IgE mediators, inflammatory mechanisms

Releasability of human basophils: Cellular
sensitivity and maximal histamine release are
independent variables

Donald W. MacGlashan, Jr., MD, PhD Baltimore, Md.

Within the atopic and nonatopic population, basophils display a wide variation in the extent of
histamine release when challenged with an optimal concentration of polyclonal anti-IgE
antibody. We have tested the hypothesis that the maximum percent histamine release obtainable
with this stimulus is an indicator of basophil sensitivity. We have defined basophil sensitivity, in
the context of IgE-mediated releae, as the number of cell-surface IgE molecules required to
obtain a half-maximal IgE-mediated response, and we have examined this parameter in the
basophils of 39 donors. Sensitizing basophils with various densities of antigen-specific IgE, and
measuring histamine release at these measured densities, allowed a determination of basophil
sensitivity in 38 of the donors. Basophil sensitivities ranged from 300 to 40,000 molecules per
basophil (point of 50% maximal response), although most donors fell in the 800 to 8000 range,
with 1900 molecules per basophil as the median response. The maximal response, after
challenge with an optimal concentration of either polyclonal or monoclonal anti-IgE antibody,
ranged from 8% to 94% (median, 50%). There was no correlation between basophil sensitivity
and the maximum histamine release obtained by a challenge with anti-IgE antibody. Therefore
two independent variables appeared to control the IgE-mediated response in basophils, similar
1o the parameters of efficacy and potency in drug studies. In the IgE-mediated response one
parameter is the maximum histamine release obtainable through IgE-mediated mechanisms, and
the second parameter is basophil sensitivity as defined above. As a byproduct of these studies,
we also found that the density of unoccupied high-affinity receptors for IgE antibody was
uncorrelated with the total receptor density (range, 4200 to 572,000 receptors per basophil).
Indeed, the density of unoccupied receptors was remarkably constant across this large range of

total receptor densities. (J ALLERGY CLIN IMMUNOL 1993;91:605-15.)
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A number of years ago the concept of releasability
was introduced into the literature to describe an in-
trinsic property of the basophil or mast cell that pre-
determined its ability to respond to IgE-mediated stim-
ulation. Often this concept was associated with the
maximum histamine release (HR) that could be ob-
tained with any stimulus that caused the aggregation
of cell-surface IgE antibody, although other measures
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of basophil function (and occasionally mast cells) have
been used. These include variables such as the re-
sponse to an optimal concentration of anti-IgE anti-
body,'® the response to simple buffers alone (spon-
taneous release plus or minus simple compounds such
as deuterium oxide),”!" age-related responses to anti-
IgE antibody,'> measurements of cell-surface IgE an-
tibody,"*"* and the response of basophils to various
drugs.'® It is generally appreciated that differences in
the basophil or mast cell response during an allergic
reaction could well determine the differences ob-
served in the severity of the reaction among atopic
donors, although proof of this assertion has not been
forthcoming. Part of the problem is that the relevant
parameter of the cell response may not have been
examined yet.

Several studies have suggested that antigen must
induce the aggregation of at least 100 molecules of
IgE antibody on the basophil or mast cell surface
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Abbreviations used

PIPES: Piperazine-N-N'-bis-2-ethanesulfonic
acid
BPO: Benzylpenicilloyl
HSA: Human serum albumin
BPO,,-HSA: Human serum albumin conjugated

with an average of 21 BPO groups/
molecule

PAG: PIPES buffer (25 mmol/L) containing
human serum albumin and 0.1%
glucose

PAGCM: PAG buffer containing 1 mmol/L
CaCl, and MgCl,

anti-IgE:  Goat polyclonal anti-IgE (PS my-
eloma) antibody

PAG-EDTA: PAG with 1.0 mmol/L ethylenedi-

amine tetraacetic acid
HR: Histamine release

membrane before a measurable secretory response fol-
lows."” '* However, these estimates suggest only the
minimum cross-linking signal that is required under
special circumstances to initiate this reaction; little is
known about the number of cell-surface IgE molecules
needed for a response in the general population. In a
pilot study several years ago we noted that among a
small group of donors considerable variation existed
in the number of cell-surface IgE molecules required
to cause measurable HR. " In this study we introduced
a somewhat different definition of basophil releas-
ability, which we termed basophil sensitivity, in an
attempt to further identify parameters responsible for
differences in basophil releasability. The new param-
eter was defined as the density of cell-surface antigen-
specific IgE antibody required to cause 25% HR from
cells stimulated with an optimal concentration of an-
tigen. However, this pilot study generally focused on
donors whose basophils would release greater than
50% of their available histamine when presented with
an optimal IgE-mediated stimulus like polyclonal anti-
IgE antibody. In some of the studies mentioned herein,
it was noted that maximal HR itself varies from 0%
to 100% among basophils obtained from a broader
screening of the population. Our first question after
the pilot study was whether it was possible to measure
our sensitivity parameter in any donor, regardless of
maximum release obtainable. We also hypothesized
that basophil sensitivity and maximal HR were man-
ifestations of one basic property of the cells. It seemed
reasonable to speculate that poor maximum release
after stimulation with a strong stimulus like polyclonal
anti-IgE antibody reflected very low sensitivity, that
is, the basophil response would require high densities
of cell-surface IgE. The current study is designed to
address these questions.
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MATERIALS AND METHODS

Buffers

Buffer consisted of the following: PIPES (piperazine-
N,N-bis-2-ethanesulfonic acid) (Sigma Chemical Co., St.
Louis, Mo.), stock buffer, 25 mol/L of PIPES containing
110 mmol/L of NaCl, 5 mmol/L of KCl, and 40 mmol/L
NaOH, adjusted to pH 7.3 and stored at 10 times the above
concentration. PAG, PIPES (1 X), containing 0.003% hu-
man serum albumin (HSA) (Miles Laboratories Inc.,
Elkhart, Ind.) and 0.1% glucose, PAGCM, PAG with 1.0
mmol/L CaCl, and 1.0 mmol/L MgCl,. PAG-EDTA (eth-
ylenediamine tetraacetic acid), PAG with 1.0 mmol/L
EDTA. Acetate elution buffer contained 0.05 mol/L sodium
acetate, 0.085 mol/L NaCl, 10 mmol/L EDTA, and 0.03%
HSA at pH 7.3. Lactic acid elution buffer contained 0.01
mol/L lactic acid, 0.14 mol/L NaCl, and 0.005 mol/L KCl,
pH 3.9.

Reagents

Polyclonal goat antihuman IgE was prepared as described
previously"; the antibody used for these studies represented
the IgG fraction of goat serum prepared by DE-52 chro-
matography (Whatman Ltd., Maidstone, England). Mouse
monoclonal IgG antihuman IgE (HP6061) was provided by
Dr. Robert Hamilton. This antibody was prepared from an
established clone and purified to 2 mg/ml from ascites with
use of diethylaminoethy! anion exchange and hydroxyapatite
chromatography.

Subjects

Donors originally consisted of 58 adult subjects. They
were randomly selected among the personnel of the De-
partment of Clinical Immunology. Donors were not ex-
cluded on the basis of atopy, but only four were atopic by
history. Nonreleasing donors were excluded because the
current method of sensitivity determination would have been
difficult for these donors. Donors did not have any notable
medical problems other than atopy and were not using med-
ications at the time of blood drawing.

Cell preparation

Venous blood was drawn by venipuncture, and the cells
were separated on a single-step Percoll (Pharmacia Diag-
nostics, Inc., Fairfield, N.J.) gradient.” In brief, blood was
centrifuged over Percoll (specific gravity, 1.080 gm/ml).
The mononuclear cell layer was then collected and washed
with EDTA saline solution, PAG-EDTA, and twice with PAG
and then was used as described in the following paragraphs.

Cell challenge

Two basic protocols were used for testing, and these are
shown in Fig. 1. In the first evaluation cells were tested for
endogenous IgE and unoccupied receptor densities (see fol-
lowing text), their response to challenge with specific an-
tigen (after sensitization, see following text), or anti-IgE
antibody. Dose response curves for both polyclonal and
monoclonal anti-IgE antibody were examined to obtain the
optimal or maximum release value. To determine the max-
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Protocol #1

Mononuclear Cells

Sensitize with BPO-specific IgE
(saturate unoccupied receptors)

/\

"Acetate Elution”
{removae cell surface IgE)

N\

Histamine Release

/\

measure BPO- measure total Maximal response to || Maximal degranulation
specific IgE density|] IgE density anti-igE and BPO-HSA | fmet+C5a+algE mixture
Protocol #2

Mononuclear Calls

Sensitize with BPO-specific IgE
(3-5 serial dilutions)

A

"Acetate Elution”
(remove cell surface IgE)

Histamine Release

measure BPO-specific
IgE density at each condition

Response to anti-IgE and
BPO-HSA at each condition

FIG. 1. Schematic of the two protocols used to examine basophil sensitivity.

imal degranulation response to physiologic stimuli we also
challenged cells with a mixture of 0.1 pg/ml polyclonal
anti-IgE antibody, 1 pmol/L fMET (formyl-methionine-
leucine-phenylalanine) peptide (Sigma Chemical Co.), and
0.15 pg/ml recombinant human C5a (gift of Henry Show-
ell, Pfizer, Groton, Conn.). The simultaneous challenge
with these three stimuli delivers a strong degranulation sig-
nal to the basophil and generally results in nearly 100%
degranulation. The point of this particular challenge was to
ensure that a less than 100% HR to anti-IgE antibody did
not result from an inability of the cell to release completely.
Cells were resuspended in PAGCM then challenged with
stimulus for 45 minutes at 37° C. The final volume was
usually 1.0 ml. After 45 minutes samples were centrifuged,
and the supernatants were collected for the histamine
assay.

Sensitization

The two protocols noted previously sensitized the leu-
kocytes with antigen-specific IgE, although in the first pro-
tocol only a complete sensitization of unoccupied IgE

receptors was examined by sensitizing cells with the highest
concentration of IgE (5 pg/ml). In the second protocol the
cells were sensitized with various concentrations (5 wg/ml
as the highest concentration and a series of 1:3 dilutions)
of either penicillin (BPO) or GP120-specific IgE antibody
(provided by Drs. Frances Davis and Tse-Wen Chang of
Tanox Biosystems, Inc., Houston, Texas) to generate a se-
ries of cell-surface IgE densities. Purified BPO-specific IgE,
BPQO,-HSA, and chimeric human IgE specific for the human
immunodeficiency virus (HIV) protein GP-120 peptide were
obtained by procedures described previously.?":* Cells were
incubated with IgE antibody for 20 minutes in PAG con-
taining 1 mmol/L EDTA and 10 pg/ml heparin at 37° C.
After washing once, the cells were layered over 1 ml of
chelated newborn calf serum and centrifuged for 5 minutes
to rapidly separate the cells from their diluted sensitization
buffer. The cells were further washed twice in PAG, and an
aliquot was taken to determine HR. The remainder were
incubated for 60 minutes at 37° C to allow IgE to elute from
low-affinity receptors. After centrifugation, the pellets were
treated with acetate buffer (see folldwing text) to elute ba-
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FIG. 2. Sensitivity profiles for 35 of the 38 selected donors. Basophils were sensitized with various
concentrations of BPO-specific IgE (see text) and then tested for the BPO-specific IgE density
and HR response to an optimal concentration of BPO-HSA. Filled circles plot these data. Bar
columns show response to an optimal concentration of anti-IgE antibody in the same experi-
ments. Panel 1, Graphic example of how basophil sensitivity was determined (see methods for
a further description). Horizontal broken line is located at the point of 50% of the anti-IlgE-
induced response. Vertical broken line indicates number of IgE molecules required for this haif-
maximal response.
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sophil IgE antibody, and the supernatant was neutralized
and tested for IgE concentration by total IgE RIST or BPO-
RAST (see following text). Cell counts (alcian blue positive
cells) obtained before elution allowed a calculation of the
receptor density to be made (the amount of IgE measured
by RIST or RAST divided by cell count with the result
expressed as IgE molecules per basophil). Previous studies
demonstrated that sensitization with the highest concentra-
tion of BPO-specific IgE effectively measured the unoc-
cupied receptor density.' The cells being tested for HR were
challenged with either anti-IgE antibody (0.2 pg/ml) or
BPO,,-HSA at 0.5 pg/ml (previously determined to be op-
timum for HR at all levels of basophil sensitization). Note
that by this method all donors were tested with the same
antigen-specific IgE antibody and the same antigen. This
general procedure and the acetate elution technique have
been described in detail in previous publications. ' 's-1%2!- 2

Acetate elution

After the aliquoted cells were centrifuged the pellets were
resuspended in ice-cold acetate buffer, pH 3.7, and incu-
bated in an ice bath for 10 minutes. After a brief centrif-
ugation (15,000 g), the supernatant was removed and neu-
tralized with IN NaOH. These samples were frozen im-
mediately for later measurement of total and specific IgE
by RIST or RAST. Acid elution was done in duplicate.
Basophil counts (alcian blue staining)** made before elution
were also done in duplicate.

Lactic acid elution

The procedure for removing basophil IgE has been de-
scribed elsewhere.**” The current modification reduces the
incubation with lactic acid buffer to 30 seconds to minimize
basophil damage (see Appendix). In brief, after the cells
were washed in saline solution the pellet was gently resus-
pended at room temperature in the residual saline solution,
and 5 ml of lactic acid buffer was added for 30 seconds.
The reaction was stopped by the addition of 40 ml of ice-
cold PAG buffer and the cells allowed to sit undisturbed for
10 minutes before they were centrifuged and handled
further.

Histamine assay

All reactions, performed in duplicate, were stopped by
centrifugation, and the supernatant was removed for his-
tamine analysis. In each experiment perchloric acid at a
1.6% final concentration was added to duplicate tubes to
determine total histamine content. Histamine was assayed
by an automated fluorometric technique.” The percentage
of HR was calculated from the ratio of sample to total
histamine after spontaneous release was subtracted from
both.

Whole blood HR

To determine whole blood HR, blood was anticoagulated
with heparin (20 units/m! of blood), brought to 37° C, and
immediately added to tubes containing PAGCM buffer plus
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or minus stimulus (0.5 ml blood plus 0.5 buffer plus or
minus polyclonal anti-IgE antibody). After a 30-minute in-
cubation, the supernatant was harvested after being centri-
fuged and stored frozen until assay by the radioenzymatic
assay.” * Total histamine content of the blood was obtained
by boiling 0.1 ml of blood for 10 minutes and harvesting
the supernatant. Controls in these experiments included both
serial dilutions of the total histamine samples to determine
linearity and the “spiking” of total histamine and other sam-
ples with known amounts of histamine. In general, the assay
response to total histamine dilutions was similar to the stan-
dard curve, and the ratio of expected histamine content to
measured content for the spiked samples was 1.01 = 0.04
(n = 32, from a previous study®').

Calculation of basophil sensitivity

The plot of BPO-HSA —induced HR versus BPO-specific
IgE density typically generated a point near 50% of the
maximum anti-igE—induced HR. Simple linear extrapola-
tion of the data near the 50% point was used to determine
the number of IgE molecules required for 50% of the max-
imal anti-IgE~induced HR. Maximal HR was taken to be
the response to an optimal concentration of polyclonal or
monoclonal anti-IgE antibody.

RESULTS

To first determine whether sensitization of any do-
nor with purified BPO-specific IgE could result in a
measurable response to BPO-HSA, protocol No. 1
(see Methods and Fig. 1) was used with 58 donors.
The average maximal IgE-mediated release (after
challenge with an optimal concentration of either
monoclonal or polyclonal anti-IgE (see Appendix),
was 50% + 3%, and the average ratio of the HR
response to BPO-HSA in these sensitized cells to max-
imal HR was 0.67 = 0.08. Only one donor showed
no response to BPO-HSA (with 47% HR to anti-IgE
antibody), whereas most responded quite well. In
these experiments the density of both endogenous IgE
on basophils and BPO-specific IgE (which equals un-
occupied FcRI receptor density'®) were also deter-
mined. As expected from previous studies,'*- !> there
was no correlation between the endogenous IgE den-
sity and maximal HR after polyclonal anti-IgE anti-
body (Rs = 0.009). In addition, as found in a pre-
vious study,’® maximal anti-IgE—induced HR fol-
lowed a distribution centered around 50% (as noted
previously, nonreleasing donors were excluded be-
cause further information concerning sensitivity
would have been difficult to obtain from these donors’
cells’). The challenge of donors with the mixture
of receptor-mediated stimuli (anti-IgE/fMET pep-
tide/CSa, see Methods) on average resulted in
93% = 1% HR. In other words, this mixture of phys-
iologic stimuli could induce the basophils of any donor
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FIG. 3. Sensitivity profiles for cell preparations treated
with lactic acid. Plot shows sensitivity profiles for three
donors plotted in the manner of Fig. 2. Filled symbols
represent response to BPO-HSA after sensitization of ba-
sophils not treated with lactic acid. Bar columns again
represent anti-IgE response (symbols for the line plots and
bar plots are matched), and partially filled grey symbols
represent the response to BPO-HSA from basophils first
treated with lactic acid, to remove a fraction of the en-
dogenous IgE, and then resensitized. Broken lines rep-
resent extrapolations from the two extremes of the pro-
files.

to fully degranulate. These results indicated that the
sensitivity parameter could be determined in most do-
nors. Of the original 58 donors, 19 chose not to con-
tinue with the study and one donor was unresponsive
to BPO-HSA and could not be further studied, leaving
38 to be characterized in greater detail.

A number of important control experiments exist
that preceded the more detailed sensitivity curve stud-
ies, and these are covered in detail in the Appendix.
The sensitivity curves of 35 of the 38 donors are
shown in Fig. 2 (the remaining three are shown in
Fig. 3, see following text). In addition, the response
to an optimal concentration of polyclonal anti-IgE is
also shown in the column bar in each panel. In our
previous study we defined basophil sensitivity as the
density of BPO-specific IgE required to obtain 25%
HR after challenge with an optimal concentration of
BPO-HSA. Because this study examines a large range
of maximum histamine values, this definition was
modified to define sensitivity as the density of BPO-
specific IgE required for half-maximal release (by
anti-IgE antibody). For most of these curves, it was
relatively straightforward to determine the density of
cell surface BPO-specific IgE required to initiate a
response that was 50% of the maximum (Fig. 2).

For several donors the 50% value was more difficult
to determine because the best response to BPO-HSA
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was well below the maximum (e.g., donors shown in
panels 27 and 33; Fig. 2). We also considered the
possibility that for some donors, BPO-HSA —induced
release might exceed anti-IgE—induced release if the
cells could be sensitized with higher densities of BPO-
specific IgE. Therefore we used the technique of lactic
acid elution to remove a small fraction of the endog-
enous cell-surface IgE to resensitize the cells with a
higher density of BPO-specific IgE than could be ob-
tained by “natural” sensitization. The original protocol
was designed to remove all the cell-surface IgE and
yet retain cell function.”® However, we have found
that donors’ basophils are altered to varying extents
by the procedure. Indeed, for some donors lysis of
their basophils can occur. For our purposes, only a
small amount of the endogenous IgE needed to be
removed, since median IgE densities were greater than
100,000 (see following text), so the procedure was
modified to treat the cells for only 30 seconds (versus
the 3- to 5-minute procedure used in previous
studies”). Preliminary experiments (see Appendix) in-
dicated that there was little effect on the natural sen-
sitivity of basophils. We then used an abbreviated
sensitization protocol on 13 of the donors in the study
to test for release at higher densities of BPO-specific
IgE. Of the 13 experiments performed with lactic acid
“stripping,” only three donors’ cells were unaffected
by the treatment, that is, the maximal HR to anti-IgE
antibody was the same with and without lactic acid
treatment. Sensitivity curves for these three donors’
cells are shown in Fig. 3 (Figs. 2 and 3 therefore
show all 38 of the sensitivity curves in the study).
These results indicated that high densities of BPO-
specific IgE result in the same release as the response
induced by anti-IgE antibody. The figure shows dotted
lines extrapolated from the two regions of the curve,
suggesting that a plateau occurs in this type of donor,
which is similar to the plateaus observed for many of
donors shown in Fig. 2 (e.g., panels 1, 8, 9, 14, 21,
23,25, 28, 29, and 31). For the remaining 10 donors
tested with lactic acid treatment, the treatment had
variable effects on anti-IgE—induced HR. On average,
the ratio of anti-IgE—induced HR after lactic acid
treatment to anti-IgE—induced release without treat-
ment was 0.83 = 0.06. However, in all cases, in the
range of 20,000 to 90,000 BPO-specific IgE mole-
cules/basophil, which is 20- to 50-fold higher than
obtainable under conditions of “natural” sensitization,
HR after BPO-HSA and anti-IgE was equal (mean
antigen HR/anti-IgE HR, 0.95 = 0.06 vs 0.35 =
0.05 without lactic acid treatment in these selected
donors).

These results indicate that the HR response of a
donor’s basophils to anti-IgE antibody does not give
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FIG. 4. Correlation plots for the relationship between basophil sensitivity and maximum IgE-
mediated HR {panel B) and endogenous IgE density (panel C). Sensitivity measurement is ex-
pressed as number of IgE molecules per basophil required to generate a half maximal response
(the maximum determined by the polyclonal anti-IgE response, see text). Panel A, Frequency
distribution of the sensitivities for the 38 donors (count refers to number of donors at a particular

range of sensitivity values).

an indication as to the sensitivity of the cell. Fig. 4
demonstrates this point with two correlation plots. In
Fig. 4, panel B there was no correlation (Rs = 0.32,
p = 0.0594) between the maximum HR and the sen-
sitivity (number of IgE molecules for 50% of the max-
imal IgE-mediated HR) of the cell. The sensitivity
parameter was obtained from the plots in Figs. 2 and
3 and ranged from the highest sensitivity of =300
molecules of IgE to the lowest at 40,000 (Fig. 4,

panel A). Despite this wide range, this parameter gen-
erally shows the same range of variation as maximal
HR, with 93% of the celis lying between 800 and
8000 molecules of IgE (median, 1900), for a 10-fold
variation. Fig. 4, panel C shows the lack of correlation
between the total IgE density and the same sensitivity
parameter (Rs = 0.083, p = 0.63).

It is interesting to note that the density of unoc-
cupied Fe RI receptors (as measured by the conditions
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Empty Fcg Receptors/Basophil
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FIG. 5. Relationship between unoccupied FcRI receptor densities and total receptor density.
Panel A, Frequency distribution (count refers to number of donors at a particular range of values)
for unoccupied receptors (n = 58 from the protocol no. 1 screening); Panel B, Correlation be-

tween these two variables.

of optimal BPO-specific IgE sensitization) was rela-
tively constant. With a 200-fold range in the total
receptor density, empty receptors showed only an
eightfold range and no correlation to total receptor
density. Fig. 5 shows this distribution, where the me-
dian unoccupied receptor density was 3000 and the
median total receptor density was 105,000.

DISCUSSION

Previous studies have demonstrated that selected
donors, whose basophils responded well to anti-IgE
antibody, could respond to antigen with as few as 100
to 200 molecules of cell surface IgE.'> '* These same
studies indicated that there was a 30-fold range of
sensitivity (number of IgE molecules for 50% of the
maximum IgE-mediated response) among selected do-
nor basophils, and these studies also suggested that
the relationship between the maximal response and
sensitivity might be poor. The current studies have
sought to clarify the issue. Studying a wide range of
HR, we found no correlation between maximal HR
and basophil sensitivity (defined as the density of an-
tigen-specific IgE required for a half-maximal re-
sponse). In addition, the data indicated that a single
measurement of IgE density and anti-IgE antibody-
dependent HR would yield an inadequate description
of basophil sensitivity but did show that this parameter
could be measured for most donors with use of the
sensitization protocol described. It is surprising that
basophil sensitivity for this broader selection of donors
also ranged only 30-fold among donors (with one ex-

ception), the variation observed in earlier studies. In-
deed, for most donors, the sensitivity ranged only 10-
fold. We expected that poorly releasing basophils
would be better separated from basophils that released
80% to 90%, since our simplest assumption was that
the maximal HR of basophils had at least a weak
relationship to cellular sensitivity. Although we did
not expect to see sensitivities much lower than 300
(i.e., 50% maximal response with fewer than 300
molecules of antigen-specific IgE), because this prob-
ably means that fewer than 150 cross-links would be
signaling the cell (at least two IgE molecules per cross-
link), we were surprised that more donor’s basophils
did not appear to have sensitivities in the 10,000 to
100,000 range.

This study also indicated that nearly all donors can
be studied in this manner. Because we are interested
in whether cellular sensitivity, in conjunction with
maximal HR, plays a role in the atopic state or de-
termines the severity of a patient’s disease, future
studies are possible to examine this parameter in these
contexts. Given the relatively narrow range of sen-
sitivities, it may be possible to simply ask whether
sensitivities less than 1000 (i.e., 50% maximal re-
sponse with fewer than 1000 molecules of antigen-
specific IgE) can be found in a distinctive population
of patients. This is the value noted in our earlier stud-
ies where these donors’ basophils released leuko-
trienes in 10- to 100-fold higher amounts than the
average release for the population. One might spec-
ulate that during the allergic reaction antigen must
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TABLE I. Dose response curves for polyclonal anti-IgE antibody with basophils isolated by
standard Percoll methods and basophils chailienged in heparinized blood (n = 4)

Donors Averages
1 2 4
anti-lgE* P B P B P B P B Percoll Biood
0.04 19 14 13 1 2 11 18 9 +3 11 +3
0.2 21 16 25 23 3 5 19 21 17 £5 16 = 4
1.0 41 30 34 27 g8 11 37 31 30 £ 8 25«5
2.5 40 24 22 24 6 7 28 36 24 = 17 236

An analysis of variance (ANOVA) calculation indicates no statistical difference between the Percoll and blood preparations.

P, Percoll; B, blood.
*anti-IgE antibody concentration in micrograms per milliliter.

penetrate the mucosal barriers and that the depth of
penetration is limited. The more sensitive the cells in
the reaction, be they basophils or mast cells, the more
cells deep in the tissue are likely to respond, which
therefore might result in a more severe reaction. A
future study might also examine whether cytokines,
which are thought to be present in tissues, shift all
donor responses into the highly sensitive range. Fi-
nally, we are interested in whether there is a common
mechanism that accounts for the range of sensitivities
observed. This study indicates that the basophil has
two independent means of regulating its response to
IgE-mediated signals, through regulation of cellular
sensitivity and its maximal response. We will be in-
terested in whether this indicates that there are two
major control points in the release reaction, which
once understood, could be exploited to down-regulate
the cells’ response. Given the large number of possible
biochemical steps in this release reaction, comparing
low- and high-sensitivity donors might shed some light
on the important biochemical steps.

These studies brought to light a second unexpected
observation, that the unoccupied Fc RI density is rel-
atively constant despite a large variation in the total
receptor density. Previous studies have noted that the
FcRI density is well correlated with the serum IgE
antibody titer.* It is not known whether the IgE titer
induces changes in the receptor density or whether the
two parameters are under the control of another mech-
anism. Studies in rat basophilic leukemia cells indicate
that there is no effect of IgE on receptor expression,*
and the information for human basophils is not avail-
able, although unpublished studies by our group have
not shown an effect of IgE on receptor expression.
However, the constant expression of unoccupied re-
ceptors noted in the present study would suggest that
occupied receptors would signal the cell to express
more receptor or that the balance of receptor cycling

or synthesis degradation or both is altered by receptor
occupancy. In these situations one might find the ob-
servations shown in Fig. 5. However, further study is
needed to clarify this issue.

In summary, these studies demonstrated that ba-
sophil sensitivity is not reflected in the response to
anti-IgE antibody. We had also hoped that if this cor-
relation did not exist, then sensitivity could be deter-
mined easily by passive sensitization with purified
antigen-specific IgE. In all but one instance, an ap-
proximate measure of the basophil sensitivity could
be determined for almost any type of donor. Purified
IgE is probably required to generalize the method for
any donor, since some donor’s unoccupied receptor
densities were low enough that only maximal sensi-
tization with antigen-specific IgE led to a reasonable
response. Although nearly all donors’ basophils could
be sensitized, a sensitivity determination required two
or three sensitization conditions. It would have been
simpler if only one sensitization condition were re-
quired; however, different slopes in the sensitivity
curves as well as the occurrence of donors with very
sensitive basophils required additional points to make
the determination.

APPENDIX
Whole blood histamine release

Using nonreleasing donors and donors where
HR after polyclonal anti-IgE antibody was greater than
70%, we have previously shown that the HR obtained
after Percoll isolation of the leukocytes accurately re-
flected the release after a challenge of basophils in
heparinized blood.*" We have extended these obser-
vations to include donors whose basophils release 20%
to 40% of their histamine in response to anti-IgE an-
tibody to ensure that results from this subset of the
population were also not an artefact of Percoll iso-
lation. The HR dose response curves to anti-IgE an-
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tibody for four donors were compared; heparinized
blood versus Percoll separated cells. As we found
previously, the dose response curves were virtually
superimposable (Table I).

Independence of the results on the
antigen-specific IgE used

It was necessary to determine whether the use of
penicillin-specific IgE was providing an accurate rep-
resentation of the antigen-induced HR response after
a sensitization protocol that filled all unoccupied re-
ceptors. We were also particularly interested in donors
whose anti-IgE—induced release was poor and
whether antigen-induced release after sensitization
could ever be much better than challenge with anti-
IgE antibody. Some donors’ cells were further tested
by sensitizing the cells with a purified monoclonal
chimeric IgE with specificity for the HIV protein, GP-
120. Cells sensitized with this antibody were chal-
lenged with a GP-120 peptide-ovalbumin conjugate,
and the HR in response to this antigen was compared
with the polyclonal anti-IgE antibody-induced re-
sponse (ratio of antigen response/algE response).
This ratio averaged 0.61 = 0.11 for cells sensitized
with the GP-120-specific IgE and averaged 0.67 +
0.08 for cells sensitized with BPO-specific IgE (and
challenged with BPO-HSA). These data indicated
that the ability of IgE to sensitize basophils was similar
for the two different purified IgE preparations. More-
over, the sensitivity measurements should therefore
be a reflection of the cells’ intrinsic sensitivity re-
gardless of the antigen-specific IgE used to make the
determination. One other technical point, in this con-
text, is the assumption that the density of BPO-specific
IgE measured is an accurate measure of basophil den-
sities only. This point has been discussed in detail in
previous studies where we conclude, through an ex-
tensive series of experiments that confirm other earlier
studies, that the procedure we use is not confused by
IgE binding to lymphocytes or monocytes (the con-
taminants in these preparations).' 's 2!

Intradonor variability

We have studied the variability of the basophil re-
sponse from the same individual over various intervals
of time. Over a 1-year period, the HR response of a
given donor to anti-IgE antibody was essentially the
same. Release varied +=20% of its mean value, that
is, HR of 30% ranged 20% to 40% (*2 SD). The
occasional donor can show larger variation over a
period of 1 to 10 years, but this study was not designed
to examine this variability. Although we have not
examined other parameters with the same regularity,
IgE receptor densities (occupied and empty) and ba-
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sophil sensitivity (as defined in the Methods section)
also have similar variability over time. For example,
an examination of nine donors in which total IgE and
unoccupied receptors densities were measured three
to seven times showed an average standard deviation
of =16% of the log mean. Similarly, 5-point sensi-
tivity curves were generated on two occasions for each
of four donors, and the resulting 50% maximal release
determinations (see following text) displayed a + 19%
mean variability.

Effect of lactic acid treatment on
basophil sensitivity

Using the brief 30-second lactic acid protocol
we tested for an effect of the procedure on the sen-
sitivity of the basophils using two donors’ basophil
preparations. The cells were divided into a group sen-
sitized as usual (control curve) and a group first treated
with lactic acid (30 seconds) followed by a similar
series of sensitization conditions, although greater di-
lutions of BPO-specific IgE were used to generate
levels of cellular sensitization similar to nonlactic acid
treated cells. The two sensitivity curves for each donor
showed similar midpoints (1600 vs 1800 molecules
IgE for 50% maximal response, control vs lactic acid
treatment, respectively), which was within the vari-
ability of this assay.

Monoclonal vs. polyclonal anti-IgE antibody

We wished to know whether the polyclonal anti-
IgE antibody we used always generated maximal IgE-
mediated release. We therefore examined broad dose
response curves for a number of monoclonal antibod-
ies and chose one that consistently gave strong release.
Amount of release with this monoclonal antibody was
no better than the polyclonal antibody. In fact, regres-
sion analysis of the release obtained with optimal con-
centration of either polyclonal or monoclonal antibody
had a slope statistically indistinguishable from 1.00,
a y-intercept indistinguishable from 0O, and a corre-
lation value of 0.93. Therefore we could not find an
instance of polyclonal anti-IgE not reflecting the best
IgE-mediated release obtainable. These results were
also supported by the lactic acid “stripping” experi-
ments discussed in the text where BPO-HSA —induced
HR at high BPO-specific IgE densities was no better
than anti-IgE-induced release.
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