ABPA

602

125. Chauhan B, L. Santiago, P.S. Hutcheson, H.J.
Schwartz, E. Spitznagel, M. Castro, R.G. Slavin & C.J.
Bellone: Evidence for the involvement of two different
MHC class II regions in susceptibility or protection in
allergic bronchopulmonary aspergillosis. J Allergy Clin
Immunol 106, 723-729 (2000)
126. O’Hehir RE, V. Bal, D. Quint, R. Moqbel, A.B. Kay,
E.D. Zanders & J.R. Lamb: An in vitro model of allergen-
dependent IgE synthesis by human B lymphocytes:
comparison of the response of an atopic and a non-atopic
individual to Dermatophagoides spp (house dust mite)
Immunol  66, 499-504 (1989)
127. Higgins JA, C.J. Thorpe, J.D. Hayball, R.E. O’Hehir
& J.R. Lamb: Overlapping T-cell epitopes in the group I
allergen of Dermatophagoides species restricted by HLA-
DP and HLA-DR class II molecules. J Allergy Clin
Immunol 93, 891-899 (1994)
128. O’Hehir RE, A. Verhoef, E. Panagiotopoulou, S.
Keswani, J.D. Hayball, W.R. Thomas & J.R. Lamb:
Analysis of human T cell responses to the group II allergen
of Dermatophagoides species: localization of major
antigenic sites. J Allergy Clin Immunol 92, 105-113 (1993)
129. Jarman ER, C.M. Hawrylowicz, E. Panagiotopolou,
R.E. O’Hehir & J.R. Lamb: Inhibition of human T-cell
responses to house dust mite allergens by a T-cell receptor
peptide. J Allergy Clin Immunol 94, 844-852 (1994)
130. Wedderburn LR, R.E. O’Hehir, C.R. Hewitt, J.R.
Lamb & M.J. Owen: In vivo clonal dominance and limited
T-cell receptor usage in human CD4+ T-cell recognition of
house dust mite allergens. Proc Natl Acad Sci USA 90,
8214-8218 (1993)
131. Verhoef A, J.A. Higgins, C.J. Thorpe, S.G. Marsh,
J.D. Hayball, J.R. Lamb & R.E. O’Hehir: Clonal analysis
of the atopic immune response to the group 2 allergen of
Dermatophagoides spp.: identification of HLA-DR and -
DQ restricted T cell epitopes. Inter Immunol 5, 1589-1597
(1993)
132. Lamb JR, J.A. Higgins, C. Hetzel, J.D. Hayball, R.A,
Lake & R.E. O’Hehir: The effects of changes at peptide
residues contacting MHC class II T-cell receptor on antigen
recognition and human Th0 cell effector function. Immunol
85, 447-454 (1995)
133. Tsitoura DC, A. Verhoef, C.M. Gelder, R.E. O’Hehir
& J.R. Lamb: Altered T cell ligands derived from a major
house dust mite allergen enhance IFN-γ but not IL-4
production by human CD4+ T cells. J Immunol 157, 2160-
2165 (1996)
134. Pfeiffer C, J. Stein, S. Southwood, H. Ketelaar, A.
Sette & K. Bottomley: Altered peptide ligands can control
CD4 T lymphocyte differentiation in vivo. J Exp Med 181,
1569-1574 (1995)
135. Evavold BD, J. Sloan-Lancaster, B.L. Hsu & P.M.
Allen: Separation of T helper 1 clone cytolysis from
proliferation and lymphokine production using analog
peptides. J Immunol 150, 3131-3140 (1993)
136. Racioppi L, F. Ronchese, L.A. Matis & R.N. Germain:
Peptide-major histocompatibility complex class II
complexes with agonist/antagonist properties provide
evidence for ligand related differences in T cell receptor
dependent intracellular signaling. J Exp Med 177, 1047-
1060 (1993)

137. Hogaboam CM, K. Blease, B. Mehrad, M.L.
Steinhauser, T.J. Standiford, S.L. Kunkel & N.W. Lukacs:
Chronic airway hyperreactivity goblet cell hyperplasia and
peribronchial fibrosis during allergic airway disease
induced by Aspergillus fumigatus. Am J Path 156, 723-732
(2000)
138. Kurup VP, J. Guo, P.S. Murali, H. Choi & J.N. Fink:
Immunopathological responses to Aspergillus antigen in
interleukin-4 knockout mice. J Lab Clin Med 130, 567-575
(1997)
139. Blease K, B. Mehrad, T.J. Standiford, N.W. Lukacs, J.
Gosling, L. Boring, I.F. Charo, S.L. Kunkel & C.M.
Hogaboam: Enhanced pulmonary allergic responses to
Aspergillus in CCR2 -/- mice. J Immunol 165, 2603-2611
(2000)
140. Blease K, B. Mehrad, T.J. Standiford, N.W. Lukacs,
S.L. Kunkel, S.W. Chensue, B. Lu, C.J. Gerard & C.M.
Hogaboam: Airway remodeling is absent in CCR1 -/- mice
during chronic fungal allergic airway disease. J Immunol
165, 1564-1572 (2000)
141. Lukacs NW, R.M. Strieter, K. Warmington, P.
Lincoln, S.W. Chensue & S.L. Kunkel: Differential
recruitment of leukocyte populations and alteration of
airway hyperreactivity by C-C family chemokines in
allergic airway inflammation. J Immunol 158, 4398-4404
(1997)
142. Mould AW, K.I. Matthaei, I.G. Young & P.S. Foster:
Relationship between interleukin-5 and eotaxin in regulating
blood and tissue eosinophilia in mice. J Clin Invest 99, 064-
1071 (1997)
143. Gonzalo JA, C.M. Lloyd, L. Kremer, E. Finger, C.
Martinez-A, M.H. Siegelman, M. Cybulsky & J.C. Gutierrez-
Ramos: Eosinophil recruitment to the lung in a murine model
of allergic inflammation. The role of T cells, chemokines, and
adhesion receptors. J Clin Invest 98, 2332-2345 (1996)
144. Zlotnik A & O. Yoshie: Chemokines: a new classification
system and their role in immunity. Immunity 12, 121-127
(2000)
145. D’Ambrosio D, M. Mariani, P. Panina-Bordignon & F.
Sinigagalia: Chemokines and their receptors guiding T
lymphocyte recruitment in lung inflammation. Am J Resp Crit
Care Med 164, 1266-1275 (2001)
146. Elsner J, A. Kapp, J.C. Virchow, Jr & W. Luttmann:
Eosinophils – quo vadis? The role of eosinophils in the
chemokine network of allergy. Modern Aspect of
Immunobiology  2, 18-24 (2001)
147. Lukacs NW: Role of chemokines in the pathogenesis of
asthma. Nature Reviews Immunology 1, 108-116 (2001)
148. Kay AB: Chemokines in allergic disease. Presented at
AAAA/I, March (2002)

Key Words:  ABPA, allergic bronchopulmonary
aspergillosis, CF, cystic fibrosis, Aspergillus fumigatus,
Th1/Th2 T cells, Review

Send Correspondence to: Alan P. Knutsen, M.D,
Pediatric Research Institute, St. Louis University Health
Sciences Center, 3662 Park Avenue, St. Louis, Missouri
63110, Tel:  314-268-4014, Fax:  314-577-8459, E-mail:
knutsenm@slu.edu


