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ABSTRACT

Six monoclonal antibodies produced against Aspergiilus
Sfumigatus were studied for their cross-reactivity against other
fungal antigens from related and unrelated organisms. Five of
the monoclonal antibodies reacted with glycoprotein antigens
as evidenced by their binding to concanavalin A, although one
did not react with concanavalin A. The reactivities of the
monoclonal antibodies with various antigens were studied by
biv:in-avidin linked immunosorbent assay and Western blots.
The results indicate that two monoclonal antibodies (Asp D1
and 4sp C9) react with antigens from aspergilli as well as
other fungi including Penicillium notatum and Candida albi-
cans, whereas three of six antibodies (Asp H10, Asp ILBS,
and Asp C2B1) react with A. fumigatus antigen only. Hence,
these monoclonal antibodies can be used to obtain group
specific and species specific antigens for various immunodi-
agnostic assays. (Allergy Proc 14: 189-193, 1993)

AAspergillus species have been implicated as the caus-
ative agents of a number of different clinical con-
ditions in humans. These diseases include invasive as-
pergillosis (IA), aspergilloma, allergic asthma. allergic
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bronchopulmonary aspergillosis (ABPA), and hyper-
sensitivity pneumonitis.'™ A. fumigatus has been rec-
ognized as the predominant causative agent in these
diseases.’ >3 The diagnosis of Aspergillus-induced dis-
eases is based on clinical and laboratory findings. par-
ticularly immunological findings." > 3-? Several major
clinically relevant and immunologically significant an-
tigens from A. fumigatus, having clinical relevance have
been identified and characterized. However, there is
still a lack of dependable antigens for use in the sero-
diagnosis of aspergillosis.* '3

The availability of monoclonal antibodies (mAbs) 10
clinically relevant antigens has greatly facilitated the
purification and characterization of antigens. and the
development of immunoassays with increased sensitiv-
ity, specificity, and reproducibility. Several mAbs to A.
fumigatus have been produced and characterized in the
recent years.'*'® The relevancy and specificity of these
mAbs have not been investigated in detail. Low levels
of antibodies against commonly occurring fungi have
been frequently detected in normal individuals when
sensitive methods were employed.> '° However. in pa-
tients with aspergillosis usually higher levels of antibod-
les have been demonstrated. Although the mAbs are
usually specific, they may also be directed against iden-
tical epitopes present in the antigens of different funei.
Hence. it is essential to have detailed knowledge on the
shared epitope reactivity of different fungal antigens to
the mAbs. Such studies will aid in identifving highlyv
specific monoclonal antibodies that can be reliably used
in immunodiagnosis. In the present report we describe
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the production and partial characterization of mAbs
produced against A. fumigatus antigens and the reactjv-
ity of these mAbs with antigens of other fungi as wel|

with A, fumigatus glycoproteins whereas others Cross-
react with glycoproteins from other fungi as we]].

MATERIALS AND METHODS

(I) Preparation of Antigens

Cuhure filtrate (CF) antigens from A. fumigatus (AF.

102: ATCC-42202), A. niger (Ag 512). A. flavus
(A2 323). A. fischeri (Ag 516), A. clavatus (B165-13).
A. glaucus (B 1178), A. terreus (Ag 310), Penicillium
notatum (Ag 338). and Trichoderma viride (ATCC-

13631) were prepared according to the method de- -

scribed previously.'" The organism was grown in svn-
thetic broth (AOAC, Difco. Detroit. MI) with 1< glu-
cose for 3 weeks in stationary cultures at 30°C."" The

against specific antibodies using methods described ear-
lier."? These methods include protein and carbohy-
drate contents, enzyme and protein profile, and reac-
lvity against positive and negative sera by agar gel
double diffusion. crossed immunoelectrophoresis
(CIE), and biotin-avidin linked Immunosorbent assav
(BALISA).$ 1220 Tha antigen of C. albicans used p, the
study was an €xtract obtained commercially (Miles
Laboratories Inc.. Elkhart, IN).

(IT) Production and Characterization of mAbs to A,
fumigartus

he method emploved for the production of mAbs
Twas the same as thar described previously, % 16
Splenocyies from 8 o 10 weeks-old mice Immunized
with CF antigens of A. fumigatus were fused with mouse
myeloma cells (P3-NS-1/Ag4-1) 15 16 21 Hybrids se-
lected using hvpoxanthine., aminopterin. and thymidine
medium were screened by BALISA method and signif-
icant amibody-secreting cells were cloned by limiting

Review Committee.

Five of the mabs against A. fumigatus antigens ob-
tained from different fusions were selected for the pres-
ent study. The Immunoglobulin 1sotvpes of these mAbs
were determined by BALISA with class-. subclass-. and
light chain-specific antisera (Sigma Chemical Co.. S,

Louis. MO). The reactivity of these mAbs 10 A. fum;j.
gatus were studied by BALISA. amigen-amibod_\v
crossed electrophoresis. rocket electrophoresis. and o gp
gel double diffusion.® 12 2

(1) Reactivity with Different Fungal Antigens

he reactivity of these mAbs with various funga|
antigens detailed above were studied using BALISA
and by Western blot.

BALISA. The BALISA method used was the same gs
described previously.® ¢ Dvnatech Immulon 1] ELICy
plates (Dynatech Laboratories. Inc.. Alexandria, \ )
were coated with different antigens at | ug/mL conc ;.
tration in carbonate buffer (pH 9.6). The antigen-coated
plates were incubated for 3 hours at 37°C and then gt
4°C overnight. The wells were washed with phosphate-
buffered saline (PBS) containing .05 Tween-20
(PBST). After blocking the free sites with bovine serum
albumin (BSA. 1% w/v)in PBS (PBS-BSA): 100mL of
different ascitic fluids diluted in PBS-BSA were add. i
to the wells and the plates were incubated for 3 hot ;
at room temperature. This was followed by the additic.n
of goat anti-mouse IgGy, IgA. or IgM: biotinvlated
rabbit anti-goat IgG. streptavidin peroxidase. and the
substrate 10 the wells of the plates. AJ] these reagents
were incubated for | hour at 37°C. and the wells were
washed three times with PBST in between the addition
of reagents. The color developed with the substrate
(orthophenvlene diamine and 0.015% H-0- in citra:
buffer) was read in an automatic ELISA plate reader :
490nm. The optical density (OD) values obtained Witi;
different antigens and mAbs Were compared. All dijy-
tions of the réagents were selected emperically after
checkerboard titrations using positive and negative con-
trols.

The BALISA titer was calculated from 3 computer-
1zed program that plots a curve from the OD of four
serum dilutions and derives a titer of Serum expresse.
as logio titer.® A cut-off value of 0.1 was used 1.
calculate the titer.

Western biot anal vsis. The antigen extracts (CF) from
A. fumigatus. A, flavus. and A. niger. were subjected 1o
electrophoresis in 2 0.5% SDS-pol_\'acr_\'lamide vertical
gel with a 7.5 10 20 linear gradient.” * Approxi.
mately | mg of protein was loaded onto a |60 x 160 x
| mm gel and electrophoresed at 30mA/gel for 2-2.s
hours at 10°C. Afier electrophoresis. the separated pro-
eins were transterred 1o polyviny] difluoride (PVDF

MA) by using a semidryv electrotransfer system (Inte-
grated Separation Svstems. Natick. MA), according to
manufacturer’s instructions. The transfer efficiency was
determined by staining Strips of gels with Coomassie
brilliant blue R250 for proteins before and after blotting
and comparing them with colloidal gold-stained PVDF
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membranes containing the blotted proteins. The free
protein-binding sites on the membrane were then
blocked with Tris-buffered saline (TBS) containing 3%
BSA for | hour.** After drying, the membranes were
cut into small strips and stored at —20°C until used.
T' - activity of the antigens were stable at least for 2
m. 2ths of storage at this temperature.

The procedure followed was the same as described
earlier with minor modifications, '¢ Briefly, the strips
were incubated overnight at 4°C with }:100 dilutions
of mouse mAbs made in TBS-BSA (BSA. 1% w/v) and
were washed with TBST (TBS containing 0.05%
Tween-20). This was followed by incubating with 1:500
dilution of goat anti-mouse IgG or IgM for 1 hour at
roc 1 temperature and washing in TBST. The strips
we  then incubated with biotinylated rabbit anti-goat
IgG ar a dilution of 1:1000 for 30 minutes and washed
as before. The blots were then incubated with I:1000
dilution of streptavidin peroxidase for 30 minutes and
again washed. The amigen-amibody complexes were
visualized with a chromogenic substrate (60 mg 4-
chloro-1-naphthol, 20 mL methanol, 100 mL TBS, and
0.015% H,0,).** The lectin-binding characteristics of
the ntigen bands were determined by the reactivity
witn biotinylated concanavalin A (con A).

RESULTS

Isotype-speciﬁc BALISA showed that three of the

monoclonal antibodies belong to the IgM class.
whereas three were of the IgG1 class, and ail had the «-
light chains. The results of the BALISA are given in
Table I. The monoclonal antibody Asp C9 reacted with
all + 10 fungal antigens tested, although the titer was
highiest with homologous antigen. Similarly, 8/10 an-
tigens reacted with Asp D1 antibody whereas, 3 mAbs
(Asp H10, Asp ILBS. and Asp C2B1) failed to show

any reactivity with heterologous antigens. Monoclonal
antibody Asp C1E6 reacted with both A. fischeri and
A. fumigatus antigens.

Western blots of mAbs reacted with A. fumigatus
antigen showed -3 prominent bands (Fig. 1). Four of
the mAbs (Asp D1. Asp C9. Asp H10, and Asp ClE6)
reacted with an antigenic component of approximately
29 kDa. One mAb (Asp ILBS) reacted with a22kDa
band of A. fumigatus and Asp C2BI reacted with 3
antigenic components in the molecular weight range of
25-29 kDa. All the monoclonal antibodies except Asp
ILBS reacted with antigens having con A binding activ-
ity indicating their glycoprotein nature (Fig. 1, g). Re-
activity of monoclonal antibodies Asp D1 and Asp C9
with A. fumigatus antigen showed identical bands.
whereas their reactivity with other fungal antigens were
different (Table 1: Fig. 1).

Strong reactivity to A. flavus was seen with only Asp
H 10 showing two bands (Fig. 2. ¢), although it reacted
with only a single band of A. fumigatus antigen (Fig. 1,
c). None of the other monoclonal antibodies reacted
with A. flavus antigen. Two of the mAbs (Asp DI and
Asp C9) reacted with a number of con A binding
components of A. niger on the western blots and Asp
HI0 failed to show any reactivity (data not shown).
Monoclonal antibodies Asp ILBS. Asp C1E6, and Asp
C2B1 were not reactive with any of the components of
A. niger antigen.

DISCUSSION

he demonstration of A. fumigatus-specific antibod-
Ties iS an important criterion in the diagnosis of
Aspergillus-induced diseases. A number of antigens
have been used in the serodiagnosis of these diseases,
However, these antigens mostly constitute crude prep-
arations and frequently demonstrate nonspecific reac-

—_—
TABLE I
_ BALISA Titers of Monoclonal Antibodies Tested Against Different F ungal Antigens*
Antigen Asp D1 Asp C9 Asp H10 Asp ILBS Asp C1E6 Asp C2B1
A fumigarus 3.051 2.798 2.661 9.693 9.745 5.277
A. niger 1.878 2.09 0 0 0 0
4. flavus 2.06 2.105 0 0 0 0
A glavucus 0 2.208 0 0 0 0
A clavarys 2.209 2,537 0 0 0 0
A. fischeri 0 2.285 0 0 2.975 0
A terreys 2.191 2.194 0 0 0 0
° notatum 1.878 2.09 0 0 0 0
C.albicans 0 0 0 0
0 0 0 0
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Figure 1. Reactivity of monoclonal antibodies with 4. fumi-
gatus antigen on Western blois. Lanes a-f- the blots reacted
with monoclonal antibodies Asp D1, Asp C9, Asp HI0, Asp
ILBS, Asp CIE6. and Asp C2B1, respectively. Lane g blot
reacted with con 4 and Lane h- antigen transferred 10 Immo-
bilon and stained with colloidal gold.

tivity and/or nonreactivity. Such crude preparations of
antigens from the cviosol or culture filtrate frequently
contain over 30 components that can be demonstrated
n antigen-antibody crossed electrophoresis using rabbit
anti-A. fumigatus sera and ABPA or aspergilloma

sera.* ' 3325 Several of these antigenic components

200 4

97.4 -
68 ~

43 -

29

18.4 -
14.3 -

Figure 2. Reactiviry of monoclonal antibodies with 4 Havus
antigen on Western biors. Lanes a=1: the blois reacted with
monoclonal antihodies Asp DI Asp C9. Asp HI0. Asp ILBS.
Asp CIE6. and Asp C2B]. respectively. Lane g: blot reacrod
with con 4 and Lane h- antigen iransterred (0 Immohiton and
stained with colloidal gold,
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have been shown 10 react significantlv with sera from
aspergillosis patients and hence may be relevant in the
djsease‘{ 10. 13, 20, 25
Low levels of antibodies to commonly occurr 1
fungal antigens have been reported in a majority of
normal individuals.'"" However. the levels of antibodieg
to specific antigens will be much higher in patients than
in normal individuals and hence can be used to delen.
late patients from normal individuals. The occurrence
of such low levels of antibodies in the sera of normaj
individuals may be due to the presence of Cross-reacting
antigens among different fungj.>> > % The presence of
such cross-reactivity may adversely affect the interp -
tation of the resuits of immunologic methods emplc -
ing the monoclonal antibodies. Monoclonal antibodies
are directed against specific antigenic determinants and
they react consistently with such components. Because
of the shared antigenic components among different
fungi results of Immunoassays employing monoclonal
antibodies need careful evaluation and Interpretation,
To the contrary. monoclonal antibodies that show
Cross-reactivity with several fungi will be helpful
1nitial screening, whereas those produced agair: .;
unique epitopes mav aid in detecting the specific anti-
gens. The two monoclonal antibodies Asp C9 and Asp
D1 represent the former. whereas the remaining four
monoclonals represent the latter group (Table 1).
Glycoproteins are the major antigens of A. fumigatus.
They have been shown to exhibit consistent reactivity
in the detection of specific circulating antibodies =
aspergillosis. although protein antigens were found :
be more specific in some forms of the disease.'* -
However. the presence of antibodies to glvcoprotein
antigens in some normal individuals mayv be a limita-
tion in the use of such monocional antibodies in im-
munodiagnostic tests. Lymphocyte proliferative studies
from our laboratory have shown that ABPA patients as
well as normal subjects exhibit proliferative response 1o
glvcoprotein antigens.* The results of the western blo
analysis in this study indicate that the majority of th
cross-reactive antigens found among the different fung
are con A binding. Although not specific. these predom-
Inant antigens mav be involved in the pathogenesis of
the disease and hence may be significant in the disease
process.
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