Andrew M. Collins
Doris Thelian
Marissa Basil

School of Microbiology and Immunology,
University of New South Wales, Kensington,
Australia

oooooooooooooooooooooooooooooooooooooooooooooo

Key Words
Allergy

Mast cell
RBL

IgE antibodies
Valency

Introduction

Regional lymph nodes have long been recognised as
sites of IgE production [1], and have more recently been
shown to be sites of accumulation of mast cell progenitors
[2]. It has therefore been suggested that mast cells may be
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Abstract

Rat basophil leukemia (RBL) cells were sensitised with varying proportions of
monoclonal IgE anti-ovalbumin (OVA) and anti-DNP antibodies, and serotonin
release was measured after challenge with aggregated OVA or dinitrophenylated
human serum albumin (DNP-HSA). Highly aggregated OVA was shown to pro-
voke the degranulation of RBL cells that had been sensitised with an IgE prep-
aration containing 2% IgE anti-OVA antibodies. Highly substituted DNP;,-HSA
induced degranulation of RBL cells sensitised with just 0.5% antigen-specific
IgE. When cells were sensitised with high percentages of specific IgE, maximum
degranulation was seen at concentrations of 2 ug/ml (aggregated OVA) and
50 ng/mi (DNP-HSA), while moderate degranulation was still seen at antigen
concentrations as low as 50 and 2 ng/ml, respectively. Low-molecular weight
aggregates of OVA and low-valency DNP,-HSA only stimulated degranulation
when high percentages of RBL Fce receptor were occupied by antigen-specific
IgE. The sensitising abilities of two anti-DNP monoclonal antibodies of differing
affinities were compared. When challenged with low-valency antigen, only cells
sensitised with the higher-affinity monoclonal antibody exhibited moderate lev-
els of degranulation. Degranulation required exposure to high antigen challenge
doses (5 ug/ml). Cells sensitised with either monoclonal antibody responded
strongly when challenged with a wide range of concentrations (1-250 ng/ml) of
high-valency DNP3,-HSA, although greater sensitivity was always seen with the
higher-affinity antibody. These results suggest that antigen valency is a critical
parameter for mast cell function, and that low-affinity antibody may be capable
of sensitising mast cells to high-valency antigen.

sensitised by locally produced IgE antibodies in regional
lymph nodes [3]. Mast cells are now known to be important
sources of cytokines [4], including IL-4 [5] which is essen-
tial for IgE class switching. Furthermore, in an in vitro sys-
tem, in the presence of [1-4, mast cells are capable of direct-
ing B cells to IgE production [6], leading to the hypothesis
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that mast cell-B cell association may lead to increased IgE
synthesis and local sensitisation of mast cells at sites distant
from the lymph nodes [6]. Nevertheless, the prevailing
model of mast cell function suggests that mast cell sensitisa-
tion is not a local phenomenon, but one in which cells resi-
dent throughout the body become similarly sensitised with
serum-derived IgE.

Since the percentages of specific serum IgE in even high-
ly allergic individuals is low, mast cell-bound IgE, if serum-
derived, would be directed towards a multitude of antigens.
Whether or not such a process of sensitisation could lead to
reactivity to a particular antigen would therefore depend up-
on the proportion of serum IgE directed against that antigen,
and upon the sensitivity mast cells acquire when varying
percentages of cell surface Fce receptors are occupied by
IgE antibodies directed against any antigen.

It has been reported that the levels of allergen-specific
IgE in the serum of allergic patients may be as high as 20%,
and as low as 0.1% of total serum IgE [7]. It has also been
estimated that approximately 300,000 high affinity recep-
tors (FceRI) for IgE are typically expressed on the surface of
each mast cell [8]. Although FceRI expression by mast cells
and basophils is known to be variable [9], if the sensitisation
of mast cells in allergic patients is a product of serum-de-
rived IgE, these studies suggest that perhaps as few as 300
receptors carrying allergen-specific IgE could be sufficient
for cell sensitisation to that allergen.

Evidence has been published that only 100 receptors re-
quire cross-linking to trigger degranulation of mast cells
[10], and that maximum degranulation of rat basophil leuke-
mia (RBL) cells may be attained with the cross-linkage of
10% of surface IgE [11]. While these reports are consistent
with the possibility of serum IgE-mediated sensitisation, we
have undertaken experiments to investigate more closely
the relationship between the percentage of cell-bound anti-
gen-specific IgE and antigen responsiveness. We have con-
ducted these experiments using the RBL-2H3 cell line,
which is a well-established mast cell model, and which is
widely used to study the process of signal transduction and
secretion after ligand binding to cell surface receptors
[12,13].

Our studies allow us to describe the ‘threshold percent-
age’, or the percentage of total cell-bound IgE that must be
specific for an antigen if RBL cells are to show significant
degranulation upon exposure to a particular concentration
of that antigen. The availability of two monoclonal IgE anti-
DNP antibodies has allowed us to examine the relationship
between antibody affinity and the threshold percentage. By
challenging cells with aggregated antigens fractionated ac-
cording to molecular weight, or with hapten-carrier prep-

arations having varying levels of hapten substitution, we
have also been able to investigate the role of antigen valency
on cell sensitivity. The results presented here suggest that
antigen valency is of fundamental importance to mast cell
sensitivity, and that even relatively low-affinity antibodies
may be able to promote degranulation upon challenge with
high-valency antigen.

Materials and Methods

Antibody and Antigen Preparations

Dinitropheny! coupling reagents, DNP-lysine, human serum albu-
min (HSA), ovalbumin (OVA) and purified SPE-7 IgE anti-DNP anti-
bodies were obtained from Sigma Chemical Co., St. Louis, Mo. DNP-
HSA was prepared at varying levels of substitution and characterised
spectrophotometrically using standard techniques [14]. OVA was ag-
gregated using gluteraldehyde, and aggregates of various sizes were
separated by gel filtration chromatography on a Sephacryl S300 Su-
perfine column (Pharmacia LKB Biotechnology, Uppsala, Sweden).
Purified monoclonal BIE3 rat anti-mouse [gE and H1-e-DNP murine
IgE anti-DNP antibodies were kindly provided by Dr. Dan Conrad,
Virginia Commonwealth University, Virginia, USA. IgE anti-OVA an-
tibodies were raised as ascites using the OVA6B cell line, kindly pro-
vided by Mr. G. Georgiou, Royal Children’s Hospital, Melbourne. An-
tibody concentrations were quantified by RBL degranulation assay.
RBL cells were cultured in the presence of doubling dilutions of the
various monoclonal IgE antibodies, and degranulation was induced by
further incubation of cells with BIE3 rat monoclonal anti-mouse IgE
antibodies. It was first confirmed that the maximum levels of degran-
ulation and the slopes of the titration curves were identical for all anti-
bodies. Preparations of unknown IgE concentration were then quanti-
fied by reference to the degranulation resulting from the sensitisation
of cells with known concentrations of purified SPE-7 IgE anti-DNP
antibodies.

ELISA Assays

An indirect ELISA assay was developed for the measurement of
monoclonal IgE antibodies. Briefly, 96-well microtitre plates (Nunc
A/S, Roskilde, Denmark) were coated with DNP3,-HSA (10 pg/ml in
0.01 M carbonate buffer, pH 9.6) by overnight incubation at 4°C, and
blocked with 1% skim milk/0.01 M carbonate buffer for 1 h at 37°C.
Samples were diluted in PBS/1% skim milk/0.05% Tween-20 and in-
cubated for 1 h at 37°C. BIE3 monoclonal rat anti-mouse IgE was add-
ed to plates at a concentration of 10 ug/ml, and incubated for 1h at
37°C. Plate-bound rat IgG antibodies were then detected by the addi-
tion of 1:1,000 peroxidase-labelled goat anti-rat IgG (Kirkegaard &
Perry Laboratories, Gaithersburg, USA) and incubation for a further
hour. Finally, tetramethylbenzadine substrate (Sigma) was added to
the wells and incubated at room temperature for 10 min. The reaction
was stopped using 2 M H,SO,. Between steps of the assay, plates were
washed with PBS/0.05% Tween 20. Optical densities were read at
450 nm using a Bio-Rad 3550 Microplate reader (Bio-Rad Laborato-
ries, Richmond, Calif.).

The affinity of anti-DNP antibodies was determined by an ELISA
inhibition assay, a modification of the assay described above, which
was developed by reference to the radioimmunoassay of Varga [15].
Near-saturation concentrations of the two anti-DNP antibodies were

548 Collins/Thelian/Basil

Antigen Valency and RBL Sensitivity



first determined by the IgE anti-DNP ELISA assay. Aliquots of anti-
bodies at this concentration were then incubated for 45 min at 37°C in
the presence of concentrations of free monovalent antigen (DNP-ly-
sine) ranging from 10~ to 10 M. Antibody/antigen preparations were
then added to the plates and the assay completed as previously de-
scribed. The affinity of the antibodies was expressed as the molar con-
centration [the ‘I(50)’] of DNP-lysine necessary for 50% inhibition of
antibody binding to the DNP-HSA-coated plate.

Determination of Serotonin Release

RBL-2H3 cells were cultured in Dulbecco’s Modified Eagles Me-
dium (DMEM) containing 10% fetal calf serum (FCS: Cytosystems,
Castle Hill, Australia) in 75-cm? culture flasks (Greiner GmbH, Frik-
kenhausen, Germany). Cells were harvested, counted and resuspended
in DMEM/FCS containing 2 uCi/ml *H-5-hydroxytryptamine creati-
nine sulphate (Du Pont, Boston, Mass.), then seeded into 96-well Nun-
clon microtitre plates (Nunc A/S, Roskilde, Denmark) at a concentra-
tion of 5x10* cells/well, and incubated overnight. *H-serotonin-pulsed
RBL cells were sensitised with monoclonal IgE antibodies at percent-
ages of specific IgE ranging from 0.5 to 100%. This was achieved by
the incubation of RBL cells in the presence of saturating concentra-
tions (1 pg/ml) of mixtures of anti-DNP antibodies and anti-OVA IgE
(e.g. 25% or 0.25 pg/ml anti-DNP + 75% or 0.75 pg/ml anti-OVA).
Cells were cultured for a further 3.5 h before being challenged with a
cross-linking agent. After 30 min, 20 ul supernatant samples were
transferred to a Wallac 1450 PET 96-well microtitre plate (Wallac Oy,
Turku, Finland) containing 200 ul Hisafe III scintillant (Wallac) per
well. The RBL cells were then lysed with 1% Triton X-100 (Sigma) and
20 pl lysate samples transferred to a second Wallac microtitre plate
containing 200 pl scintillant per well, for the measurement of unre-
leased *H-serotonin. Plates were then read in a Wallac Microbeta Plus
microplate liquid scintillation counter. The percentage release of sero-
tonin upon antigen challenge was then calculated. Initial experiments
used BIE3 monoclonal anti-mouse IgE antibodies (10 pg/ml to 1 ng/
ml) as the cross-linking agent. Later, specific antigen (DNP-HSA or
aggregated OVA) was used at concentrations varying from 2 ng/ml to
5 ng/ml. Negative control wells set up on each plate included IgE-free
wells and antigen-free wells. Each plate also included positive control
wells containing cells sensitised with 10 ng/ml or 100 ng/ml Hi-e-DNP
IgE, and then challenged with 100 ng/ml high valency DNP;,-HSA or
with 1 uM calcium ionophore A23187 (Sigma). Four-fold replicates
were set up for each antibody and antigen concentration. In one series
of experiments, sensitised RBL cells were challenged with consec-
utive fractions of aggregated OVA eluted from the S300 gel filtration
column. In later experiments, sensitised cells were challenged with
DNP;,-HSA, DNP;-HSA or DNP,-HSA.

The Threshold Percentage

The extent of degranulation of antigen-challenged cells sensitised
with various percentages of specific IgE was compared with results for
fourteen negative control wells set up on each microtitre plate. Results
were analysed using the unpaired T test and statistical significance was
accepted at the 5% level. The threshold percentage for each antigen
preparation was defined as the lowest percentage of specific IgE nec-
essary to sensitise cells for significant degranulation.

Results

Serotonin Release vs. Antigen Concentration

Preliminary experiments were conducted to determine
suitable antigen concentration ranges for the investigation
of RBL cells sensitised with the various antibodies, for de-
granulation of sensitised cells may be reduced by saturation
at high antigen concentrations. It was shown that degran-
ulation declined at concentrations of high-valency DNP-
HSA above 250 ng/ml (fig. 1). Similarly, we established that
a suitable concentration of aggregated OVA for the chal-
lenge of anti-OVA sensitised cells was 2 ug/ml (data not
shown).

The Affinity of IgE Anti-DNP Antibodies

Near-saturating concentrations of Hl-e-DNP and SPE-7
antibodies were incubated at 37°C for 60 min in the pres-
ence of DNP-lysine at concentrations from 107 to 10 M.
The antigen/antibody preparations were then added to a
DNP-BSA-coated plate, and the percentage inhibition of
antibody binding determined by reference to a series of
DNP-lysine-free wells. The Hl-e-DNP IgE was shown to
have an I(50) of 1.0x 107" M, while SPE-7 IgE had an I(50)
of 1.0x107° M (fig. 2).

Investigations of the Threshold Percentage

Aggregated OVA was fractionated by gel filtration. The
relationship between elution volume and molecular weight
was established using a series of purified protein standards,
and the predominant molecular weights of the various ag-
gregated OVA fractions were then calculated. Each fraction
certainly contained a mixture of aggregate sizes, but never-
theless the fractions could be used as a series to study the
effect of antigen valency on the threshold percentage. Frac-
tions used in the following experiments were numbered
from 32 to 70. Fraction 70 contained dimeric OVA. Trimeric
OVA eluted as fraction 62, tetrameric OVA as fraction 56
and heptameric OVA as fraction 42. With respect to their
binding to the monoclonal anti-OVA antibody, these antigen
aggregates can be described as having valencies of 2, 3, 4
and 7, respectively.

RBL cells were cultured in the presence of mixtures of
H1-e-DNP and OVA6B IgE antibodies with anti-OVA anti-
bodies present at proportions varying from 0.5 to 100%. De-
granulation of sensitised RBL cells was induced by chal-
lenge with aggregated OVA fractions at a concentration of
2 ug/ml. Results are presented in figure 3a for cells sensi-
tised with 100, 25, 5 and 1% anti-OVA IgE. All experiments
additionally examined degranulation from cells sensitised
with 50, 10, 2 and 0.5% specific IgE. Complete results ex-
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Fig. 1. *H-serotonin release from RBL
cells sensitised with 2 pg/ml Hl-e-DNP IgE
anti-DNP antibodies and challenged with
DNP;,-HSA at concentrations ranging from 20

1,000 to 1ng/ml. Data shown are means of 1
four-fold replicates. Error bars are not indi-
cated when graphically too small.

% Inhibition
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Fig. 2. Inhibition of binding of Hl-e-DNP 20 1
and SPE-7 antibodies to solid-phase bound
DNP;,-HSA in the presence of concentrations
of monovalent DNP-lysine ranging from 107

—— H1-e-DNP
—{— SPE-7

to 10~ M. Data shown are means of duplicate 109 10!
samples. Error bars are not indicated when
graphically too small.

pressed as percent serotonin release vs. percent occupancy
RBL FceR by specific IgE are shown for selected fractions
(fractions 38, 50, 60, 64 and 68) in figure 3b.

Significant degranulation was only seen for low valency
antigen when high percentages of specific IgE were cell-
bound. Maximum degranulation was seen with 100% OVA-
specific IgE as the sensitising antibody, and a complex rela-
tionship between degranulation and fraction number is evi-
dent from figure 3a. The strongest degranulation was seen

T T T T rrrey T
102 103 104 105 108 107

Antigen Concentration (nM)

upon challenge with the heptameric fraction 44 (46% sero-
tonin release). Higher molecular weight fractions showed
declining levels of degranulation, perhaps as a result of ster-
ic hindrance. The percentage release also declined slowly
from fraction 44 to fraction 60, and then dropped sharply
from fraction 62 to fraction 70. The same general trends
were apparent for cells sensitised with lower proportions of
specific IgE. At 5% specific IgE, degranulation increased
gradually, then decreased, with declining aggregate size.
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Fig. 3.a, b *H-serotonin release from
RBL cells sensitised with various percent-
ages of specific IgE anti-OVA antibodies, and
challenged with 2pg/ml aggregated OVA
fractions separated according to molecular 0

weight by gel filtration. Data shown are A
means of four-fold replicates. Error bars are
not indicated when graphically too small.

Degranulation rose from the highest molecular weight frac-
tions (13%) to peak at fraction 44 (18%), then dropped
sharply to baseline levels (6%) at fraction 56. No degran-
ulation was seen above background levels from cells sensi-
tised with less than 2% anti-OVA IgE, and considerably
higher percentages of specific IgE were required to sensitise
cells to low valency antigen. Threshold percentages are pre-
sented in table 1.

Experiments were repeated using anti-DNP-sensitised
RBL cells and various DNP-HSA antigens. RBL cells were
again cultured in the presence of mixtures of monoclonal

% anti-OVA IgE

IgE anti-DNP and anti-OVA antibodies. Experiments were
performed using both SPE-7 and H1-e-DNP IgE anti-DNP
antibodies at proportions varying from 0.5 to 100%. De-
granulation was induced by incubation of sensitised cells
with DNP;,-HSA at concentrations ranging from 2 to
250 ng/ml. Results are presented in figures 4a, b. Degran-
ulation reached a maximum of 42% using H1-e-DNP IgE,
and 33% using SPE-7 IgE. No significant increase in de-
granulation was seen using antigen concentrations above
50 ng/ml. Other than in experiments where cells were chal-
lenged with very low concentrations of DNP;,-HSA (2 ng/
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ml), degranulation tended to peak at 25% specific IgE occu-
pancy of cell surface FceR. This was observed even when
cells were challenged with 10 ng/ml antigen, and is most
evident in the results presented for SPE-7 sensitised cells
(fig. 4a), where degranulation reached a plateau at 22% se-
rotonin release with 25% occupancy.

Sensitised cells were then challenged with low valency
antigen (DNP,-HSA) at concentrations of 5 ug/ml, 1 ug/ml,
250 ng/ml and 50 ng/ml (fig. 5a, b). Significant degranula-
tion was seen when cells were challenged with 5 pg/ml anti-
gen, but not at lower concentrations. Even with a 5 pg/ml
challenge, SPE-7-sensitised cells were only responsive
when very high proportions of the sensitising antibodies
were DNP-specific. SPE-7 sensitised cells were also chal-
lenged with DNP-HSA having a mean valency of 8. Results
are presented as figure 6. The maximum degranulation seen
was intermediate between that induced by the DNP,-HSA
and the DNP;,-HSA. No degranulation followed challenge
with less than 250 ng/ml DNP-HSA.

Threshold percentages were calculated for Hl-e-DNP
(table 2) and SPE-7 sensitising antibodies (table 3) as has
previously been described. While SPE-7-sensitised cells
were barely responsive to low-valency antigen, the thresh-
old percentage for this antibody using DNP3,-HSA at a con-
centration of 50 ng/ml was just 1%. Threshold percentages
were even lower for the H1-e-DNP antibody. At the lowest
DNP;,-HSA concentration tested (2 ng/ml), the threshold
percentage was 5%, and at higher antigen concentrations
(50 ng/ml) degranulation was seen at the lowest percent oc-
cupancy tested (0.5%). Low-valency DNP,-HSA provoked
degranulation from cells sensitised with at least 10%-H]1-¢-
DNP antibody.

Discussion

We have shown that the percentage of specific IgE that
must be cell-bound if RBL cells are to acquire sensitivity to
a particular concentration of antigen is dependent upon the
valency of the challenge antigen. Sensitised cells were re-
fractory to challenge with low-valency antigen. Very little
degranulation was seen upon exposure to DNP,-HSA, even
when 100% of cell-bound IgE was DNP-specific. Similarly,
challenge of sensitised cells with dimeric and trimeric ag-
gregated OVA resulted in serotonin release which was only
slightly above background levels.

Differences seen in the threshold percentages of two IgE
anti-DNP antibodies, and differences in the maximum lev-
els of degranulation between the anti-DNP and anti-OVA
IgE antibodies may be a reflection of different affinities of

Table 1. The minimum (threshold) percentage of antigen-specific
sensitising IgE necessary for degranulation of RBL cells upon expo-
sure to 2 ug/ml aggregated OVA

Fraction Threshold Degranulation Background
No. % % degranulation
32 2 6.6+0.5 3.4+0.2

36 2 6.9+0.3 42+0.3

40 2 8.7+0.3 6.3+0.2

44 2 9.5+0.5 8.1£0.2

48 5 13.1+£1.4 6.3+£0.2

52 S 1+1.1 6.0:0.2

56 10 12.7£1.8 5.6+0.2

60 10 10.1£0.9 6.0£0.5

64 25 12.1£0.1 6.4£0.2

66 25 8.5+0.3 6.4£0.2

68 50 9.8+0.2 7.0+£0.2

70 100 8.8+0.1 7.0£0.2

Results are shown for aggregated OVA fractionated by gel filtra-
tion. Heptameric OVA eluted at fraction 42, trimeric OVA at frac-
tion 62, and dimeric OVA at fraction 70.

the various antibodies. Certainly the higher-affinity Hl-e-
DNP consistently outperformed the SPE-7 anti-DNP anti-
body. No differences were seen between the antibodies
when rat monoclonal anti-mouse IgE antibodies, rather than
antigen preparations, were used as the cross-linking agent
(data not shown).

Some, but not all, antibody/antigen combinations elic-
ited maximum levels of degranulation when less than 100%
of cell-surface IgE was antigen-specific. High valency
DNP,-HSA provoked maximum degranulation with 25%
occupancy, while degranulation with DNP,-HSA and ag-
gregated OVA did not plateau. Experiments using a range of
additional high-valency DNP-HSA confirmed the pattern of
responsiveness seen with DNP;,-HSA (data not shown). A
possible explanation for these observations is that epitopes
are more tightly clustered on higher-valency antigens. Ster-
ic hindrance could limit the ability of closely spaced epi-
topes to aggregate additional specific IgE. An early report
of the cross-linking of IgE on sensitised rabbit basophils ob-
served no such relationship between epitope spacing and
histamine release, but only short bivalent antigens were
used in the study [16].

Ours is not the first study to suggest that valency is im-
portant for the degranulation of RBL cells, for valency has
been a focus for studies investigating cell signalling and
FceR function for many years [17, 18]. Typically these stud-
ies have utilised dimeric, trimeric and oligomeric IgE at
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Fig. 4. *H-serotonin release from RBL
cells sensitised with various percentages of
SPE-7 IgE anti-DNP antibodies (a), and HI- 10 A
¢-DNP anti-DNP IgE antibodies (b). Cells
were later challenged with concentrations of
DNP;,-HSA ranging from 2 to 250 ng/ml. o
Data shown are means of four-fold replicates. b~1

Error bars are not indicated when graphically
too small.

high concentrations to initiate signalling [18, 19], and al-
though they have demonstrated degranulation using dimeric
IgE, these results do not contradict our own. We have shown
that dimeric OVA is a poor stimulator of RBL degranula-
tion, but the mean effective valency of these aggregates, by
virtue of their size and random orientation, is certainly less
than two. A study using DNP-HSA, IgE anti-DNP and rat
peritoneal mast cells demonstrated that increasing the va-
lency of challenge antigen beyond seven did not lead to fur-
ther increases in cell sensitivity [20]. A similar upper limit
to the amplification of sensitivity was seen in our experi-

100

% anti-DNP IgE

ments with aggregated OVA, where maximum sensitivity
was also seen with antigen having a valency of seven.
There are difficulties relating our measured threshold
percentages to normal in vivo mast cell function, for un-
certainty must surround the level of degranulation indica-
tive of physiologically relevant mast cell function. In our
studies, degranulation at the threshold percentage was bare-
ly above background, while the explosive potential of mast
cell degranulation encourages the belief that normal mast
cell function must include the possibility of substantial de-
granulation. Uncertainty also surrounds the antigen concen-
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% anti-DNP IgE

DNP-HSA Challenge
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Fig. 5. *H-serotonin release from RBL
cells sensitised with percentages of SPE-7 (a)
or Hl-e-DNP IgE anti-DNP antibodies (b)
ranging from 0.5 to 100%. Cells were later
challenged with DNP,-HSA at concentra-

tions of 5,000 and 1,000 ng/ml. Data shown A
are means of four-fold replicates. Error bars
are not indicated when graphically too small.

trations to which ‘sensitive’ mast cells must be able to re-
spond. Many in vitro studies of mast cell function have chal-
lenged sensitised cells with antigen at concentrations in the
1-100 pug/ml range [e.g. 15]. Although in these circumstanc-
es mast cell degranulation may occur, the concentration of
antigen to which mast cells are exposed in vivo is likely to
be considerably lower, for it has been estimated that the an-
nual human exposure to important aeroallergens is of the
order of 1 pg [21].

We believe the study of antigen valency, IgE antibody
affinity, and the avidity of antigen/antibody binding at cell

100

% anti-DNP IgE

surfaces may provide important insights into the phenom-
enon of allergic cross-reactivity. Our results suggests that if
relatively low-affinity antibodies on the surface of a mast
cell are directed against sufficient determinants on an al-
lergen, they may together function as high avidity receptors
for that allergen. The mechanism we propose for the in-
creased avidity of cell-bound as opposed to free antibody
parallels that recognised to operate in the case of IgM anti-
bodies. Despite the generally low affinity of IgM antibod-
ies, they represent an effective first line of defence because
their avidity is enhanced manyfold by the pentameric form
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Fig. 6. *H-serotonin release from RBL
cells sensitised with percentages of SPE-7
IgE anti-DNP antibodies ranging from 0.5 to
100%. Cells were later challenged with
DNP¢-HSA at concentrations of from 50 to

Py

5,000 ng/ml. Data shown are means of four-
fold replicates. Error bars are not indicated
when graphically too small.

Table 2. The minimum (threshold) percentage of H1-e-DNP sen-
sitising IgE necessary for degranulation of RBL cells upon exposure to
various concentrations of DNP-HSA of mean valency 4 and 32

10 100

% anti-DNP IgE

Table 3. The minimum (threshold) percentage of SPE-7 sensitis-
ing IgE necessary for degranulation of RBL cells upon exposure to
various concentrations of DNP-HSA of mean valency 4, 8 and 32

Estimated Antigen con- Threshold Degran-  Background  Estimated Antigen con- Threshold Degran-  Background
valency centration % ulation degran- valency centration % ulation degran-
ng/ml (H1-e-DNP) % ulation ng/ml (SPE-7) % ulation
4 5,000 10 9.0+£1.0 6.3+0.4 4 5,000 50 7.8+0.2 6.3+0.4
1,000 - ND 1,000 - ND
250 - ND 250 - ND
50 - ND 50 - ND
32 250 0.5 10.5£0.3 7.2+0.2 8 5,000 5 12.1£0.2  6.7+0.3
50 0.5 9.0£0.6 6.6+0.2 1,000 5 10.7£0.5  6.7+£0.4
10 1 9.4+0.3 7.2+0.3 250 5 9.9+0.6 7.3x03
2 5 8.8£0.2 6.8+0.3 50 25 10.2+0.6  6.7£0.7
Results show mean percentages of degranulation, and standard 32 250 ! 100207 7.2£02
errors of the means. ND = Not detected above background levels 30 ! 9.3£0.26.6£0.2
) 10 5 13.8+0.5 7.2+0.3
2 25 9.0+0.1 6.8+0.3

of the IgM molecule. The relationship between antibody va-
lency and antibody avidity is well demonstrated by a recent
report that hexameric IgM has an avidity that is 20-fold
higher than its corresponding pentameric form [22]. While
IgM attains its high avidity by self-aggregation, IgE anti-
bodies may acquire a functionally equivalent ‘high avidity’
by their association on the surface of mast cells.

Although the ultimate cause of allergic disease is un-
doubtedly multifactorial, our work leads us to hypothesise
that the immune response of allergic individuals could be

Results show mean percentages of degranulation, and standard
errors of the means. ND = Not detected above background levels.

characterised by responsiveness towards a higher number of
allergen epitopes than is seen in non-allergics. A high-va-
lency response would not only account for the exquisite
sensitivity of mast cells for specific antigen in allergic indi-
viduals. The enhancement of antibody avidity to multiva-
lent antigen might also allow binding to a multitude of relat-
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ed antigens, and so promote the phenomenon of allergic

cross-reactivity. Investigations are now underway in our

laboratory to determine the number of epitopes on common
environmental allergens against which allergic and non-al-

lergic individuals respond.

Acknowledgements

This study was supported by a grant from the National Health and
Medical Research Council.

8000000000000 00000000 I et reaeer o  ostecrestecetonoeceneteteeestetisteessiecscessercstcietsettcretenetteciecerssrnercsnecserenescssssssssescrenoes

References

Sedgewick JD, Holt PG: Induction of IgE-se-
creting cells in the lymphatic drainage of the
lungs of rats following passive antigen inhala-
tion. Int Arch Allergy Appl Immun 1986;79:
329-331.

Ashman R, Jarboe DL, Conrad DH, Huff T:
The mast cell committed progenitor. In vitro
generation of committed progenitors from bone
marrow. J Immunol 1991;146:211-216.

Gillon J: Where do mucosal mast cells acquire
IgE? Immunol Today 1981;2:80-81.

Galli S, Gordon JR, Wershil BK: Cytokine pro-
duction by mast cells and basophils. Current
Opin Immunol 1991;3:865-872.

Bradding P, Feather [H, Howarth PH, Mueller
R, Roberts JA, Britten K, Bews JPA, Hunt TC,
Okayama Y, Heusser CH, Bullock GR, Church
MK, Holgate ST: Interleukin 4 is localised to
and released by human mast cells. ] Exp Med
1992;176:1381-1386.

Gauchat J, Henchoz S, Mazzei G, Aubry JP,
Brunner T, Blasey H, Life P, Talabot D, Flores-
Romo L, Thompson J, Kishi K, Buttertield J,
Dahinden C, Bonnefoy J-Y: Induction of human
IgE synthesis in B cells by mast cells and ba-
sophils. Nature 1993;365:340-343.

Chapman MD, Rowntree S, Mitchell EB, Di
Prisco de Fuenmajor MC, Platts-Mills TAE:
Quantitative assessments of IgG and IgE anti-
bodies to inhalent allergens in patients with
atopic dermatitis. J Allergy Clin Immunol 1983;
72:27-33.

Sterk AR, Ishizaka T: Binding properties of IgE
receptors on normal mouse mast cells. J Immu-
nol 1982;128:838-843.

556

10

11

12

Furuichi K, Rivera J, Isersky C: The receptor for
immunoglobulin-E on rat basophilic leukemia
cells: Effect of ligand binding on receptor ex-
pression. Proc Natl Acad Sci USA 1985:82:
1522-1525.

DelLisi C, Siraganian RP: Receptor cross-link-
ing and histamine release. I. The quantitative
dependence of basophil degranulation on the
number of receptor doublets. J Immunol 1979;
122:2286-2292.

Fewtrell C, Sherman E: IgE receptor-activated
calcium permeability pathway in rat basophilic
leukemia cells: Measurement of the unidirec-
tional influx of calcium using Quin2-buffered
cells. Biochem 1987;26:6995-7003.

Kihara H, Siraganian RP: Src homology 2 do-
mains of Syk and Lyn bind to tyrosine-phospho-
rylated subunits of the high affinity IgE recep-
tor. J Biol Chem 1994;269:22427-22432.
Baumgartner RA, Yamada K, Deramo VA, Bea-
ven MA: Secretion of TNF from a rat mast cell
line is a brefeldin A-sensitive and a calcium/
protein kinase C-regulated process. J Immunol
1994;153:2609-2617.

Mikela O, Seppald IJT: Haptens and carriers; in
Weir DM (ed): Handbook of Experimental Im-
munology: Oxford, Blackwell Scientific, 1986,
pp 3.1-3.12.

Varga JM, Kalchschmid G, Klein GF, Fritsch P:
Mechanism of allergic cross-reaction. I. Multi-
specific binding of ligands to a mouse mono-
clonal anti-DNP IgE antibody. Mol Immunol
1991;28:641-654.

16

17

20

21

22

Dembo M, Goldstein B, Sobotka AK, Lichten-
stein LM: Histamine release due to bivalent
penicilloyl haptens: Control by the number of
cross-linked IgE antibodies on the basophil
plasma membrane. J Immunol 1978;121:354—
358.

Marone G, Kagey-Sobotka A, Lichtenstein
LM: IgE-mediated histamine release from hu-
man basophils: Differences between antigen E-
and anti-IgE-induced secretion. Int Arch Aller-
gy Appl Immunol 1981;65:339-348.

Maeyama K, Hohman RJ, Metzger H, Beaven
MA: Quantitative relationship between aggre-
gation of IgE receptors, generation of intracel-
lular signals, and histamine secretion in rat ba-
sophilic leukemia 2H3 cells. J Biol Chem 1986;
261:2583-2592.

Fewtrell C, Metzger H: Larger oligomers of IgE
are more effective than dimers in stimulating rat
basophilic luekemia cells. J Immunol 1980;
125:701-710.

Healicon RM, Foreman JC: Characteristics of
histamine release from rat mast cells in relation
to the valency of the stimulating ligand. Immu-
nology 1986;57:611-615.

Ishizaka K: Atopic allergies and other hyper-
sensitivities. Current Opin Immunol 1991;3:
839-840.

Brewer JW, Randall TD, Parkhouse RME, Cor-
ley RB: IgM hexamers? Immunol Today 1994;
15:165-168.

Collins/Thelian/Basil

Antigen Valency and RBL Sensitivity



