IgE+ cells in the peripheral blood of atopic,
nonatopic, and bee venom-hypersensitive
individuals exhibit the phenotype of highly

differentiated B cells

Peter J. Donohoe, PhD,* Robert J. Heddle, MD, PhD,?
Pamela J. Sykes, PhD,* Michael Fusco, BSc,? Loretta R. Flego, BSc,*
and Heddy Zola, PhD?® Adelaide, South Australia

We have analyzed IgE™ cells in peripheral blood of atopic donors, donors hypersensitive to
bee venom, and nonatopic control donors with two- and three-color flow cytometry. Although
the percentage of IgE™ cells varied among these groups, the overall phenotypic patterns were
similar. Most IgE™ cells do not display typical B-cell markers, such as CD19, CD20, and
CD21. A significant proportion of these cells stain for CD38, indicating that they are more
differentiated. IgE™ cells express FeyRII and CD45R0, an isoform associated with an
advanced level of differentiation. The majority of IgE™ cells do not coexpress other surface
immunoglobulin isotypes. In the case of bee venom—hypersensitive donors, we have been able
to identify a small population of IgE™ cells with a specificity for phospholipase A2, a major
immunogenic component of bee venom. The phospholipase A2™ cells display a phenotype
similar to that of the IgE™ cells. (] ALLERGY CLIN IMMUNOL 1995;95:587-96.)
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Allergic diseases constitute the most frequent
immunologic disorders. In normal nonatopic indi-
viduals the serum concentration of IgE is less than
500 ng/ml, increasing with the onset of certain
parasitic infections.? IgE has a half-life of 2 to 3
days, favoring a return to normal serum levels
quickly once the antigen or infection has been
cleared.? In the case of allergy, serum levels of IgE
specific to particular antigens may persist for many
years even without antigenic challenge.

Given the central role of IgE in allergic disor-
ders, the phenotype and frequency of IgE™" cells
are of interest. The determination of the frequency
of IgE-committed B cells in blood has yielded

From °the Department of Clinical Immunology and the ®De-
partment of Haematology, Flinders Medical Centre and
Flinders University, Bedford Park, South Australia.

Supported by project funding from the National Health and
Medical Research Council of Australia.

Received for publication Aug. 24, 1993; revised June 27, 1994;
accepted for publication July 25, 1994.

Reprint requests: Professor Heddy Zola, PhD, Department of
Clinical Immunology, Flinders Medical Centre, Bedford
Park, South Australia 5042.

Copyright © 1995 by Mosby-Year Book, Inc.

0091-6749/95 $3.00 + 0 1/1/59432

Abbreviations used

DDAF: FITC-labeled sheep anti-mouse anti-
: body
EBV: Epstein-Barr virus
FITC: Fluorescein isothiocyanate

IL: Interleukin
PBLs: Peripheral blood lymphocytes
PE: Phycoerythrin
PLA-2: Phospholipase A2

contradictory results. Some studies on the frequen-
cies of peripheral blood lymphocytes (PBLs) se-
creting immunoglobulins of different classes and
subclasses have ignored IgE cells because their
numbers were too low to estimate.®> Studies have
involved Epstein-Barr virus (EBV) transformation
and culturing of the cells with interleukin (IL)-4.4¢
IL-4 is known to promote switching to Ce in
human lymphoid cells.”-® It is unclear therefore
whether the action of EBV or IL-4 may result in a
biased selection of IgE™ cells and may not reflect
the actual percentage of these cells in the blood. A
more accurate determination of the frequency of
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TABLE |. Monoclonal antibodies used in IgE cell analysis

Specificity Antibody Isotype Study
CD19 FMC63 IgG2a Zola et al.>®

CD20 HB13d IgG1 Kansas and Tedder3”
CD21 HB135 I1gG2a ATCC Weis et al.®®
CD22 29.110 IgG1 Barr et al.>®

CD5 WM13 IgG1 K. Bradstock

pl05 FMC7 IeM Zola et al.**

CD45RO UCHLI1 IgG2a Smith et al.*
CD45RA FMC44 IgG1 Zola et al.#!

CD38 OKT10 IgG1 Ortho Terhorst et al.*?
Plasma PCA-1 1gGl CE Anderson et al.>”
CD32 41H.16 1gG2a Zipf et al.®

CD23 B6 IgG2b CE Thorley Lawson et al.*°
IgM HB57 IgG1 ATCC Kuritani et al.*
IgD HB70 IgG3 ATCC Kuritani et al.*
IgG HP ‘Mix’ — ATCC Reimer et al.*®
I1gG1Fc HP6001 IgG2b ATCC Reimer et al.%
IgG2Fc HP6002 IgG1 ATCC Reimer et al.*
IgG2Fab HP6014 IgG1 ATCC Reimer et al.®
IgG3Fc HP6003 IgG1 ATCC Reimer et al.%
IgG3hinge HP6050 IgG1 ATCC Reimer et al.*
IgG4Fab HP6020 IgG2a ATCC Reimer et al.®
1gG4Fc HP6025 IgG1 ATCC Reimer et al.*®
IgE 2-1-5 1gG1 K. Turner

IgE HB121 IgG2a ATCC Hook et al.*
CD14 FMC32 IgG1 Hancock et al.*”

CD13 WM15 IgGl1 Look et al.l?

CD33 WM53 IgG1 Favaloro et al.*®

CD3 OKT3 IgG1 BD van Dongen et al.*
IgKappa TB28-2 IgG1 BD Weinburg et al.*°
IgLambda 1-155-2 IgG1 BD Weinburg et al.>°
Neg.con. X63 1gG1 Mpyeloma protein

ATCC, American Type Culture Collection (Rockville, MD.); Ortho, Ortho Diagnostic Systems Inc. (Raritan, N.J.); CE, Coulter
Electronics (Hialeah, Fla.); BD, Becton Dickinson (San Jose, Calif.)

IgE cells is likely to be obtained by fluorescence
labeling and direct analysis by flow cytometry.

In this report we enumerate IgE™ cells in blood
and determine their phenotype.

METHODS

Twenty individuals served as donors of PBLs. Five had
no history of atopic disorders and tested negative by
multiple allergen disc immunoassay (Phadiatop; Phar-
macia Diagnostics AB, Uppsala, Sweden), five were
atopic, and 10 were hypersensitive to honeybee (Apis
mellifera) venom. Bee venom-hypersensitive donors
were selected on the basis of having experienced a
life-threatening reaction to bee venom and a positive
RAST or skin test response to honeybee venom. PBLs
were prepared from heparinized blood by separation on
Ficoll-Hypaque (Pharmacia). The cells were washed
twice in phosphate-buffered saline azide and resus-

pended at 107 cells/ml. Before analysis with the test
monoclonal antibodies, the cells were incubated with
normal sheep serum at room temperature for 30 min-
utes. This step was included to displace any adsorbed
human immunoglobulin.

Cells were stained by two-color labeling as described
previously.> ' Briefly, 50 ul aliquots of cells were
stained as follows. First, a monoclonal antibody was
added for the particular marker, listed in Table I,
followed by fluorescein isothiocyanate (FITC)-labeled
sheep anti-mouse immunoglobulin (DDAF), (Silenus
Laboratories, Melbourne, Australia). Mouse immuno-
globulin binding sites were blocked with the addition of
normal mouse serum at a concentration of 1 mg/ml. The
second reagent, biotinylated anti-IgE antibody or bioti-
nylated PLA-2 was added and stained with phyco-
erythrin-streptavidin (PE-SA) (Caltag Laboratories, San
Francisco, Calif.). Reagents were incubated for 30 min-
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utes each, and the cells were maintained on ice through-
out the experiments. Concentrations of reagents and
incubation conditions were determined in advance.

Cells were stained by three-color fluorescence with
the following combinations: (1) Kappa: FITC/Lambda:
PE (Simultest; Becton-Dickinson Immunocytometric
Systems, San Jose, Calif.) + biotinylated anti-IgE anti-
body/streptavidin-conjugated Tricolor (Caltag), (2)
41H.16 (CD32):FITC + CD3:PE (Becton Dickinson) +
biotinylated anti-IgE antibody/streptavidin-conjugated
Tricolor, or (3) (OKT10 [CD38] + DDAF) + CD3:PE
+ biotinylated anti-IgE antibody/streptavidin-conju-
gated Tricolor. For combinations 1 and 2, all three
reagents were added together. The cells were then
washed, and streptavidin-conjugated Tricolor was
added. For combination 3, OKT10 was added first and
stained with DDAF. CD3:PE and biotinylated anti-IgE
antibody were then added and stained with streptavidin-
conjugated Tricolor. For combination 3, OKT10 was
added first and stained with DDAF. CD3:PE and bioti-
nylated anti-IgE antibody were then added and stained
with streptavidin-conjugated Tricolor. Three-color stain-
ing with biotinylated PLA-2 in place of biotinylated
anti-IgE antibody was also carried out.

Biotin and FITC-labeled reagents were prepared by
using standard methods.!- 12

Fluorescence was analyzed with a FACScan flow
cytometer (Becton Dickinson and Company, Franklin
Lakes, N.J.) with standard settings. For each antibody,
10,000 cells were accumulated, and a dual-contour plot
was generated. The samples were re-run by “live gating”
(real-time) to select only IgE™ or PLA-2" cells with the
physical parameters of lymphocytes. Real-time gating
was included to allow a more precise analysis of these
rare cells. Approximately 2 to 3 X 10° ungated cells were
scanned to obtain sufficient numbers of cells for analysis
as fluorescence histograms.

RESULTS
Validation of analyses

Because IgE™ cell populations are rare in pe-
ripheral blood, careful preparation of the cells was
needed to eliminate false-positive results caused by
absorption of immunoglobulin to the celis medi-
ated by Fc receptors. This was accomplished by
washing the cells twice with phosphate-buffered
saline after separation on Ficoll-Hypaque and then
preincubating the cells with normal sheep serum
for 30 minutes at room temperature. The effective-
ness of this step is shown in Fig. 1. In all tests cells
were triple-stained with kappa:FITC, lambda:PE,
and biotinylated anti-IgE antibody/Tricolor. Cells
were real-time gated on the I[gE™ population and
analyzed for kappa and lambda expression. Be-
cause individual B cells express only one light
chain type, expression of both kappa and lambda
suggests FcR-mediated uptake of serum immuno-

Donohoe et al. 589

14.3 %

3 19"'

° 90192 19

FvYY

FL2-H~LAMBDA -~->

T
A

e 2.9 % 8) 0.2 %
&

ol uk |

- D .

Z.1 % L

] = o -

0 ~ Lo T, - s 3.7 %
i % i i O

360 18 162 162 Tod
FL1-H\KAPPA ——=>

FIG. 1. Reduction of adsorbtion of immunoglobulin to
lymphocytes. Cells were incubated at room temperature
for 30 minutes with neat normal sheep serum. Data are
presented on PBLs from an atopic donor {A) without and
(B) with preincubation.

globulin. Cells stained with either kappa or
lambda, but not both, indicate that the antibody
has been produced by the cells. A kappa/lambda
test was included in each experiment. Data from
experiments showing a characteristic “diagonal”
dual-stained population (Fig. 1, A) were excluded.

The gating selections for collection of cells and
data analysis are shown in Fig. 2. Triple-staining of
cells for kappa/lambda and IgE expression is used
to illustrate the choice of gating parameters. Pa-
rameters were selected such that the maximum
number of IgE™" cells expressed either kappa or
lambda light chains, but not both. The kappa/
lambda ratio of 2.6 in Fig. 2 is close to the range of
1.0 to 2.3 (Becton Dickinson, Monoclonal Antibody
Source Book). In Fig. 2, C the brightly fluorescent
cells in R3 were assumed to be the IgE+ popula-
tion. The less intensely stained populations in R4
and RS, when analyzed for kappa/lambda expres-
sion, have increasing numbers of double-negative
populations. These cells may have taken up the
anti-IgE antibody nonspecifically. The anti-IgE
antibody is a direct biotin conjugate, and the lower
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FIG. 2. Gating parameters used to analyze lymphocytes (R1) from 10,000 PBLs (upper left). IgE
fluorescence distribution in the lymphocyte population (R1) (upper right). Real-time gating
histogram showing the range for data collection (R2) and the gating (R3) used for data analysis
{center feft). Dot plot of expression of kappa and lambda light chains on IgE real-time—gated celis
with gate R1 and the brightly fluorescent population R3 (center right). At lower left and right are
dot plots showing kappa and lambda expression on the less brightly stained populations in R4

and R5.

sensitivity normally associated with direct conjugates
may account for the failure to detect light chains on
cells that express IgE. As an additional control, IgE™
cells were analyzed for expression of the basophil
markers CD13 and CD33. No difference between the
expression of these markers and that of the negative
control X63 (see Table I) was found.

In a control experiment the percentage of IgE™
cells was reduced from 0.23% to 0.01% by incu-
bating the cells with IgE (culture supernatant of
the IgE myeloma line, U266BL) at the same time
as the biotinylated anti-IgE. Similarly, addition of
unbiotinylated PLA-2 (final concentration, 50 ng/
ml) inhibited the biotinylated PL.A-2. The percent-
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TABLE Il. Mean expression {= SD} of markers on IgE* and PLA-2* cells

Bee venom-hypersensitive

Nonatopic IgE* Atopic IgE* IgE™* PLA-2*
(n =5) {n =5) {n = 10} {n=6)
CD19 119 = 2.7 164 +54 93+ 6.8 128 £ 5.7
CD20 140 = 44 129+74 113+ 46 141x55
CD21 11471 153+ 6.3 95 +6.2 122 £ 3.6
CD22 11.6 = 84 11.6 = 8.0 92+ 8.6 7.1+42
CD5 332104 20.7 = 16.1 355+ 16.5 272 =147
p105 65+1.3 9.3+3.0 105 £9.3 85+57
CD45RO 774 + 44 76.1 £ 7.1 76.1 + 6.8 781+ 7.5
CD45RA 194 7.1 18.6 = 6.0 17.1 = 4.4 14374
CD38 79.8 = 6.5 824+ 114 81.9 + 13.8 84.9 = 135
PCA-1 14052 72+54 6.4 +5.7 11.0 =83
CD23 9942 7.8 +5.3 89 +8.1 10.1 =74
CD32 84494 86.1 = 10.8 81.6 = 10.8 79.0 £ 11.6
IgM 152 =49 85+70 10.7 = 8.5 143 £ 8.8
IgD 144 £ 5.7 8.1+6.3 9.8 + 3.2 15795
1eG 146 = 5.6 55+17 73 %35 143 £ 7.7
IgE — — — 59.6 = 18.9
CD14 13.9 = 5.7 87+64 52=*6.6 6.1 =45

age of PLA-2-binding cells detected was reduced
from 0.26% to 0.01% in this experiment.

Initial analysis was carried out on 10,000 cells
(no gate) to generate a dual-parameter dot plot.
Similar results were obtained by gating on either
PLA-2" or IgE™ cells. Real-time~gated data were
collected and analyzed on cells from 10 of the 20
donors. Other controls included in each experi-
ment were X63, as a negative control, and the
monocyte marker CD14. Mean staining of IgE™
cells with CD14 was 12.8% for the nonatopic
group, 8.7% for the atopic group, and 5.2% for the
bee venom-hypersensitive group.

Enumeration of IgE™ cells

PBLs were analyzed from three groups of do-
nors, (1) nonatopic control subjects, (2) atopic
subjects, and (3) bee venom-hypersensitive pa-
tients by means of two- and three-color flow cy-
tometry. A compilation of all the results from each
of the donor groups is given in Table IT and shows
the percentages of IgE™ and PLA-2* cells express-
ing the markers tested. The percentage of IgE™*
cells in PBLs was determined by analysis of cells
staining with biotinylated anti-IgE antibody in each
of the tests. In each experiment dual-staining of
cells for IgE with 20 different markers was carried
out. A histogram of IgE expression for each of
these sets of data was generated, and the percent-

age of IgE™ cells was determined with the gating
illustrated in Fig. 2. Because IgE™ cells are infre-
quent in peripheral blood, data on 100,000 cells
were also collected from nine of the donors to
obtain more precise results (Fig. 3). The percent-
age of IgE* lymphocytes ranged from 0.02% to
0.08% (mean = 0.05%) in nonatopic donors,
0.23% to 0.46% (mean = 0.33%) in the atopic
donors, and 0.18% to 0.43% (mean = 0.29%) in
the bee venom-hypersensitive group (Fig. 4). The
percentage of IgE+ cells in the nonatopic group
differed significantly from the percentages in the
atopic group (p < 0.005) and the bee venom-—
hypersensitive group (p < 0.001) as determined by
the Mann Whitney U test. No significant difference
in IgE+ cell numbers was found between the latter
two groups (o = 0.10).

Phenotype of IgE* cells

Ficoll-Hypaque-isolated PBLs were dual-
stained with B-cell markers CD19, CD20, CD21,
CD22, and FMC7 and with anti-IgE. The majority
of IgE™ cells (84% to 98%) did not express any of
these markers (Fig. 5 and Table II). There is
considerable variation in the percentages of dual-
stained cells among the donors. However, there is
no significant difference in expression of these
markers among the three donor groups.

The mean coexpression of CD5 on IgE™ cells is
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FIG. 3. Histograms of IgE+ cells after gating on the
lymphocyte population. Examples from each of the donor
groups are shown with data from 100,000 cells. IgE
population was selected with the criteria outlined in the
legend to Fig. 2.

33.2% (*10.4) for nonatopic donors, 20.7%
(£16.1%) for atopic donors, and 35.5% (£16.5%)
for bee venom-hypersensitive donors (Table II).
CDS5 is expressed on 27.2% (£14.7%) of PLA-2"
cells.

The mean coexpression, from each of the donor
groups, of CD38 on IgE™ cells ranges from 79% to
84% (Fig. 5 and Table II). To ensure that the
T-cell population was not included, three-color
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FIG. 4. Direct enumeration of IgE+ cells in PBLs from
each of the three donor groups. Filled circles, Cell count
carried out on 100,000 cells, n = 3; open circles, cell count
carried out on 10,000 cells, n = 20 (see text).

fluorescence was carried out with PE-labeled CD3.
The T-cell population was then gated out, and the
remaining cells were analyzed for dual expression
of CD38 and IgE cells (Fig. 6). This showed that all
IgE™ cells in the CD3-negative population ex-
pressed CD38.

Mean expression of PCA-1 on IgE™ cells in the
donor groups was 14%, 7.2%, and 6.4%, respec-
tively; and the expression of PCA-1 on PLA-2"
cells was 11% (Table II).

The expression of the low-affinity FceRII marker
(CD23) on IgE™ cells was low, with a maximum
of 17% in the bee venom-hypersensitive group.
Mean expression was 9.9%, 7.8%, and 8.9% from
groups 1, 2, and 3, respectively. A mean expression
of 10.1% was found for PLA-2" cells (Table II).

The majority (80%) of IgE cells in all three
groups expressed CD32 (Fig. 5 and Table II). Cells
were triple-stained as in the case of CD38; the
CD3-negative population still showed dual expres-
sion of IgE and FcyRII (Table II).

The expression of the leukocyte common anti-
gen on IgE+ cells was 76% (+6.1%) CD45RO and
18.4% (*5.8%) CD45RA (Fig. 5 and Table II). A
similar pattern emerges for PLA-2" cells with
78.1% (+7.5%) CD45RO and 14.3% (*7.4%)
CD45RA.

Coexpression of IgE with other serum
immunoglobulins

Very few IgE* cells isolated from PBLs coex-
press other immunoglobulin isotypes (Table II). It
was noted, however, that a slightly higher propor-
tion of nonatopic donors (14.7%) compared with
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FIG. 5. Histograms showing the percent expression of CD19, CD38, CD32, CD45R0O, and
CD45RA on cells collected by real-time gating on the IgE* lymphocyte population. The lower
right histogram shows expression of IgE on PLA-2* population. The negative control {X63) is

superimposed on each graph (unshaded area).

atopic and bee venom-hypersensitive donors
(7.4%) coexpressed other immunoglobulin iso-
types. On PLA-2" cells isolated from bee venom-—
hypersensitive donor PBLs, 59.6% expressed IgE
class antibody, and an average of 14.8% coex-
pressed other isotypes.

DISCUSSION

The data described here show that IgE™ cells in
both atopic and nonatopic individuals differ in
their phenotype from typical CD19+/CD20+/
CD21+ circulating B cells. The majority of IgE™
cells expressed CD38 (79% to 85%), CD32 (79%
to 86%), and CD45RO (76% to 78%) but lacked
the typical B-cell markers CD19, CD20, CD21, and
CD22 (7% to 15%). The presence in the IgE
population of up to 14% of cells staining with
CD14 suggests that populations of up to 15% of
the IgE*™ (or PLA-2+) subset should be inter-

preted with caution. Because basophils have a
high-affinity IgE receptor, the possibility arises that
IgE™ cells analyzed in blood are in fact basophils.
Although it is likely that some of the IgE™ cells
seen in the absence of the stringent precautions
described to reduce Fc-receptor-mediated inter-
ference are actually basophils, the IgE™ cells that
are the subject of this article are not basophils
because: (1) they do not coexpress kappa and lamb-
da light chains (IgE taken up by Fc-receptor would
show a mixture of light chains); and (2) they do not
express CD13 and CD33, both of which are ex-
pressed by basophils.’®>17 In the case of bee venom~
hypersensitive donors, there is a strong correlation
between PLA-2" cells and IgE" cells, suggesting that
in the early stages of immunotherapy, these two
populations are the same. In all of these donors a
small population of IgE™* cells with specificity for
PLA-2 was found in peripheral blood.
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FIG. 6. Expression of CD38 on IgE™ cells with three-color
staining. Top, Histogram of CD3 expression on lympho-
cytes triple-stained with anti-IgE, CD38, and CD3. Region
R2 shows the gating for collection of cells, and R3 shows
the gating used to generate the dot plot in the bottom
panel. Bottom, Dot plot of cells stained with OKT10 and
IgE after gating out the CD3-negative population. Quad-
rants set for IgE™ parameters were selected by the gen-
eration of a histogram as described in the legend to Fig. 2.

A direct count of the numbers of IgE cells in
PBLs was made from data on 10,000 and 100,000
cells. By directly counting IgE™ populations in
peripheral blood, any bias was eliminated, which
may be encountered with other enumeration meth-
ods that utilize EBV transformation and culturing
in the presence of IL-4.4 King et al.!%1° enumer-
ated IgE B cells by an IgE-specific immunoplaque
assay (ELISPOT). Although the lower end of the
range (0.19% to 1.6%) of IgE™ cells obtained for
individuals with hyperimmunglobulinemia E recur-
rent infection syndrome is comparable to our
estimation of 0.3% IgE™ cells in PBLs from atopic
donors, our estimations for IgE™ cells in nonatopic
subjects is higher than their finding of up to
0.002%. The studies of King et al.’®!® involve an
estimation of the numbers of B cells by flow
cytometry with anti-CD19. A direct comparison
with this study is therefore difficult because we
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have shown that most IgE™ cells do not express
CD19.

CD19 and CD20 are expressed at all stages of
B-cell differentiation,>?! whereas CD21 and
CD22 are expressed only on mature B cells.?>23
FMC?7 antibody, which reacts with a 105 kd glyco-
protein (p105) expressed on all mature B cells, has
previously been shown to be concordant with the
expression of CD22,% and this is reflected in our
results (Table II). Because B cells differentiate
toward the plasma cell stage, expression of these
B-cell markers is lost. From the data presented
here, showing a lack of typical B-cell markers, it
would appear that IgE™ cells in peripheral blood
are more highly differentiated. Indirect evidence
that the IgE™ cells here are of B-cell lineage is
presented by demonstrating the expression of
kappa or lambda light chains, but not both, on
real-time—gated IgE™* cells. This is further sup-
ported by the expression of CD38 on the non-T-
cell population of lymphocytes. CD38 is expressed
on T cells* and plasma cells and on more than
80% of B cells.?® Few IgE™ cells express PCA-1,
which has been shown to be expressed on cells only
after surface immunoglobulin has been lost.?” This
would suggest that the IgE" cells are of B-cell
lineage but are only seen at a differentiation stage
between B-cell and plasma-cell stages.

The expression of CDS5 on B cells is complex,?®
and several B-cell subpopulations have been iden-
tified.26 CDS5 is expressed on 30% of IgE™ cells;
however, no indication of the particular subpopu-
lation was determined.

The expression of CD45 isoforms on IgE™ cells
is in contrast to the expression on other surface
immunoglobulin B cells.® Jensen et al.?® have dem-
onstrated CD45RO expression on highly differen-
tiated normal and malignant B cells, and the
presence of CD45RO on IgE™ cells is therefore
consistent with our other data showing IgE™ cells
in blood to be a highly differentiated population.

The low-affinity FceRII (CD23)* is expressed
on 70% to 80% of PBLs,?6 as compared with a
mean expression of 8% on IgE™ cells. This is
interesting in view of the fact that IL-4, which is
known to upregulate expression of CD23 on B
cells,! is a requirement for IgE production. Other
investigators have shown that expression of CD23
on PBLs is elevated in atopic individuals.?> The
lack of CD23 expression shown here is not contra-
dictory because the earlier studies have not specif-
ically selected IgE™ cells.

CD32, the 40 kd (FcyRII),*® is expressed on
IgE* cells. The monoclonal antibody 41H.16 de-
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tects this molecule on more than 95% of B cells
and between 19% and 42% of T cells.*

Class switching involves deletion of upstream
heavy chain genes, so that IgE™ cells would be
expected to have lost the ability to produce IgM,
IgD, and IgG. However, B cells can produce
multiple isotypes by differential splicing of long
mRNA transcripts. Coexpression of IgE with other
isotypes has been described for human cell
lines.>3> More recently, it has been shown that
class switching must occur for IgE to be produced
and also that this class switching occurs in a
sequential fashion.® Our observation that the ma-
jority of IgE™ cells do not coexpress other isotypes
indicates that most IgE cells are irreversibly
switched and pertains to the mechanism of immu-
notherapy, because it implies that switching of IgE
cells back to IgG production is an unlikely mech-
anism.

We thank Prof. Ken Bradstock, Prof. Peter C. L.
Beverley, Dr. Thomas Tedder, and Prof. Keven Turner
for providing us with monoclonal antibodies.

REFERENCES

1. Capron M, Kazatchkine MD, Fischer E, et al. Functional
role of the alpha-chain of complement receptor type 3 in
human eosinophil-dependent antibody-mediated cytotoxic-
ity against schistosomes. J Immunol 1987;139:2059.

2. Hammarstrom L, Smith CIE. Immunoglobulins in health
and disease. M.T.P. Press Ltd., 1986:31.

3. Lee FK, Nahmias AJ, Spira T, et al. Enumeration of human
peripheral blood lymphocytes secreting immunoglobulins
of major classes and subclasses in healthy children and
adults. J Clin Immunol 1991;11:213.

4, Stein LD, Chan MA, Hibi T, Dosch HM. Epstein-Barr
virus-induced IgE production in limiting dilution cultures
of normal human B cells. Eur J Immunol 1986;16:1167.

5. MacKenzie T, Dosch HM. Clonal and molecular charac-
teristics of the human IgE-committed B cell subset. J Exp
Med 1989;169:407.

6. Del Prete G, Tiri A, Maggi E, et al. Defective in vitro
production of gamma-interferon and tumor necrosis factor-
alpha by circulating T cells from patients with the hyper-
immunoglobulin E syndrome. J Clin Invest 1989;84:1830.

7. Pene J, Rousset F, Briere F, et al. IgE production by
normal human lymphocytes is induced by interleukin 4 and
suppressed by interferons gamma and alpha and prostag-
landin E2. Proc Natl Acad Sci U S A 1988;85:6880.

8. Thyphronitis G, Tsokos GC, June CH, Levine AD, Finkel-
man FD. IgE secretion by Epstein-Barr virus-infected
purified human B lymphocytes is stimulated by interleukin
4 and suppressed by interferon gamma. Proc Natl Acad Sci
U S A 1989;86:5580.

9. Zola H, Mantzioris BX, Webster J, Kette FE. Circulating
human T and B lymphocytes express the p55 interleukin-2
receptor molecule (TAC, CD25). Immunol Cell Biol 1989;
67:233.

10. Zola H, Neoh SH, Mantzioris BX, Webster J, Loughnan
MS. Detection by immunofluorescence of surface mole-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Donohoe et al. 595

cules present in low copy numbers. High sensitivity staining
and calibration of flow cytometer. J Immunol Methods
1990;135:247.

Kenney JS, Masada MP, Allison AC. Development of
quantitative two-site ELISAs for soluble proteins. In: Zola
H, ed. Laboratory methods in immunology. Boca Raton,
Florida, CRC Press, 1990:231-40.

Goding JW. Monoclonal antibodies: principles and prac-
tice. 2nd ed. London: Academic Press, 1986.

Look AT, Ashmun RA, Shapiro LH. Report on the CD13
(aminopeptidase N) cluster Workshop. In: Knapp W,
Dorken B, Gilks WR, Rieber EP, Schmidt RE, von dem
Borne AEGK, eds. Leukocyte typing IV white cell differ-
entiation antigens. Oxford: Oxford University Press, 1989:
784-7.

Shah VO, Safford MG, Terstappen LWMM, Loken MR.
Quantitative comparison of myeloid antigens on peripheral
blood lymphocytes, monocytes, neutrophils, eosinophils,
and basophils. In: Knapp W, Dorken B, Gilks WR, et al,,
eds. Leukocyte typing IV white cell differentiation antigens.
Oxford: Oxford University Press, 1989:855-8.

Valent P, Majdic O, Bettelheim P. Analysis of human blood
basophils with the myeloid antibody panel. In: Knapp W,
Dorken B, Gilks WR, et al., eds. Leukocyte typing IV white
cell differentiation antigens. Oxford: Oxford University
Press, 1994:913-4.

Bettelheim P. Summary of results of the functional
analyses presented at the Conference. In: Knapp W,
Dorken B, Gilks WR, Schmidt RE, Stein H, von dem
Borne AEGK, eds. Leukocyte typing IV white cell
differentiation antigens. Oxford: Oxford University
Press, 1994:891-3.

Rimmer EF, Horton MA. Origin of human mast cells
studied by dual immunofiuorescence. Clin Exp Immunol
1987;68:712.

King CL, Thyphronitis G, Nutman TB. Enumeration of IgE
secreting B cells. A filter spot-ELISA. J Immunol Methods
1990;132:37.

King CL, Poindexter RW, Ragunathan J, Fleisher TA,
Ottesen EA, Nutman TB. Frequency analysis of IgE-
secreting B lymphocytes in persons with normal or elevated
serum IgE levels. J Immunol 1991;146:1478.

Dorken B, Moller P, Pezzutto A, Schwartz-Albiez R,
Moldenhauer G. B-cell antigens: CD19. In: Knapp W,
Dorken B, Gilks WR, et al., eds. Leucocyte typing IV white
cell differentiation antigens. Oxford: Oxford University
Press, 1989:34-6.

Dorken B, Moller P, Pezzutto A, Schwartz-Albiez R,
Moldenhauer G. B-cell antigens: CD20. In: Knapp W,
Dorken B, Gilks WR, et al., eds. Leucocyte typing IV white
cell differentiation antigens. Oxford: Oxford University
Press, 1989:46-8.

Dorken B, Moller P, Pezzutto A, Schwartz-Albiez R,
Moldenhauer G. B-cell antigens: CD21. In: Knapp W,
Dorken B, Gilks WR, et al., eds. Leucocyte typing IV white
cell differentiation antigens. Oxford: Oxford University
Press, 1989:58-60.

Dorken B, Moller P, Pezzutto A, Schwartz-Albiez R,
Moldenhauer G. B-cell antigens: CD22. In: Knapp W,
Dorken B, Gilks WR, et al., eds. Leucocyte typing I'V white
cell differentiation antigens. Oxford: Oxford University
Press, 1989:63-4.

Zola H, Neoh SH, Potter A, Melo IV, de Oliveira MSP,
Catovsky D. Markers of differentiated B cell leukacmia:



596 Donohoe et al.

25.

26.

27.

30.

31

32.

33.

34,

35.

36.

37.

CD22 antibodies and FMC7 react with different molecules.
Dis Markers 1987;5:227.

Dorken B, Moller P, Pezzutto A, Schwartz-Albiez R,
Moldenhauer G. B-cell antigens: CD38. In: Knapp W,
Dorken B, Gilks WR, et al., eds. Leukocyte typing IV white
cell differentiation antigens. Oxford: Oxford University
Press, 1989:86.

Zola H, Macardle PJ, Flego L, Webster J. The expression
of subpopulation markers on B cells: a re-evaluation using
high-sensitivity fluorescence flow cytometry. Dis Markers
1991;9:103.

Anderson KC, Park EK, Bates MP, et al. Antigens on
human plasma cells identified by monoclonal antibodies. J
Immunol 1983;130:1132.

. Kipps TJ. The CD5 B cell. Adv Immunol 1989;47:117.
29.

Jensen GS, Mant MJ, Belch AJ, Berenson JR, Ruether BA,
Pilarski LM. Selective expression of CD45 isoforms defines
CALLA+ monoclonal B-lineage cells in peripheral blood
from myeloma patients as late stage B cells. Blood 1991;
78:711.

Thorley Lawson DA, Nadler LM, Bhan AK, Schooley RT.
BLAST-2, an early cell surface marker of human B cell
activation, is superinduced by Epstein Barr virus. J Immu-
nol 1985;134:3007.

Defrance T, Vanbervliet B, Aubry JP, et al. B cell growth-
promoting activity of recombinant human interleukin 4. J
Immunol 1987;139:1135.

Muller KM, Rocken M, Joel D, Bonnefoy JY, Saurat JH,
Hauser C. Mononuclear cell-bound CD23 is elevated in
both atopic dermatitis and psoriasis. J Dermatol Sci 1991;
2:125.

Anderson CL. Human IgG Fc receptors. Clin Immunol
Immunopathol 1989;53:563.

Mantzioris BX, Berger MF, Sewell W, Zola H. Expression
of the Fc receptor for IgG (FcgammaRII/CDw32) by
human circulating T and B lymphocytes. J Immunol 1993;
150:5175.

Chen YW, Word C, Dev V, Uhr JW, Vitetta ES, Tucker
PW. Double isotype production by a neoplastic B cell line.
II. Allelically excluded production of mu and gamma 1
heavy chains without CH gene rearrangement. J Exp Med
1986;164:562.

Mills FC, Thyphronitis G, Finkelman FD, Max EE. Ig
mu-epsilon isotype switch in IL-4-treated human B lympho-
blastoid cells. Evidence for a sequential switch. J] Immunol
1992;149:1075.

Kansas GS, Tedder TF. Transmembrane signals generated
through MHC class II, CD19, CD20, CD39, and CD40
antigens induce LFA-1-dependent and independent adhe-

38.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

J ALLERGY CLIN iIMMUNOL
FEBRUARY 1995

sion in human B cells through a tyrosine kinase-dependent
pathway. J Immunol 1991;147:4094.

Weis JJ, Tedder TF, Fearon DT. Identification of a 145,000
Mr membrane protein as the C3d receptor (CR2) of human
B lymphocytes. Proc Natl Acad Sci U S A 1984;81:881.

. Barr IG, Hancock WW, Kraft N, Toh BH, Atkins RC.

PHM 14: a novel monoclonal antibody that reacts with both
normal and neoplastic human B cells but not B-CLL. Scand
J Haematol 1984;33:187.

Smith SH, Brown MH, Rowe D, Callard RE, Beverley
PCL. Functional subsets of human helper-inducer cells
defined by a new monoclonal antibody, UCHL1. Immunol-
ogy 1986;58:63.

Zola H, Melo JV, Zowtyj HN, Nikoloutsopoulos A, Skin-
ner J. The leukocyte-common antigen (CD45) complex and
B-lymphocyte activation. Hum Immunol 1990;27:368.
Terhorst C, Van Agthoven A, LeClair K, Snow P, Reinherz
E, Schlossman S. Biochemical studies of the human thymo-
cyte cell-surface antigens T6, T9 and T10. Cell 1981;23:771.
Zipf TF, Lauzon GJ, Longenecker BM. A monoclonal
antibody detecting a 39,000 m.w. molecule that is present
on B lymphocytes and chronic lymphocytic leukemia cells
but is rare on acute lymphocytic leukemia blasts. J Immunol
1983;131:3064.

Kuritani T, Cooper MD. Human B-cell differentiation. I
Analysis of immunoglobulin heavy chain switching using
monoclonal anti-immunoglobulin M, G, and A antibodies
and pokeweed mitogen-induced plasma cell differentiation.
J Exp Med 1982;155:839.

Reimer CB, Phillips DJ, Aloisio CH, et al. Evaluation of
thirty-one mouse monoclonal antibodies to human IgG
epitopes. Hybridoma 1984;3:263.

Hook WA, Berenstein EH, Siraganian RP. Detection of
different antigenic sites on human IgE using monoclonal
antibodies. Fed Proc 1983;42:713.

Hancock WW, Zola H, Atkins RC. Antigenic heterogeneity
of human mononuclear phagocytes: immunohistologic
analysis using monoclonal antibodies. Blood 1983;62:1271.
Favaloro BJ, Bradstock KF, Kabral A, Grimsley P, Berndt
MC. Characterisation of monoclonal antibodies to human
myeloid differentiation antigen, gp67 (CD33). Dis Markers
1987;5:215.

van Dongen JJ, Krissansen GW, Wolvers Tettero IL, et al.
Cytoplasmic expression of the CD3 antigen as a diagnostic
marker for immature T-cell malignancies. Blood 1988;71:
603.

Weinberg DS, Pinkus GS, Ault KA. Cytofluorometric
detection of B cell clonal excess: a new approach to the
diagnosis of B cell lymphoma. Blood 1984;63:1080.



