[Frontiersin Bioscience 8, s140-148, January 1, 2003]

MHC RESTRICTION IN ALLERGIC BRONCHOPULMONARY ASPERGILLOSIS

BelaChauhan !, Patricia S. Hutcheson 1, Raymond G. Slavin ® Clifford J. Bellone?

Department of YInternal Medicine, and ? Molecular Microbiology and Immunology, Saint Louis University School of Medicine,

<. Louis, MO 63104
TABLE OF CONTENTS
1. Abstract

2. Introduction
3. MHC Class | and Il Molecules

3.1. Function of MHC Class | and Class || molecules
3.2. Sructure of MHC Class | and Class || molecules
3.3. Antigen bhinding by MHC Class | and Class |l molecules

3.4. MHC polymorphism on peptide binding

3.5. Antigen presentation by MHC Class || molecules

4, MHC and disease associations

4.1. Associations between MHC polymorphism and disease

4.2. Allergic responses and HLA

5. HLA class | restriction specificity of T cell recognition in ABPA

5.1. HLA-DRBL1 allele distribution among ABPA, non-ABPA, and normal controls
5.2. HLA-DQ specificitiesin ABPA, non-ABPA and normal controls

6. Conclusion
. Acknowledgments
. References

o0~

1. ABSTRACT

Allergic bronchopulmonary aspergillosis (ABPA)
is a rare complication in patients with asthma but more
common in patients with cystic fibrosis. In the presence of
the fungus Aspergillus fumigatus (Af) in the lower
respiratory tract, patients mount a heightened 1gG and IgE
humoral response specific for Af antigens. Studies on
ABPA have suggested a pathogenic role for antigen
specific CD4+ Th2 like T lymphocytes producing increased
levels of IL-4 and IL-5. MHC class Il genes coding for
highly polymorphic HLA molecules have been shown to be
the likely candidates for controlling immune responses to
common allergens. However there has been a lack of
information on the pathophysiological role of HLA genes
in the development of ABPA.

This review describes an association between
HLA- class Il dleles and the specific responses to Af
antigen (Asp f 1) in ABPA. These studies focused on
MHC restriction and distribution of HLA- class | alelesin
two groups of unrelated North American Caucasian
patients with cystic fibrosis and/or asthma. One group
consisted of patients with a confirmed diagnosis of ABPA
and a second group of patients with Af sensitivity but no
ABPA. HLA association studies revedled that the
predisposition to develop ABPA is associated with HLA-
DR2 and DR5, and possibly DR4 or DR7. A strong
association of HLA-DR antigens with ABPA reflects that
HLA-DR molecules may present disease-causing peptides.
On the other hand a significant association of HLA-DQ2
with Af sensitive nonABPA indicates the involvement of
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HLA-DQ molecules in protection. A combination of these
genetic factors determines the outcome of ABPA in
patients with cystic fibrosis and asthma.

2. INTRODUCTION

Allergic bronchopulmonary aspergillosis (ABPA)
is alung disease caused by an immunologic response to the
mold Aspergillus fumigatus (Af). Pulmonary diseases
caused by Af can be classified according to the site of the
disease within the respiratory tract and the extent of
mycelial colonization or invasion, both of which are
influenced by the immunological status of the host (1).
ABPA occurs only in asthmatic and cystic fibrosis patients.
This disease, originally considered a rarity, is today
diagnosed with increasing frequency as a result of
improvement in serologic and radiologic diagnostic
methods (2). The clinical diagnostic criteria for ABPA in
asthmatic patients were proposed by Greenberger and
Patterson (3). These criteria include peripheral blood
eosinophilia, elevated total serum IgE, immediate
cutaneous reactivity, serum precipitating antibodies to Af,
elevated levels of Af specific serum IgE and 1gG, chest
roentgenographic infiltrates, and bronchietcasis. In stages
of the disease during which most of the criteria are evident,
ABPA can be readily diagnosed. However, al criteria are
rarely present at the same time, even in patients with classic
ABPA (3). The assessment of hypersensitivity to Af as a
prerequisite for the diagnosis of ABPA is routinely
investigated by skin testing and determination of fungal
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specific IgE antibodies (4,5). The lack of standardized Af
extracts for skin testing, and the fact that immune
parameters related to fumigatus sensitization are not static
and can spontaneously diminish over time complicates the
diagnosis of ABPA (6). The incidence of ABPA is
reported to range from 1-2% among asthmatics and 1-15%
among cystic fibrosis patients sensitized to Af (7,8).
Undetected ABPA has devastating consequences for
patients because the untreated disease can lead to
irreversible changes in lung function and to end stage
pulmonary fibrosis. Therefore, unless there is either a
formal screening program based on definite clinica criteria
or genetic markers, many cases of aspergillus-induced
complications may go unrecognized.

Population genetic studies have indicated that
products of the major histocompatibility gene complex,
particularly the class Il HLA-DR molecules, influence
susceptibility to alergic diseases. With the use of
molecular genetic probes, severa investigators have
demonstrated the functional importance of both HLA-
DRB1 and DQB1 gene products in T cell recognition of
antigens (9) T Iymphocytes recognize antigen when
presented together with major histocompatibility complex
(MHC) encoded class | and 11 molecules on the membrane of
antigen presenting cells (APC). Thisiscaled MHC restriction
and the parts of the MHC molecule that are recognized
together with antigen are called restriction elements.  Both
class| and Il molecules play akey role in antigen presentation
to effector T lymphocytes. In order to be activated, T
lymphocytes must recognize antigens presented on the surface
of APC in association with their MHC products. Cytotoxic T
lymphocytes recognize antigens predominantly in association
with class | molecules while helper T lymphocytes do so
predominantly in the context of class Il molecules (10-12).
Since immune components involved in MHC-redtriction are
highly polymorphic and represent a complex system of
integrated structures this review highlights some of their
structural and functional details.

3. MHC CLASSI| AND Il MOLECULES

3.1. Function of MHC Class| and Class || molecules

The role of MHC molecules in the immune
system is primarily the presentation of antigensto T cells.
The antigen receptor of T cells is unable to recognize
antigen directly; it can only recognize foreign antigen in the
form of short segments of peptide bound to MHC
molecules. Thus both MHC class | and |1 molecules exert
their function by physical interaction with antigens in the
form of short linear peptides. This phenomenon of MHC-
restricted recognition of antigens was first suggested by
Zinkernagel and Doherty and can now be demonstrated
directly by using purified MHC molecules and purified T
cell receptors (TCR) (13). Neither peptide antigens nor
MHC molecules independently can stimulate T cell
responses; the formation of a peptideMHC complex is
clearly required (14).

3.2. Structureof MHC Class| and Class |1 molecules
The two distinct classes of MHC molecules that
can be detected on the surface of cells differ biochemically
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on the basis of subunit structure. MHC class | molecules
consist of two chains, an alpha or heavy chain associated
non-covalently on the cell surface with the smaller b2-
microglobulin protein. Only the class | a chain spans the
membrane. MHC class || molecules consist of a complex
of two chains, a and b, both of which span the membrane
and are associated non-covalently on the cell surface. In
the case of class | molecules, three domains, (a1, a2, and
a3) are contained within the a chain transmembrane
glycoprotein while the fourth domain is contributed by b2
microglobulin. In the case of the class Il heterodimers,
each chain contributes two domains. Generally, the overall
structures of class Il and | are very similar. In the
membrane distal domains, the a1 and a2 domains of class|
and al and b1 domains of class Il fold together to form a
long groove. The remaining extracellular domains adopt an
immunoglobulin domain like structure. While the overall
structures of class | and class || molecules are similar, there
are a number of small differences that have an important
effect on the way that these molecules interact with peptide
antigens (15-17).

3.3. Antigen binding by MHC Class | and Class ||
molecules

The antigen that is bound by class | and class Il
MHC molecules exists in the form of relatively short
peptide fragments. In both cases, the same genera
principle applies, athough fine details of how the peptides
are bound differ between the two classes of molecules (18).
The precise topology of the MHC peptide-binding groove
depends partly on the nature of the amino acids within the
groove, and thus varies from one haplotype to another.
Which peptide can bind to a particular MHC molecule
depends on the nature of the peptide side chains and their
complementarity with the MHC molecule’s binding
groove. In the case of MHC class | molecules, the peptides
that are bound are predominantly short, usually octamers
and nonamers, although longer peptides can be bound. The
peptide is bound at both ends, with interactions between the
MHC molecules and the N and C termini of the peptide
(19). Peptide binding to class Il molecules differs in a
number of important respects from binding to class|. The
majority of peptides bound to class Il molecules are greater
than 13 amino acids in length and there is, in principle, no
upper limit to the length of peptide that can be bound. This
allows the end of the peptide to protrude beyond the end of
the peptide-binding groove.

3.4. MHC polymor phism on peptide binding

In humans the predominant class | antigens are
HLA-A, B and C while class Il antigens are HLA-DR, DP
and DQ. The al€lic diversity of the MHC is remarkably
large, with most loci exhibiting the phenomenon of alelic
polymorphism, meaning that the frequency of an dlele is
greater than that expected by the operation of chance
mutations, i.e. they have undergone positive selection. All
MHC products are polymorphic to a greater or lesser
extent. With the exception of the HLA-DRa chain locus,
both a and b chain loci of class Il molecules HLA-DQ and
HLA-DP contain polymorphic alleles. The DRa chain
does not vary in sequence between different individuals and
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is said to be monomorhpic. Individua alelesin each locus
are referred to by a nomenclature that indicates locus and

alele designation. Thus, polymorphic HLA-DR genes

encode the DRb polypeptide chain at a locus known as

DRBL1. Individual alleles carry afour digit designation that

follows the locus names, i.e. DRB1* 0401. Many of the
frequent alleles have historical names in common usage

that are used as synonyms, thus, DW4 is often used

synonymously with DRB1*0401. Individua MHC aleles

can differ from one another by up to 20 amino acids,

making each allele quite distinct. Most of these differences

are concentrated on the exposed surfaces of the membrane-

distal domains of the molecules and the peptide-binding
groove, in particular. Different alele variants of MHC

class Il molecules hind different peptides; however the
more open structure of the MHC class Il peptide-binding
groove, and the greater length of the peptides bound in it,

allow greater flexibility in peptide binding. Since the role
of the immune system is to protect against infection, the
extensive polymorphism of the MHC protein provides a
selective advantage within a population to deal with a
variety of pathogens. For example different individuals in

a population differ in the combination of MHC molecules

they express and can present different sets of peptides from

each pathogen. This makes it unlikely that all individuals

in a population will be equally susceptible to any given

pathogen, thereby limiting its spread.

3.5. Antigen presentation by MHC Class |1 molecules

Because peptide MHC interactions are critical to
immunity, studies on antigen presentation by MHC classes
| and Il molecules will be important to the understanding of
many MHC associated human diseases. For example,
HLA-DR B1 *0401 and *0404 are strongly associated with
rheumatoid arthritis (20;21). These aleles are positively
charged or neutral at residues 70 and 71 in the peptide
binding b1 domain of class II. These two sites have been
shown to be critical to the function of HLA-DR in peptide
presentation to T cells. In the case of insulin dependent
diabetes mellitus (IDDM), aspartic acid at position 57 of
HLA-DQ b alleles has been associated with protection
(22;23). The amino acid at this position could ater the
binding capacity and stability of the molecule and thereby
alter the potential of the peptide-MHC complex to stimulate
protective T cell immunity. Peptide binding motifs, based
on critical amino acid residues have been predicted for
alleles of both class | and 1. Prediction of peptide epitopes
has lead to a better understanding of ensuing immune
responses to particular pathogens and the development of
vaccines against microorganisms.

4. MHC AND DISEASE ASSOCIATIONS

A large number of diseases have been reported to
show MHC associations. The extreme degree of MHC
polymorphism and their function as restriction elements in
generating specific responses to foreign molecules make
HLA aleles key components in the immunopathogenesis
and susceptibility to certain diseases. It has become
apparent that there are strong associations between HLA
antigens and a large number of specific diseases.
Ankylosing spondylytis is one of the most striking
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examples of HLA and disease association 24. HLA-B27
occurs in 90% of patients compared to 9.4% of controls.
Other strong associations include HLA-DR3 DQ2 with
celiac disease (25), HLA-DR2 with multiple sclerosis
(26;27) and HLA-DR1 or DR4 with rheumatoid arthritis
(28-30). HLA population and family studies on
susceptibility to IDDM have demonstrated genetic
associations. The most striking association is noted with the
class Il DR3 and DR4 antigens (31;32). Increased risksin
heterozygotes for HLA-DR3 and DR4 have been
established unequivocaly in studies of HLA allele
frequencies in IDDM families. The strong association
between DQ adldes such as DQ2 and DQ3 and
susceptibility to IDDM has also been reported (33;34).
Common to al of these HLA- disease associations is the
influence of the particular DR or DQ and a combination of
aleles from both loci on the host immune response and
subsequent susceptibility.

41. Associations between MHC polymorphism and
disease

In contrast to the recognition of conformational
epitopes by B cells and antibody, T cells largely recognize
peptides at the level of their primary structure. Polymorphic
MHC molecules regulate this aspect of the T cell immune
response by regulating antigen presentation. The amino
acids that determine the particular polymorphism influence
the preferential binding of certain classes of peptides for
presentation to T cells (35;36). Subregions in the DR
binding groove have been identified in the molecular
structure of HLA-DR that likely influence the binding of an
antigenic peptide and its subsequent recognition by T cells.
These regions in different aleles form portions designated
as pockets. This is aso the basis of the phenomenon of
determinant selection. Identification of polymorphic alleles
within a particular disease is crucial because of
fundamental role that MHC polymorphisms play in
influencing the outcome of the T cell repertoire against an
invading foreign antigen.

4.2. Allergicresponsesand HLA

MHC restriction patterns of antigen specific
human T cells appear to be very diverse, as is the T cell
epitope recognition. HLA-DRB1, HLA-DRB3, HLA-DP
and HLA-DQ restriction has been demonstrated for severa
alergens (37-42). Early studies of HLA association with
allergic disorders have described the presence of extended
MHC haplotypes, which involve several aleles located at
more than one locus within the MHC complex.
Blumenthal, et a, demonstrated a significantly increased
frequency of the extended MHC haplotype B7, Sc 31, DR2
in patients with asthma who had high titers of IgE anti-
Amb a V, an important ragweed antigen (43-45).
Conversely, these patients had a decreased frequency of
HLA-DR3 46. It has been suggested that different
extended haplotypes contain a different pattern of
chromosomal deletions, some of which may influence the
level of gene expression. In more recent studies certain
aleles, especially DR/DQ combinations, are seen to be
strongly associated with certain diseases (47;48). Among
subjects with rye- grass pollen alergy, sensitization to both
Lol p 2 and Lol p 3 was associated with HLA-DR3 (49).
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Table 1. HLA-DR Restriction Determinants of Asp f 1 Specific TCC from ABPA Patients

PatientsHLA- DR2 DR3 TCC DR6 DR5 DR1 DR2 DR7 DR4 DR2 DR5 DR2
DR DR6 DR4 DR11 DR13 DR7 DR1 DR4
Haplotypes
(BM: 14.6 0.3 BM1 04 0.5 0.4 18.1 18 04 13.9 0.5 38.7
DR2(16),DR7) 17.4 0.2 BM2 0.3 0.2 0.2 14.3 0.2 0.3 212 0.3 195
19.4 0.7 BM4 0.6 0.6 0.6 18.9 12 0.6 25.1 0.6 20.2
20 0.2 BM8 0.3 0.3 0.2 17.7 0.2 0.3 12.9 0.3 28.7
36 0.3 BM19 04 0.3 0.3 25.8 0.3 0.5 121 04 39.0
111 0.2 BM21 0.3 0.2 0.2 17.1 0.2 0.2 14.5 0.2 21.2
(MA: 03 0.2 MA35 0.3 11.3 10 0.2 0.2 0.3 0.2 23.9 0.3
DR1,DR5(12)) 0.5 11 MA38 0.8 20.2 12 0.7 0.5 0.5 04 123 0.5
0.2 0.2 MA49 0.3 18.2 0.3 0.2 0.2 0.2 0.2 14.8 0.3
0.2 0.2 MAS52 0.3 24.1 04 0.3 0.3 0.2 0.3 15.8 04
(MK: DR2(15),DF 10.3 0.2 MK28 0.2 0.2 0.3 119 0.2 0.3 20.7 0.2 14.8
14.7 0.6 MK32 0.6 0.6 0.5 116 0.6 0.5 58 0.6 105
249 0.6 MK35 0.6 0.6 0.7 317 0.7 0.6 5.9 0.5 12.6
10.2 04 MK?38 0.5 0.7 04 20.1 0.5 0.5 9.2 0.5 8.7
11.7 2.1 MK50 0.2 0.2 0.3 19.7 0.2 0.3 28.8 0.3 12.2

Analysis of HLA-D‘R restriction determinants using Asp f 1 specific TCC from thrée ABPA patients. Allelic restriction was
determined by Asp f 1 induced proliferative responses of T-cell clones using DR-matched and DR-mismatched antigen
presenting EBV-transformed B cells. a)HLA-DR types of patients. b)Heterozygous B cell lines; c)Homozygous B cell lines.

d)[3H] TdR incorporated, CPM (1 x10-3).

Unlike grass-pollen alergy, allergy to house dust mites
(HDM) seems to be associated with the HLA-DQ gene.
O'Brien et a (1995) found an association between in vitro
T cell reactivity to a major HDM antigen, Der p2, derived
peptides and the HLA-DQ7 antigen (50).

5. HLA CLASS || RESTRICTION SPECIFICITY OF
T CELL RECOGNITION IN ABPA

The ability to isolate and propagate allergen
reactive T cell clones (TCC) has encouraged many
investigators, including our group, to study the contribution
of individual MHC class Il moleculesin T cell recognition
at the molecular levelCD4+ T lymphocytes initiate and
regulate both the specific and non-specific effector
mechanisms of allergic immune responses. The use of
molecular genetic probes has facilitated studies
demonstrating the functional importance of HLA-DR and
DQ gene products in T cell recognition of allergens
(51,52).

ABPA shares several features with atopic
conditions leading to the hypothesis that T and B cell
dysregulation is involved in its pathogenesis. In vitro an in
vivo studies examining peripheral blood T and B cell
function reveadled a predominant Th2 CD4+ T cell
response to aspergillus antigen in ABPA (44;53;54). There
appears to be a quantitative and not a qualitative difference
of the B cell IgE response in ABPA compared to
aspergilllus-sensitized nonABPA asthmatic and cystic
fibrosis patients (55). Increased levels of total and specific
anti-aspergillus IgE antibody responses have been
described by our group and others (55-57). In ABPA, there
are also increased amounts of 1gG and IgA anti-aspergillus
antibodies, reflecting the dominance of Th2 humoral versus
Thl cellular responses to aspergillus antigens in these
patients (54). To understand the cellular mechanism
responsible for the high levels of IgE anti-Asp f1
antibodies, a panel of T cel lines and clones were
generated from patients with ABPA with a single
immunodominant aspergillus antigen, Asp f 1. Asp f 1
specific T cell lines were primarily of CD4+, CD25+, and

143

HLA-DR restricted T cell of Th2 phenotypes and produced
high IL-4, very low INFg and IL-2. Thus the cell surface
phenotypes and cytokine profiles of Asp f 1 specific T cell
lines indicated that a Th2 T cell response in ABPA is
specific to aspergillus antigens. Competition assays
demonstrated that Asp f 1 has a low affinity of binding to
HLA-DR, which is consistent with the Th2 T cell response
previoudy reported. Strong HLA-DR-Ag-TCR affinity
binding has been shown to favor a Thl cellular response
while alow affinity binding favors a Th2 humoral response
(58;59).

The generation of Asp f 1 reactive T cell
clones (TCC) from three patients with ABPA allowed us
to investigate the contribution of individuat MHC class
Il moleculesin T cell recognition at the molecular level.
Evidence that HLA-DR, as opposed to DP or DQ,
functions as the major restriction element in the
recognition of Asp f 1 were based on inhibition studies
as restriction pattern of 19/21 clones showed HLA-DR
mediated restriction. Antigen dependent T cell clones
and lines blocked with anti HLA-DR, DP and DQ
antibodies specific for framework determinants revealed
HLA-DR to be the major restriction elements (Figure 1).
Analysis of the clones demonstrated that out of 21 TCC
tested, 19 clones were restricted by HLA-DR, 2 by HLA-
DP and none by HLA-DQ. Since the majority of the TCC
were restricted by the product of the HLA-DR locus,
studies were focused on examining which of the HLA-DR
broad specificities (serotypes) in each patient were
responsible for antigen presentation. EBV transformed
autologous and alogeneic B cell panels were used as
antigen presenting cells to define restriction specificities.
The restriction data on 15 TCC from three patients is
shown in Table 1. As demonstrated Asp f 1 presentation
was restricted to either HLA-DR2 or DR5 of an
individual haplotype. In no case did the clones respond to
an APC alternate nonpresenting DR molecule. Similar
HLA-DR2 and DRS5 restricted allergic responses to house
dust mite and ragweed antigens have been reported
(45;60).
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Figure 1. Class| MHC restriction of Asp f 1-specific T cell
clones. The figure represents atypical blocking experiment
using varying amounts of monoclona anti-HLA-DR (),
anti-DP (), and anti-DQ (?) antibodies added at the
initiation of the cultures. T cell proliferation assays were
performed according to standard method. A mouse anti-
human antibody of isotype 1gG2a was used with every
blocking experiment as a control.

To identify the fine specificity of HLA,
restriction studies with genotyped presenting cells were
performed. DRB1 locus has been shown to demonstrate the
highest polymorphism of all class Il loci with more than
250 known allelic variants. Analysis of the restriction
pattern of each TCC reveaed that a single peptide could be
presented by a number of alelic variants of each of the
DR2 or DR5 antigens. Interestingly, activity by various
genotyped APC could not be predicted on the basis of their
relatedness within serotypes. For example several clones of
the DRB1*1202 genotype responded to the more distinct
DR5 subtypes DRB1*1101 or DRB1*1104. This same
pattern of responsiveness also occurred with TCC to Asp f
1in association with HLA-DR2. Thus using a large number
of genotyped presenting cells, arestricted number of DRB1
aleles such as DRB1 *1501, *1503, *1601, *1101 and
*1104, *1202 were demonstrated to be capable of
presenting Asp f 1 peptides. Overal, two different
restriction patterns were observed among Asp f 1-specific
clones. Peptide recognition for some clones is restricted to
asingle DR allele while other clones recognize peptides in
association with two or more aleles. Similar observations
have been reported for peptide presentation to TCC derived
from a DRB*0402 donor and specific for HIV gp120. In
those studies the cross- reactive proliferation occurred with
antigen presenting cells expressing DRB1*0403 but not
with other closely related DR4 subtypes6l. Future studies
will establish the fine mechanisms between the DR2 and
DR5 associated responsiveness and the development of
ABPA.
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Because of the importance of the HLA molecules
in immunity and their association with disease, our
laboratory has examined the role of HLA class |1 molecules
in the development of ABPA. As described above the first
indication of an association between the histocompatibility
locus antigen and susceptibility to ABPA came from MHC
restriction studies performed with T cell clones (TCC)
generated against Asp f 1 (53). Based on this information
from a small number of ABPA patients, we first described
significantly higher frequencies of HLA-DR2 and DR5
specificity. The combined frequency of these two antigens
was higher in ABPA as compared to normal North
American caucasians. Because ABPA is a complicated
disease confined to patients with cystic fibrosis and
asthmatic patients, in subsequent studies Af sensitive
patients with either CF or asthma but without ABPA were
included as a critical control population along with normal
control subjects. The nonABPA CF and asthmatic patients
were important to these studies because only 1-15% of
these patients contract ABPA. Any HLA- class I
differences in these nonABPA patients emphasize the
importance of the role that MHC molecules play in the
ABPA disease process. As seen in Table 2 our studies
confirmed a significant difference in the HLA-DR2/5 broad
specificity frequencies between ABPA (72.7%) and normal
controls (34.7%). Importantly, this difference was aso
seen in ABPA compared to Af sensitive nonABPA (72.7%
vs. 35.3%). HLA-DR2 and DR5 specificities were each
found at significantly higher frequencies in ABPA when
compared to normal controls (45.4% vs.20.0 % and 31.8%
vs. 14.0%, respectively). However comparisons between
ABPA and control nonABPA groups reflected a
significantly higher frequency of HLA-DR2 only in ABPA.
The HLA-DRS frequencies were elevated in ABPA but not
significantly different from nonABPA. The remaining
broad HLA-DR specificities showed no significant
differences between the populations (62;63).

5.1. HLA-DRBL1 allele distribution among ABPA, non-
ABPA, and normal controls

Analysis of the DRBL1 alleles provides a direct
structural explanation for the ability of different individuals
to bind different sets of antigenic peptides. Studies
conducted to define the restriction elements in ABPA
showed that presentation of Asp f 1, a magjor Af alergen,
was largely confined to the HLA-DR2 and DR5 genotypes
*1501, * 1503, *1101 and *1104 respectively. Based on
this information HLA- DR2/DR5 (DR/DR indicates and/or
eg. DR2 or DR5 throughout the manuscript for
convenience and should not be confused with
heterozygous) gene frequencies were studied for the ABPA
population and control nonABPA population. If these
aleles are important to the disease process, than they
should be present in significantly higher frequencies in
ABPA patients compared to nonABPA patients or normal
control subjects. The frequencies of DRB1 aleles in these
populations are shown in Table 3. Of atota of thirty-five
possible DR2/DRS5 alleles that could have been detected by
the HLA- typing procedures used, only four were detected
among al ABPA subjects. The most striking data to
emerge was the DRB1* 1503 frequency seen in the ABPA
group when compared to control nonABPA. (20.4% vs.



MHC Restriction in ABPA

Table2. Frequency of HLA-DR2 and DR5 in patients with ABPA, patients without ABPA, and normal control subjects

ABPA (n=44) NON-ABPA (n=65) NORMAL (n=98)#
HLA-DR antigen No. % No. % No. %
DR2/5 32 72.7 23 35.3 32 34.7
DR2 20 45.4 8 12.3 19 20
DR5 14 31.8 15 23 14 14
Numbersin bold indicate significant differences in alelic frequencies between patient and control groups.
# Control population of unrelated healthy subjects from North America
Table 3. HLA-DRBL1 allelesin patients with ABPA, patients without ABPA, and normal control subjects
ABPA (n=44) NON-ABPA (n=65) NORMALS*
DRB1 alleles No. % No. % No. %
DR2
DRB1*1501 11 25.0 5 7.7 226 7.1
DRB1*1503 9 20.4 0 0.0 1 0.7
DR5
DRB1*1101 6 13.6 8 12.3 38 5.7
DRB1*1104 7 16.0 6 9.2 16 2.2

*Values derived from published data on the white population in North Americaz  DRB*1501, n=3161; DRB1*1502, n=3044;
DRB1*1503, n=151; DRB1*1601, n=448; DRB1*1101, n=661; DRB1*1104, n=717; DRB1*1103, n=256; and DRB1* 1202,
n=2500. Numbersin bold indicate significant differencesin alelic frequencies between patients and control subjects.

0.0%, pc<0.005, RR=26.6). Comparison of DRB1*1503
frequency between ABPA and normal controls aso
demonstrated a striking difference in the freguencies
between these two populations (20.4% vs. 0.7%, pc<0.005,
RR=37.5). The DRBL1 allele *1501 was aso significantly
higher in ABPA compared to nonABPA (25.0% vs. 7.7%,
pc<0.05) and normal controls (25.0% vs. 7.1%, pc<0.005).
Among the DR5 subtypes, DRB1*1104 was significantly
higher in ABPA only when compared with normal
population frequencies. As more patients are studied,
DRB1*1101 may well approach significance compared to
normals. However it is not certain that will be the case
between ABPA and nonABPA. Further analysis of the
HLA-D haplotypes in our ABPA population revealed that
amost all ABPA patients lacking HLA-DR2 or DR5 carry
either DR4 or DR7. However, the DR4 or DR7 frequency
was not significantly different between ABPA and the
control nonABPA group. Despite this, our current data
suggests the possibility that the DR4 or DR7 alele may
also contribute to ABPA susceptibility (62;63). In addition,
these aleles have previously been shown to be associated
with cydtic fibrosis, general atopy and ABPA (47;64).
Based on these observations, we suggest that HLA-DR4/7
alleles may aso represent contributing factors in the
development of ABPA.

5.2. HLA-DQ specificities in ABPA, non-ABPA and
normal controls

In addition to HLA-DR class || molecules, recent
studies have suggested that foreign peptides can also be
presented in the context of HLA-DQ molecules.  To
investigate the involvement of HLA-DQ alleles in ABPA,
low-resolution frequencies of DQ alleles were determined
in ABPA and nonABPA, and normal control groups. Table
4 shows the frequencies of HLA-DQ types among the three
groups. Interestingly, a highly significant increasein HLA-
DQ2 frequency was observed in the nonABPA group
(pc<0.005) when compared to both ABPA patients and
normal controls. This was not due to the presence of an
excess of DQ2 homozygotes in the nonABPA population.
The high frequency of HLA-DQ2 in nonABPA patients
thus appears to be associated with resistance to ABPA.
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The frequency of DQ6 was also significantly higher in
ABPA patients compared to nonABPA and normal
controls. However it is not likely that HLA-DQ6
contributes to ABPA susceptibility because 1) Asp f 1
specific T-cell do not proliferate in the presence of DQ6
antigen presenting cells and 2) HLA- DR2 is in strong
linkage with HLA-DQG6. Therefore the observed increase
in DQ6 may simply reflect the high frequency of HLA-
DR2in ABPA.

A dignificantly higher frequency of DQ2
(p<0.0001) in our nonABPA population suggests that DQ2
solely or in combination with other DQ or DR alleles might
be conferring protection against ABPA. It will be important
to determine which of the specific alleles within the DQ2
subtype account for DQ2 mediated protection. It is known
that genetic predisposition to some diseases is the net result
of a combination of HLA molecules. The typical example
is IDDM, where susceptibility or protection seems to be
determined by a particular combination of DR and DQ
molecules (26;47). The notion that polymorphism within
DQ molecules is important in determining disease
susceptibility is supported by studies using transgenic
mouse models (65;66). Given the complex pathophysiology
of ABPA, itisnot likely that the DR and DQ combinations
are solely responsible for the presence or absence of this
disease.

6. CONCLUSION

Although significant information regarding the
genetic contribution of candidate genes (i.e. cytokines,
TCR and MHC) to dlergic diseases is emerging, the
cellular and molecular basis for the association between
particular HLA class Il dleles, immune reactivity, and
ABPA is dtill limited (53;62). Analysis of the HLA-DR
and DQ alleles in ABPA and nonABPA patients indicates
that susceptibility to ABPA is determined by the HLA-DR
locusin which DRB1 dlele diversity is critical. Our studies
have also confirmed that alelic diversity in HLA-DR2/5
subtypes contribute susceptibility to ABPA, with DRB1*
1503 conferring the strongest risk, and HLA-DQ2
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Table 4. Comparison of HLA-DQ frequencies among patients with ABPA, patients without ABPA, and normal subjects

HLA-DQ antigen

Subjects DQ2
ABPA (n=43) % 18.6
Non-ABPA (n=61) % 67.2
Controls (n=98) % 37.7

DQ4 DQ5 DQ6 DQ3
11.6 23.2 53.4 53.4
6.5 22.9 22.9 44.2
7.1 24.4 26.5 51.0

Numbers in bold designate significant differences in the frequencies of HLA- DQ alleles between groups. * Control population of

unrel ated health white subjects from North America.(67).

conferring resistance. Association data on DR4 and DR7,
suggests that both these molecules might represent a
common denominator for developing allergies as well as
ABPA and that the HLA-DQ locus might primarily and
dominantly confer resistance to ABPA. This information,
as awhole, provides new insights that identify key genetic
elements that put both CF and asthmatic patients at risk for
ABPA. Thisinformation is crucia for experimentation that
examines the role of MHC class Il molecules in T cell
differentiation into Thl and Th2 phenotypes and ABPA
development. Based on our HLA association and restriction
studies described in this review, genetic determinants such
asclass |1 appear to play amajor role in the development of
ABPA within asthmatic and cystic fibrosis populations.

7. ACKNOWLEDGMENTS

We thank Mrs. Shontae Williams for her expert
secretaria assistance.

8. REFERENCES

1. P.A. Greenberger: Allergic bronchopulmonary
aspergillosis. J Allergy Clin Immunol 74, 645-653 (1984)

2. Rosenberg M. Patterson R. Mintzer B. Cooer J. Roberts
M. & K.E. Harris: Clinica and immunological criteria for
the diagnosis of allergic bronchopulmonary aspergillosis.
Ann Intern Med 88, 405-414 (1977)

3. Greenberger PA. & R. Patterson: Allergic
bronchopulmonary aspergillosis. Model of
bronchopulmonary disease with defined serologic,
radiologic, pathologic and clinical findings from asthma to
fatal destructive lung disease. Chest 91, 165S-171S (1987)
4. Greenberger P.A. & R. Patterson: Allergic
bronchopulmonary aspergillosis and the evaluation of the
patient with asthma. J Allergy Clin Immunol 81, 646-650
(1988)

5. Kurup V.P. & A. Kumar: Immunodiagnosis of
aspergillosis. Clin Microbiol Rev 4, 439-456 (1991)

6. Basich JE. Graves T.S. & M.N. Baz: Allergic
Bronchopulmonary Aspergillosis in corticoid-dependent
asthmatics. J Allergy Clin Immunol 68, 98-102 (1981)

7. Henderson A.H. Englis M.P. & R.J. Vecki: Pulmonary
Aspergillosis, a survey of its occurrence in patients with
chronic lung disease and a discussion of the significance of
diagnostic tests. Thorax 23, 513-519 (1968)

8. Nelson L.A. Calerame M.L. & RH. Schwartz
Aspergillosis and atopy in cystic fibrosis. Am Rev Respir
Dis 120, 863-873 (1979)

9. G. Moller: Antigen requirements for activation of MHC
restricted responses. Immunol Rev 98, 1-187 (1987)

10. Heber-Katz E. Hansburg D. & R.H. Schwartz: The la
molecule of the antigen presenting cell plays a critica role

146

in immune response gene regulation of T-cell activation. J
Mol Cell Immunol 1, 3 (1983)

11. Bjorkman P.J. Saper M.A. Samraoui B. Bennett W.S.
Strominger JL.. & D.C. Wiley: The foreign antigen binding
ste and T cel recognition regions of class |
histocompatibility antigens. Nature 329, 512-518 (1987)

12. Bjorkman P.J. & P. Parham: Structure functiona
diversity of class | maor histocompatibility complex
molecules. Annu. Rev. Biochem. 59, 253-288 (1990)

13. Zinkernagel R.M. & P.C. Doherty: Restriction of in
vitro T cell mediated cytotoxicity in lymphocytic chorio-
meningitis within syngeneic or alogeneic system. Nature
284, 701 (1974)

14. R.H. Schwartz: T-lymphocyte recognition of antigen in
association with  gene products of the major
histocompatibility complex. Annu Rev Immunol 3, 237-261
(1985)

15. Stern L.J. & D.C. Wiley: Antigenic peptide binding by
class| and class |1 histocompatibility proteins. Structure 2,
245-251 (1994)

16. Madden D.R. Gorga J.C. Strominger JL. & D.C Wiley:
The three-dimensiona structure of HLA-B27 at 2.1 A
resolution suggests a general mechanism for tight peptide
binding to MHC. Cell 70, 1035-1048 (1992)

17. Stern L.J. Brown JH. Jardetzky T.S. Gorga J.C. Urban
R.G. Strominger JL. & D.C. Wiley: Crystd structure of the
human class Il MHC protein HLA-DR1 complexed with an
influenzavirus peptide. Nature 368, 215-221, (1994)

18. D.R. Madden: The three-dimensional structure of peptide-
MHC complexes. Annu Rev Immunol 7, 429-440 (1995)

19. Matsumura M. Fremont D.H. Peterson P.A. & I.A. Wilson:
Emerging principles for the recognition of peptide antigens by
MHC class| molecules. Science 257, 927-934 (1992)

20. Nepom B.S. Nepom G.T. Mickelson E. Schaller J.G.
Antondli P. & JA. Hansen: Specific HLA-DR4-associated
histocompatibility molecules characterize patients with
seropoditive juvenile rheumatoid arthritis. J Clin Invest 74,
287-291 (1984)

21. W. Oliver & W. Thompson: Population genetics of
rheumatoid arthritis. In Nepom. GT Ed: Rheumatic Disease
Clinicsof North America, Philadelphia, 741-759 (1992)

22. Kwok W.W. Nepom G.T. & F.C. Raymond: HLA-DQ
polymorphisms are highly selective for peptide binding
interactions. J Immunol 155, 2468-2476 (1995)

23. Stern L.J. Brown JH. Jardetzky T. Gorga J.C. Urban R.G.
Strominger JL. & D.C. Wiley: Crystal structure of the human
class Il MHC protein HLA-DR1 complexed with an influenza
viruspeptide. Nature 368, 215-221 (1996)

24. Brewerton D.A. Hart F.D. Nicholls A. Caffrey M.
James D.C. & R.D Sturrock: Ankylosing spondylitis and
HL-A 27. Lancet 1, 904-907, (9730)

25. Sollid L.M. & E. Thorsby: The primary association of
celiac disease to a given HLA-DQ alphal/beta heterodimer



MHC Restriction in ABPA

explains the divergent HLA-DR associations observed in
various Caucasian populations. Tissue Antigens 36, 136-
137 (1990)

26. Gogolin K.J. Kolaga V.J. Baker L. Lisak R.P.
Zmijewski C.M. & R.S. Spielman: Subtypes of HLA-DQ
and -DR defined by DQB1 and DRB1 RFLPs: dlele
frequencies in the genera population and in insulin-
dependent diabetes (IDDM) and multiple sclerosis patients.
Ann Hum Genet 53 ( Pt 4), 327-338 (1989)

27. Hillert J. & O. Olerup: Multiple sclerosis is associated
with genes within or close to the HLA-DR-DQ subregion
on a normal DR15,DQ6,Dw2 haplotype. Neurology 43,
163-168 (1993)

28. Nepom G.T. & B.S. Nepom: Prediction of
susceptibility to rheumatoid arthritis by human leukocyte
antigen genotyping. Rheum Dis Clin North Am 18, 785-792
1992

(29. V\)/ordsworth B.P. Lanchbury J.S. Sakkas L.I. Welsh
K.l. Panayi G.S. & J.I. Bell: HLA-DR4 subtype frequencies
in rheumatoid arthritis indicate that DRB1 is the major
susceptibility locus within the HLA class Il region. Proc
Natl Acad Sci U SA 86, 10049-10053 (1989)

30. Ebringer A. Cunningham P. Ahmadi K. Wrigglesworth
J. Hosseini R. & C. Wilson: Sequence similarity between
HLA-DR1 and DR4 subtypes associated with rheumatoid
arthritis and proteus/serratia membrane haemolysins. Ann
Rheum Dis 51, 1245-1246, (1992)

31. Nepom B.S. Schwarz D. Pamer JP. & G.T. Nepom:
Transcomplementation of HLA genesin IDDM HLA-DQ.
Diabetes 36,114-117 (1987)

32. Undlien D.E. Friede T. Rammensee H.G. Joner G.
Dahl-Jorgensen K. Sovik O. Akselsen H.E. Knutsen 1.
Ronningen K.S. & E. Thorsby: HLA-encoded genetic
predisposition in IDDM: DR4 subtypes may be associated
with different degrees of protection. Diabetes 46, 143-149
(1997)

33. Nepom B.S. Schwarz D. Pamer JP. & G.T. Nepom:
Transcomplementation of HLA genes in IDDM. HLA-DQ
a. Diabetes 36, 114-117 (1987)

34. Van der A.B. Van Waeyenberge C. Schuit F. Heimberg
H. Vandewalle C. Gorus F. & J. Flament: DRB1*0403
protects against IDDM in Caucasians with the high-risk
heterozygous DQA1*0301-DQB1*0302/DQA 1*0501-
DQB1*0201 genotype. Belgian Diabetes Registry.
Diabetes 44, 527-530 (1995)

35. Braunstein N.S. & R.N. Germain: Allele-specific
control of la molecule surface expresson and
conformation: implications for a general model of la
structure-function relationships. Proc Natl Acad Sci U SA
84, 2921-2925 (1987)

36. Garrett T.P. Saper M.A. Bjorkman P.J. Strominger J.L.
& D.C. Wiley: Specificity pockets for the side chains of
peptide antigens in HLA-Aw68. Nature 342, 692-696
(1989)

37. Yssel H. Johnson K.E. Schneider P.V. Wideman J. Terr
A. Kastelein R. & J.E. DeVries: T cell activation-inducing
epitopes of the house dust mite allergen Der p |I.
Proliferation and lymphokine production patterns by Der p
I-specific CD4+ T cell clones. J Immunol 148, 738-745
(1992)

38. OBrien RM. Thomas W.R. & B.D. Tat: An
immunogenetic analysis of T-cell reactive regions on the

147

major allergen from the house dust mite, Der p | with
recombinant truncated fragments. J Allergy Clin Immunol
92, 628 (1994)

39. Young R.P. Dekker JW. Wordsworth B.P. Schou C.
Pile K.D. Matthiesen F. Rosenberg W.M. Bell J.I. Hopkin
JM. & W.O. Cookson: HLA-DR and HLA-DQ genotypes
and immunoglobulin E responses to common major
alergens. Clin Exp Allergy 24(5), 431-439 (1993)

40. O'Hehir R. Mach B. Berte C. Greenlaw R. Tiercy JM.
Ba V. Lechler R.I. Trowsddle J. & JR. Lamb: Direct
evidence for a functiona role of HLA-DRB3 gene products
in the recognition of Dermatophagoides spp. by helper T-
cell clones. Int Immunol 2, 885 (1990)

41. Yssel H. Johnson K.E. Schneider P.V. eta.: The
specificity and regulation of T-cell responsiveness to
allergens. Annu Rev Immunol 9,67 (1991)

42. Higgins JA. Lamb JR. Marsh S.G. Tonks. S. Hayball
JD. Rosen-Bronson S. Bodmer J.G. & R.E. O'Hehir:
Peptide-induced nonresponsiveness of HLA-DP restricted
human T cells reactive with Dermatophagoides spp. (house
dust mite). J Allergy Clin Immunol 90(5), 749-756 (1992)
43. Blumenthal M. Marcus-Bagley D. Awdeh Z. Johnson
B. Yunis E.J. & C.A. Alper: HLA-DR2, [HLA-B7, SC31,
DR2], and [HLA-B8, SC01, DR3] haplotypes distinguish
subjects with asthma from those with rhinitis only in
ragweed pollen alergy. J Immunol 148, 411-416 (1992)

44. Knutsen A.P. Mudller K.R. Levin A.D. Chauhan B.
Hutcheson P.S. & R.G. Slavin: Characterization of Asp f1
CD4+ T cel lines in adlergic bronchopulmonary
aspergillosis. J Allergy Clin Immunol 94, 215 (1994)

45. Marsh D.G. Freidhoff L.R. Ehrlich-Kautzky E. Bias W.B.
& M. Roebber: Immune responsiveness to Ambrosa
artemidiifolia (short ragweed) pollen alergen Amb a VI (Rab)
is aswociaed with HLA-DR5 in dlergic humans.
Immunogenetics 26, 230-236 (1987)

46. Blumentha M. Marcus-Bagley D. Awdeg Z. Alper C. &
E. Yunis HLA-DR2 (HLA-B7, SC31, DR2) and (HLA-BS,
SCO1, DR3) haplotypes distinguish between subjects with
asthma from those with rhinitis only in ragweed pollen alergy.
J Immunol 148, 411-416 (1992)

47. Aron Y. Dusser D. Lockhart A. & E. Swierczewski:
Haplotype HLA-DR4-DR7-DQA1*0301 may be involved in
susceptibility to atopy and dlergic asthma. Eur Respir J 7, 275
(1994)

48. Cardaba B. Vilches C. Martin E. de Andres B. del Pozo V.
Hernandez D. Galardo S. Fernandez JC. Villdba M. & R.
Rodriquezz DR7 and DQ2 are positively associated with
immunoglobulin-E response to the main antigen of olive
pollen (Ole e 1) in dlergic patients. Human Immunol 38(4),
293-299 (1993)

49. Ansari A.A. Freidhoff L.R. Meyers D.A. Bias W.B. &
D.G. Marsh: Human immune responsiveness to Lolium
perenne pollen alergen Lol p Il (Rye 1) is associated with
HLA-DR3 and DR5. Human Immunol 25, 59-71 (1989)

50. O'Brien RM. Thomas W.R. Nicholson |. Lamb JR. &
B.D. Tat: An immunogenetic anaysis of the T-cdl
recognition of the major house dust mite alergen Dep 12:
identification of high and low-responder HLA-DQ aleles and
localization of T-cell epitopes. Immunology 86(2), 176-182
(1995)

51. Chapoval SP. Krco C.J. Harders J. & C.S. David:
HLA-DQ6 and HLA-DQ8 transgenic mice respond to



MHC Restriction in ABPA

ryegrass alergen and recognize different epitopes on its
major antigen. J Immunol 161, 2032-2037 (1998)

52. Krco CJ. Harders J. Chapoval S. & C.S. David:
Immune response of HLA-DQ transgenic mice to house
dust mite allergen p2: identification of HLA-DQ restricted
minimal epitopes and critical residues. Clin. Immunol.
97(2), 154-161 (2000)

53. Chauhan B. Knutsen A.P. Hutcheson P.S. Slavin R.G.
& C.J. Bellone: T-cell subsets, epitope mapping and HLA-
restriction in patients with alergic bronchopulmonary
aspergillosis. J Clin Invest 97, 2324-2331 (1996)

54. Kurup V.P. Seymour B.W. Choi H. & R.L. Coffman:
Particulate Aspergillus fumigatus antigens elicit a TH2
response in BALB/c mice. J Allergy Clin Immunol 93,
1013-1020 (1994)

55. Knutsen A.P. Mueller K.R. Hutcheson P.S. & R.G.
Slavin: T- and B- cell dysregulation of IgE synthesis in
cystic fibrosis patients with allergic bronchopulmonary
aspergillosis. Clin Immunol Immunopathol 55, 129-138
(1990)

56. Murali P.S. Bamrah B.S. Choi H. Fink JN. & V.P.
Kurup: Hyperimmune serum modul ates allergic response to
spores in amurine model of allergic aspergillosis. J Leukoc
Biol 55, 29-34 (1994)

57. Rosenberg M. Patterson R. Mintzer R. Cooper B.J.
Roberts M. & K.E. Harris: Clinica and immunologic
criteria for the diagnosis of allergic bronchopulmonary
aspergillosis. Ann Intern Med 86, 405-414 (1977)

58. Feng M.H. & M.Z. Lai: A peptide binding weakly to
the major histocompatibility molecule augments T-cell
responses. Eur J Immunol 24(2), 355-361 (1994)

59. Lombardi G. Barber L. Sidhu S. Batchelor JR. & R.I.
Lechler: The gspecificity of adloreactive T cels is
determined by MHC polymorphisms which contact the T
cell receptor and which influence peptide binding. Int
Immunol 3769-775 (1991)

60. Marsh D. Hsu SH. Roebber M. Ehrlich-Kautzky E.
Freidhoff L.R. Meyers D.A. Pollard M.K. & W.B. Bias:
HLA-Dw2-A genetic marker for human immune response
to sho ragweed allergen RAS | response resulting primarily
from natural antigenic exposure. J Exp Med 155, 1439-
1451 (1982)

61. Olson R.R. Reuter J.J. McNicholl J. Alber C. Klohe E.
Calahan K. Siliciano R.F. & R.W. Karr: Acidic residuesin
the DR beta chain third hypervariable region are required
for stimulation of a DR(alpha, beta 1*0402)-restricted T-
cdl clone. Hum Immunol 41, 193-200 (1994)

62. Chauhan B. Santiago L. Kirschmann D.A. Hauptfeld V.
Knutsen A.P. Hutcheson P.S. Woulfe SL. Slavin R.G.
Schwartz H.J. & C.J. Bellone: The association of HLA-DR
dldes and T cel activation with allergic
bronchopulmonary aspergillosis. J Immunol 159, 4072-
4076 (1997)

63. Chauhan B. Santiago L. Hutcheson P.S. Schwartz H.J.
Spitznage, E. Castro M. Slavin R.G. & C.J. Belone:
Evidence for the involvement of two differenct MHC class
Il region insusceptibility or protection in allergic
bronchopulmonary aspergillosis. J Allergy Clin Immunol
106, 723 (2000)

64. Aron Y. Desmazes-Dufeu N. Matran R. Polla B.S.
Dusser D. Lockhart A. & E. Swierczewski E: Evidence of a
strong positive association between atopy and the HLA

148

Class |l alleles DR4 & DRY. Clin Exp Allergy 26, 821-828
(1996)

65. Krco C.J. Watanabe S. Harders J. Griffths M.M. Luthra
H. & C.S. David: Identification of T cell determinants on
human type Il collagen recognized by HLA-DQ8 and
HLA-DQ6 transgenic mice. J Immunol 163, 1661-1665
(1999)

66. Bradley D.S. Nabozny G.H. Cheng S. Zhou P. Griffiths
M.M. Luthra H.S. & C.S. David: HLA-DQB1
polymorphism determines incidence, onset, and severity of
collagen-induced arthritis in transgenic mice. Implications
in human rheumatoid arthritis. J Clin Invest 100, 2227-
2234 (1997)

67. Lee T.D.: Distribution of HLA Antigens in North
American Caucasians, North American Blacks and
Orientals. In: The HLA System a New Approach. Springer-
Verlag. Ed. John Lee, 142-162 (1990)

Key Words: Allergic bronchopulmonary aspergillosis;
Aspergillius fumigatus; Antigen presenting cells; T cell
clones, Mgjor Histocompatibility Antigens, Review

Send correspondence to: Bela Chauhan, Ph.D., Department
of Interna Medicine, Division of Allergy and Immunology,
Saint Louis University School of Medicine, 1402 South Grand
Blvd.,, R209, St. Louiss, MO 63104, Td:314-268-5954,
Fax:314-577-8459, E-mail: chauhanb@slu.edu



