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Abstract

The evaluation of allergenic potential is a key parameter in the safety assessment of novel proteins, including those expressed in
genetically modified crops and foodstuffs. The majority of allergic reactions to food proteins are immediate type hypersensitivity
reactions in which the principal biological effector is IgE antibody; the accurate measurement of specific IgE antibody is therefore
a critical factor in experimental systems designed to characterize protein allergenic potential. Due to the presence of much higher
concentrations of other immunoglobulin isotypes, the assessment of specific serum IgE antibody poses substantial technical
challenges. We have examined the utility of the rat basophilic leukemia (RBL) cell line for the measurement of murine IgE
responses. RBL cells were sensitized with mouse monoclonal anti-dinitrophenyl (DNP) IgE antibody and challenged with
DNP-albumin conjugates with various hapten substitution ratios (SR). Polyclonal anti-OVA IgE antisera were also assessed for
activity inthe RBL assay. Results were compared with titers measured in homologous passive cutaneous anaphylaxis (PCA) assay.
Marked degranulation of RBL cells was induced by conjugates with SRs of between 16 and 32, whereas conjugates with lower SRs
(of 10 or 3) failed to elicit significant serotonin release. All conjugates were able to induce mast cell degranulationin vivoina PCA
assay. Anti-OVA antisera with PCA titers of 1/32 to 1/64 failed to stimulate RBL cell degranulation, whereas high titer antibody
(1/2048 to 1/4096 by PCA) induced a positive RBL cell response. Successful stimulation of RBL cell degranulation requires not
only appropriate epitope densities but also high affinity antibody. These data indicate that this assay is inappropriate for the routine
analysis of specific polyclonal IgE antibody responses such as those that are induced by exposure to complex protein allergens.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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allergenic potential. The majority of allergic reactions which have been preloaded with radiolabelled sero-
to food proteins, in common with allergic asthma, tonin (Eccleston et al., 1933This method has been
rhinitis and atopic dermatitis, are immediate type utilized extensively to study the mechanisms of IgE in-
hypersensitivity reactions in which the principal teractions with mast cell ER (Vincent-Schneider et
biological effector is IgE antibodyBush, 2002; Galli al., 2001; Wilson et al., 200@nd for the measurement
et al.,, 2003; Sampson, 2003; Sicherer, 200Bhe of IgE antibodies induced by intranasal exposure to
accurate measurement of specific IgE antibody is respiratory sensitizing detergent enzymisawyabata
therefore a critical factor in experimental systems and Babcock, 1993t has not yet been evaluated rig-
designed to characterize the allergenic potential of orously as an alternative to PCA assays for the mea-
proteins. It is necessary to measure specific IgE, rather surement of serum IgE antibody responses, particularly
than changes in the total serum concentration of IgE, those induced by exposure to protein allergens in the
because exposure to protein allergens alone (without absence of adjuvanBgllmer-Weber et al., 2002; Hoff-
the presence of adjuvant) is not usually associated mann et al., 1999; Yamanishi et al., 1995
with significant increases in total serum IgE levels In the current investigations we have compared
(Hilton et al., 1994; van Halteren et al., 1997 the sensitivity of the RBL assay and the homologous
There are various methods available for the analysis PCA assay for the detection of specific IgE antibody.
of specific IgE antibody responses. As IgE antibody is A commercially available monoclonal IgE antibody
presentin the serum at concentrations that are orders of(recognizing a single antigenic epitope; dinitrophenyl,
magnitude lower than other isotypes of immunoglobu- DNP) and hapten protein conjugates that express
linincluding IgG, precautions must be taken againstthe multiple IgE binding sites of varying hapten: protein
blocking effects of or cross-reactivity of reagents with conjugate ratios have been utilized. In addition, the
such antibody. It is therefore necessary to employ stepsability of polyclonal IgE antibody (directed at multiple
that either deplete of non-IgE isotypes, or that are selec- epitopes on a complex protein allergen, ovalbumin
tive for IgE antibody. Many investigators agree thatthe [OVA]) to induce RBL cell degranulation or positive
demonstration of biologically active IgE is important, PCA responses has been examined.
so homologous or heterologous passive cutaneous ana-
phylaxis (PCA) assays are commonly utilizé&drober .
etal., 2003. In this assay, specific IgE antibody is mea- 2- Materials and methods
;u_red by Fhe adoptive t_rgnsfer pf serum by intragjermal 2 1. Animals
injection into ndve recipient mice or ratdrfagaki et
al., 1988; Lehrer and Vaughan, 1976; Ovary, 198fE
antibody present in the transferred serum will bind to
specific receptors (leaeceptors; FeR) on tissue mast

Young adult (6—12 weeks old) female BALB/c strain
mice (Specific Pathogen Free Breeding Unit, Alderley
! ) > Ay ¢ Park, Macclesfield) were used throughout these stud-
cells in the skin of the host animal. Recipient animals o5 Mice were housed three to five per cage on flushing
are then challenged with an intravenous injection of the a4 racks with materials provided for environmental
test protein together with Evans Blue dye. If specific onrichment. Food (SDS PCD pelleted diet; Special Di-

IgE antibody is present then it will be crosslinked caus- ets Services Ltd., UK) and water were available ad libi-
ing local mast cell degranulation and vasodilation. The ,m The ambient temperature was maintained at 21
injected blue dye is therefore able to extravasate, result- 5 o and relative humidity was 5% 10% with a 12 h

ing ina blueing of the skin and serum |gE antibody titer Ilght/dark Cycle. All procedures were approved by the
can be determined with respect to the maximum dilu- | jx Home Office and carried out in compliance with

tion of serum required to provoke a detectable reaction. {4a Animals (Scientific Procedures) Act, 1986 under a
A possible alternative method for IgE detection is 5 me Office granted Project Licence.

based on the measurement of IgE-induced degranula-

tion in vitro. The rat basophilic leukemia (RBL) cell 2.2 Test materials

line possesses ER which can selectively bind murine

IgE antibody and can be stimulated by crosslinking Commercial preparations of ovalbumin, human
with protein allergen to degranulate, releasing granules serum albumin, DNP—albumin commercial conjugate
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(substitution ratio 32 mol of DNP per mole of albumin) 2.6. Rat basophilic leukemia cell assay
and 2,4-dinitrofluorobenzene (DNFB) were obtained

from Sigma Chemical Co., St Louis, MO. Cells were isolated using a cell scraper, resus-
pended in fresh medium at 46ells/ml and aliquoted

2.3. Generation of dinitrophenol (DNP)—albumin (1 ml) into 24-well flat bottomed tissue culture plates.

conjugates Cells were incubated at 3C for 16h in the

presence ofH-hydroxytryptamine creatinine sulfate

Albumin (30 mg/ml in distilled water) was incu- (®H-serotonin; specific activity 25.5 Ci/mmol; Amer-
bated at room temperature for various periods of time Sham International, UK). Various concentrations of
with 2.5, 5 or 7.5 mg/ml DNFB added at hourly inter- monoclonal anti-DNP IgE antibody (Sigma; serial dou-
vals. After 1-3 h, the solutions were dialyzed against Plingdilutions from 200010 0.12 ng/ml), normal mouse
phosphate buffered saline (PBS) for 24 h and against S€rum, anti-OVA serum or medium alone were added
water for a further 24 h prior to lyophilization and @nd cellsincubated for a further 4 h. Cells were washed
storage at 4C. The degree of substitution of the four times by centrifugation and resuspended in 1 ml
DNP-albumin conjugates was assessed by absorbanc®f fresh medium. 1001 aliquots of cells were trans-
at 360 nm as described previousMdkela and Sep- ferred into 96-well microtiter plates. 1Q0 of var-
pala, 198. The conjugate substitution ratios ranged 10US concentrations of DNP—albumin conjugates of

from 3 mol hapten to 1 mol protein to 32 mol hapten to  different substitution ratios (in duplicate) or OVA was
1 mol protein. added. In order to determine total serotonin content of

cells, 10Qul of 5% Triton X100 (in quadruplicate) was
added to separate aliquots of cells. Cells were incu-
bated for 45 min and then the plates were spun at 1000
x g for 5min. 100ul of cell supernatant was trans-
ferred to 20 ml scintillation vials and 2 ml of scintil-
lation fluid (Optiphase HiSafe 3; Wallac, Turku, Fin-
land) was added. Serotonin content was assessed by
B-scintillation counting.

The specific release (%) induced by IgE antibody
was calculated according to the following equation

2.4. Sensitization for anti-ovalbumin IgE antibody
production

To generate low titer anti-OVA IgE antibody, groups
of mice (h = 5) received 0.25ml of 2% (w/v) of
OVA in PBS by intraperitoneal injection. Seven days
later treatment was repeated. Mice were exsanguinated
14 days after the initiation of exposure. To gener-
ate high titer anti-OVA IgE antibody, groups of mice
(n = 5) received 0.25ml of 0.02% (w/v) of OVA  specificrelease (%)
in PBS with 16 mg/ml aluminium hydroxide adju-
vant (Sigma) by intraperitoneal injection on days 0,
14, 28 and 42 days. Mice were exsanguinated 49
days after the initiation of exposure. Pooled serum
samples were prepared and stored—&0°C until
analysis.

_ testdpm— medium dpm 5
" Triton X100 dpm— medium dpm

100

2.7. Measurement of IgE antibody by passive
cutaneous anaphylaxis assay

IgE antibody was also measured by homologous
2.5. Rat basophilic leukemia cell culture PCA assay. Pooled serum samples isolated following
intraperitoneal exposure to OVA were diluted to var-
Rat basophilic leukemia (RBL-2H3) cells were jous extents with PBS injected (30) into the der-
cultured at (1-2)x 10° cells per 75crh flask at  mjs of the ears of rige recipient micer{ = 4). Con-
37°C in a humidified atmosphere of 5% GOn current negative control serum samples (derived from
air. Cells were cultured in RPMI 1640 medium ngve animals) diluted to an equivalent extent with PBS
(GibcoRBL, Renfrewshire, UK) supplemented with ere incorporated into every PCA assay. Two days
25 MM HEPES, 10% fetal calf serum, 2 mM glutamine |ater, 0.25 mg of OVA, together with Evans Blue dye
and 10.g/ml gentamycin. Cells were passaged every (Sigma; 1.25mg), in 0.25 ml of PBS were injected in-
4-5 days. travenously. Thirty minutes following challenge, mice
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were killed and the diameter of cutaneous reactions conjugate with a substitution ratio of 32 mol of hap-
measured. A positive (IgE) response was recorded if ten per mole of protein. RBL cells were sensitized
the challenge resulted in a >3 mm blue lesion in the with serial doubling dilutions (2000-0.12 ng/ml) of
skin in the majority of recipient animals, with antibody monoclonal anti-DNP IgE antibody and challenged
titer recorded as the highest dilution of serum result- with DNP—-albumin Fig. 1). Dilution curves derived

ing in a positive PCA reaction. The ability of differ- for IgE sensitized cells challenged with 80 ng/ml
ent DNP-albumin conjugates to induce positive PCA DNP-albumininfive independent assays are illustrated
reactions was also assessed. Mouse monoclonal antiin Fig. l1a. In each experiment, a typical prozone ef-
DNP IgE antibody diluted to various extents with PBS fect was observed with a bell-shaped dose-response
(10-0.003.g/ml) was injected (3@.l) into the dermis curve. Relatively low levels of serotonin release were
of the ears of niwe recipient micerf = 4). Two days recorded at high concentrations of anti-DNP IgE
later, 0.25mg of DNP—albumin conjugates, together (2000-500ng/ml), with RBL cell degranulation in-
with Evans Blue dye (1.25 mg), in 0.25 ml of PBS were creasing to maximal levels between 250 and 7.8 ng/m
injected intravenously. As described previously, 30 min of anti-DNP IgE. At concentrations of 3.9ng/ml
following challenge, mice were killed and the diameter and below, serotonin release approached background

of cutaneous reactions measured. levels. Although there was little inter-experimental
variation in the shape of the dilution curve there was,
2.8. Statistical analysis however, considerable variation in the maximal sero-

tonin release recorded, with levels ranging from ap-
RBL assay data (expressed in terms of % change proximately 53% to 13%. A further five independent

relative to control values) were converted to positive assays were conducted and mean (and S.E.) of the total
values by the addition of a factor of 100 then log trans- of 10 experiments are displayedHig. 1b. The extent
formed to stabilize the variance. The significance of of serotonin release for each concentration of anti-DNP
effects on serotonin release induced by changes in thelgE tested (2000-0.12 ng/ml) has been compared with
concentration of anti-DNP IgE antibody relative to val-  control levels observed for cells challenged with DNP-
ues recorded in the absence of anti-DNP IgE antibody conjugate in the absence of anti-DNP IgE. In this se-
was considered by analysis of variance using a two- ries of experiments, control levels varied from 1.6% to
sided Student's-test, based on the error mean square —9.6% (mean- 1.0+ 1.0%). As observed previously,
in the analysis of variance. For conjugates of differ- there was a marked prozone effect at high concentra-
ing substitution ratios, differences between individual tions of IgE (2000-500 ng/ml), although levels of RBL
group means were compared using Scheffe’s test basedlegranulation were significantly highét € 0.01) than
on the error mean square of the analysis of variance those recorded for control treated cells. Maximal sero-
(Scheffe, 1958 For anti-OVA antisera, the data were tonin release was observed at 125 ng/ml anti-DNP IgE,
analyzed by paired Studentgest. Statistical analy-  Wwith a gradual decrease thereafter, returning to back-
ses were conducted using Statistical Analysis System ground levels at 1.95 ng/ml. The influence of the chal-
(SAS) User’s Guide, Version &AS, 1999. lenge concentration of DNP-conjugate upon RBL cell

degranulation was investigate&ig. 1c; representa-

tive experiment). RBL cells were sensitized with serial

3. Results doubling dilutions of anti-DNP IgE (2000-0.12 ng/ml)
and challenged with 40—-320 ng/ml of DNP-conjugate.
3.1. Assay optimization: rat basophilic leukemia The prozone shape of the dose-response curve
cell degranulation induced by monoclonal was unaffected by the challenge concentration of
anti-dinitrophenol IgE antibody hapten—protein conjugate, with a bell-shaped profile

recorded for each dose used. Similar levels of maximal
In initial experiments, conditions were optimized serotonin release were observed for each concentration
for serotonin release by RBL cells following sensiti- Of DNP-conjugate (ranging from 18% to 33%) withina
zation with a monoclonal anti-DNP IgE antibody and relatively narrow range of sensitization concentrations
challenge with a commercially available DNP—albumin ©f anti-DNP IgE (125 to 15.6 ng/ml).
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3.2. Rat basophilic leukemia cell degranulation
induced by monoclonal anti-dinitrophenol IgE
antibody: influence of conjugate substitution ratio

In subsequent experiments, the impact of conjugate
substitution ratio on RBL cell degranulation was as-
sessed. Following sensitization with anti-DNP IgE an-
tibody (2000-0.12 ng/ml), RBL cells were challenged
with five different DNP—albumin conjugates (80 ng/ml)
2000 500 125 3125 7.8 1.95 049 0.12 with substitution ratios ranging from 32 to 3 mol of

hapten per mole of proteinF{g. 2a; representative
* Tx experiment). Conjugates with substitution ratios of
* * % 32-16 mol of DNP per mole of albumin induced typi-

* * cal profiles of serotonin release, with optimal RBL cell
* degranulation achieved at concentrations of between
* 250 and 31.25 ng/ml anti-DNP IgE. In contrast, conju-
gates with substitution ratios of 10 and 3 mol of DNP
per mole of albumin failed to elicit serotonin release of
above background (5%) at any concentration of anti-
T S R T N T R R S R R R DNP IgE tested. Furthermore, the failure of the conju-
(b) 2000 500 125 3125 7.8 1.95 049 0.12 0 gates with low substitution ratios to stimulate RBL cell
degranulation was not due to lack of responsiveness of
the particular batch of RBL cells utilized in these as-

% specific release
N
o

=

% specific release
s 8 8
*
*
*
*

o
T
L]

a0l says as cells were tested concurrently with the commer-
o gt cial DNP—albumin conjugate and responded normally.
3 5 These data were confirmed in subsequent assays in
g 15 which RBL cells were sensitized with 125 ng/ml anti-
5 10 DNP IgE, a concentration of antibody that was optimal
:,i 5 for IgE-mediated serotonin release for conjugates with
E relatively high substitution ratios (32—16 mol of DNP
per mole of albumin)Kig. 2b; three to six independent
T experiments). Significant RBL cell degranulation was
2000 500 125 3125 7.8 1.95 049 0.12 induced only in the presence of DNP-albumin conju-
(©) Anti-DNP IgE concentration (ng/ml) gates with substitution ratios of 32, 19 and 16 mol of

hapten to 1 mol of protein. Mean serotonin release in
Fig. 1. RBL cell degranulation induced by anti-DNP IgE antibody:  the presence of these conjugates varied from 25.7%
bell-shaped dose-response curve. RBL were incubated with serial to 28.4% whereas values for the conjugates with sub-

doubling dilutions of monoclonal anti-DNP IgE antibody and chal- L .
lenged with 80 ng/ml DNP-albumin conjugate (substitution ratio stitution ratios of 10 and 3 mol of hapten per mole of

32mol of DNP per mole of protein). Dose—response curves for five albumin were less than 5%.

independent experiments are shown (a) and mean and S.E. for 10  Finally, itwas demonstrated thatincreasing the chal-
independent experiments (b). The statistical significance of differ- |Jenge concentration of the conjugate with the lowest
ences in serotonin release for each concentration of anti-DNP I9E g\ pstitution ratio (3mol hapten to 1 mol of protein)
antibody tested relative to that induced in the absence of anti-DNP . . .

IgE (0 ng/ml) was compared by analysis of variance using a two- Wlth doses ranging fro_m 40 FO 320ng/ml, did not result
sided Student'stest, based on the error mean square in the analysis IN RBL cell degranulation, with levels of less than 7.5%
of variance. *P < 0.01. Dose—response curves were generated fol- recorded at all concentrations of anti-DNP IgE or DNP-
lowing challenge with 20 ng/mi(0), 40 ng/ml @), 80 ng/ml @), conjugate examinedr{g. 2c). Concurrent control cells
160ng/ml (J) or 320ng/ml &) DNP-albumin conjugate (substi- — \yere challenged with the commercial DNP-conjugate

tution ratio 32 mol of DNP per mole of protein) (c; representative . . .
eL;q')erimE;m) P protein) (c; rep V¢ and displayed the typical dose—response curve, with
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Fig. 2. Influence of conjugate substitution ratio on RBL cell degran-
ulation induced by anti-DNP IgE antibody. RBL were incubated with
serial doubling dilutions of monoclonal anti-DNP IgE antibody and
challenged with 80 ng/ml DNP—albumin conjugate with a substitu-
tion ratio of 32 mol of DNP &), 19 mol of DNP @), 16 mol of DNP

(d), 10mol of DNP @) or 3mol DNP (O) per mole of protein

(a; representative experiment). Serotonin-labelled cells were incu-
bated with 125 ng/ml of monoclonal anti-DNP IgE antibody and
challenged with 80 ng/ml of DNP—albumin conjugate with a substi-
tution ratio of 32 mol of DNP, 19 mol of DNP, 16 mol of DNP, 10 mol

of DNP or 3 mol of DNP per mole of protein. Mean and S.E.Mnof

= 3-6 experiments are displayed (b). The statistical significance of
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maximal levels of serotonin release of approximately
45%recorded at 31.25 ng/ml anti-DNP IgE. Thus, even
increasing the effective dose of DNP to levels that are
equivalent to those achieved with the more highly sub-
stituted conjugates is not sufficient to provoke RBL cell

degranulation.

3.3. Measurement of monoclonal
anti-dinitrophenol IgE antibody by passive
cutaneous anaphylaxis assay

The same conjugates were tested for their abil-
ity to act as substrate in an homologous PCA assay.
BALB/c strain mice ( = 4) received intradermal in-
jections into the dorsum of both ears of monoclonal
anti-DNP IgE antibody (10,000-1 ng/ml) diluted in
PBS or PBS alone. Forty-eight hours later, separate
groups of mice were challenged with each of the five
DNP-albumin conjugates and the cutaneous reaction
measuredKig. 3). There was no evidence of a bell-
shaped dose—response curve in the PCA reaction. All
five conjugates provoked the maximal response when
tested against 10,000 ng/ml anti-DNP IgE. There was
some variation in the minimum concentration of anti-
DNP IgE that was capable of stimulating a signif-
icant cutaneous response, with in general the more
highly substituted conjugates able to elicit positive
PCA reactions at lower doses of anti-DNP IgE. The
DNP-albumin conjugate with the lowest substitution
ratio (3:1) failed to stimulate mast cell degranulation at
200 ng/ml anti-DNP IgE, whereas the most highly sub-
stituted conjugate still provoked positive PCA reactions
at 50 ng/ml anti-DNP IgE. This cut off is clearly less
sensitive than the RBL assay, where significant sero-
tonin release was recorded at concentrations as low as
1.96 ng/ml following challenge with the most highly
substituted conjugate.

3.4. Rat basophilic leukemia cell degranulation
for the detection of polyclonal IgE: comparisons

differences in serotonin release for DNP—albumin conjugate tested with the passive cutaneous anaphylaxis assay

relative to that induced by the conjugate with the substitution ratio of

32:1was compared by analysis of variance using Scheffe’s test, based

on the error mean square in the analysis of variancP. <*0.01.
RBL were incubated with serial doubling dilutions of monoclonal
anti-DNP IgE antibody and challenged with 80 ng/ml DNP—albumin
conjugate with a substitution ratio of 32 mol of DNP per mole of
protein (D), or with 40 ng/ml| @), 80 ng/m| @), 160 ng/ml (0) or
320 ng/ml @) DNP-albumin conjugate with a substitution ratio of
3 mol of DNP per mole of protein (c; representative experiment).

Finally, the ability of the RBL cell assay to detect
polyclonal IgE antibody has been compared with that
of the PCA assay. Pooled serum samples were isolated
14 days after intraperitoneal exposure to the common
food allergen OVA (2%), or 49 days after repeated in-
traperitoneal exposure to low dose OVA (0.02%) in the
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Fig. 3. Influence of conjugate substitution ratio on reactivity in the PCA assayeecipient micerf = 4) received intradermal injections into

the dorsum of both ears of monoclonal anti-DNP IgE antibody (10-0gdl) diluted in PBS. Control intradermal injections of PBS were
tested concurrently. The diameter (mm) of PCA reactions induced in individual anir@glsgfresents response in an individual animal) are
displayed for each concentration of anti-DNP IgE tested following challenge with conjugate with a substitution ratio of 3 mol of DNP (a), 10 mol
of DNP (b), 16 mol of DNP (c), 19 mol of DNP (d) or 33 mol DNP (e) per mole of protein. Results are displayed also as the mean diameter of
the PCA reactionr(= 4) for each concentration of anti-DNP IgE antibody tested with each conjugate (f): a substitution ratio of 32 mol of DNP
(a), 19mol of DNP W), 16 mol of DNP (J), 10 mol of DNP @) or 3mol DNP (O) per mole of protein. Dotted line represents the threshold

for positivity.

presence of the adjuvant aluminium hydroxide. Serum in a very vigorous PCA response in each experiment,
samples were analyzed for IgE anti-OVA content by with positive PCA reactions recorded with serum di-
PCA (Fig. 4a; three independent experiments). In each luted from 1/32 down to 1/2048 or 1/4096, equating to
of the three experiments, exposure to 2% OVA induced anti-OVA IgE titers of 1/4096, 1/2048 and 1/4096. The
positive PCA reactions with serum dilutions of 1/8, capacity of the relatively low titer anti-OVA antisera
1/16 and 1/32, with cutaneous responses also recordedo provoke RBL cell degranulation was investigated.
in one assay only at a 1/64 dilution of serum, equating At every serum dilution and challenge concentration
to anti-OVA IgE titers of 1/32, 1/32 and 1/64. Exposure of OVA tested, levels of serotonin release were less
to low dose OVA in the presence of adjuvant resulted than 5% (data not shown). However, significant levels
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Fig. 4. Comparison of RBL cell degranulation and PCA assay for the detection of anti-OVA polyclonal IgE antibivayréd#pient micerf =

4) received intradermal injections into the dorsum of both ears of high titer IgE anti-OVA antisera (derived following intraperitoneal exposure
0.02% OVA in the presence of alum®j or of low titer IgE anti-OVA antisera (derived following intraperitoneal exposure to 2% OYA) (

serially diluted (1 in 4 to 1 in 16,384) in PBS. Control intradermal injections of pooled normal mouse serum (NMS) were tested concurrently.
Results are displayed as the mean diameter of the PCA reantio#)(for each concentration of anti-OVA antisera tested (a; three independent
experiments). RBL cells were incubated with serial dilutions (1 in 50, 1 in 100, 1 in 500, 1 in 1000, 1 in 5000) of pooled serum derived after
repeated intraperitoneal exposure to 0.02% OVA in the presence of @yor (vith equivalent concentrations of pooled normal mouse serum
(NMS) (O) and challenged with 1000 ng/ml OVA (b; mean and S.E. of three independent experiments). The statistical significance of differences
in serotonin release for each dilution of anti-OVA antisera tested relative to that induced by an equivalent dilution of normal mouse sera was
compared by paired Student$est. *P < 0.05. Further aliquots of RBL cells were incubated with serial doubling dilutions (1 in 40to 1 in 5120)

of pooled serum derived following intraperitoneal exposure to 0.02% OVA in the presence of@)uon With equivalent concentrations of
pooled normal mouse serum (NMS)j and challenged with 1000 ng/ml OVA (c; representative experiment).

of RBL cell degranulation were achieved with the high
titer anti-OVA antiseraKig. 4b and c). RBL cells were
sensitized with various concentrations of anti-OVA an-
tiserum or with equivalent concentrations of serum
isolated from néve (untreated) mice (1/50-1/5000)
and challenged with the optimal concentration of OVA
(data not shown; 1000 ng/ml). As observed for anti-
DNP monoclonal IgE sensitized cells, there was a
marked prozone effect with high concentrations of anti-
OVA serum (1/50) failing to induce significant sero-
tonin release. Optimal RBL cell degranulation was
achieved at 1/100 dilution of sera with levels approach-
ing control values at lower serum dilutions, suggesting

a titer of between 1/500 and 1/1000. This was con-
firmed in subsequent assays in which RBL cells were
sensitized with serial doubling dilutions of anti-OVA
antisera (1/40-1/5120k(g. 4c). A similar prozone ef-
fect was observed and a titer of 1/640 was recorded.

4. Discussion

The relative sensitivity of the RBL assay, and of
the homologous PCA assay, for the measurement of
specific IgE antibody has been investigated. Using a
monoclonal anti-DNP IgE antibody for sensitization,
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the RBL assay was more sensitive than the PCA assaya marked prozone effect (bell-shaped dose—response
(threshold IgE concentrations of 3.9 and 50 ng/ml, curve). There was no evidence of a similar prozone
respectively). However, the epitope density of the con- effect for mast cells challenged in vivo, with maximal
jugate was found to have a marked effect on RBL cell levels of cutaneous responses observed at the highest
degranulation. Conjugates with hapten: protein substi- concentrations of IgE antibody utilized, suggesting
tution ratios of 10: 1 and below failed to provoke signif- that these effects may be an in vitro phenomenon.
icant serotonin release under any conditions examinedIndeed, such has been noted previously for freshly
here. In contrast, the conjugate substitution ratio had isolated peritoneal murine mast celdqleman, 1988;
little impact on activity in the PCA assay, with all con- Holliday et al., 1993and human basophilsipffmann
jugates tested (substitution ratios from 32 to 3mol of et al.,, 1999. It has been hypothesized that this is
hapten per mole of protein) eliciting vigorous reactions. attributable to the fact that efficient crosslinking of IgE
Furthermore, a differential ability of polyclonal IgE  molecules on the surface of mast cells or RBL cells
antibody (directed at multiple epitopes on a complex is required for degranulation. Under circumstances
protein allergen, OVA) to induce RBL cell degranula- where IgE antibody is saturating, there will be insuf-
tion or positive PCA responses was observed. Low titer ficient conjugate available to crosslink receptor bound
anti-OVA IgE antibody, raised in mice in the absence of IgE and optimal degranulation will not be induced,
adjuvant, failed to stimulate RBL cell serotoninrelease, resulting in a potential underestimation of IgE levels.
although IgE titers of 1/32 and 1/64 were recorded This finding has obvious implications for the use of
in the PCA assay. High titer anti-OVA IgE antibody RBL cells for the routine assessment of IgE content of
(raised by intraperitoneal exposure of mice in the pres- sera; detailed dose—response analyses will be required
ence of alum adjuvant) induced RBL cell degranulation to confirm that a given serum sample is indeed nega-
with a titer of 1/640 observed. This was somewhat tive. There are other considerations that limit the use
lower that the titers of 1/2048 and 1/4096 that were of the RBL assay for IgE measurements, including the
recorded in the PCA assay, suggesting that the PCA isconsiderable inter-experimental variation observed,
more sensitive than is the RBL assay for the detection even in the response of these cells to monoclonal IgE
of both high and low titer polyclonal IgE antibody. The anti-DNP. In addition, it is apparent that, unlike the
lower sensitivity of the RBL assay for anti-OVA IgE mouse PCA method, the RBL assay lacks the sensi-
may be a reflection of the fact that in the absence of tivity to measure polyclonal IgE antibody responses
adjuvant there are likely to be relatively low numbers induced in the absence of adjuvant. The RBL cell assay
of allergenic epitopes recognized by the induced poly- was unable here to detect IgE anti-OVA antibody with
clonal IgE antibody and/or low affinity antibody. Inthe  a titer of 1/32 or 1/64 as determined by homologous
presence of adjuvant, both the number of epitopes andPCA assay. In other experiments designed to assess
the affinity of the antibody are likely to be increased. It the intrinsic sensitization hazard of proteins, it has
has been reported previously that RBL cell degranula- been reported that proteins that lacked significant
tion is affected markedly by antibody affinity, such that sensitizing activity failed to induce detectable IgE
a combination of low affinity and low epitope density antibody, or induced low titer (<1/2) IgE only, whereas
fails to cross link FeR effectively on the surface of  proteins with sensitizing activity such as OVA or
RBL cells (Collins etal., 199k Itis also of some signif- peanut lectin, induced IgE antibody production with
icance that the RBL assay, as used herein, is a heterol-titers ranging between 1/32 and 1/128, measured by
ogous assay, relying on the interaction of mouse IgE PCA assayDearman et al., 20Q3Clearly, based on
with rat FeR. There is some evidence that the heterol- the experiments described here, the RBL assay would
ogous PCA assay is not as effective as the homologousbe insufficiently sensitive to discriminate between
PCA for mouse polyclonal IgB ghrer and Vaughan, such materials with differential intrinsic abilities to
1976, suggesting that there may be some speciesinduce IgE antibody. Indeed, in laboratories where the
selectivity in the interaction between IgE antibody and RBL assay is used to measure IgE antibody responses,
FceR. serum samples are derived using repeated exposure
An important feature of RBL cell degranulation protocols in the presence of adjuvant (for example,
induced by monoclonal or polyclonal antibody was injections every fortnight for 8 weeks with alum
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