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The immunochemicai properties of antigens produced by Aspergillus fumigatus were 
investigated with biochemical purification techniques in conjunction with the production of 
murine monoclonal antibodies (MAbs) and binding studies with human IgG and IgE antibodies. 
A. fumigatus antigens were partially purified by gel filtrarion and hydrophobic interaction 
chromatography on phenyl-Sepharose. Two fractions that elured with either 2 mollL or 
0.15 mollL of NaCI demonstrated strong binding to human IgG and IgE antibodies. 
Immunoprecipitarion analysis with IgG antibodies from six patients with different 
Aspergillus-related diseases demonstrated that the 2M and 0. ISM fractions contained major 
antigens of molecular weight I8 kd (Asp f I) and 45 kd, respecrively. The lzJI-labeled 2M 

fraction was used to compare IgG antibodies to A. fumigatus in serafrom 2.5 patients with 
Aspergillus-related diseases. IgG antibodies were significantly higher in patients with allergic 
bronchopulmonary aspergillosis (geometric mean, 437 U/ml) than in patients with asthma 
(geometric mean, 14 U/ml; p < 0.001). but undetectable (<5 Ulml) in 43148 control subjects. 
A good correlation was found between levels of IgG antibodies to the “jI-labeled 0.15M fraction 
and the ‘2sI-labeled 2M fraction in sera from IO6 patients with cystic fibrosis (r = 0.77; p < 
0.001). Five murine IgG MAbs and two IgM MAbs were raised against the 2M fraction, and 
immunoprecipitarion with the IgG MAb demonstrated two distinct antigens within the 2M 
fraction, Asp f I, and a 16 kd antigen. The results of a solid-phase RIA with IgG MAb 4A6 
demonstrated that -85% of A. fumigatus-allergic patients with allergic bonchopulmonary 
aspergillosis had IgE antibodies to Asp f I. The three protein antigens defined in these studies 
are useful probes for investigating the immunopathogenesis of diseases associated with 
colonization by A. fumigatus. (J ALLERGY CLIN hhWJNOL 1992;89:1166-76.) 
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Fungi of the genus Aspergillus are associated with 
a spectrum of human diseases, including ABPA, in- 
vasive aspergillosis, aspergilloma, allergic asthma, 
and CF. I-5 An increase in the incidence of systemic 
aspergillosis among immunosuppressed patients with 

leukemia and other hematologic malignancies has also 
been reported in the United States; however, Asper- 
gillus infection is uncommon in patients with acquired 
immune deficiency syndrome.“, ’ 

Aspergillusfimigarus accounts for most Aspergillus 
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isolates from infected patients, and there is good ev- 
idence that the different pathologic effects of A. fu- 
m&utus infection are mediated by different forms of 
the host immune response, as well as by virulence 
factors produced by the fungus. ‘. ’ A. fumigatus-spe- 

cific IgE and IgG antibodies have been detected in 
scra from patients presenting with different subsets of 
disease. and elevated IgE antibodies are believed to 
contribute to the pathogenesis of ABPA and asthma.2 
Precipitating IgG antibodies are also present in sera 
from patients with ABPA, and in a primate model of 
this disease. both precipitating IgG antibodies and 
passively transferred human IgE antibodies were nec- 
essary for the development of lung lesions after in- 
halation of A. fumigutus extract.’ The highest levels 
of precipitating 1gG antibodies have been reported in 
patients with aspergilloma; however, the role of 
these antihtiies in pathogenesis of the disease is not 
clear.’ 

Detection of specific antibodies to Aspergiflus has 
been accomplished by several techniques, including 
double immunodiffusion, crossed immunoelectropho- 
resis. ELISA. RIA. and immunoblotting.y-‘6 Multiple 
A. Jumi~trrus antigens/ allergens have been demon- 
strated to elicit human IgG and IgE antibody re- 
sponses. “-” However, the relationship between these 
antigens has not been clearly established, and se- 
quence data have not been available. A. fumigatus and 
other fungal allergens remain poorly defined by com- 
parison with allergens derived from pollens, dust 
mites, and cat dander. many of which have now been 
cloned and sequenced. “-” 

The aim of the present study was to use both bio- 
chemical separation techniques and production of 
MAbs to identify and define A. fumigatus antigens. 
We isolated two distinct A. fumigutus antigens, an 18 
kd antigen. which we have previously defined as 
A. fumigatus allergen 1 (Asp f I),” and a 45 kd antigen 
that eluted from phenyl-Sepharose in 0.15 mol/L of 
N&l. Both antigens reacted with human IgE and IgG 
antibodies. An additional 16 kd antigen was also iden- 
tified with murine MAbs. The 18 and 45 kd antigens 
provide useful markers for clinical and immunologic 
studies of A. fttmigatu.s. 

MATERIAL AND METHODS 
Aspergiffus antigens 

.3 fhmigarus mycelium and spore components from a 
long-term. stationary culture were kindly provided by Dr. 
Robert Esch (Greer Laboratories, Lenoir, N.C.). Forty 
grams of freeze-dried defatted culture containing spores and 
mycelia was extracted overnight in 400 ml of BBS, pH 8.0. 
After centrifugation (20.200 ,g for 30 minutes). the super- 
natant was precipitated with 100% SAS.” The protein con- 
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Ahbreviutions used 
ABPA: 

CF: 
Aspf I: 

BBS: 
HIC: 

GM: 
MAh: 
MW: 

PBS-T: 

SAS: 
2M fraction: 

0.15M fraction: 

A,,,: 
SDS-PAGE: 

Allergic bronchopulmonary asper- 
gillosis 
Cystic fibrosis 
Asp&/lus fumigutus allergen I 
Borate-buffered saline, pH k 
Hydrophobic interaction chroma- 
tography 
tieometric mean 
Monoclonal antibody 
Molecular weight 
PBS, pH 7.4, cnntaimng 0.05% 
Twcen 20 
Saturated ammomum suIfate 
A gel-filtration fraction eluted 
from phenyl-Sepharosc with 
2 moliL of NaC1 
A @-filtration fracnon eluted 
from phenyl-Sepharose with 0. I5 
mot: L of’ NaCl 
Absorbance at 280 run 
Sodium dodecyl sulfate -poly- 
acrylamidc gel electrophorests 

1 

centration of this extract. according to an assay by Brad- 
ford.‘” was 20 mg:ml. 

Human sera 

Sera were obtained from I2 patients who fulfilled the 
clinical and immunologic criteria of ABPA.“’ 12 patients 
with asthma and with positive immediate skin tests to 
A. fumigatus. but without other features of ABPA, one pa- 
tient with aspergilloma,” and 106 patients with CF. Controls 
included sera from 40 patients from the University of Vir- 
ginia Allergy Clinic with negative skin tests to Aspqiilus 
mix (26 patients with diagnoses of asthma, nine with rhi- 

nitisisinusitis. three with chronic urticaria. one with atopic 
dermatitis, and one with uveitis), and eight healthy nona- 
topic individuals. A positive skin test was defined as a wheal 
size 28 by 8 mm in diameter after intraderrnal injection of 
0.03 ml of I:200 dilution of either Aspergillus mix (Hol- 
lister-Stier Laboratories, Spokane, Wah.) or A. fumigatus 
extract (Greer Laboratories, Lenoir, N.C.). Nine of the 12 
sera were from patients with ABPA observed at the Car- 
diothoracic Institute. Brompton Hospital. London, U.K.).‘” 
Sera from patients with CF were obtained from patients 
observed at the Children’s Hospital National Medical Center 
(Washington, D.C.) and University of Virginia Children’s 
Medical Center (Charlottesville. Va.). Collection of human 
sera for use in these studies was approved by the Human 
Investigation Committee of the University of Virginia. 

Purificetion of A. fumigrtuj antigens 

One hundred twenty milligrams of A. fumigarus extract 
was applied 10 a 2.6 by 90 cm Sephacryl S2OO column 
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FIG. 1. Elution profile of A. ~umigarus extract on gel filtration (Sephacryl S-200); Am of 
A. fumigatus fractions (0) and binding of IgE antibodies to eluted fractions by RAST (01. Column 
calibrated with blue dextran (MW, >1,ooO,OOOl, IgG t150,000), bovine serum albumin (66,000), 
and cytochrome c (12,000). RAST results, mean of each five consecutive tubes. Fractions pooled 
as indicated (I to V). 

equilibrated in BBS at 4” C and at a flow rate of 24 
mI/hr. Fractions of 4.8 ml were collected and pooled, based 
on optical density (A,) and binding to IgE antibodies from 
a patient (J. H.) with ABPA (Fig. 1). After concentration, 
the allergenic activity of the five pooled fractions (I to V) 
was compared by micro-RAST with sera from eight patients 
with ABPA and serum from an A. fumigarus-allergic patient 
with asthma. Gel-filtration fraction III (MW 20 to 70 kd) 
was further purified by HIC with phenyl-Sepharose CL 4B 
(Pharmacia Diagnostics, Piscataway, N.J.). An 0.9 by 34 
cm phenyl-Sepharose cohnnn was equilibrated with 0.05 
mol/L of Tris HCI buffer, pH 7.4, containing 4 mol/L of 
NaCl at 4” C, and 4.5 ml of fraction III (18 mg) was applied 
at a flow rate of 30 ml/hr. Fractions of 1.6 ml were collected 
and monitored at A,. The column was eluted stepwise with 
Tris buffer and decreasing concentrations of NaCl, 4, 2, 1, 
and 0.15 moI/L, and distilled water. Finally, 20% ethylene 
glycol was used to elute any remaining protein. The protein 
peak that elutcd at each salt concentration was pooled, di- 
alyzed against distilled water for 48 hours, freeze-dried, 
resuspended in a volume of 0.5 ml, and stored at - 20” C. 
Concentrated fractions were tested against serum of J. H. 
and serum from an A. fiigarus-allergic patients with 
asthma (E. C.) by micro-RAST, as described by Kemeny 
and Richards.” Briefly, 2 to 10 pg of protein (A. fumigutus 
extract, gel filtration, or HIC fraction) in a volume of 8 p.1 
was coupled to CNBr-activated cellulose disks. The disks 

were incubated with 8 ~1 of serum (6 hours), followed by 
8 pl of ‘zI-labcled goat antihuman IgE (2 to 5 ng, - 100,OUO 
cpm overnight), and then counted in a gamma counter. 
Between each step, disks were washed IO times with PBS- 
T. Fractions obtained by HIC were also used for skin testing 
a selected patient (W. L.) who had asthma and who had a 
positive immediate skin test to A. fumigutus extract. Intm- 
dermal tests were performed with serial tenfold dilutions of 
each fraction, and results were expressed as the dilution that 
elicited a >8 by 8 mm diameter wheal at 20 minutes after 
intradermal injection. 

Measurement of IgG antibodies to 
A. fumigatus 

The 2M and 0.15M HIC fractions were radiolabeled 
with 0.5 mCi lZJI using the chloramine-T technique.” The 
‘2?-labeled 2M and Y-labeled 0.15M fractions were used 
in an antigen-binding RIA to measure IgG antibodies, as 
described previously.>’ Briefly, I2 ng (0.1 ml) of ‘“I-labeled 
2M fraction or 8.2 ng (0.1 ml) of ‘*JI-labeIed 0.15M fraction 
(-100,000 cpm. specific activity 5 and 13 pCi/pg, re- 
spectively) was incubated with 0.1 ml of serum diluted 
I: 12.5, 1:50, and 1:200 for 4 hours at room temperature. 
IgG antibodies were precipitated overnight at 4” C with 0.1 
ml of sheep antihuman IgG Fc fragment (The Binding Site, 
San Diego, Cahf.). The precipitates were washed with BBS, 
and the residual radioactivity was counted in a gamma 
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counter. When serum dilutions 2 I:200 were assayed, IgG 
myeloma protein (0. I ml of 1:lOO dilution) was added as a 
carrier. The assay was quantitated with serum from a patient 
with aspergilloma to form a control curve. This serum elic- 
ited a titer of 1:20,000 and was arbitrarily allotted 20,000 
I!: ml of A. /umigarus-specific IgG antibodies. Control 
curves were established with serial twofold dilutions of se- 
rum (horn I / 50 lo I I IOO.000~ in each assay. 

Radioimmunoprecipitation 

TABLE I. IgE antibody binding to Sephacrvl 
S200 fractions of A. fumigatus 

ABPA 
patients’ 

RASTt: kpm) 
- _--_-_- Protein RAST activity 

concentretion (%tl No. 1 No. 2 
Fraction (mglml)* (x f 1 SD) (T. N.) (J. H.) 

I 
Fifty microliters of human serum diluted I : 10 or mouse 

2.3 51 2 IO 15.i2.Y 7.655 
II 8.3 68 2 

MAb ascites diluted 1:lOO was incubated for 1 hour with 
I? IX.IOL lS.6s, 

III 4.0 
50 ~1 of “‘l-labeled 2M or ‘?labeled 0.15M HIC fraction 

96 -c 17 “).‘X(l 16,8X1( 
IV I.2 94 rt 23 

(.-’ 100,000 cpm) in a I .5 ml microfuge tube. Fifty micro- 
.w..wt 10,x32( 

V 0.2 rt 7 
liters of 50% vol! vol protein A Sepharose in Tris buffer (50 

76 Ii.%?‘) 11,395 
Crude Asp 20,o IO0 

mmol/L of Tris, 5 mmol/L of EDTA, 150 mmol/L NaCI, 
‘0.1:” 1r1.572 

extract 
0.02% Na azide. and 0.5% nonidet 40, pH 7.5) was added 
to each tube and incubated for I hour on ice. The beads 
were washed with Tris, Tris containing 500 mmol!L of 
NaCl. and Tris containing 0.05% of nonidet 40 and boiled 
for 2 minutes in 50 ~1 of SDS-reducing buffer (6% SDS, 
30% glycerol, 220 mmol/L of Tris HCI, pH 6.8, 0.015% 
of bromophenol blue, and 15% of 2-mercaptoethanol). Dis- 
sociated antigen-antibody complexes were analyzed by 
SDS-PAGE with a 15% acrylamide-resolving gel and a 5% 
stacking g~l.‘~ Gels were stained with Coomassie blue 
K-250. dried, and autoradiographed by exposure lo Kodak 
X-OMAT AR (Eastman Kodak. Rochester, N.Y.) film for 
48 hours at - 70” C. 

Asp. A. fumigarus. 
*Protein concentration was measured according tcr JI\ assay hy 

Bradford” with gamma globulin as standard. 
tEight patients with ABPA were tested. Values are expressed a\ d 

percentage of the “‘I-labeled anti-IgE bound (counts per mnnnc) 
with A. fumigafus extrzct (mean 01 two conlrol suhiecr\. 929 

cpm). 
SExamples of IgE antibodies to gel-tiltration fractions measured hy 

RAST in sera from two patients with ABPA (7‘ Y anti 1. H 1. 

SAS fraction of MAb 4A6 B5 ascites was coated overnight 
on plastic Removawells (Dynatech Laboratories. Alexan- 
dria, Va.) (-5 kg MAbs per well). Wells were subsequently 
incubated with -I pg per well of 2M fraction, followed 
by 50 ~1 of human serum diluted 50% in horse serum. and 
‘Z’I-labeled goat antihuman IgE (2 to 5 ng. -_ lOO.000 cpm) 
diluted in 50% horse serum in 1% bovine serum albumin- 
PBS-T and then counted in a gamma counter. Between each 
incubation step. plates were washed with PBS-I’. 

MAbs 

Five BALBic mice, I4 to 16 weeks of age, were im- 
munized, intraperitoneally, with 50 pg A. fumigatus 2M 
antigen in complete Freund’s adjuvant, and boosted three 
timeh at IO-day intervals. Fourteen days after the last in- 
,jection. mice were bled. and IgG and IgM antibodies were 
measured by ELISA, with microtiter plates coated with 
,-2 kg 2M antigen per well and peroxidase conjugated, 
isotype-specitic goat antibodies (TAG0 Inc., Bulingame, 
Calif.). A mouse with an IgG antibody titer of 1:25,000 
was boosted intrasplenically with 40 p,g of 2M antigen. 
Four days later. spleen cells of the mouse were fused with 
Sp2:O myeloma ceils at a ratio of 5:l with polyethylene 
glycol, as described previously.” Hybrids were screened for 
antibody production by ELISA approximately 2 weeks after 
fusion. Supematants from antibody-producing hybrids were 
also screened for IgG antibodies to the 2M antigen by an- 
tigen-hinding RIA.” Four IgGl- and two IgM-producing 
hybrids were cloned by limiting dilution. Ascites was pro- 
duced from each clone by injecting 2 X lv cells, intra- 
peritoneally. into pristane-primed BALB/c mice.” The use 
of animals in this study was approved by the Animal Re- 
search Committee (University of Virginia) under guidelines 
for the use and care of animals formulated by the National 
Council for Medical Research. 

Binding of human IgE antibodies to Asp f I 

A modified two-site RIA was used to compare the binding 
of human IgE antibodies to Asp f I.” Briefly, a 50% 

Statistical analysis 
Levels of IgG and IgE antibodies to A. fumi~arus antigens 

in sera from patients with ABPA or asthma were compared 
by Wilcoxson’s rank-sum test. and p values . 0.05 sere 
considered significant. 

RESULTS 
Partial purification and immunocbmical 
analysis of A. fwnigattm m#gens 

A. fwnigatus proteins eluted from a Sephacty I S200 
gel-filtration column in a broad peak, MW 10 to 70 
kd. Human IgE antibodies in serum from a patient 
with ABPA were tested against each tube eluate ( Fig. 
1). In addition, five pooled fractions (I to Vj were 
tested for binding to IgE antibodies with sera from 
eight patients with ABPA. Fractions III and IV re- 
tained 95% of the binding to IgE antibodies compared 
with that of A. fumigatis extract (Table I). Fraction 
III was purified by HIC with phenyl-Sepharose and 
elution with decreasing concentrations of’ NaCl (4, 2. 
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TABLE II. IgE antibody binding to A. fumigatus fractions isolated by HIC 

A. Sephacryl S200 
fraction III 

Fraction 
Protein* 
(mglml) 

Carbohydratet 
(mglml) 

Protein 

Carbohydrate ratio 

IgE antibody 
bounds (cpm) 

J. H. E. C. 

4M 
2M 
IM 
0.15M 
dH,O 
A. fumigarus ex- 

tract 

9.6 2.4 3.9 8.184 4.027 
2.8 0.16 18.0 14.229 4.111 

CO.6 G.08 - 13,076 2,329 
0.6 CO.08 >7.7 9.873 2,796 
1.6 0.19 8.3 10.620 2.228 

20.0 5 4 16,899 3.088 

B. A. fumigatus 
extract 

Fraction 
Protein* 
(mg/ml) 

Carbohydretet 
(mglml) 

RASf activity 
(%§I 

(x A 1 SD) 

IgE antibody 
bound* (cpm) 

J. H. s. L. 
End point 

skin test titedl 

4M Il.4 20.0 54 + 8 11,138 16,101 IO i 
2.M 17.2 5.2 6457 14.511 19,306 IO..” 
IM 7.8 1.5 51 2 I2 10,068 11,133 IO .8 
0.15M 5.2 0.5 51 -t 9 9,262 13,372 IO..’ 
dH,O 6.0 0.8 56 t 25 9.188 15,486 IO i 
A. fumigarus 13.0 6.6 IO 19,866 30,024 ++ 

dH,O. Distilled water. 

*Bradford’” assay with gamma globulin as standard. 
tPhcnol-sulfuric acid reaction with dextran as standard. 

fExamples of IgE antibodies to phenyl-Sepharose fractions measured by RAST in sera from patients with ABPA (J. H. and S. L.) or 
asthma (E. C.). Control values with serum from a skin test negative donor ranged from 1200 to 1500 cpm bound. 

(iNine patients with ABPA were tested. Values are expressed as a percentage of the “‘I-labeled anti-IgE bound (counts per minute) 

with A. fumi~arus extract. Control sera against each fraction and crude extract, 1215 cpm. 
llhrtradermal skin tests on patient W. L. who has asthma and a positive immediate skin test to A. fumigarus (6 by 6 mm in diameter wheal 

on prick test, + +). Results are expressed as the dilution that elicited an X by 8 nun diameter wheal IS minutes after injection. 

1, and 0.15 mol/L and distilled water). All five HIC 
fractions were active on RAST, but the highest IgE 
antibody binding was observed with the fraction that 
eluted with 2 mol/L of NaCl (the 2M fraction) (Table 
II, A). In a second experiment, a 100% SAS precip- 
itate of A. fumigutus extract was separated over a 
phenyl-Sepharose column. The 2M NaCl fraction of 
this extract was also most active on RAST and elicited 
a positive intradermal skin test at IO-” dilution in an 
A. fumigatus-sensitive patient with asthma (Table 
II, B). Carbohydrate was predominantly found in the 
fraction eluted with 4 mol/L of NaCl (Table II, A 
and B). The results revealed that the 2M fraction had 
a low carbohydrate content and contained proteins that 
bound to human IgE antibodies. 

The 2M fraction and the 0.15M fraction (i.e., 
Sephacryl S200 fraction III that eluted with 0.15 
mol/L of NaCl from phenyl-Sepharose, Table II, A) 
were radiolabeled with “‘1 and analyzed by immu- 
noprecipitation and SDS-PAGE (Fig. 2). The ‘251-la- 
beled antigens were clearly distinct. The 2M antigen 
demonstrated a broad band of MW - 18 kd, whereas 
the l~sI-labeled 0.15 M antigen demonstrated a major 

band with MW 45 kd. Although some lesser-stained 
bands were also detected, the 18 and 45 kd proteins 
appeared to represent at least 80% of the radiolabeled 
protein in each fraction. The other HIC fractions, that 
is, 4M, lM, and distilled water fractions, were also 
radiolabeled; however, immunoreactivity was greater 
for the 2M and 0.15M fractions (20% to 30% radio- 
activity bound to human IgG antibody). Binding of 
human IgG antibodies to ‘251-labeled 2M and 0.15M 
fractions was completely inhibited by A. fumigarus 
extract (>90%); however extracts of four other clin- 
ically relevant Aspergilfus species (A. niger. A. fer- 
reus, A. nidulans, and A. glaucus) demonstrated 
<20% inhibition (data not presented). 

Serum IgG antibodies to l%labeled 2M and 
0.15M fractions 

IgG antibodies to the 2M fraction were measured 
in 24 patients with positive skin tests to A. jiimigutus 

and 48 skin test-negative control subjects by antigen- 
binding RIA. The highest level of specific IgG anti- 
bodies were detected in serum from a patient with 
aspergilloma, which was arbitrarily detined as con- 
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FIG. 2. lmmunoprecipitation of radiolabeled A. fumigatus antigens with human IgG antibodies 
‘Wabeled 2M fraction (left/ or 0.15M fraction (right) immunoprecipitated with IgG antibodies 
in sera from patients J. H. (lanes A and f), 0. S. (lanes 8 and I). M. F. (lanes C and J). B. L. (iane 
G), C. V. (lane k/), J. R. (lane K), and from control subjects T. M. (lanes D and L) and K. A. ilane 
E); patients with ABPA (*). Patient 0. S. had chronic fungal srnusrtis; patient J Ft. hao an 
aspergilloma 

li 
5 
B 

20 

E m 

. 

. 

0’ 
r 

f ’ 

. 
. 

. 

. 

IgG IgE IgG IgE IgG IgE 
ABPA* Asthma* Controls 

l Aspergillus skin test positive 

FIG. 3. Quantitative measurements of IgG antibodies to A. fumigatus 2M fraction by antigen- 
binding RIA (0) and IgE antibodies to A. fumigatus by RAST (0) in sera from allergic patients 
and control subjects. Levels obtained from a patient with aspergilloma (A) and a patient wcth 
A. fumigatus sinusitis (m) are in ABPA column. Patient J. H. (arrow) had levels of IgG antibodies 
20-fold lower than patient with aspergilloma; J. H. IgE antibody levels were 40-fold higher. 

taining 20,ODO units of 1gG antibody per milliliter. p < 0.001) (Fig. 3). Most patients (43i48) with neg- 
Sera from skin test -positive patients with ABPA con- ative skin tests to Asper@llus had undetectable 1gG 
tained significantly higher IgG antibody levels (GM. antibody levels (<5 U i ml). The antigen-binding RlA 
437 (J/ml) than patients with asthma (GM, 14 U/ml: was also used to measure A. fitmi,ectrrts-specific 1gG 
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n=106 
r=0.77 

0 

ii 

. 

I 1 
c!J l =16 : 

0, 
0=2 10 100 1000 10000 

IgG ab to 2M (18kd) A. fumigatus fraction (units/ml) 

FIG. 4. Linear regression analysis of IgG antibody binding to ‘Wabeled 2M and ‘z51-labeled 0.15M 
A. fumigarus fractions in sera from patients with CF (0) or control subjects (01, measured by 
antigen-binding assay. 

antibodies in nasal washings from a patient (0. S.) 
with chronic sinusitis who had a positive skin test to 
A. fumigatus and repeatedly grew A. fimigatus in 
cultures of nasal secretions. This patient had 40 
U/ml and 120 U/ml of IgG antibody to the 2M frac- 
tion in nasal washings collected on two separate oc- 
casions. IgE antibodies to A. fimigatus measured by 
RAST were also significantly higher in sera from pa- 
tients with ABPA compared with that in sera from 
patients with asthma (GM, RAST, 646 U/ml and 68 
U/ml, respectively; p = 0.002) (Fig. 3). Levels of 
IgG antibodies specific to the ‘251-labeled 0.15M frac- 
tion were compared with levels of IgG to the 
‘2SI-labeled 2M fraction in sera from 106 patients with 
CF. There was an excellent quantitative correlation 
between binding of IS; antibodies to either radiola- 
beled fraction as demonstrated by linear regression 
analysis (r = 0.77; p < 0.001) (Fig. 4). 

IgG MAb to the 2M A. fumigatus fraction 
define two antigens, MW 18 and 16 kd 

Five IgG MAbs and two IgM MAbs were generated 
from a fusion with spleen cells from a BALB /c mouse 
immunized with the 2M fraction. The five IgGl clones 
demonstrated significant binding on the RIA, partic- 
ularly MAb 4A6, and no reactivity on the IgM ELISA. 

The two IgM clones bound strongly in the IgM ELISA 
but demonstrated no reactivity on binding assay and 
no reactivity on the IgG ELISA (Table III). Immu- 
noprecipitation analysis demonstrated that the MAb 
distinguished two different antigens within the 2M 
fraction with MW of 18 kd (MAbs 4A6, 7A5, and 
2E2) and 16 kd (MAb lOG7) (Fig. 5). We previously 
reported the purification of the 18 kd antigen, termed 
Asp f I, using the MAb 4A6.27 IgE-antibody binding 
to Asp f 1 was compared in 24 patients with ABPA or 
asthma (Table IV). Of the 13 patients with high levels 
of A. fumigatus-specific IgE (RAST, >200 U / ml), 11 
had IgE antibodies to Asp f I by solid-phase RIA. 
Most patients with asthma had very low levels of IgE 
antibodies to A. fumigatus by RAST (< 150 U/ml). 
Those patients also had undetectable IgE to Asp f I 
by the RIA and low levels of IgG to the 2M fraction. 
Serum from one of the patients with asthma (W. L.), 
allergic to both A. fumigatus and Trichophyton, was 
used in the two-site RIA that was performed, including 
either Trichophyton or Altemuria extracts, in addition 
to A. fumigatus extract and the 2M fraction. In this 
experiment, binding of IgE antibodies in the RIA was 
demonstrated only when A. fumigatus or partially pu- 
rified 2M fraction were presented by MAb 4A6, but 
not when Trichophyton or Alternaria extracts were 
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TABLE III. IgG and IgM monoclonal 
antibodies to A. fumigatus 2M fraction 

‘=I-labded 
Hybrid or IgG EUSA IgM EUSA 2M fmction 

clone3 (OD, nm) (OD, nm) (cpm bound)* 

IpG 
-IA6 2.410 0.073 11.230 

4A6C;2* ’ ‘18 -.- ND 8,475 

-tA6BS* 2.219 ND 8.264 

7A5 2.085 0.066 5.032 

7A5BI” I.952 ND 5,387 

IOG7 0.826 0.067 4,279 

lo(;?E2* 0.735 ND 3,514 

x.2 2.068 0.060 4,998 

?E2A5* I.878 ND I.448 

IgM 

‘FI 0.068 2.509 790 

2FI B6* ND 2.577 462 

IAX 0.061 2.666 695 

I .48.44* ND 2.489 525 

Mouse polyclonal ( I : 100) 23,703 

MAh 5H8 anti-Der p lti 485 

MAb hA8 anti-nrrj‘ 1% 456 

Normal mouse serum t I : 100) 465 

Of),,,< nnr. Optical density at 40.5 nm: ND, not done; Lkr p I. major 

;iIIergen from Dermcrropphueoidcs preronyMw.s; Der .f I. major 
alleruen from [I. /0r~fruc. 

YIrnes derived from respective parental hybrids. 
:Supematants were assayed undiluted. 

$Radioactivity added -- lSO.C!Otl cpm of “‘l-labeled 2M fraction. 
8M.Abs SHX and 6AX” were assayed at concentration of IO 

pg:ml 

added to the assay (data not presented). These re- 
sults suggested that MAb 4A6 was A. fumigatus 
specilic. 

DISCUSSION 

In the present study, we report the identification of 
A .,fumigatus antigens that bind IgG and IgE antibodies 
in set-a from patients with aspergilloma, ABPA, 
asthma, and CF. The partially purified 2M and 0.15M 
antigens were physicochemically and antigenically 
distinct and included major components of MW 18 
(Asp J I) and 45 kd. respectively. The 2M fraction 
was used as a marker for A. fumigatus to develop a 
sensitive and quantitative RIA for specific IgG anti- 
bodies. which could be used to compare antibody 
levels among different groups of patients with A. fu- 
migutus-related diseases. The results suggest that ac- 
curate quantitation of IgG antibodies to the 2M antigen 
was of diagnostic value. Elevated levels of specific 
IgG were detected in allergic patients with asthma and 
ABPA and in patients with aspergilloma, in ascending 
order. and the quantitative differences in antibody 
levels between patients with ABPA and asthma were 

TABLE IV. Comparison of the binding of IgG 
or IgE antibodies to A. fumigatus antigens 
in sera from patients with ABPA and asthma 

A. fumiga tus IgE Ab to 
IgG Ab’ - Asp f It 

Patients (U/ml) RAST (U/ml) (cpm bound) 

ABPA 

c. v. 480 I270 ‘(11: 

H. I). 340 3700 ‘2X7 

s. 1.. 260 I725 it7 31 

B. L. I IO0 2630 :9 I 6 

C. H. x0 460 15S’ 

J. H. I350 20x5 : j i ’ 

T. N. 370 I sno 5,ib 

C. M. 350 6(H) ‘;(lT 

S. M. 270 25 : .i II 

M. F. II00 x4 JMl 

I). 1.. SO 445 JXS 

s. w. XhSO 423 >7% 

Asthma 

w. L. I62 1020 ?I, lb 

C. H. 72 280 :.+y 

0. A. 1h.X 215 ‘Fe 

RAST < 150 6.04 31.3 I h? 

U/ml* 

IN = 9) (3.5-13.7) (I’-147) iI’S 1x9) 

Control c.2.5 ‘. I’ - I RI) 

subjects 

tN = 3) 

Ab, Antrbody. 
*I&i antibodies to ““l-labeled 2M fraction measured by antigen- 

binding RIA. Results are expressed in units per milliliter relative 
IO a control curve wtth serum from a patient wtth aspergilloma 

t20.000 U/ml). 
+Measured hy two-site RIA with rnkotiter plates coated with MAh 

4A6 (5 pg per well) and incubated with ZM fraction t I pg per 
well). Sera were assayed at l/2 dilution. and IgE antibody 

bound to the antigen presented by MAb 4A6 was detected wtth 
“‘I-labeled goat antihuman 1gE (,- 12O.Wl cpm added). 

SNine of the patients with asthma had an A. Juni,yuzus RAST of 
< I50 U/ml, and most of these patients had low or undetectable 

IgG and IgE antibody levels. These data are presented as GM 
values with the range of results presented m parenthe\r\ 

highly significant. During the past year. the RIA has 
also been used to follow up a patient who had asper- 
gilloma and was treated with amphotericin B. intra- 
venously. After treatment, his IgG antibody levels 
have slowly decreased by 40%. and this decrease cor- 
related with clinical improvement.” Although this is 
of diagnostic value, the role of IgG antibodies in 
pathogenesis of A. fumigarus diseases is unclear. Pre- 
cipitating IgG is believed to participate in type 111 
reactions that could lead to lung-tissue damage during 
the course of ABPA. However, it has been reported 
that patients with ABPA develop poor precipitating 
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FIG. 5. lmmunoprecipitation of ‘2Wabeled 2M A. fumigatus antigen with MAbs. In addition 
to 18 kd protein recognized by MAb 4A6, a 16 kd protein was immunoprecipitated by MAb 
lOG7. 

IgG response to low MW A. futnigatus allergens.“’ 
Although we found high levels of IgG antibodies in 
sera from patients with aspergilloma and ABPA by 
RIA, precipitins were directed against high MW frac- 
tions, that is, fractions I and II from the gel-filtration 
column, rather than against the low MW (<50 kd) 
fractions.29 

Patients with CF are particularly susceptible to re- 
spiratory tract colonization with A. jiimigurus, and the 
prevalence of ABPA among those patients has been 
reported to be up to 1 I%? ’ We recently measured 
IgG antibodies to the 2M fraction in 147 patients with 
CF and detected specific IgG levels of > IO U/ml by 
RIA in 84% of the cases, as opposed to only 6% in 
that of control chi1dren.j’ Assays for either the 0.15M 
or 2M fractions demonstrated a much higher preva- 
lence of IgG antibodies to A. fimigcrtus than would 
be expected with conventional immunodiffusion- 
based techniques (20% to 30%*, ‘) and suggest that 
colonization by A. fumigatus is much more common 
among patients with CF. Although the RIA we have 
described is unlikely to be of routine diagnostic use, 
it should be possible to modify the assay as an ELISA, 
and the use of partially purified 2M or 0.15M fractions 
should eliminate the technical problems associated 
with the use of crude extracts in assays for IgG an- 
tibodies to A. fumigufus. 

Previous studies have described A. fumigarus an- 
tigens of MW 18 to 24 kd.“, IL). ” as well as higher 
MW antigensIs “, “: however, it is not clear how they 
relate to the 16, 18, and 45 kd antigens defined here. 
Although the 2M fraction appeared to be relatively 
pure on immunoprecipitation, murine MAb raised 
against this fraction identified an additional 16 kd 
antigen. Selected fractions containing low carbohy- 
drate concentration were used to immunize mice to 
enhance the chances of obtaining MAb of the IgG 
isotype, as opposed to IgM. The availability of the 
MAb will make it possible to establish unequivocally 
the relationships between the A. futnigufus antigens 
that we have identified and antigens described by other 
groups. IX. I’J. 22 Although the 45 kd antigen induced 
strong IgG and IgE antibody responses in patients with 
aspergilloma. ABPA, asthma, or CF. it was very 
weakly immunogenic in BALB/c mice, and even after 
prolonged high-dose immunization of mice with the 
0.15M fraction in complete Freund’s adjuvant, the 
murine IgG antibody response was very poor (~5% 
“‘I-labeled antigen bound in the RIA). The production 
of MAbs to the 45 kd antigen will probably require 
immunization of different mouse strains and/or the 
use of different adjuvants to generate high-titer IgG 
antibody responses for fusion purposes. Both Aspf I 
and the 45 kd protein appeared to be important causes 
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of 1gE antibody responses in patients with positive 
Immediate skin tests (or serum IgE antibodies) to 
A.fitmi@us. In preliminary studies, we have detected 
low levels of 1gG antibodies, and no IgE antibodies. 
to the I6 kd antigen in 15 sera from patients with 
ABPA. 

In conclusion. we have identified three A. fumigarus 
antigens. MW 16. 18. (Asp f I) and 45 kd, using 
human IgG or IgE antibodies or murine IgG MAb. 
Quantitation of antibody levels to the 2M fraction (or 
Asp j‘ I) could be useful in clinical medicine as an 
additional diagnostic criterion for ABPA. These an- 
tigens should also be useful probes for studying T cell 
responses to A. ftcmigarus. and preliminary results 
demonstrating proliferative responses to Asp f I in 
patients with ABPA have been reported.“ Measure- 
ments of both humoral and cellular responses to pu- 
rilied A. J’umigatus antigens should lead to a better 
understanding of the immunopathogenesis of Asper- 
Cqi//u.s-related diseases. including ABPA, asthma, as- 
pergilloma. and CF. 
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Protective effect and duration of action of 
inhaled formoterol and salbutamol on 
exercise-induced asthma in children 

Jsrn M. Henriksen, MD, PhD, Lone Agertoft, MD, and 
Seren Pedersen, MD, PhD Kolding, Denmark 

The magnitude and duration of protection against exercise-induced asthma (EIA) afforded by 
salbutamol and the new, long-acting &-agonist, formoterol. were compared in a double-blind, 
placebo-controlled crossover study. Twelve children with asthma and EIA (>25% fall from 
buseline at a pretrial exercise test) were studied on 3 different days receiving, in random order, 
either formoterol, I2 lg, salbutamol. 200 I.L~# or placebo by inhalation. The effect on EIA was 

evaluated by standardized treadmill-exercise tests repeated at the following times ufter 
medication: % hour (test I), 3 hours (test 2). and, if the trial drug still demonstrated an effect. 
5% hours (test 3) and 8 hours (test 4). The meun (SD) maximum percent fall in FEV, ut the 
pretrial test was 45% (14%). Placebo treatment had no effect on EIA. The mean (SD) maximum 
percent fall in FEV, was 44% (14%) (test I) und 39% 113%) (test 2) (not significant). 
Salbutamol offered good protection against EIA after % hour (percent fall in FEV, , Ill% 
[18%]: p < 0.02) but was not signijicanrly d#erent from that of plucebo after 3 hours, 39% 
(IS%) fall in FEV,. Formoterol blocked EIA in all the children and demonstrated a signijicanr 
effect in most children for at leust 8 hours. The percent full in FEV, after the various tests were 
8% (16%) (test I), 10% (9%) (test 21, 18% (IS%) (test 3). und 18% (7%) (test 4; N = 9) (all 
tests, p < 0.001). The mean duration of a 50% reduction in EIA was 1% hours for sulbutamol 
and 6’/2 hours for formoterol (p < 0.001). No side effects were observed. Inhaled formoterol 
was determined to be more effective and offered four to jive times longer protection against EIA 
thun salbutamol. (J ALLERGY CUN IMMUNOL I992:89:1176-82.) 

Key words: Children, bronchial asthma, exercise-induced asthma. &adrenoreceptor agonist, 
long-acting 
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EIA is common in children with asthma.‘, ’ Effec- 
tive treatment of the condition is important to prevent 
the development of physical and psychosocial 
problems. ‘. 4 

Inhaled P,-agonists are the drugs of choice for acute 
treatment of EIA. When these drugs are taken im- 
mediately before the exercise, they can reduce/pre- 


