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SUMMARY

The presence of surface membrane IgE (SmIgE)-bearing cells in the peripheral blood (PB)
of atopic patients was investigated by the use of isotype-specific rosettes of human red
blood cells coupled to immunosorbent-purified rabbit or monoclonal mouse antibodies
against human IgE (R or M anti-e-HRBC). After dissociation of cell bound IgE by
treatment with acid buffer, 2 1 + 0 3% and 1 2 + 0 3% circulating non-T, non-phagocytic,
cells from atopic patients were still capable of forming rosettes with R orM anti-E-HRBC,
respectively. IgE molecules detectable on cells after dissociation of cytophilic IgE were
quite resistant, like surface membrane IgM (SmIgM), to treatment with proteolytic
enzymes, but they were removed under capping conditions by soluble anti-IgE antisera.
All SmIgE-bearing (IgE+) cells also bore DR determinants, but many of them lacked
SmIgM. Depletion of IgE+ cells strongly reduced the ability of PB lymphocyte
suspensions from atopic patients to produce spontaneously IgE protein in vitro. Likewise,
depletion of cells bearing DR determinants (DR+ cells) resulted in a marked decrease of
the spontaneous IgE biosynthesis, whereas depletion of SmIgM-bearing (IgM +) cells had
no effect. These data suggest that cells mainly implicated in the spontaneous IgE
production in vitro seen in atopic patients are DR+ IgE+ IgM- circulating lymphocytes.

INTRODUCTION

In the last few years some laboratories, including our own, have reported in vitro systems for the
study of production of human IgE (Patterson et al., 1975; 1976; Buckley & Becker, 1978; Fiser &
Buckley, 1979; Saxon & Stevens, 1979; Tjio, Hull & Gleich, 1979; Saxon, Morrow& Stevens, 1980b;
Saxon, Kaplan & Stevens, 1980a; Romagnani et al., 1980a, 1980c; Ghory et al., 1980). The data in
these papers presented evidence for at least two functional populations of lymphocytes that may
produce IgE in vitro. The first subset is represented by B cells bearing either surface IgM or surface
IgE, which need the presence ofT cells for being activated by pokeweed mitogen (PWM) to produce
IgE (Saxon & Stevens, 1979; Saxon et al., 1980a, 1980b). The second one comprises spontaneously
IgE producing cells that we and other investigators have been able to detect mainly in atopic people
(Fiser & Buckley, 1979; Tjio et al., 1979; Saxon et al., 1980b; Romagnani et al., 1980a, 1980c; Ricci
et al., 1981). In previous papers we presented evidence that most cells involved in the spontaneous
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IgE+ cells involved in IgE synthesis
IgE production in vitro are mitomycin C-resistant mononuclear cells equipped, at least in part, with
surface immunoglobulins, but lacking either surface membrane IgM (SmIgM) or complement
receptors (CR) (Romagnani et al., 1980a, 1980c; Ricci et al., 1981). Thus, it was suggested that
surface membrane IgE (SmIgE)-bearing B cells and/or surface immunoglobulin free plasma cell
precursors are the cells mainly implicated in the spontaneous IgE production in vitro seen in atopic
patients (Romagnani et al., 1980a; Ricci et al., 1981).

The present study was undertaken in order to demonstrate the presence of SmIgE-bearing
(IgE+) cells in the peripheral blood (PB) of atopic patients and to ascertain their role in the
spontaneous production of IgE in vitro.

MATERIALS AND METHODS

Cell donors. Peripheral blood (PB) was obtained from atopic patients, non-atopic normal
volunteers and patients with chronic lymphocytic leukaemia (CLL). Umbilical cord blood (UCB)
was collected immediately after delivery of the baby but before the expulsion of the placenta.

Anti-immunoglobulin (Ig) rabbit antisera. The preparation and characterization of affinity
purified rabbit antibodies directed against human y chain and human 5 chain have been described in
detail elsewhere (Romagnani et al., 1980b). A rabbit anti-IgE antiserum was prepared against an
IgE myeloma protein, DZA (Sala et al., 1981), which was purified from the patient serum by
repeated gel filtration on Sephadex G-200 followed by elution through a protein A-Sepharose
CL-4B column (Pharmacia, Uppsala, Sweden). Analysis by sodium dodecyl-sulphate polyacryla-
mide gel electrophoresis demonstrated a single protein with a molecular weight of 180,000-200,000
daltons. Analysis by radioimmunoassay showed no IgG, IgM or IgA present. Purified IgE was
digested with papain according to the technique described by Ishizaka, Ishizaka & Lee (1970), and
the Fc(E) fragment was separated from undigested IgE by gel filtration on Sephadex G-200. Rabbits
were immunized with 1 mg of the Fc(E) fragment in Freund's complete adjuvant (FCA) and
boostered several times at 15 day intervals with 1 mg of antigen in Freund's incomplete adjuvant
(FIA). Anti-Fc(E) antibodies were then purified from rabbit antisera by immunoabsorption on an
IgE-Sepharose CL-4B column.

Monoclonal antibodies. A BALB/c mouse was immunized at 20 day intervals with three
subcutaneous injections of pure IgE myeloma protein DZA (100,g each) in FCA. Four days after
the last injection, spleen cells (5 x 107) and P3X63Ag8 Ul myeloma cells (a generous gift ofDr M.D.
Scharff) (0 5 x 107) were fused with polyethylene glycol 1000 as described by Gefter, Margulies &
Scharff (1977). After fusion the cells were resuspended in selective growth medium (HAT) in DME
medium supplemented with 20% fetal calfserum (FCS), seeded in 48 wells ofCostar plates (Cat. No.
3524) in 0 5 ml aliquots and cultured at 37°C in a humidified 5% CO2 atmosphere in air. Fourteen
days after fusion vigorously growing cell colonies were seen in all wells. Supernatants ofthe cultures
were tested for anti-IgE activity by a solid phase binding assay (Damiani et al., 1980) on IgE protein
DZA. Eleven wells were found to be positive for anti-IgE activity. Cells from the wells showing
anti-IgE antibody activity were repeatedly cloned in soft agar as described by Coffino et al. (1972)
and subclones were used to produce ascitic fluid. Monoclonal proteins purified from ascites were
tested with purified human IgG, IgA, IgM, IgD myeloma proteins either K or A in solid phase
binding assay to check specificity. Four monoclonal antibodies were found to be specific for human
e chain.

Anti-p monoclonal antibody was obtained similarly utilizing IgM protein purified from
Waldenstr6m's macroglobulinaemia for immunizations and a solid phase binding assay on IgM
and the other human Ig classes to check specificity for the p chain.

The monoclonal protein PTF 29.12, obtained and characterized as will be described elsewhere,
recognizes a determinant common to all known DR specificities (Corte et al., 1981). The
monoclonal protein was purified from ascites and conjugated with fluoresein isothiocyanate (FITC)
for direct immunofluorescence as reported by Ferrarini et al. (1975).

Coating ofred blood cells (RBC) with rabbit (R) or monoclonal (M) antibody. Immunosorbent
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purified R or M antibodies were coupled to human (H) or pigeon (P) RBC by chromium chloride, as
detailed elsewhere (Romagnani et al., 1980b).

Preparation of cell suspensions and fractionation procedures. Mononuclear cells (MNC) were
obtained from PB or UCB by the Ficoll-Hypaque gradient separation procedure. MNC were then
rotated in plastic tubes with a suspension of carbonyl iron (20 mg/107 cells) in TC 199 medium-0I%
FCS (GIBCO, New York, USA) for 1 hr at 370C. Phagocytic cells were removed by magnetism.
Suspensions virtually free from T cells were obtained by a double E-rosetting procedure with
neuraminidase-treated sheep red blood cells (SRBC), as detailed elsewhere (Romagnani et al.,
1980b). These non-T, non-phagocytic, cell fractions primarily contained SmIg-bearing cells and will
be referred as B cell rich fractions.

Rosette assay with anti-Ig RBC and Ficoll-Hypaque separation of rosetted lymphocytes. One
volume of the lymphocyte suspension (2 x 106/ml) was mixed with 1 vol of 1% antibody coated RBC
and centrifuged at 200 g for 5 min at 40C. The pellet was resuspended by pipetting, stained with
toluidine blue, and the percentage of rosettes was determined by microscopic examination of 1,000
cells. In order to separate non-rosetted from rosetted lymphocytes, 1 vol of the rosetted mixture was
layered on 2 vol of Ficoll-Hypaque and centrifuged at 400g for 30 min at 40C. After centrifugation,
non-rosetted cells recovered at the interface of the gradient were collected.

Rosette assay onfluorescent cells. For simultaneous detection ofDR antigens and SmIgE, B cell
rich fractions (2 x 106/ml) were incubated for 30 min at 40C in the presence of 20 mm sodium azide
with FITC-conjugated anti-DR monoclonal antibodies, washed twice at 4°C and mixed with 1%
HRBC coupled to anti-e monoclonal antibodies. Stained cells capable of forming rosettes were then
scored on a fluorescent Leitz microscope.

Mixed rosettes. Mixed rosetting techniques were employed for simultaneous detection ofSmIgE
and SmIgM on the same cells. In such mixed rosette assay, two types of indicator cells were used that
could be distinguished microscopically. Fifty microlitres of a lymphoid cell suspension (2 x 106/ml)
in TC 199 medium with 20% FCS were incubated with equal volumes of 1% anti-e-HRBC and 1%
anti-,u-PRBC, and rosetting cells were examined in the same manner as described above. PRBC
were easily recognized for their oval form and the presence of nucleus. A mixed rosette was scored
when the lymphocyte was surrounded by at least two indicator cell types.

Treatment ofcells with acidpH. To obtain dissociation of cell bound IgE, cells were treated for 4
min at 0°C with glycine-HCl buffer, pH 3 0 as reported by Kulczycki & Metzger (1974). After this
treatment, viability of cells, as detected by the trypan blue staining, was consistently greater than
90%.

Enzymatic treatment ofthe cells. Cells were resuspended at a concentration of 10 x 1 06/ml in TC
199 medium containing different amounts of pronase (Serva, Heidelberg, West Germany) or trypsin
(Sigma, St Louis, Missouri, USA), incubated at 37°C for 30 min, and washed three times with TC
199 medium supplemented with 20% FCS.

Staining for basophil granulocytes. Basophilic granulocytes were stained by toluidine blue
solution prepared according to the method of Kimura, Moritani & Tanizaki (1973).

Cell cultures. The technique of cell culture has been detailed elsewhere (Romagnani et al., 1980a,
1980c). Briefly, cells were cultured in 1 ml at a concentration of 1 x 106/ml at 37°C in a humidified
atmosphere of 5% CO2 in air. The tissue culture medium consisted of RPMI 1640 (GIBCO), 10%
FCS, 100 units/ml penicillin G, 100 pg/ml streptomycin and 2-0 mM L-glutamine. Parallel 7 day
cultures were carried out in the presence of cycloheximide (Sigma Chemical Co., 100 pg/ml) to

ascertain that the IgE measured at the end of the 7 day culture period represented de novo

synthesized IgE. After 7 days, the supernatants were centrifuged, lyophilized and reconstituted in
1/10 volume of distilled water.

Measurement of IgE protein. IgE protein was detected in the reconstituted supernatants by a

sensitive solid phase sandwich test, specific for IgE protein and capable of measuring as little as 50
pg/ml of IgE, previously described in detail (Romagnani et al., 1980a, 1980c). Briefly, solid phase
anti-IgE was prepared by reaction ofCNBr-activated Sepharose CL-4B (Pharmacia, Uppsala) with
an anti-human Fc(e) rabbit antiserum. The solid phase was incubated with the IgE under test,
washed and then incubated again with a 1251-labelled anti-IgE antibody. A calibration curve was

always prepared with the help of appropriate dilutions of the purified IgE myeloma protein
mentioned above.
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RESULTS

Demonstration and characterization ofPB cells bearing SmIgE (IgE+ cells)
When B cell rich fractions ofPB from either atopic or non-atopic subjects were tested for ability to
form rosettes with HRBC coupled to immunosorbent purified rabbit or monoclonal mouse
antibodies against human IgE (R or M anti-E-HRBC) a small, but significant, number of cells was
found capable of binding both reagents. The number of rosettes was usually greater with R than
with M anti-c-HRBC (Table 1). The majority of IgE+ cells still maintained the ability to form
rosettes with anti-E-HRBC even after dissociation of cell-bound IgE by incubation at 370C in IgE
free medium or treatment with acid buffer (Table 1). Virtually no cells forming rosettes with
anti-c-HRBC ( < 0-4%) were found in B cell rich fractions from UCB or in PB from patients with
CLL.

The treatment of B cell rich fractions with trypsin or pronase, which abolished their capacity to
form rosettes with anti-b-HRBC, did not induce any decrease of the number of rosettes formed by
cells with anti-p-HRBC and usually resulted in a slight increase in the number of IgE + cells (Table
2). After incubation in capping conditions (30 min at 370C) with soluble antibodies, cells lost the
ability to react with either anti-£- or anti-p-HRBC. However, no re-synthesis of either SmIgM or
SmIgE was observed after a 12-48 hr incubation at 37 C.

To better characterize IgE + cells, the presence on their surface of DR antigens and
immunoglobulins of the IgM class was investigated. The results of these experiments are
summarized in Table 3. All IgE+ cells had on their surface DR antigens but only a minor proportion
of them showed SmIgM. In addition, the removal from B cell rich fractions of SmIgM-bearing
(IgM+) cells by rosetting with HRBC coated with anti-p antibodies, led to increased percentage of
rosettes formed by cells with anti-c-HRBC (Fig. 1).

IgE+ cells are implicated in the spontaneous production ofIgE in vitro
The role of circulating IgE+ cells in the spontaneous production of IgE in vitro was then
investigated. For this purpose, IgE + cells were removed from B cell rich fractions by rosetting with
HRBC coupled to either R or M anti-E-HRBC. The amount of IgE protein found in the 7 day
supernatants ofIgE + cell-depleted cultures was compared with that made by cell suspensions of the
same donors obtained at the interface of density gradient after rosetting with HRBC coated with
normal rabbit or mouse IgG. The amount ofIgE protein found in parallel cultures performed in the

Table 1. Detection of cells reacting with monoclonal (M) or rabbit (R) anti-e-antibodies in non-T,
non-phagocytic, cell fractions of PB from non-atopic or atopic individuals.

% of rosettes with
HRBC

coated with

M anti-c R anti-c
Cell fractions No. of cases antibody antibody

Non-atopic 10 1 13+02 n.d.*
Atopic 22 1-57+0 2 2-44+0 2

Untreatedt 1-78+0 3 2-47+0 2
Acid-treatedt 8 128+0-3 2-10+0-3

* n.d.=not determined.
t Non-T, non-phagocytic cell fractions from eight

atopic patients were tested for ability to form rosettes
with either M or R anti-e-HRBC prior to and after
treatment for 4 min at 0°C with glycine-HCI buffer, pH
30.
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Table 2. Effect of treatment with trypsin or pronase on the ability of non-T, non-phagocytic, cells from PB of
atopic patients to form rosettes with anti-E HRBC.*

% of rosettes with
HRBC coated with

Enzyme pg/ml anti-E anti-p anti-6

Trypsin 0 13 29 16
250 28 31 7

2,500 1 9 30 <1

Pronase 0 2-3 41 27
250 40 41 1

2,500 27 38 <1

* Cells (10 x 106/ml) were incubated
for 30 min at 370C with different con-
centrations of trypsin or pronase,
washed and then tested for ability to
form rosettes with HRBC coated with
anti-E, anti-p or anti-6 chain immuno-
sorbent purified rabbit antibodies. Each
value represents the mean of three
separate experiments.

Table 3. Detection of DR antigens and SmIgM on IgE+ cells from PB of atopic patients

% of IgE+ cells having

Exp. No. DR antigens* SmIgMt

1 100 20
2 100 40
3 100 10

* Simultaneous detection of DR
antigens and SmIgE was performed by
incubation of B cell rich fractions with
fluorescein-conjugated monoclonal
anti-DR antibodies, washing and
further incubation with HRBC coupled
to anti-E antibodies. Stained cells
capable of forming rosettes were then
scored on a fluorescent Leitz micro-
scope.

t Cells bearing both SmIgE and
SmIgM were detected by a mixed rosette
technique with HRBC coated with anti-E
antibodies and PRBC coated with anti-p
antibodies.
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Fig. 1. Enrichment for IgE+ cells by rosetting B cell rich fractions from PB of atopic patients with HRBC
coupled to anti-p chain antibodies followed by centrifugation on density gradient. The percentage ofcells able to
form rosettes with anti-p-HRBC (b) and anti-E-HRBC (a) was evaluated in B cell rich fraction prior (0) and
after (U) depletion of IgM + cells. Results represent the mean value ( s.e.) of 12 separate experiments.
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Fig. 2. Effect of depletion of IgE + cells on the spontaneous production in vitro by PB lymphocytes from atopic
patients. Depletion was performed by rosetting PB lymphocytes with HRBC coupled to immunosorbent
purified rabbit (U) or monoclonal mouse (U) anti-IgE antibodies, followed by centrifugation on density
gradient. The cells collected at the interface of the gradient were then cultured for 7 days and the amount of IgE
protein released in the supernatants was measured by a radioimmunoassay. The amount of IgE protein present
in parallel cultures containing cycloheximide (100 pg/ml) (0) was also evaluated. The amount of IgE found in
the supernatants of cultures from cell suspensions depleted of IgE + cells was compared with that released from
undepleted suspensions (U) or suspensions collected at the interface of the gradient after rosetting with HRBC
coupled to normal rabbit (0) or normal mouse (U) gammaglobulins. The mean value (± s.e.) of four separate
experiments is reported.

presence ofcycloheximide was also evaluated. As shown in Fig. 2, depletion ofIgE+ cells with either
R or M anti-E-HRBC led to a strong decrease of the amount of IgE found in 7 day culture
supernatants in which the inhibitor of protein synthesis was not added.

In another series of experiments the effect of depletion of IgE+ cells on the spontaneous IgE
production in vitro was compared with that obtained by depletion of cells bearing DR antigens
(DR+ cells) and IgM+ cells. Depletion of IgM + cells had no effect compared to negative control
depletion with normal mouse Ig rosettes. By contrast, both IgE+ and DR+ cell depletions led to a
marked reduction of IgE biosynthesis (Table 4).

DISCUSSION

In the present study IgE+ cells were detected in the PB of atopic patients by the use of
isotype-specific rosettes ofHRBC coupled to either immunosorbent-purified rabbit or monoclonal
anti-IgE antibody. A small proportion of non-T, non-phagocytic, cells formed rosettes with R
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Table 4. Effect of depletion ofDR+, IgM + or IgE + cells on the spontaneous production of IgE protein in vitro
by PB lymphocytes from atopic patients*

IgE protein detected in 7 day
supernatants (pg/ml)

Cell suspensions Exp. I Exp. 2 Exp. 3 Exp. 4

Undepleted 2,120 14,000 3,200 8,300
Depleted of
DR+ cells 640 5,700 n.d. 3,700
IgM+ cells 2,100 12,000 3,550 12,500
IgE+ cells 510 1,650 1,200 2,200

* Ficoll-Hypaque purified mononuclear cell sus-
pensions from PB of atopic patients were depleted of
phagocytic cells by treatment with carbonyl iron and
then of DR+, IgM+ or IgE+ cells by rosetting with
HRBC coated with monoclonal antibodies against
DR antigens, p chain and e chain, respectively,
followed by centrifugation on density gradient. The
cells collected at the interface of the gradient were
then cultured for 7 days and culture supernatants
tested for the presence of IgE protein by radioim-
munoassay. For control, cells obtained at the inter-
face of density gradient after rosetting with HRBC
coated with normal mouse IgG were used (unde-
pleted).

anti-s-HRBC. A slightly lower number of IgE rosettes was usually found with M anti-s-HRBC. A
first possibility is that these IgE+ cells represent B lymphocytes or contaminating monocytes having
cytophilic IgE absorbed on their surface via Fc (e) receptors (Gonzalez-Molina & Spiegelberg, 1977;
Spiegelberg & Melewicz, 1980). This possibility, however, can be excluded since the affinity of
monomeric IgE to the Fc(s) receptors of these cells is relatively low and the IgE is easily removed by
washings (Spiegelberg & Melewicz, 1980). Another possibility is that cells forming rosettes with
anti-E-HRBC are basophilic granulocytes. In fact, our T cell depleted fractions contained from I to
5% basophils, as determined by toluidine blue staining. Data presented herein, however, argue
against this possibility. In fact, the great majority of IgE+ cells still maintained the ability to react
with anti-s-HRBC even after treatment for 4 min with glycine-HCl buffer, pH 3, which had been
shown to induce dissociation of90% cell-bound IgE from basophil granulocytes without significant
loss of cell viability (Kulczycki & Metzger, 1974).

To provide direct evidence that IgE molecules, still detectable on PB cells after acid treatment,
represented autochthonous SmIg, we tried to demonstrate their re-synthesis after stripping with
pronase or incubation of cells in capping conditions with soluble anti-IgE antisera. However, either
IgE molecules or SmIgM detected by rosetting technique were not removed by enzyme
concentrations as high as those which could be used without significant loss of cell viability. Quite
the contrary, the number of IgE+ cells was increased by enzyme concentrations as low as those
sufficient to remove SmIgD, thus suggesting enzyme-induced exposure of normally cryptic or
buried Fc(g) determinants. On the other hand, after incubation under capping conditions with
soluble anti-IgE antibodies, all IgE+ cells lost the ability to form rosettes with anti-e-HRBC.
Unfortunately, no re-synthesis of either SmIgE or SmIgM was observed at least for a 48 hr
incubation period after treatment of cells with anti-IgE or anti-IgM antisera, respectively. This is in
agreement with previously reported data showing inability of human PB lymphocytes to
re-synthesize SmIg after treatment with anti-Ig antisera under capping conditions (Ault & Unanue,
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1977). A better characterization of IgE + cells was then attempted by techniques employing
simultaneous use ofimmunofluorescence and rosetting or mixed rosette techniques. Thus, we could
demonstrate that virtually all IgE+ cells also bear DR determinants. This data does not provide,
however, direct evidence of the B cell nature of IgE+ cells, since it is well known that DR antigens
are also expressed on monocytes or activated T cells (Winchester & Kunkel, 1980). To our
knowledge, until now no data showing the presence ofDR antigens on basophilic granulocytes has
been reported.

More clear evidence of the B cell nature of the DR+ IgE+ IgM- circulating cell was provided by
the study of spontaneous IgE production in vitro after selective depletion of DR+, IgE+ or IgM +
cells, respectively. In agreement with results previously reported (Romagnani et al., 1980a),
depletion of IgM+ cells had no effect on the in vitro spontaneous IgE production. In contrast, IgE
biosynthesis was markedly reduced by depletion of either DR+ or IgE+ cells. These data indicate
that spontaneous IgE production in vitro is mainly due to circulating lymphocytes bearing DR
antigens and SmIgE, but lacking SmIgM. These cells seem to be distinct from those responsible for
PWM-driven IgE production in vitro, which have been demonstrated to possess both SmIgM and
SmIgE (Saxon et al., 1980a).

The functional role of the circulating IgE+ IgM- cell responsible for the spontaneous IgE
production in vitro is still unclear. Recently, it was found that persistent antibody formation in high
responder mice is mediated by long-lived, radio-resistant, antibody forming cells which produce
IgE antibody requiring neither antigen nor T cells (Okudaira & Ishizaka, 1981). These cells are quite
different from conventional memory B cells, which are radio-sensitive and need the presence of
residual antigen and T lymphocytes (Tew et al., 1973; Peeters & Carter, 1978).

In previous papers it was shown that the majority of spontaneously IgE producing cells in vitro
are mitomycin C- and radio-resistant, even though the participation to in vitro IgE biosynthesis of
mitomycin C- and radio-sensitive cells cannot be excluded (Romagnani et al., 1980c; Okudaira et
al., 1981). Thus, it is reasonable to suggest that the DR + IgE + IgM - cells mainly responsible for the
spontaneous IgE production in vitro described herein are a heterogeneous population containing
either conventional memory B lymphocytes or cells possibly similar to the long-lived IgE antibody
forming cells. Further experiments are required to better characterize these cell populations and to
elucidate the mechanisms for their inactivation.

This work was supported by grants from the Italian Consiglio Nazionale delle Ricerche (No. 81.00432.83,
Progetto Finalizzato Medicina Preventiva, Sottoprogetto Broncopneumopatie croniche to M. Ricci and No.
81.01349.96 to G. Damiani).
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