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EPITOPE CAN BE INHIBITED BY SERUM FROM DUST MITE-ALLERGIC
PATIENTS!
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Monoclonal antibodies were raised against Anti-
gen P,, the major allergen of the house dust mite
(Dermatophagoides pteronyssinus). The majority
were Antigen P, specific, isotype IgG1, and did not
react with a comparable D. farinae allergen. These
antibodies bound 38 to 50% of !?°] Antigen P, in
antigen-binding assays (titer =1/1,000,000), and the
quantities of IgG antibody in ascites were 2 to 4 logs
greater than those in polyclonal mouse antiserum
or in serum from a mite-allergic patient. Two IgM
antibodies showed weak binding to Antigen P, but
reacted strongly with D. pteronyssinus in enzyme
immunoassay (titer =1/100,000). Assessments of
the specificity of the IgG antibodies by using two
inhibition radioimmunoassays suggested that they
were directed against two different epitopes. Anti-
bodies 10B9 F6 and 5H8 C12 were purified by pre-
parative isoelectric focusing (isoelectric points of pl
6.25 and 7.4, respectively) and radiolabeled with
1251, Cross-inhibition experiments, using ascites di-
lutions to inhibit binding of each radiolabeled anti-
body to Antigen P,, confirmed that these antibodies
recognized two distinct epitopes. Analysis of anti-
bodies from 39 clones/hybrids showed that the ma-
jority were directed against the same epitopes as
either 10B9 F6 or 5H8 C12 (3 out of 39 {8%] and 29
out of 39 [74%], respectively). None of the mono-
clonal antibodies significantly inhibited (>10%) hu-
man IgE binding to Antigen P, in the radioallergo-
sorbent test. However, 12 of 14 sera from mite al-
lergic patients inhibited binding by the monoclonal
antibodies. One serum from a mite-allergic patient
inhibited binding of both 10B9 F6 and 5HS8 C12 by
>85% and showed parallel inhibition curves. The
results suggest that these monoclonal antibodies
could be used to assay Antigen P, in both D. pter-
onyssinus and house dust extracts. It should also
be possible to use monoclonal antibodies in inhibi-
tion assays to define the antigenic/allergenic deter-

Received for publication April 16, 1984.

Accepted for publication June 25, 1984.

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indi-
cate this fact.

! This work was supported by National Institutes of Health Grant
AI20565.

2 To whom correspondence and reprint requests should be addressed.
Present address: Division of Clinical Immunology-Allergy, Department of
Medicine, UCLA School of Medicine, Center for Health Sciences, Los
Angeles, CA 90024.

minants recognized by human IgG and IgE anti-
bodies on this mite allergen.

Allergens derived from the house dust mite, Dermato-
phagoides pteronyssinus, are an important cause of
immediate hypersensitivity (1, 2). The major allergen of
D. pteronyssinus, Antigen P, has been purified from
extracts of mite culture and is a heat-labile glycoprotein,
m.w. 24,000, which occurs in multiple isoallergenic
forms (3). This allergen may be present in large quantities
in house dust (up to 100,000 ng/g), and the main source
of Antigen P, in both mite culture and house dust is mite
feces (4, 5). Antigen P, has been purified in several
laboratories (6-9) by using different purification tech-
niques and different sources of mites and mite culture
media. Positive immediate skin tests and serum IgG and
IgE antibodies to Antigen P, have been demonstrated in
mite allergic patients with rhinitis, asthma, and atopic
dermatitis (10, 11). Proliferation of T cells in response to
Antigen P, was recently reported (12). Furthermore, in
vivo delayed in time eczematous skin lesions infiltrated
with eosinophils and basophils can be induced with pu-
rified Antigen P, (13, 14). The antigenic/allergenic deter-
minants on Antigen P, that elicit these immediate and
delayed reactions have not been defined. Thus, it is not
known whether human antibody responses to Antigen P,
are restricted in specificity or polyclonal, whether IgG
and IgE antibodies recognize the same or different anti-
genic determinants, or whether these determinants are
the same as those that stimulate T cells.

With the advent of techniques for the production of
monoclonal antibodies of single specificity (15), it has
become possible to investigate antigenic determinants (or
epitopes) on a variety of macromolecules, including aller-
gens. There have been several recent reports of the pro-
duction of monoclonal antibodies to antigenic compo-
nents and allergens of rye grass pollen (16, 17), ragweed
(18), wheat flour (19), and Alternaria (20). Monoclonal
antibodies to dust mite have also been produced (21), and
Aalberse (22) has produced antibodies that react with
Antigen P,, but detailed analysis of their epitope specific-
ity has not been reported. We have produced a series of
monoclonal antibodies to Antigen P, as part of further
studies on the antigenic structure of this glycoprotein.
These antibodies are D. pteronyssinus specific and do
not bind to the analagous allergen from D. farinae. Fur-
thermore, they define at least two distinct epitopes on
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Antigen P,, and binding to both epitopes can be inhibited
by serum from mite-allergic patients.

MATERIALS AND METHODS

Antigens. Antigen P, was prepared from whole D. pteronyssinus
culture (Bencard, Betchworth, Surrey, UK) by salt precipitation (50%
saturated ammonium sulfate), gel filtration, and Pevikon block elec-
trophoresis by using modifications of methods described (3, 23). The
preparation used in these studies contained ~90% Antigen P, by
comparisons of dry weight with Antigen P, content determined by
inhibition radioimmunoassay. D. farinae allergen, Fraction I (D.
farinae Fr. [),* was extracted from D. farinae culture (Hollister-Stier,
Spokane, WA) that had been depleted of mite bodies and was par-
tially purified by salt precipitation and gel filtration. D. farinae Fr.
I showed extensive cross-reactivity with Antigen P, on immunodif-
fusion and radicimmunoassay. Full details of the purification of this
allergen will be published elsewhere (Heymann et al., manuscript in
preparationj.

Immunization of mice and production of monoclonal antibodies
to Antigen P,. Ten BALB/c mice were immunized 1.p. with 10 ug
Antigen P, in complete Freund's adjuvant (CFA) (Difco, Detroit, MI)
and were boosted twice with 7 ug Antigen P, in CFA at intervals of
10 days. Twelve days after the last injection, serum from each mouse
was assessed for antibody production by enzyme-linked immunosor-
bent assay (ELISA). Seven of the 10 mice showed good antibody
responses, and a mouse with an antibody titer of 1:12,800 was
boosted 1.v. with 25 ug Antigen P,. Four days later, spleen cells from
this mouse were washed once (200 X G for 10 min) with RPMI 1640
medium containing glutamine (GIBCO, New York, NY) enriched with
6 ml/liter MEM nonessential amino acids (100X; GIBCO), 10% NCTC-
109 medium (M. A. Bloproducts, Walkersville, MD), 11 mM sodium
bicarbonate, 1 mM sodium pyruvate, 0.06 mM g-mercaptoethanol,
50,000 U/liter penicillin and 50 mg/liter streptomycin. They were
then mixed in an 8:1 ratio with Sp2/0-Ag 14 myeloma cells (24) (5 X
10%) spleen cells:6.2 X 107 Sp2/0 myeloma cells) and centrifuged
{200 x G for 5 min). The supernatant was aspirated, leaving “dry”
cell sediments, which was resuspended in its trapped medium. Cells
were fused by the stepwise addition of 1 ml 37% polyethylene glycol
(PEG 1000, Koch-Light, New York) over 1 min (~0.2 ml/10 sec).
Enriched RPMI 1640 (10 ml) was added dropwise over ~5 minutes,
and the cells were gently resuspended and washed once in medium
supplemented with 15% fetal bovine serum 6.7 mM hypoxanthine
and 0.032 mM thymidine (HT medium). The cells were resuspended,
transferred to a petri dish, and incubated at 37°C in a humidified
atmosphere containing 5% CO, and air for 1 hr, and then resus-
pended in 100 ml/HT medium. This cell suspension was plated into
ten 96-well tissue culture plates (Costar, Cambridge, MA) at ~5 X
10°% cells/well and fed 24 hr later with 100 ul/well HT medium
containing 5 X 10~ mM aminopterin (HAT). Cultures were fed 100
]l HAT medium at successive 2-day intervals for 6 days. Macroscopic
growth of cells was evident from day 10 onward, and the cells were
screened for antibody production 10 to 17 days post-fusion by ELISA.
Antibody-producing hybrids were reassayed by antigen-binding ra-
dioilmmunoassay by using '*’I-labeled Antigen P, and were selec-
tively expanded into 2-ml cultures in HT medium. These hybrids
were cloned by limiting dilution by using medium containing 20%
fetal bovine serum selected for high cloning efficiency in the absence
of feeder cells. (Lot No. 100398; HyClone, Logan, UT). Clones show-
ing antibody production between 14 and 21 days were expanded into
25-cm? and 75-cm? flasks to obtain antibody-containing superna-
tants and to culture sufficient cells for cryopreservation and for the
production of ascites fluids. Ascites was produced by injecting 0.2
to 1.0 x 107 celis/mouse i.p. into BALB/c mice that had been injected
i.p. with 0.5 ml Pristane (2,6,10,14 tetramethylpentadecane; Sigma,
St. Louis, MOJj 1 to 3 weeks previously. The isotype of each mono-
clonal antibody was determined by immunodiffusion by using either
concentrated tissue culture supernatants (15x) or diluted (1/100)
ascites against rabbit anti-mouse subclass antisera (Nordic, El Toro,
CA).

ELISA for screening monoclonal antibodies. Microtiter plates
(Dynatech, Immulon II, Alexandria, VA) were coated with ~1 ug/well
of a 50% saturated ammonium sulfate fraction of whole D. pteron-
yssinus culture (D. pteronyssinus (50% SAS cut)) in 0.1 M sodium

3 Abbreviations used in this paper: 1% BSA PBS-T, 1% bovine serum
albumin in phosphate-buffered saline, pH 7.4, containing 0.25% Tween
20; D. pteronyssinus (50% SAS cut), 50% saturated ammonium sulfate
fraction of whole Dermatophagoides pteronyssinus culture; ELISA, en-
zyme-linked immunosorbent assay; D. farinae Fr. I, partially purified
Fraction 1 of D. farinae; IEF, isoelectrofocusing; RAST, radioallergosor-
bent technique.
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carbonate buffer, pH 9.6, overnight at 4°C. The plates were incu-
bated for 2 hr with tissue culture supernatant, dilutions of mouse
antiserum to antigen P,, or normal mouse serum, and then incubated
for 2 hr with 0.1 ml of a 1/3,000 dilution of peroxidase-conjugated,
affinity-purified, goat anti-mouse IgG (y and light chain specific)
(Code 6450; Tago, Burlingame, CA). Plates were washed five times
with phosphate-buffered saline, pH 7.4, containing 0.5% Tween 20
(Sigma, St. Louis, MO) (PBS-T) between incubations. Bound enzyme-
labeled antibody was detected by the additton of 100 gt 2,2’-azin-
odi(3-ethylbenzthiazoline sulfonic acid) (ABTS) (55 mg/100 ml) in
0.1 M citrate/phosphate buffer, pH 4.2, containing 0.03% H20.. The
absorbance at 414 nm (A44) was read after 20 to 30 min in a
microplate spectrophotometer (Multiskan; Flow, McLean, VA).

Antigen-binding radioimmunoassay by using '?®I allergens.
This assay was modified from previously described antigen-binding
techniques for measuring human IgG and IgE antibodies to Antigen
P, (10, 11). Essentially, 100 ul monoclonal antibody (tissue culture
supernate or dilutions of ascites) or polyclonal mouse antiserum to
Antigen P, was incubated for 4 hr with 100 ul of a 1/100 dilution of
23] Jabeled allergen (2.5 ng, specific activity 17 to 40 xCi/gg) in 100
ul of a 1/50 dilution of normal mouse serum. IgG antibody antigen
complexes were precipitated overnight at 4°C by the addition of 0.1
ml of a 1/12 dilution of rabbit anti-mouse IgG {specific for ¥ and
light chains). The precipitates were washed three times with borate-
buffered saline, pH 8.0, and the residual radioactivity in the precip-
itate was counted in a gamma counter (4/200 Micromedic, Horsham,
PA). Both mite allergens were radiolabeled by using a modified
chloramine-T technique (10.)

Preparative isoelectric focusing (IEF) of monaclonal antibodles
10B9 F6 and 5H8 C12. Preparative IEF in a flat bed of granulated
gel (Ultradex; LKB, Gaithersburg, MD)} was carried out by using the
LKB Multiphor. Ascites (4 ml 10B9 F6 or 2.5 ml 5H8 C12) was mixed
into a gel slurry containing 4 g Ultrodex and 4% v/v carrier ampho-
lytes, pH 5 to 8, (Pharmacia, Piscataway, NJ) in 100 ml distilled
water and focused at 8 W for 16 hr at 10°C (3). Gel segments (0.7
cm) were eluted with 2 ml distilled water and assayed for pH, protein
content (absorbance at 280 nm-Azso) and mouse IgG antibody to
Antigen P,. The IEF purification yielded 10.2 mg 10B9 F6 and 7.8
mg 5H8 C12.

Solid-phase inhibition radioimmune binding assays to assess
the epitope specificity of monoclonal anttbodies: 1) Binding of '2°]
Antigen P to solid-phase monoclonal antibody. Flexible polyvinyl
chloride microtiter plates (Costar) were coated overnight at 4°C with
100 ul of either a 1/10,000 dilution of 10B9 F6 ascites or a 1/100
dilution of 3H8 G8 or SH8 C12 ascites in 0.1 M sodium carbonate
buffer, pH 9.6. The coated plates were washed twice in PBS-T and
then incubated for 1 hr with 1% BSA-PBS-T. After two additional
washes, the plates were air dried and then incubated for 4 hr with
50 ul of dilutions of ascites together with 50 pl 12°] labeled Antigen
P; (10 ng:~80,000 to 90,000 cpm). The plates were washed five
times with PBS-T, then air-dried, and the radioactivity bound to
individual wells was counted. The diluent used for all solid-phase
assays was 1% BSA-PBS-T.

il) Binding of '*I labeled monoclonal antibodies to solid-phase
Antigen P,. Microtiter plates were coated with 10 ug/well D. pter-
onyssinus (50% SAS cut) {equivalent to ~7 pg/ml/well Antigen P,),
then were incubated for 4 hr with 50 gl serial 10-fold dilutions of
ascites (107251075 together with efther 50 ul 1*5I-labeled 10B9 F6 or
50 ul '*I-labeled 5H8 C12 (3 ng: 90,000 to 120,000 cpm). The plates
were washed five times in PBS-T, and the !?* antibody bound to
each well was counted. All assays were performed in duplicate. Sera
from 14 patients with positive skin tests and serum IgG and IgE
antibodies to D. pteronyssinus were compared in inhibition experi-
ments with sera from four nonallergic, i.e., skin test-negative, con-
trols. The percent specific inhibition of monoclonal antibody binding
was calculated as follows:

% Specific inhibition

_ % inhibition by test serum — % inhibition control sera
100 — % inhibition control sera

X 100

Inhibition of the radioallergosorbent test (RAST) by using mon-
oclonal antibodies. Ascites dilutions {10~% or 10™%) or PBS controls
were incubated overnight with cyanogen bromide-activated paper
discs that had been coupled with D. pteronyssinus {50% SAS cut).
Sera from six mite-allergic patients were diluted from 1/2 to 1/10
and assayed in RAST by using these discs as described (10). All of
the sera showed strong RAST binding (5 to 10% binding of '*°I anti-
IgE) and the quantities of IgG and IgE binding activity for Antigen P,
in these sera ranged from 166 to 1200 U/ml and 45 to 400 U/ml,
respectively.

Control monoclonal anttbodies. Two monoclonal antibodies, 8G2
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B9 (IgG2a} and 10H11 D9 (IgG2a), which had been raised against
Trypanosoma cruzi (25) were used as controls. Antibody 8G2 B9
had been shown to react with a specific T. cruzi glycoprotein by
radioimmunoassay and by electroblotting (25).

RESULTS

A series of monoclonal antibodies was derived from a
single fusion by using spleen cells from a mouse that had
been immunized with Antigen P,. On screening, super-
natants from 88 hybrids gave positive anti-D. pteronys-
sinus reactions in ELISA, and 70 of these (~7% of the
total hybrids} had IgG binding activity for Antigen P,.
Positive binding ranged from 2- to 35-fold above the
background for control monoclonal antibodies (<250
cpm), and strongly positive supernatants could bind up
to 40% of the added '*°[ Antigen P,. In contrast, none of
43 supernatants tested had detectable binding activity
for I D. farinae Fr. . Twenty-seven clones secreting
monoclonal antibodies to D. pteronyssinus were estab-
lished from 16 parental hybrids. The properties of 11 of
these antibodies are summarized in Table I: eight were
isotype IgG1, one was IgG2a, and two were IgM. Ascites
fluid containing IgG antibodies bound strongly to Antigen
P, but failed to bind D. farinae Fr. 1. Polyclonal mouse
antiserum to Antigen P; also showed poor binding to D.
JSarinae Fr. I (Table I}. By contrast, mouse anti-D. farinae
Fr. I antiserum bound almost equally to both mite aller-
gens. The two IgM antibodies, 7E3 E8 and 7E10 F6, gave
strongly positive anti-D. pteronyssinus reactions in
ELISA (titer 21/100,000) but showed weak binding to
Antigen P,. These IgM antibodies appeared to be D. pter-
onyssinus specific because they did not react with D.
farinae in ELISA (data not shown).

The antigen-binding curves of five monoclonal IgG

TABLE [

Species specificity and isotypes of monoclonal antibodies to D.
pteronyssinus Antigen P,

135 Antigen P,  '* D. fartnae
Monoclonal ELISA
Isatype Bound Fr. I Bound
Antibody (Ad14)7 (cpm® (cpmy®
10B9 F6 1gG1 0.78 17.346 124
10B9 B6 1gG1 0.73 17,445 89
10H2 C6 gG1 0.86 19,594 95
3H8 GB 1gG1 0.53 13,792 100
S5H8C12 igG2a 1.20 14,237 84
2G7 E8 1gGl 0.45 8,688 81
5B1 C12 1gG1 0.59 11,180 80
3A6 Al2 1gG1 0.57 14,846 132
5H8 D8 1gG1 0.50 5,792 82
7E3 E8 igM 0.91 684 ND
7E10 F6 IgM 0.80 723 ND
Controls
8G2 BY* 1gG2a 0.17 322 89
10H11 Dg* IgG2a 0.18 125 73
Mouse antiserum to  Polyclonal 1.34 21,981 1,362
Antigen p,*
Mouse antiserum to  Polyclonal ND/ 5.352 4,953
D. fartnae Fr. 1°
Normal mouse serum - 0.31 145 95

@ A4 values for undiluted tissue culture supernatant assayed on mi-
crotiter plates coated with D. pteronyssinus (50% SAS cut).

& Antigen-binding assays on monoclonal antibody ascites (10™* dilution)
or polyclonal mouse antisera (107 dilution]. Values are mean of duplicate
tubes. Total radioactivity added = 37,755 cpm for *¥] antigen P, and
38,252 cpm for '**1 D. fartnae Fr. 1.

¢ Control monoclonal antibodies raised against Trypanosoma cruzi
(25).

¢ Pooled antiserum from eight BALB/c mice immunized with Antigen
P, in CFA,

¢ Antiserum from a mouse immunized with D. farinae Fr. I in CFA.
Quantity of *3% D. farinae Fr. I bound by IgG antibody in this antiserum_
is lower because allergen preparation was not fully purified.

SND = not determined.
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Figure 1. Antigen-binding curves of monoclonal antibodies to Antigen
P,. The binding of IgG ascites from clones 10B9 F6 (@), 10H2 C6 (O), 5H8
C12 (W), 3A6 Al2 @), and 2G7 E8 (A} to '**] Antigen P; was compared
with that of IgG antibody in polyclonal mouse antiserum to Antigen P,
(®; Table 1) and in human serum from a mite-allergic patient (¢}. The
human serum contained 1000 U/mi IgG antibody to Antigen P, {10, 11}.
Total ***1 Antigen P; added = 38,000 cpm.

10 107

antibodies were compared with those of polycional mouse
antiserum to Antigen P; and human serum from a mite-
allergic patient (Fig. 1). The monoclonal antibodies
showed positive binding of Antigen P, at dilutions of =1/
1,000,000, and maximal binding ranged between 38 and
52% of the added radioactivity. Binding of these five
monoclonal antibodies was studied over a range of anti-
gen concentrations from 450 to 1.5 ng/ml. Analysis of
the binding curves showed EDsq values ranging from 4.1
x 107° to 8.6 X 107%, Full Scatchard analysis showed Ko
values of 7 X 10° liters/mol for 10B9 F6 and 1.4 X 10°
liters/mol for 5H8 C12. The binding curves of three mon-
oclonal antibodies—10B9 F6, 10H2 C6, and 5H8 C12—
closely paralleled those for IgG antibody in polyclonal
mouse antiserum and in human serum, although the
quantities of antibody in these sera were two to four
orders of magnitude lower than in the ascites.

Epitope specificity of monoclonal antibodies. Two
types of inhibition radioimmune binding assay were used
to determine whether the monoclonal antibodies were
directed against the same or different epitopes on Antigen
P,. Initially, the binding of ***I Antigen P, to a solid-phase
monoclonal antibody (10B9 F6, 3H8 G8, or 5SH8 C12) was
inhibited by using either homologous or heterologous
ascites (Table II). Two groups of monoclonal antibodies
could be distinguished by inhibition in these assays. One
group completely inhibited the binding of Antigen P; to
10B9 F6 but did not inhibit the binding of this allergen
to either 3H8 G8 or 5H8 €12 more than control mono-
clonal antibodies directed against a non-mite antigen.
Conversely, five other antibodies completely inhibited the
binding of both 3H8 G8 and 5H8 C12 to Antigen P, but
did not inhibit the binding of 10B9 F6. These results
suggest that the two groups of monoclonal antibodies
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TABLE II
Inhibition of the binding of '**I antigen P, to three monoclonal antibodtes®
10B9 Fé 3H8 G8 SH8 C12
Ascites Tested - To= 102 104 10-2 1074
10B9 F6 270 3.468 3,895 4,317 11,976 16,564
99% 87% 30% 20% 41% 19%
10B9 B6 222 3,938 3.179 4,405 13,545 15,094
99% 85% 42% 20% 34% 26%
10H2 C6 150 1,594 2,761 3,680 9,704 14,146
99% 94% 50% 33% 52% 31%
3H8 G8 22,263 24,344 219 997 537 5,073
15% 8% 96% 82% 97% 75%
5H8 C12 22,429 25,391 163 968 475 6,107
15% 4% 97% 83% 98% 70%
2G7 E8 20,624 21,720 270 1,732 533 9.330
22% 17% 95% 69% 97% 54%
5B1 C12 17,950 20,772 182 1,924 405 7.893
32% 21% 97% 65% 98% 61%
3A6 Al12 22,183 23,739 194 831 175 1,753
16% 10% 96% 85% 99% 91%
5H8 D8 21,200 24,457 3,837 5,150 11,577 16,350
19% 7% 30% 7% 43% 20%
Controls®
8G2 B9 19,378 20,057 4,483 4,263 17.774 16,158
26% 23% 20% 23% 13% 21%
10 H11 D9 18,268 20,515 4,873 4,596 15,905 15,927
31% 22% 12% 17% 22% 22%
Mouse Antiserum to Antigen P,¢ 2,943 8,003 335 911 1,930 3.638
89% 70% 94% 84% 91% 82%
No inhibitor (1% BSA PBS-T)* 26,305 + 1,036 5,537 £ 615 20,430 + 980

2 Dilutions of ascites (1072 or 10™) were used to inhibit the binding of '?°I-Antigen P, to monoclonal antibodies 10B9 F6, 3H8 G8, or SH8 C12,
which had been noncovalently bound to microtiter plates. Values represent quantity of '*I-Antigen P, bound to plate (cpm) and percent inhibition
when different ascites were used to inhibit binding. Boxes outline antibodies that caused maximum inhibition of binding of Antigen P, to solid-phase

antibody (>96% at 1072 dilution and >60% at 10~* dilution).
® See footnotes to Table L.
¢ Pooled antiserum assayed at dilutions of 1/10 and 1/50.
4 Mean + SD of eight wells incubated with 1% BSA PBS-T.
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Figure 2. Purification of monoclonal antibodies by preparative IEF.
Ascites from clones 10B9 F6 {A) and 5H8 C12 (B) was separated by
preparative IEF, and fractions were assayed for pH (@), protein content
(Azs0. A) and IgG antibody to Antigen P, (H).

recognize different epitopes on Antigen P;. One antibody,
5H8 D8, did not inhibit binding of Antigen P, to any of
the solid-phase antibodies (Table II).

Ascites from clones 10B9 F6 (IgGl) and 5H8 C12
(IgG2a) was purified in a single-step procedure by prepar-
ative IEF (Fig. 2A and B, respectively). Each antibody
focused as a single peak (isoelectric points of 6.25 [10B9
F6] and 7.4 [5H8 C12])}, which contained the highest
concentration of protein and showed maximum binding
of Antigen P,. These purified antibodies were radiola-
beled with '#]. Binding of both 'I-labeled antibodies to
Antigen P; could be fully inhibited by homologous, but
not by heterologous cold antibody in cross-inhibition ex-
periments (Fig. 3A and B). Two other monoclonal anti-
bodies, 10H2 C6 and 3A6 Al12, showed parallel inhibition
curves to 10B9 F6 and 5H8 C12, respectively (Fig. 3).
These results confirm that antibodies 10B9 F6 and 5H8
C12 recognized distinct epitopes on Antigen P,. When
other monoclonal antibodies were tested (Table III), they
showed the same specificities as were seen in the inhi-
bition assay by using solid-phase antibody. We consid-
ered whether the inhibition results could be explained by
differences in affinity of the antibodies alone. However,
the difference in inhibition of '*° 10B9 F6 by cold 10B9
F6 and 5H8 C12 would require that 5H8 C12 had an
affinity >1,000-fold less than 10B9 F6. In the reverse
experiment, the opposite relationship would be required.
In fact, our Scatchard analysis showed the affinity of
10B9 F6 for Antigen P, was fivefold greater than that of
5H8 C12. This difference could not explain the results.
Thus, one group of antibodies clearly inhibited the bind-
ing of *°I 10B9 F6 to Antigen P,, whereas the other group
only inhibited the binding of 2] 5H8 C12.
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Figure 3. Inhibition of the binding of *2°I mono- -
clonal antibodies to solid-phase Antigen P,. Serial 1000 -
fourfold dilutions of ascites from clones 10B9 F6 (@),
10H2 C6 (O), 5H8 C12 (W), and 3A6 Al12 (J) were
used to inhibit binding of 3*I 10B9 F6 (A) or ***I 5H8
C12 (B) to microtiter plates coated with Antigen P,. o
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Analysis of antibodies in either supernatant or ascites
from 19 clones showed that 16 recognized the same
epitope as 5H8 C12 and that two recognized the same
epitope as 10B9 F6. With one exception (5H8 D8), sub-
clones of the same hybrid recognized the same epitope.
Antibody 5H8 D8, an IgG1 sub-clone of the 5H8 hybrid,
did not recognize the same epitope as 5H8 C12, which
was isotype IgG2a (Table IIl). Analysis of supernatants
from 20 parental hybrids secreting antibodies to Antigen
P, showed a similar prevalence of antibodies binding to
each epitope: 13 gave >70% inhibition against 5H8 C12,
one gave >70% inhibition against 10B9 F6, four gave
partial (40 to 65%) inhibition against either one or both
antibodies, and two did not inhibit either antibody. Over-
all, 29 of the 39 clones/hybrids tested. (74%) produced
antibodies with the same specificity as 5H8 C12, and
three out of 39 (8%) produced antibodies with the same
specificity as 10B9 F6.

Inhibition of monoclonal antibody binding to Antigen

Dilution of Ascites Added

P, by using serum from mite-allergic patients. Initially,
four monoclonal antibodies—10B9 F6, 10H2 C6, 5H8
C12, and 3H8 G8—were tested against sera from six
mite-allergic patients to see whether they would inhibit
the binding of human IgE antibody to Antigen P, in the
RAST, and none of the four antibodies caused >10%
inhibition. We then carried out experiments to see
whether human sera would inhibit the binding of 10B9
F6 and/or 5H8 C12 to Antigen P,. One serum (G.B.)
showed >85% inhibition and parallel inhibition curves
against both monoclonal antibodies (Fig. 4A). In all, 14
sera were tested, and 12 showed >20% specific inhibition
of the binding of either 10BS F6 or 5H8 C12 or both (Fig.
4B).

DISCUSSION

Immunization of mice with Antigen P, in CFA readily
gives rise to antibody responses that can be exploited for
the production of monoclonal antibodies. Our results
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TABLE 1l
Inhibition of the binding of ®[-labeled monoclonal anttbody to solid-phase Antigen P,°
10B9 F6 GH8 C12
Dilution Dilution
Ascites Tested 1072 10 for 50% 1072 107 for 50%
Inhibition Inhibition
10B9 F6 81 478 >107° 1,314 2,228 <107
98% 91% 37% 0%
10B9 B6 80 400 >10"8 1,422 1.728 <107?
99% 92% 32% 17%
10H2 C8 84 259 >107°% 1.516 1,642 <107*
98% 95% 27% 21%
3H8 G8 3.936 4,451 <1072 72 475 >107°
24% 12% 97% 7%
5H8 C12 3.714 4,577 <1g-* 65 394 >5 x 1074
28% 11% 7% 81%
2G7 E8 3,907 4,438 <107% 79 496 >107"
24% 14% 96% 76%
581 C12 3,769 4,659 <10~ 80 364 >107®
27% 10% 96% 83%
-3A8 Al12 3,729 4,176 <1072 70 215 >107%
28% 1% 97% 87%
5H8 D8 2,928 4,605 <10~ 1,541 1,960 <1072
43% 11% 26% 6%
Anti-T. cruzt antibodies® 4,364 + 373 ND* -— 1,657 + 189 ND —_
16 + 0.9% 20 + 0.9%
Mouse anti-serum to Antigen P;° 1,725 3,613 4%x107* 766 1,208 3x 107
67% 30% 63% 42%
No inhibitor (1% BSA PBS-T} 5,170 £ 221 2,083 + 190

< Dilutions of ascites (10~* and 107} were used to inhibit blnding of }*1-Jabeled 10B9 F6 or 5H8 C12 to microtiter plates coated with Antigen P,-

enriched mite extract {D. pteronyssinus 50% SAS cut). Quantity of

81-labeled antibody bound {cpm) and percent inhibition are shown. Boxes outline

groups of monoclonal antibodies that recognize same epitope as either 10B9 F6 or 5H8 C12.

® Mean + SD for antibodies 8G2 B9 and 10H11 D9.

< Tested at dilutions of 10~* and 1072,

4 Mean SD of eight wells incubated with 1% BSA PBS-T.
¢ ND = not determined.
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Figure 4. Inhibition of the binding of **° 10B9 F6 and '**] 5H8 C12 to
Antigen P; by serum from mite-allergic patients. Doubling dilutions of
serum from patient G.B. were used to inhibit the binding of 10B9 F6 (@)
or 5H8 C12 (O) to solid-phase Antigen P, {4]. This patient had high levels
of serum IgG and IgE antibody to Antigen P, (12,500 U/mi and 400 U/ml,
respectively). Sera from 12 patients were tested at 1/5 dilution for inhi-
bition of each ***I-labeled antibody {B). (Top line in B = serum from G.B.)
Values for percent specific inhibition were obtained after subtracting the
mean percent inhibition obtained by using four sera from nonallergic
controls (see Materials and Methods). 1.e., 30% and 32% of the unin-
hibited binding of 10B9 F6 and 5H8 C12, respectively. In these experi-
ments, 15,000 cpm 10B9 F6 and 5700 cpm 5H8 C12 were bound in the
absence of tnhibitor (1% BSA PBS-T controls}.

show that the majority of monoclonal antibodies pro-
duced from this fusion were Antigen P, specific and
isotype IgGl. Moreover, these antibodies were also D.
pteronyssinus specific and did not react with the anal-
agous allergen from D. farinae. This finding was surpris-
ing because rabbit antisera show cross-reactivity be-

tween both these mite allergens. Allergic patients also
show immediate hypersensitivity to allergens derived
from both mite species (26, 27). Antigen-binding assays
with sera from the 10 mice that had been immunized
with Antigen P,, as well as the pooled mouse antiserum
to Antigen P,, showed that these sera contained much
lower levels of IgG antibody to D. farinae Fr. I (data not
shown). These preliminary studies, therefore, raise the
possibility that mouse IgG antibodies produced after im-
munization with antigen P, in CFA are selectively di-
rected against D. pteronyssinus-specific antigenic deter-
minants.

Inhibition experiments with the monoclonal antibodies
in two different solid-phase radioimmune binding assays
showed that these antibodies recognized two epitopes on
Antigen P;. There was some nonspecific inhibition in
both assays, particularly in the assay involving inhibition
of 12°I Antigen P, binding to solid-phase antibody. How-
ever, given that several antibodies bound 40 to 50% '*°
Antigen P, in the fluid phase, they might well be expected
toreduce the small quantity of radiolabel (10 ng) available
for binding to a solid-phase antibody. Concordant results
were obtained in both assays, and the cross-inhibition
curves clearly distinguished two epitopes based on the
binding of either 10B9 F6 or 5H8 C12 monoclonal anti-
body. A high proportion (74%) of antibodies produced in
this fusion were directed against the epitope recognized
by 5H8 C12, suggesting that this could be an “immuno-
dominant” determinant. From comparisons of the dilu-
tions of ascites required for 50% inhibition of binding to
each epitope, it seems clear that these epitopes are non-
overlapping antigenic sites on Antigen P,. It is also pos-
sible that there are other D. pteronyssinus-specific de-
terminants on Antigen P,. One monoclonal antibody (5H8
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D8) and antibodies from two parental lines failed to in-
hibit the binding of either 10B8 F6 or 5H8 C12, suggest-
ing that they might be directed against other epitopes.
Allergen-specific monoclonal antibodies have consid-
erable potential for use in several areas of research on
immediate hypersensitivity. These include i) identifica-
tion and quantitation of allergens in commercial extracts
for standardization purposes (21, 22, 28), ii} analysis of
allergen structure, iil) analysis of antigenic/allergenic
determinants that stimulate both IgG and IgE antibody
responses and T cells in mite-allergic patients. In addi-
tion, monoclonal antibodies to allergens known to be
present in house dust (e.g.. Antigen P,, Cat I, and Alt-i)
would be of particular value for measuring the quantities
of these allergens in dust samples from allergic patients’
houses. Recently, an International Standard D. pteron-
yssinus extract of known Antigen P, content was estab-
lished (NIBSC 82/518) (29). This standard will serve as a
reference to enable different laboratories to compare the
Antigen P, content of mite extracts and house dust ex-
tracts. Our results leave little doubt that the monoclonal
antibodies described here could be used as primary re-
agents for the identification of Antigen P, in allergen
extracts containing D. pteronyssinus. These antibodies
could replace conventional antisera in quantitative as-
says, €.g. radioimmunoassay. However, they would not
be suitable for assays of the allergen content of D. farinae
extracts. This would best be achieved by the production
of monoclonal antibodies to common determinants on
both Antigen P, and the cross-reacting D. farinae aller-
gen.
The availability of monoclonal antibodies to Antigen P,
is a first step toward defining the antigenic structure of
this glycoprotein. Structural studies with globular pro-
teins, e.g., myoglobin, lysozyme, and albumin (reviewed
in Reference 30), clearly show that assessments of anti-
genicity will also depend on primary amino acid sequence
and three dimensional protein conformation. There have
been few such studies in relation to allergens. However,
ragweed allergen Ras has been sequenced (31), and there
have been preliminary studies on the binding of isoaller-
gens (32) and chemically modified Ra; (33) by human IgE
antibodies. In the present studies we found that, whereas
human sera inhibited binding of monoclonal antibodies
to Antigen P,, individual monoclonal antibodies had very
little effect on human IgE binding in RAST. This suggests
that human antibodies are directed against multipie an-
tigenic determinants such that blocking one epitope with
a single monoclonal antibody would not cause significant
inhibition. With the production of more monoclonal anti-
bodies to the same allergen, it should be possible to
identify the determinants recognized both by human IgG
and IgE antibodies and also by human T cells (12) by
using inhibition experiments. Studies on T cells would
attempt to answer whether T cells from patients with
different diseases associated with immediate hypersen-
sitivity are directed against the same or different epitopes
(11, 12). By using a panel of monoclonal antibodies, it
would be possible to map the antigenic structure of An-
tigen P, as has been done for globular proteins (30) and
viral glycoproteins (34). In addition, it should be possible
to answer whether cross-linking of the surface of a mast
cell with Antigen P, requires IgE antibodies to two differ-
ent epitopes. Finally, we would like to study whether
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patients of different ages, with different diseases or with
different total levels of serum IgE, have IgE antibodies
directed against different epitopes or a different number
of epitopes.
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