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CHAPTER I

INTRODUCTION

It is well known that antibodies (reagins) play an important role in
allergic processes. In 1966 they were demonstrated to belong to a
fifth class of immunoglobulins by Ishizaka et al. (6), who isolated a
reagin-rich fraction out of the serum of ragweed-atopic patients, and
called this new class of immunoglobulin IgE. In 1967 Johannson and
Bennich (10) described a patient, having a multiple myeloma with a
paraprotein, which did not belong to the known classes of immuno-
globulin, This paraprotein, called IgND, appeared to be identical with
IgE.

The mechanism of allergic reaction is based on the interaction
between the allergen and IgE bound to basophilic granulocytes or
mast cells, by which histamine and other mediators of the allergic
response are released (5, 8, 13). The presence of cell-bound IgE on
mast cells and basophils was demonstrated by different methods such
as: autoradiography (2, 5, 7, 8), immunofluorescence technique (1,
3, 4), immunoferritine technique (1, 11, 14) and histamine release
with anti-IgE (1, 8, 12).

A quantitative investigation of cell-bound IgE was performed by
Ishizaka et al. (9). Basophil-bound IgE was quantitated in leukocyte
suspensions, using the C, fixation transfer test. No significant differ-
ences were found between atopic and non-atopic donors with regard
to basophil-bound IgE, and no correlation with the IgE serum level
could be established. The presence of free IgE receptors on human
basophils was suggested by Levy et al. (12) in passive sensitization
experiments and confirmed by Ishizaka et al. (9) by means of the C:
fixation transfer technique. A disadvantage of the forementioned
quantitation method is the need to prepare basophil-enriched leuko-
cyte suspensions.

The results of previous studies (3, 4) indicated variations in the
amount of cell-bound IgE on human mast cells, by end point titration
with a fluoresceinated sheep anti-human IgE serum.
Therefore the aim of this study was:

I) to develop a simple method to identify basophilic granulocytes in
leukocyte suspensions:

2) to estimate the amount of basophil-bound IgE by quantitative
immunofluorescence microscopy;

3) to investigate possible differences between atopic and non-atopic
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subjects with regard to the amount of basophil-bound IgE:

4) to investigate the relation between [gE serum level and basophil-

bound IgE, and

5) to study the presenceof free receptors for IgE in passive sensitiza-

tion experiments.
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CHAPTER II

THE PRODUCTION AND TESTING OF THE FITC-LABELED
SHEEP ANTI-HUMAN IgE

Since the studies dealing with cell-bound IgE could only be per-

formed thanks to the availability of a specific antiserum against

human IgE, the properties of this antiserum are briefly described in

this chapter. More elaborate details of the production and testing of

this antiserum have been described previously (1, 2).

The anti-IgE serum, used in these studies, was prepared in the

Department of Immunopathology of Serum Proteins of the Central
Laboratory of the Blood Transfusion Service (head: Dr. E. E.

Reerink-Brongers) by Dr. R. C. Aalberse and coworkers in the fol-

lowing way. The anti-IgE serum was produced by immunizing sheep

with fractions rich in polyclonal IgE, isolated according to Ishizaka

(3) from serum of two patients with a microfilarial and a schistoso-

mal infection, respectively. The antiserum was made monospecific

for precipitation reactions by stepwise absorption with NHS (1). In

Fig. l it is shown that the anti-IgE (algE) gave a reaction of identity

with the IgE fraction from patient C (CIgE) and the IgE myeloma

proteins ND! (4) and PS! (5) and no reaction with NHS.
The anti-lgE was conjugated with fluorescein-isothiocyanate, and

the direct immunofluorescence technique was used for the demon-

stration of IgE on cells, either in tissues or in suspension. Fluorescein

was conjugated to the immunoglobulin fraction of the unabsorbed

anti-IgE, After Sephadex G 2$ gel filtration the conjugate was ab-

sorbed by stepwise addition of pooled NHS in order to make the

antiserum monospecifie in precipitation reactions. The conjugated

material was subsequently freed from proteins with F/P ratios of <1
and >4, by which a mean molar ratio of fluorescein to sheep IgG of

2.8 was obtained. This conjugate was further absorbed with pooled

NHS until tanned red cells coated with IgA, IgD, IgG, IgM, and K and

\ lieht chains, albumin, fibrinogen, transferrin, and the complement

factors C3d, C3c, C4 were no longer agglutinated. The specificity of

the conjugate was ascertained by fluorescence inhibition using tonsil

sections as substrate. The fluorescence was abolished by absorption

with myeloma PS or by IgE-rich serum C, but not by NHS.

1. ND and PS were kindly provided by Dr. H. Bennich and Drs. S. Kochwa and
K. Ishizaka, respectively.
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Fig. 1*., Specificity of anti-igE, PS, IgE myeloma PS; ND, IgE myeloma ND; algE, anti-IgE

Amsterdam; alg Upps, anti-IgE Uppsala; Co, fluorescent anti-IgE; CIgE, polyclonal IgE

fraction (see text). A commercial fluorescent anti-lgE serum (Co) produced a precipitation

line with PS, spurring over ND and CIgE. As tonsils treated with Co showed fluorescent
structures that did not disappear after absorption of Co with CIgE, this antiserum was
discarded from further studies. An anti-IgE serum prepared by Dr. S. G. O. Johansson (algE
Upps) also gave a reaction of identity with ND, PS, and CIgE.

*reprinted from Clin. Immunol. mmunopathol. 4: 392-404 (1 975).
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CHAPTER [II

IDENTIFICATION OF BASOPHILIC GRANULOCYTES IN

HUMAN LEUKOCYTE SUSPENSIONS SUBJECTED TO IMMU-
NOFLUORESCENCE PROCEDURES WITH ANTLIgE*

P. J. STALLMAN and THEA M. FELTKAMP-VROOM

Department of Immunohistopathology of the Central Laboratory of

the Netherlands Red Cross Blood Transfusion Service and Labora-

tory of Experimental and Clinical Immunology, University of

Amsterdam, P.O.B. 9190, Amsterdam, The Netherlands

ABSTRACT

A method is described by which human leukocyte preparations

obtained by Ficoll-Isopaque centrifugation are stained and fixed in

such a way that the basophilic granulocytes in these preparations can

be identified when the latter are subjected to immunofluorescence

procedures with anti-IgE. Capping, blocking and absorption experi-
ments confirmed the specificity of the method.

INTRODUCTION

Antibodies against immunoglobulin E (IgE) induce the release of

histamine from peripheral blood leukocytes of atopic and non-atopic

individuals (8). Since the fluorescent antibody technique was not
considered to be sensitive enough to detect the minute amounts of

IgE on the surface of cells involved in this histamine release (18),

Ishizaka et al. (9, 10) applied autoradiography. In this way authors
could identify the IgE-bearing cells as basophilic granulocytes. Sulli-

van et al. (17) examined human leukocytes by electron microscopy.

Using an anti-IgE antibody and a hybrid antibody, directed against

both anti-IgE and ferritin, they detected IgE on the surface of baso-

philic granulocytes in a uniform diffuse pattern, in discrete patches

or in polar caps. Becker et al. (2) assessed the distribution of IgE

bound to the cell-surface by the fluorescent antibody technique

using fluorescein conjugated anti-IgE in their studies on the relation-

ship between the shifts in IgE distribution and the histamine release

induced by either anti-IgE or ragweed antigen. By staining cell pre-

*J.immunol. Methods 10: 271-277 (1976).
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parations with toluidine blue, they found that 2-3% of the cells

demonstrated metachromatic granules, typical of basophilic granulo-

cytes; the percentage agreed with that of the fluorescent cells.

Rosenbaum (14) criticized the finding of IgE-bearing lympho-

cytes, reported by investigators who studied chronic lymphatic

leukemia (1, 12), infantile X-linked agammaglobulinaemia (5) and

other diseases in percentages of up to 5%, and asked for confirmation

of this finding by a reliable cell identification method. He pointed to

the observation that when leukocytes are separated on a Ficoll-

Isopaque gradient, basophilie granulocytes are concentrated ín the

top layer in percentages varying between l and $ (10). Since the cells

of this layer had been used in the forementioned studies, he ques-

toned the lymphoid nature of these IgE-bearing cells. This problem

and the fact that autoradiography is a less suitable technique for

routine investigations led us to develop a method which allows the

detection of basophilic granulocytes in leukocyte suspensions sub-
jected to immunofluorescence procedures with anti-IgE.

MATERIALS AND METHODS

Preparation of leukocyte suspensions

Ten ml of venous blood were drawn from non-selected subjects

with a heparinized syringe of the Vacutainer system (3200 KA,
Becton and Dickinson, Rutherford, New Jersey) containing 143 I.U.

of heparin. The blood was mixed with 2.5 ml of a 5% dextran (mol.

wt. 200,000, Poviet, Amsterdam, The Netherlands) solution in 0.9%

saline and the erythrocytes were allowed to sediment for 30 min at

37° C. The supernatant was mixed with 8 ml of minimal essential

medium (MEM, Gibco, Grand Island, N.Y.) containing 5 L.U. of

heparin/ml pH 7.4. The mixture was layered on top of 3 ml of a

Ficoll-Isopaque mixture of specific gravity 1.077 in each of two
tubes of 14 mm diameter, and centrifuged according to the method

of Bövum (3) at. 560 g. The interphase cells were pipetted off, centri-

fuged at 650 g for 10 min and resuspended in 0.25 ml of a washing fluid

as used by Hijmans et al. (6), containing 20 ml 20%bovine serum albu-

min, 60 ml phosphate buffered saline 0.01 M‚ 8 ml 5% EDTA solution

and 100 U/ml of penicillin G, pH adjusted to 6.8.

The cells were stained and fixed simultaneously by the addition of

a mixture of 0.5 ml freshly prepared toluidine blue 0.2% in phos-
phate buffered saline (PBS), pH 7.2, and 0.5 ml paraformaldehyde

15

2% in 0.1 M phosphate buffer (PFA), pH 7.4 (15) respectively. After

a staining and fixation period of 10 min, the cells were centrifuged

for 10 min at 650 g and washed twice with 10 ml of Hijmans

washing fluid.

After the second washing, the cells were resuspended either in the

washing fluid or in a mixture of 5% bovine serum albumin and 5%

gelatin in PBS. The latter cell suspensions were put into gelatin

capsules which were snapfrozen in liquid nitrogen as previously

deseribed (16) and stored in liquid nitrogen until used. The cells for

the capping experiments were stained with toluidine blue but not

fixed with PFA,

Antisera

The production and testing procedures of the sheep anti-human

[gE serum labeled with fluorescein isothiocyanate (FlalgE), has been

described previously (4). The antiserum was used in dilutions varying

from 1 : 5 to 1 : 10,000. For the blocking experiments the unla-

beled sheep anti-IgE antiserum was used.

Immunofluorescence procedure on the leukocyte suspensions

To 0.l ml aliquots of the leukocyte suspensions, 0.1 ml of the
FlalgE in serial dilutions from 1 :20 to 1 : 10,000 was added. After

incubation for 60 min at 20° C, 2 ml of PBS were added and the cells

were centrifuged at 650 g for 10 min. After a second washing with 2

ml of PBS for 15 min the cells were resuspended in 0.05 ml of

Hijmans’ washing fluid and put on a slide which was covered with a

slip and sealed with paraffin wax. For the capping experiments the

resuspended cells were kept for 60 min at 37° C before they were put

on slides. For the blocking experiments incubation with FlalgE was

preceded by incubation with unlabeled algE in a dilution of 1 : 5 for

60 min, followed by two washings. For the absorption experiments

the cell suspensions were incubated with FlalgE that had previously
been absorbed with IgE-rich serum. The titer of the latter was deter-

mined by agar precipitation, and equivalence was found in a ratio of

l vol of IgE-rich serum to 3 vol of FlalgE. FlalgE absorbed with
normal human serum served as control.

Immunofluorescence procedure on the frozen leukocytes

Six um sections of the frozen leukocytesuspensions were cut at
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-20°C, put on a gelatin coated slide and air-dried. The slides were

then washed in 5% BSA in PBS for 5 min and incubated with FlalgE

for 60 min. After washing with PBS for 30 min one drop of al : 1
(v/v) glycerine : PBS mixture was added. The slides were covered
with a slip and sealed with paraffin wax.

Reading the slides

All slides were read on a Leitz Orthoplan fluorescence microscope,
equipped with filter combination number 3 of the Ploemopak
incident illumination equipment as described by Ploem (13) and
Hijmans et al. (7). A Xenon lamp (Osram XBO 150W) was used for
excitation. Ansco 200 or Tri-X-Kodak films were used for the fluo-

rescence micrographs and Tri-X-Kodak or S.O.-Kodak films for the
light mieroscopic micrographs.

RESULTS

Leukocyte suspensions

Somecells, their number varying between 1 and 3% in the prepara-
tions investigated, showed a strong, ring-shaped fluorescence, which
was interpreted as membrane-bound fluorescence (fig. 1 A). Simulta-
neous examination by light microscopy revealed that these cells con-

tained the reddish purple, metachromatic granules typical of baso-
philice granulocytes (fig. 1B). Even when the antiserum was used in
high dilution (up to 1 : 10,000), membrane-bound fluorescence was
observed.

In some cell suspensions a few cells demonstrated faint fluores-
cence in a diffuse pattern. These cells, which were only visible when
high antibody concentrations were used, did not show the metachro-
matic granules when examined by light microscopy. We considered
them to be monocytes, on morphological grounds. We did not see
fluorescent lymphocytes in our preparations.

Capping experiments on the leukocyte suspensions

The cells after incubation at 37° C showed fluorescence patterns
that were dependent on the concentration of the antiserum. When
the serum was used in a concentration of 1 : 10 capping was found.
Both patchy patterns and capping were seen when the serum was
used ín a concentration of 1 : 40 to 1 : 640 (fig. 2). When diluted
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Fig. 1. A) Leukocyte suspension incubated with FlalgE 1 : 10. Besides a cell with ring-
shaped fuorescence two faintly fluorescent cells are shown (x 1000). B) Same preparation

in light microscopy. The cell with the ring-shaped fluorescence shows metachromatic gran-
ules. The two faintly fluorescent cells have the appearance of monocytes (x 1000).

more than 1 : 640 only the ring-shaped membrane fluorescence was
observed. The faintly fluorescent monocytes did not show capping.

Blocking experiments on the leukocyte suspensions

Suspensions that had been treated with unlabeled anti-IgE did not



18

Fig. 2. Different patterns in leukocyte sus-

pensions incubated with FlafgE (x 1000).

 

A) Ringshaped pattern

 

B) patchy pattern

C) cap formation

 

demonstrate membrane-bound fluorescence. The faintly fluorescent

monocytes were seen also in these cell preparations, their fluores-

cence picture being unaltered.

Absorption experiments on the leukocyte suspensions

Membrane-bound fluorescence was abolished when the FlalgE in a

dilution of | : 20 had been absorbed with IgE-rich serum in ratios

1: land 1:5. Atratiosof 3: l and 6: 1 (FlalgE : IgE—rich serum)

weak membrane-bound fluorescence was seen. In the suspensions

prepared for these experiments monocytes could be recognized by

19

their faint diffuse fluorescence. Absorption ofthe FlalgE with nor-

mal human serum (NHS) at any ratio did not influence the mem-

brane-bound fluorescence.

Cryostat sections

Before applying the immunofluorescence procedure metachro-

matic cells were seen in a frequency of 3-5 cells per section. In

contrast with cells in suspension, we encountered difficulties in inter-

preting results obtained with the antiserum in high dilutions. Owing

to the water solubility of the toluidine blue stain, the colour of

stained sections disappeared upon contact with PBS. This made it

difficult to decide whether basophilic granulocytes had reacted
negatively or were not detected because they had lost their stain.

DISCUSSION

The satisfactory results of our experiments prove that staining

with toluidine blue and simultaneous fixation with paraformal-

dehyde of enriched leukocyte suspensions is a simple and reliable

technique for detection of basophilic granulocytes in such suspen-

sions subjected to immunofluorescence procedures with anti-IgE.

Optimal results were obtained with simultaneous staining and fixa-

tion. The changes observed in the distribution of IgE fluorescence

when the cells were incubated at 37° C are in agreement with the

findings of Becker et al. (2). This means that the IgE detected is

bound to the surface membrane of the basophil. In addition, the

results of the blocking and absorption experiments confirm the

spesificity of the method. The faintly diffuse fluorescence on some
others cells, considered to be monocytes, was not abolished either by

blocking or by absorption procedures and was considered non-

specific. Our finding that lymphocytes were negative for membrane-

bound IgE, requires further investigation. Since difficulties in inter-

preting negative results were encountered when frozen cell sections

were tested with the antiserum in high dilutions, the use of cells in

suspension is preferred. The technique requires only small amounts

(10 ml) of blood. This makes it very suitable for the study of

patients whose condition does not allow taking of the large quan-

tities of blood necessary for preparation of pure suspensions of baso-

philie granulocytes as described by Ishizaka et al. (11).
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CHAPTER IV

THE ABSENCE OF A HUMAN THYMUS LYMPHOCYTE ANTI-

GEN (HTLA) ON BASOPHILS AND MAST CELLS*
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ABSTRACT

Basophilic granulocytes and mast cells of different species have been

reported to originate from thymocytes and other lymphocytes.

Recently these observations were confirmed, when evidence was

given, that thymic antigen is present on rabbit basophilic granulo-

cytes. In the study reported here, human leukocytes were tested by

the immunofluorescence technique (IFT) and the immunoelectron

microscopy technique to see whether a human thymus lymphocyte

antigen (HTLA) could be detected on their surface. We could demon-

strate the presence of HTLA on T-lymphocytes but not on basophilic

granulocytes, nor on mast cells in cryostat sections of various tissues.

INTRODUCTION

The origin of human basophilic granulocytes and mast cells is still

unknown. Since Ranvier’s (18) observation of in vitro transformation

of frog lymphocytes into mast cells, thymocytes and lymphocytes

have been mentioned as mast cell precursors in a number of species:

rat (6), chicken (8) and man (7). More recently Ginsburg (12) ob-

served mast cells originating in mouse thymus tissue cultures, while

Ishizaka (14) described in a preliminary report the presence of IgE

receptors on, and histamine containing granules in cells, that arose by

transformation of cultured rat and mouse thymus cells. A more

*Scand. J. Immunol. (in press)
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direct approach was reported by Day et al. (9). They found that a

goat anti-rabbit thymocyte antigen serum (aRTLAÁ) reacted with

rabbit basophils, and that this resulted in the release of histamine.

Both histamine-releasing activity and thymocytotoxicity disappeared

after absorption with rabbit thymocytes and basophils. These results

strongly suggest the presence of a common antigen on the cell sur-

face of rabbit basophils and on thymocytes. This antigen seems to be

absent on rabbit mast cells, as these cells failed to release histamine,

when challenged with aRTLA. The question whether the same condi-

tions exist in man, led us to investigate human basophils and mast

cells for the presence of a human thymus lymphocyte antigen

(HTLA) using an IgG fraction of rabbit anti-human thymus lympho-

cyte serum (aHTLA).

MATERIALS AND METHODS

Preparation ofleukocyte suspensions

Leukocyte suspensions were prepared from 10 ml venous blood,

made incoaguable with heparin, as previously deseribed (22). After

erythrocyte sedimentation with dextran 5%, leukocytes were

separated on a Ficoll-Isopaque mixture (specific gravity 1.077).
Interphase fractions were collected, stained and simultaneously

fixed by adding a mixture of toluidine blue 0.1%, pH 7.2, and para-

formaldehyde (PFA) 1%, pH 7.4, washed twice and resuspended in

Hijmans’ washing fluid (22). By using Giemsa and non-specific

esterase staining methods, 75% of the cells in the interphase fractions

were on average shown to be lymphocytes.

Antisera

À rabbit antiserum against human thymocytes was prepared by

immunizing rabbits with human thymocytes. The resulting anti-

serum, which was not spontaneously specific for T-lymphocytes, was
repeatedly absorbed with leukocyte-free human red cells (10),

isolated human granulocytes, and chronie lymphatic leucaemia

(CLL) cells isolated from different donors. The granulocytes used for
absorption were obtained by leukocyte separation on Ficoll-Isopaque

and contained neutrophilie and eosinophilic granulocytes, but no

basophils, as the latter remain in the mononuclear fraction. The

specificity after absorption was established in the IFT on isolated
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human blood cells in suspension as well as in smears (lymphoeyte

suspensions depleted or enriched in T-cells, granulocy tes, monocytes,

platelets, and CLlLe-cells) (Table I). Moreover, its reactivity with

various plasma proteins was established with a passive agglutination

test (Table II). Before it was used in the IFT on eryostat tissue sec-

tions of thymus, spleen and lymph node, the aHTLA was absorbed

with acetone dried human liver powder, 10 mg/ml. Nearly all

Iymphocytes located in the thymic cortex and medulla, the periar-

teriolar lymphocyte sheath and the paracortical areas showed a rim-

like fluorescence with aHTLA. According to the specificity criteria,

proposed by a WHO/IARC workshop (19) the preparation is con-

sidered specifie for T-lymphocytes in the IFT. Elaborate details con-

cerning the preparation and specificity testing of the aTLA are

described elsewhere (4, 5). aHTLA was used in the indirect IFT,

TABLE 1
Titers of antibodies against different blood cells in the IFT, after absorption of

the aHTLA with erythrocytes.
 

 

   
 

test cells before after absorption with granulocytes,

absorption CLL cells and leG isolation of the

aHTLA.

thymocytes 640 640

CLL cells 160 10

granulocytes 160 10

monocytes 160 10

Iymphocytes 320 640

thrombocytes 80 <10

Table II
Titers of antibodies against plasma proteins in the passive agglutination test,

using human erythrocytes coated with various plasma proteins, after the above

mentioned absorptions of the aHTLA.

IgG isolation

of theaHTLA:

|

IeG IgM IgA IgD albumin _fibrinogen K \
 

before abs. 128 32 256 64 32 512 4 4

after abs. <4 4 <4 <4 <4 4 A4 <4  
 
 

CLL = Chronic Lymphatic Leucaemia
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using an FITC labeled swine anti-rabbit LeG (SwaR-FITC) purchased

from Dakopatts (Danmark) as a second layer. Both leukocytes and
üssue sections were incubated with a fluoresceinated sheep anti-

human IgE (FlalgE). The preparation and specificity testing of this

fluorescent antiserum have been previously described (11). For the
double staining procedures on the tissue sections, a tetramethyl-

rodamine isothiocyanate labeled horse anti-rabbit Ig (HoaR-TRITC)

was used. For immunoelectron microscopic investigations horse anti-

rabbit Ig was coupled to horse radish peroxidase (HoaR-HRP),

according to Avrameas (1).

The immunofluorescence procedure as performed on the leukocyte
SUSpensions

Aliquots of 50 gl of the cell suspensions were incubated for 60

minutes at room temperature with 50 ul of a twofold serial dilution

of aHTLA in PBS, Final dilutions ranged from 1 : 40 to 1 : 320. Cell

suspensions were washed twice with PBS, resuspended in 50 ul of

the SwaR-FITC, which was diluted 1 : 80 in PBS and incubated for

60 minutes at room temperature. After being washed twice, the cells

were resuspended in 25 ul of Hijmans’ washing fluid, and put on a

slide. A cover slip was sealed over them with paraffin wax. As a

control normal rabbit serum (NRS), absorbed with human red blood

cells, diluted 1 : 20 in PBS, was used. FlalgE, diluted 1 : 20 in PBS,

was used in the direct immunofluorescence technique, as described
previously (22).

The inmunofluorescence procedure for the tissue sections

Tissue specimens from adenoid and bronchial biopsies were quick-
frozen in liquid nitrogen, 4 um sections were cut at -20°C and air-
dried. The sections were fixed in acetone for 10 minutes and washed.
in PBS for 5 minutes. To demonstrate the presence of HTLA on mast
cells, sections were incubated with aHTLA, which had been diluted
1: 20 and 1: 40 in PBS, at room temperature for 30 minutes and
were washed in PBS for 30 minutes. Subsequently sections were
incubated for 30 minutes with HoaR-TRITC, diluted 1 : 40 in PBS,
and washed again. To identify the mast cells, a triple layer technique
was used by incubating the sections for 30 minutes with FlalgE,
diluted 1: 20 in PBS, and washing with PBS. The sections were
mounted with PBS/glycerin 1:1 (v/v) and a cover slip was sealed over
them with paraffin wax.
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Reading the slides

All slides were examined under a Leitz Orthoplan fluorescence

microscope, equipped with filter combination number 3 of the

Ploemopak incident lieht illumination equipment, as described by

Ploem (17). For the examination of the slides tested in the triple

layer IFT, filter combination number 4 of the Ploemopak was used

as well. A mercury lamp (Philips CS 150 W) was used for excitation.

The fluorescence and light microscopic micrographs were made on
Kodak Tri X film.

Immunoelectron microscopy

For ultrastructural studies the leukocyte suspensions were fixed in

PEA 1%, and washed twice in Hijmans’ washing fluid. The cells were

incubated with aHTLA, diluted 1 : 20 in PBS, at room temperature

for 60 minutes. Normal rabbit serum (NRS) served as control. The

cells were washed three times with PBS and incubated at room

temperature for 30 minutes with the HoaR-HRP in a dilution of

1: 160, After two washings with PBS, the peroxidase was visualized

according to Graham and Karnovsky (13), followed by incubation

with osmium tetroxide according to Millonig (15), dehydration in

ethanol and propylene oxide and embedding in Epon. Ultrathin sec-

tions were cut with a Reichert microtome. The sections were ob-

served with a transmission electron microscope (Philips EM 300),

both without staining and after staining with saturated uranylacetate
for 10 minutes.

RESULTS

IFT on the leukocyte suspensions and tissue specimens

We examined leukocyte suspensions from 5 donors, in the IFT

with aHTLA. Peripheral blood leukocytes in the interphase fractions

were found to be positive for HTLA in percentages ranging from 47%
to 56% (mean 52%), using aHTLA in a final 1 : 40 dilution. Since

routine Giemsa stainings showed approximately 75%lymphocytes in

these fractions, we calculated 70% of the lymphocytes to be HTLA-

positive. A HTLA-positive cell is seen in Figure la, while in Figure lb

the sâme cells are shown, as seen with light microscopy. In light

microscopy basophilic granulocytes, with their striking metachro-

matic granules, were easily distinguished. No fluorescence was seen
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Fig, la: A human leukocyte suspension, incubated with rabbit anti-human thymus lympho-

cyte antigen (aHTLA), diluted 1 : 40, followed by incubation with swine anti-rabbit IgG-

FITC, diluted 1:50. Membrane-bound fluorescence is to be seen on one of the cells.

(x 1000)

 

Fig. lb: The same cells as in figure la, seen in light mieroscopy. This cell preparation was
stained with toluidine blue 0,1% and fixed with PFA 1%. The basophilic granultocyte, not
showing any fluorescence with aHTLA in Figure la, is clearly identified by its metachro-
matic granules. The cell, demonstrating membrane-bound ftuorescence, is a lymphocyte.
« 1000)
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Fig. 2a: A human teukocyte suspension, incubated with sheep anti-human IgE—FITC
(FlalgE). Membrane-bound fluorescence is observed on one of the cells. (x 1000)

 

Fig. 2b: The same cells as seen in figure Za, seen in light microscopy. thíscell preparation

was stained with toluidine blue 0.1% and fixed with PPA 1%. The cell, demonstrating
membrane-bound fluorescence in figure 2a, is identified as a basophilic granulocyte.

(x 1000)

on the basophils with aHTLA in any of the dilutions (Fig. la/b).
Using aHTLA in a 1 : 160 dilution, there were still HTLA-positive
lIymphocytes to be seen. In suspensions incubated with FlalgE, a

ring-shaped fluorescence was seen, demonstrating membrane-bound
IgE (Fig. 2a/b), as described previously (22). The cell membrane-
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Fig. 3: A cryostat section of human bronchial tissue is incubated in a triple tayer immuno-

fluorescence technique with subsequently sheep anti-human IgE-FITC (FlalgE), diluted

1: 20, rabbit anti-human thymus tymphoeyte antigen (aHTLA), diluted 1 : 20, and horse

anti-rabbit IgG-TRITC (HoaR-TRITC), diluted 1 : 80. (x200)

Fig. 3a: The preparation is observed with the Ploemopak filter combination n° 4. FlalgEis seen
on the mast cells.

 
Fig. 3b: An identical field observed with the Ploemopakfilter combination n° 3. aHTLA is seen
on a thymus lymphocyte. Mast cells do not showany fluorescence.

3

 
Fig. 4: A human lymphocyte after incubation with aHTLA and HoaR-HRP showing a
positive peroxidase reaction on the cell surface membrane. (x 22.500)

bound IgE on mast cells (11) was used to identify these cells in a

triple layer IFT. Cells positive for HTLA were seen and presumably

are T-lymphocytes (Fig. 3b), but none of the IgE-positive mast cells

were positive with aHTLA (Fig. 3a). Control sections, incubated with

NRS, did not show any fluorescence with HoaR-TRITC.



 
Fig. 5: A human basophilic granulocyte after incubation with aHTLA and HoaR-HRP

showing no membrane-related peroxidase reaction. (x 22.500),

Immunoelectron microscopy

In the leukocyte preparations, containing lymphocytes as well as

monocytes and granulocytes, all kinds of leukocytes could be easily
distinguished, even without staining. Only a part of the lymphocytes
showed a positive peroxidase staining (Fig. 4), indicating the
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presence of HTLA on their cell surface membrane. None of the other

kinds of leukocytes, including the basophilic granulocytes (Fig. 5).
did show cell surface membrane related peroxidase staining. Further-

more, in preparations incubated with NRS, peroxidase staining was

deteeted on none of the leukocytes. This demonstrates the speci-

ficity of the immunoelectron microscopic technique with aHTLA
and HoaR-HRP.

DISCUSSION

That mast cells originate from thymocytes and lymphocytes by
transformation, is supported by findings reported in the literature (6,

1, 8). However, the mast cells or basophils in these publications were

not defined, for instance by means of their enzyme content or their
ultrastructural characteristics (20). Recently more direct evidence

was presented by both Ishizaka (14) and Day et al. (9). Ishizaka

demonstrated the development of IgE receptor bearing “mast cells”

in cultured mouse and rat thymus cells. Although the question is

important, whether the thymocyte preparations were pure or

whether they contained macrophages originally present in the
thymus itself, since evidence has also been given for mast cell dif-

ferentiation from connective tissue cells (16). Day et al. (9) showed a

possible origin of rabbit basophils, by giving evidence for the

presence of Rabbit Thymus Lymphocyte Antigen on rabbit baso-

phils. Day’s observation of the absence of RTLA on rabbit mast cells

seems to point to a basic difference between these two types of cells

in rabbits, The present study reports a very direct way of testing the

presence of a thymus lymphoecyte antigen (HTLA) on basophilic

granulocytes or mast cells. This antigen or combination of antigens

can be defined by the positive reaction with an antiserum (aHTLA),

which was prepared by immunizing rabbits with human thymus

lymphocytes (5); and was found to be present on the T-lymphocytes

in peripheral blood and in several tissues. Using immunofluorescence

and immunoelectron microscopic techniques, we could not demon-

strate the presence of this antigen (HTLA) either on mast cells or on

basophilie granulocytes. As HTLA could be demonstrated easily on

T-lymphocytes in peripheral blood cell suspensions, and a cell-

membrane related antigen (IgE) could be demonstrated on basophilic

granulocytes in cell suspensions treated with the same procedure,

HTLA is considered to remain intact during the staining and fixation
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procedure with PFA and toluidine blue. However, we cannot exclude

a possible selective damage of the antigen on basophils. Approxi-

mately 70% of the lymphoeytes, present in the interphase fraction,

were HTLA-positive, which is in accordance with the percentages of

E-rosetting cells, reported in lymphocyte suspensions after Ficoll-

isopaque separation (2, 3).

For the mast cell identification we used immunofluorescence with

anti-IgE. HTLA was shown to be absent from mast cells in eryostat

sections of various tissue specimens, while it could be demonstrated

on lymphoecytes in these sections and in other tissues (5, 21).

We may conclude therefore, that, although several reports suggest

that mast cells or basophilice granulocytes derive from thymus

lymphoecytes in animals, we could not demonstrate a common anti-

gen on these cells in man. The possibility however remains, that there

are several specific human thymus lymphocyte antigens. One of

them, against which antibodies are lacking in our antiserum, could be

shared by T-lymphocytes and basophilic granulocytes.
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ABSTRACT

By means of a previously developed basophil staining and fixation

technique (19), it was possible to identify human basophilic granulo-

cytes in leukocyte suspensions, which had been subjected to an

immünofluorescence technique with anti-IgE. Using fluoresceinated

anti-IgE the fluorescence intensity of the basophils was measured by

means of quantitative immunofluorescence microscopy as a reflec-

tion of the IgE-load per cell. The reproduceability of this technique
and the influence of the incubation time were studied. The mean

fluorescence intensity of the basophils varied considerably in six

donors, but the cells of two atopic patients showed the highest

intensity. IgE was eluted from the cells at pH 2.5 and measured in

the supernatant. A correlation was found between the amount of

eluted IgE per basophil and the mean fluorescence intensity of the

basophils. The number of IgE molecules per basophil was found to
be in the range of 15,000 to 500,000.

INTRODUCTION

Human IgE molecules combine with basophilic granulocytes and
mast cells (14, 20). In this way cells are sensitized for the release of
chemical mediators upon reaction with an appropriate allergen or
algE (3, 11, 16). The presence of IgE on human basophils was
demonstrated directly, for the first time, by Ishizaka ct al. (10) by
means of autoradiography. To elucidate the role of these cells in
atopy, it is important to know how many IgE molecules are present
on the human basophil and whether cell-bound IgE is in equilibrium

*Int. Arch. Allergy (in press)
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with serum IgE. This led Ishizaka et al. (13) to apply the C‚ fixation

transfer technique to determine the number of cellbound IgE

molecules. We developed a method for identification by light micro-

scopy of basophilic granulocytes, which have reacted with FlalgE

(19). When the technique for the quantitation of cell-bound IgE, as
used on human tissue mast cells (8) by end point titration with

FlalgE, was applied on basophils in suspension, a high basophil

fluorescence titer (1 : 2500 to 1 : 10,000) was found in almost all

subjects, atopic or not. This seemed to confirm the results of

Ishizaka et al. (13), that the amount of IgE on basophils from

different individuals only waries to a limited extend. Experiments,

however, with mast cells, which pointed to a varying IgE-load in

different individuals, led us to a further investigation, i.e. to measure

the fluorescence intensity by quantifying the individual cell fluores-

cence on basophils with a microfluorometer. In order to relate the

fluorescence intensity found on human basophils to the number of
cell-bound IgE molecules, elution procedures were performed on

leukocyte suspensions from several donors.

MATERIALS AND METHODS

Preparation of the leukocyte suspensions

Human leukocyte suspensions were prepared as described

previously (19). Ten ml of venous blood, made incoaguable with

heparin, were drawn from six donors, two of which showed clinical

atopy. IgE serum levels and values determined by the Radio Allergo

Sorbens Test (RAST) in the serum of these donors are given in

Table 1. The blood was mixed with 2.5 ml of a 5% dextran solution

in 0.9% saline and the erythrocytes were allowed to sediment at

37°C for 30 minutes. The supernatant was mixed with 8 ml
phosphate buffered saline (PBS) pH 7.2, containing 5 IU of heparin/

ml. The mixture was layered in two tubes on top of 3 ml of a

Ficoll-Isopaque mixture with a specific gravity of 1.077, and centri-

fuged according to the method of Bövum (5). The interphase cells

were removed, centrifuged at 650 g for 10 minutes and resuspended

in 0.25 ml of the washing fluid, pH 6.8, described by Hijmans et al.

(9). The cells were fixed and stained simultaneously for 10 minutes
with a mixture of 0.5 ml toluidine blue 0.2% in PBS, pH 7.2, and 0.5

ml paraformaldehyde 0.2% in O.1 M phosphate buffer (PFA), pH 7.4
(18). After that, they were centrifuged at 650 g for 10 minutes,
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washed twice with 10 ml of Hijmans washing fluid and resuspended

in Ìl ml of the latter. The percentage of basophilic granulocytes

present in the cell suspensions of the donors ranged from 0.9 to

2,2%.

The quantitative immunofluorescence technique

The immunofluorescence procedure on the cell suspensions was

performed as described earlier (19). The production and testing of

the sheep anti-human IgE serum, labeled with fluorescein

isothiocyanate (FlalgE), used for these studies has been described

previously (7). FlalgE was used in final dilutions ranging from 1 : 40

to 1 : 1280. Unless specified otherwise, 50 ul aliquots of the cell

suspension were incubated with 50 gl of the antiserum at room

temperature for 60 minutes. After two washings with PBS, the cells

were resuspended in 25 ul of Hijmans’ washing fluid and put on glass

slides. A cover slip over the cells was sealed with paraffin wax. The

intensity of the fluorescence on the basophils was measured with a

Leitz Orthoplan microscope equipped with a Leitz photometer
attachment (MPV) as described by van Boxtel (4) and Capel (6), and

expressed in arbitrary units as the relative fluorescence intensity

(RFI). Before each series of measurements the system was calibrated

by means of a fluorescent uranyl glass (Schott GG 17). Basophils,

with their striking metachromatic granules, were identified by light

microscopy and focused in the aperture of the 3.2 mm measuring

diaphragm. The fluorescence of individual cells was measured by

switching to incident fluorescence microscopy and immediate estima-

tion of the intensity of the fluorescence. Thus no bleaching of the

fluorescence could occur. Background fluorescence was measured in

various parts of the preparation and the mean background fluores-

cence was calculated and subtracted from the mean value of fluores-

cence intensity obtained by measuring 10 basophils, unless specified
otherwise.

Elution procedures

In order to make a quantitative assessment of the amount of baso-

phil-bound IgE-molecules, we performed elution procedures on cell

suspensions of the same six donors. Interphase fractions were collect-

ed from 1Q ml heparin blood as described above. The unfixed cells were

washed twice in Hijmans’ washing fluid and resuspended in 1 ml PBS.
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The total number of leukocytes was established in a Coulter counter.

The percentage of basophils was established in a stained and fixed

sample of the leukocytes of the same donor, which sample was also

used for measuring the fluorescenceintensity. After centrifugation, the
unfixed cells were resuspended in 0.5 ml of an elution buffer: glycine

HCI buffer, as described by Ishizaka et al. (12), and the pH was

adjusted to 2.5. After incubation at OPC for 10 minutes and a

subsequent centrifugation, the supernatants were collected. The

amount of [gE in the eluate and in the last washing fluid, collected in

the elution procedure, was measured.

Assay of total IgE and Radio Allergo Sorbens Test (RAST)

Preparation of l2Sr_an ti-lgf.

Purified polyclonal IgE was coupled to cellulose. A column was

prepared and used to isolate anti-lgE antibodies from the sheep

anti-lgE as described by Aalberse et al. (1). 30 ug purified antibody

was reacted with 1 mC 1251 (Amersham) and 20 gg chloramine T.

After one minute 48 ug Na-metabisulphite was added. After addition

of 100 ul normal sheep serum the mixture was filtered over 150 ml

Sephadex G 200. The 7 S fractions were pooled and diluted to 500

ml with PBS containing 3 mg/ml BSA and 1 me/ml NaN;. Ten ml

aliquots were stored frozen.
RAST.

RAST was performed as described by Wide et al. (22) with some

modifications: as carrier of the allergen Sepharose was used, and the

incubation medium (incubation medium 1) contained epichloro-

hydrin-treated dipropylene triamine to prevent non-immune IgE bind-

ing (2). Forevery test 50 ul of the labeled anti-IgE was used.

IgE assapv.

Serum IgE was quantitated by an inhibition assay, using Sepha-

rose-coupled IgE: 100 ul of a serum with a high IgE level (60.000

[U/ml) were added to 200 mg CNBr-activated Sepharose (Pharmacia

Ltd.). After coupling and washing the Sepharose particles were

resuspended in 100 ml of an incubation medium (incubation medium

2) containing 0.2% Tween-20 and 0.1 ml/ml normal sheep serum. To

0.5 ml of this suspension, 10 gl patient serum and 50 ul 125 Lanti-
IgE were added. The mixture was incubated overnight, and the

Sepharose-bound radioactivity was measured.

IgE in the eluates from basophils was quantitated in a non-
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competitive assay. Fifty ul anti-lgE antiserum was coupled to 100 meg

CNBr-activated Sepharose. The anti-lgE-Sepharose particles were

resuspended in 100 ml of incubation medium 1. To 0.5 ml of this

suspension, 0.2 ml 0.1 M K‚HPO, and 0.2 ml eluate or a dilution of

the eluate in the elution buffer were added. The mixture was

incubated overnight and washed; 0.5 ml incubation medium 2 and 50

ul 125 Lanti-leE were added; after further incubation overnight, the

Sepharose-bound radioactivity was measured. As a reference, IgE-rich

serum was diluted in the elution buffer to 0.8-6.4 TU/ml.

An exact quantitation of the IgE serum level was performed on

the sera in which, using the standard inhibition assay, an amount of

[gE less than 100 IU/ml was found. This was done by a non-com-
petitive assay, similar to the IgE assay in the eluates.

RESULTS

The intensity of the fluorescence of basophils with FlalgE

Basophilic granulocytes in the leukocyte suspensions showed a

ringshaped fluorescence pattern after incubation with FlalgE (Fig.

la). The results of absorption, blocking and capping experiments, as
described in a previous article (19), proved the specificity of the

method and showed that we are dealing with membrane-bound

fluorescence. When the same cell preparations were examined by

means of light microscopy the fluorescent cells were found to
contain metachromatic granules (Fig. 1b).

Quantitation of the intensity of the
fluorescence

The fluorescence intensity of the basophilic granulocytes from six

subjects was measured after incubation with serial dilutions of

FlalgE. Background values were subtracted and mean intensity values

were calculated. These values, plotted against the FlalgE concentra-

tion in the incubation medium are shown in Fig. 2. The intensity of

the fluorescence of the basophilic granulocytes of donors 1 and 2

was much higher, thus pointing to a larger amount of cell-bound IgE.

Statistical analysis showed, that the mean fluorescence intensity of

the basophils, within the range tested, was linearly correlated with

the logarithm of the FlalgE concentration in the incubation medium
(Fig. 3). To test the reproduceability of the method, the basophils

from two blood samples from each donor were measured with a
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Fig. la: A human leukocyte suspension, incubated with sheep anti-human IgE-FITC

(FlalgE), diluted 1: 40, Membrane-bound fluorescence is observed on one of the cells,

(x 1000)
Fig. Ib: The same cells as seen in figure la, observed in light microscopy. This cell prepara-
tion was stained with toluidine blue 0.1% and fixed with PFA 1%. The cell, demonstrating

membrane-bound fluorescence in figure la, is identified as a basophilic granulocyte by its

metachromatic granules. (x 1000)

two-week interval. The intensity curves obtained (Fig. 3), showed

great similarity. Double reciprocal plotting of the data was performed

and the points of intersection with the axes were calculated (Fig. 4).

Distribution of the intensity values

The distribution of the intensity of the fluorescence of 60 baso-
phils from the donors 2, 3 and 4, after incubation with FlalgE,

diluted 1 : 40, is shown in Fig. 5. Using the chi-square test for good-

ness of fit, no significant deviation from a normal distribution was

found.

Incubation time

The incubation time is one of the parameters, that influence the

slope of the fluorescence intensity curve, as mentioned by Sundgqvist

(21). To test the influence of a varying incubation time, samples of

cells, incubated with FlalgE in dilutions 1:40 and 1 : 320, were

R
E
.

 

 

 
 

5 10 15 20 25
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Fig. 2: The fluorescence intensity of the basophils from six subjects as measured by quanti-

tative fluorescence microscopy, after incubation with different amounts of FlalgE.

taken after 5, 10, 20, 30, 60 and 120 minutes (Fig. 6). The variations
in the fluorescence intensity of the basophils from these donors were
proportionally present in the samples taken after any duration of
incubation. However, prolonged incubation did not greatly increase
the fluorescence intensity. In some cases, with prolonged incubation,
a higher level of unspecific fluorescence, as it was previously defined
(19), was found on othercells.

Number of incubated basophils
The fluorescence intensity of the basophils did not change when

the number of these cells, incubated with the same amount of
antiserum, was increased up to four times.

Elution procedures

Cell-bound IgE was eluted from the basophils in cell suspensions,

obtained from the six donors under investigation. IgE could be
demonstrated in all eluates. The amount of eluted IgE ranged from

0.2 to 7 IU/ml. The last washing fluid never contained more than
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Fig. 3: The mean fluorescence intensity of the basophils from the six donors was measured

with a two week interval to test the reproduceability, and was correlated to the logarithm of

the amount of FlalgE. Correlation coefficients were calculated for the various curves:

1, =0,994,1, *= 0,980; r, = 0,999, r, * = 0,999;
Is =0,971, 1, *= 0.982; 1, = 0.987. 1, * = 0.949;
Is =0.848, r,* = 0.933; 1, = 0.585, 1, * = 0.963,

0.02 IU/ml. The amount of IgE, eluted from 10° basophils of each

donor, was calculated and compared with the fluorescence intensity

of the basophils, measured at the same time (Fig. 7). As a parameter

of the latter, the relative fluorescence intensity after incubation with

FlalgE, diluted 1 : 40, was taken. A significant correlation was

established between the eluted IgE and the fluorescence intensity of

the basophils.
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Pig. 4: Double reciprocal values of the fluorescence intensity of the basophils from the six
donors and the FlalgE-dilution in the incubation medium.
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Fig, 5: Distribution of the fluorescence intensity of 60 basophils from three donors incu-
bated with FlalgE, diluted 1 : 40.
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Fig. 6: The influence of the incubation time on the mean fluorescence intensity of the
basophils fromfour donors incubated with FlalgE, diluted 1 : 320 and 1 : 40.

Total serum IgE and cell-bound IgE

Sera were obtained from the six donors simultaneously with

heparin blood, used for the fluorescence intensity measurements of

the basophils. In these sera total IgE and antigen specific IgE, as

determined by RAST, were measured (Table Il). The two atopic

donors both showed a high fluorescence intensity of the basophils
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Fig. 7: The amount of IgE eluted from 10° basophils of each donoris calculated in a duplo
measurement, and compared with the fluorescence intensity of the basophils, after incubation

with FlalgE, diluted 1: 40, measured at the same time.

and elevated IgE levels. The presence of a direct relation between

total serum IgE and cell-bound IgE was investigated in an additional

number of donors, which will be included in future studies. The

fluorescence intensity, measured after incubation of the basophils

with FlalgE, diluted 1 : 40, was compared with the IgE serum levels

of these donors. Using the Spearman rank test, a significant rank

correlation between the IgE serum level and the fluoreseence inten-

sity of the basophils could be established (p <0.01). However, no line-

ar correlation was found (Fig. 8). In this group no distinction was made

between atopic and non-atopic subjects, as only the influence of the

IgE serumlevel on the fluorescence intensity of the basophils was stud-

ied.
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Total serum IgE and RASTscores ofthe six donors

 
 

Donor total IgE RAST score

TU/ml house dust pollen

1 @_—_——® 450 23 0
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Fig. 8: The fluorescence intensity of the basophils from 61 donors, incubated with FlalgE,
diluted 1 : 40, was compared with the total IgE serum levels of these donors.
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DISCUSSION

The results indicate that quantitation of cell-membrane fluores-

cence with FlalgE on basophilic granulocytes is possible at the single

cell level with the identification technique using toluidine blue and

paraformaldehyde. After treatment with paraformaldehyde, redistri-

bution of IgE on the basophil cell-membrane was not observed. This

fixation procedure is also supposed to counteract the influence of

cell metabolism on cell-membrane antigens. In the applied direct IFT

with FlalgE, the fluorescence intensity of the basophils of all donors

decreased with decreasing concentrations of FlalgE, and no prozone

effect was present. There was a linear correlation between the mean

fluorescence intensity of the basophils and the logarithm of the

FlalgE concentration. Therefore, in following experiments, the fluo-

rescence intensity of basophils, incubated with only one concentra-

tion of the FlalgE, will be consideredrepresentative.

It is important to compare these results with those obtained by
Sundqvist (21) in a general study on thefluorescence of the membrane

antigens. He analysed the different reaction patterns in various test

systems for quantitation of cell-membrane antigens per cell-membrane

unit. He found that, apart from the individual properties of the antigen-

ic system itself, the shape of the fluorescence intensity curves was

dependent on the use of direct or indirect IFT, temperature, incuba-

tion time, antibody concentration and possibly cell metabolism. The

influence of temperature was mainly expressed in his procedure by the

occurrence of capping phenomena.

Although variations were observed in the diameter as well as in the

fluorescence intensity of the basophilic granulocytes of each donor a

statistically normal distribution was found and therefore there were no

indications for the existence of subpopulations.

Our staining and fixation method greatly simplifies the focusing of

the basophils, which is so time consuming in phase-contrast microsco-

py. Focusing is essential, as measuring the fluorescence intensity of

cells out of focus can lead to uncertainty of the results (21). Bleaching

of the samples being measured, which can be an important source of

error during quantitation (15), can be avoided how that the relevant

cells can be identified by light microscopy by means of their metachro-

matic granules.

Differences in cell-bound fluorescence on basophils, incubated

with the same amount of FlalgE, can theoretically be aseribed to
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differences in: 1) accessibility of the IgE molecules on the cell sur-
face, 2) the number of IgE molecules per basophil, or 3) the number

of basophils per incubation. Obviously, the cells are not saturated

with anti-IgE antibodies at the highest concentration of FlalgE used.

This might indicate that a limiting amount ofFlalgE is used. In that

case the fluorescence per cell depends on the number of cells tested.
However, the fluorescence intensity was found to be independent of

the number of basophils per incubation over a fourfold range. This

indicates an excess of FlalgE and an insignificant depletion by the

basophils of the FlalgE in the incubation medium. Under these con-

ditions, antibody binding to the cells is linearly related to the

number of IgE molecules per cell, provided that the affinity of the

antibodies for cell-bound IgE is constant. If the [gE molecules on the

cells of one donor are less accessible for the antibodies than those on

the cells of another donor with the same number of IgE molecules

per cell, this would result in a lower fluorescence intensity. From the

slope of the FlalgE dose-fluorescence response curves (Fig. 4), how-

ever, no differences in affinity could be demonstrated. Moreover, the

elution experiments confirmed, that the IgE-load per basophil differs

for different subjects. The amount of eluted IgE in the supernatant

varied between 0.2 and 7 IU per 105 basophils, present in the leuko-

cyte suspension. A significant correlation was established between

the eluted IgE per basophil and the fluorescence intensity of the

basophil (Fig. 7). From the amount of eluted IgE, an estimation of
the number of IgE molecules on human basophils can be made, since

elution, even at pH 4, as performed by Ishizaka et al. (12), has

proved to remove all cell-bound IgE. In our method we estimate the

number of IgE molecules per basophil to range from 15,000 to
500,000, when calculated with the formula: 1 IU IgE eluted per 105
basophils = 2.4 x 10-® (gIgE).6x 102% /2x10° (MIgE)=7.2x
10° mol IgE per 10° basophils. We conclude, that the amount of
cell-bound IgE on basophilice granulocytes of different donors varies

considerably. These results are in contrast with the results of Ishizaka

et al. (13), who, using the C‚ fixation transfer technique, found the
average number of IgE molecules per basophil to range from 10,000
to 40,000 both in atopic and in non-atopic donors. It is uncertain
what factors influence the amount of basophil-bound IgE, as

measured by our method. The IgE serum level has a correlation with

the basophil-bound IgE, as may be expected, but a direct relation

could not be established (Fig. 8). An explanation for the variations in
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the amount of basophil-bound IgE may be a varving number of

receptor sites for IgE on the basophilic granulocytes of different

individuals, or a higher affinity of these receptors for IgE. After

incubation of leukocyte suspensions with IgE myeloma protein, the

number of basophil-bound IgE molecules was increased significantly

in Ishizaka’s experiments (13). The total number of receptor sites for

IgE was estimated to range from 30,000 to 100,000, which is less

than the number of basophil-bound IgE molecules found in some of

our donors. Our results suggest a correlation between atopy and the

fluorescence intensity of the basophils, although the number of

donors in this study is too small to draw definite conclusions. In

order to further investigate this correlation, studies on the basophilic

granulocytes of atopic patients are in progress.
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ABSTRACT

Basophil-bound IgE was measured by quantitative immunofluores-

cence microscopy in atopic subjects and in healthy controls. A corre-

lation was found between IgE serum level and basophil-bound IgE.

The basophils from the atopic patients, both from those with a low

and those with an increased serum IeE, showed a significantly higher

fluorescence intensity than the basophils from the respective con-

trols. Our results indicate, that both atopy and the IgE level of the

serum determine the amount of basophil-bound IgE.

INTRODUCTION

Antibodies belonging to the IgE class can bind to mast cells and

basophilie granulocytes (8). The reaction of cell membrane-bound

IgE with an appropriate allergen leads to the release of several sub-

stances, such as histamine, which mediate the allergic response. After

the presence of IgE bound on human basophils had been demon-

strated by Ishizaka et al. (9) by means of autoradiography, the ques-

tion was raised how much IgE is present on the basophilic granulo-

cytes, and whether there is a relation between the amount of IgE

present on these cells, and atopy. Using the C‚ fixation transfer test,

the number of cell-bound IgE molecules was measured by Ishizaka et

al. (10) on the basophils of 13 subjects. In that study the number of

basophil-bound IgE molecules was estimated to range from 10,000 to

40,000, while no correlation could be established between the

*Int. Arch. Allergy (in press).
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number of IgE molecules bound, and either the serum level of IgE or

atopy. Recently, however, Conroy et al. (5, 11) reported a correla-

tion between the IgE level of the serum and the amount of [gE

eluted from the basophils. By means of reversed anaphylaxis, the

amount of basophil-bound IgE was estimated in patients with

chronic urticaria by Greaves et al. (7). They could not find evidence

for a quantitative difference of IgE bound to the basophils of the

patients and to those of the controls.

In a previous study we were able to determine the amount of

basophil-bound IgE in a small group of donors by quantitative

immunofluorescence microscopy (13). The results suggested a corre-

lation between atopy and the intensity of the IgE-fluorescence on

the basophilie granulocytes. Elution experiments confirmed that the

fluorescence intensity of the basophils is correlated with the amount

of basophil-bound IgE (13). In this study we investigated the cells of

atopic subjects and controls with low as well as increased IgE serum

levels, to assess the influence of both the IgE level of the serum and
atopy on basophil-bound IgE.

MATERIALS AND METHODS

Selection of the subjects

Heparinized blood and serum samples were obteined from the
subjects, who were divided in four groups:

Group [: atopic patients with an IgE serum level > 200 IU/ml,
Group Il: atopic patients with an IgE serum level < 100 IU/ml,

Group II: control subjects with an IgE serum level < 100 [U/ml and

Group [V: control subjects with an IgE serum level = 200 IU/ml.

The distribution of age and sex in the subjects of the four groups

is given in table l. The diagnosis of atopy was based on clinical

grounds: anamnese, family history and clinical symptoms (at least

two of these had to be positive for atopy), combined with a positive

result in the Radio Allergo Sorbens Test (RAST) or skin reaction.

Since the patients in Group Il form only a small subpopulation of

atopic patients, they were preselected for the combination of a low

IgE serum level and a positive RAST score in routine diagnostic

measurements.

The atopic patients were being treated in the St. Antonius

Hospital (Utrecht) and the Institute of Allergic Diseases (Amster-

dam). Control Group III consisted of healthy donors (Red Cross
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TABLE 1. Distribution of age and sex In the vartous groups of donors.

Group Age Sex
 

0-10 11-30 31:40 al m. f

years years vaurs years
 

1: atopics, 6 4 d 0 10 4

IgE serum level

> 200 IU/ml.

: atopics, 0 6 d d 6 8

IgE serum level

< 100 LU/ml.

h
a

3: controls, 4 8 5 2 10 9

IgE serumlevel

< 100 TU/ml.

4: controls, 2 4 2 2 7 3

IgE serumlevel

2 200 IU/ml.    
Blood Bank, Amsterdam) and of children undergoing tonsillectomy

in the Maarschalksbos Hospital (Baarn). Control group IV consisted

of healthy blood donors and of one patient with a Schistosoma

infection, who was treated at the Institute of Tropical Hygiene
(Amsterdam).

Preparation ofthe leukocyte suspensions

Leukocyte suspensions were prepared from 10 ml heparinized

blood, as previously described (13, 14). After erythrocyte sedimenta-

tion with dextran, the leukocytes were separated on Ficoll-Isopaque.

The interphase fractions were collected, stained and fixed with

toluidine blue 0,1% and paraformaldehyde 1%.

Quantitative immunofluorescence technique

The direct immunofluorescence procedure, applied to cell suspen-

sions, has been previously described (14), and so has the production

and testing of the sheep anti-human IgE serum, labeled with fluores-

cein isothiocyanate (FlalgE), used in these experiments (6). Aliquots

of the cell suspension were incubated at room temperature for 60
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minutes, with the FlaleE in final dilutions ranging from 1:40 to

l : 320. The fluorescence intensity of the basophils was measured, as

previously deseribed (13), with a Leitz Orthoplan microscope

equipped with a Leitz photometer attachment, and expressed in

arbitrary units as the relative fluorescence intensity (RFI). Basophilic

granuloecytes were identified by light microscopy, and the fluores-

cence intensity of single cells was measured. Contrary to the previ-

ously described quantitation procedure, the fluorescence intensity of

an additional 50 basophils was measured in the leukocyte suspen-

sions incubated with FlalgE, diluted 1 : 40, Mean values were cal-

culated and mean background measurements subtracted.

The assay of total IgE and the Radio Allergo Sorbens Test (RAST)

Total serum IgE was quantitated in the department of Immuno-

pathology of Serum Proteins by an inhibition assay, using Sepharose-

coupled IgE (1, 2). A non-competitive assay (13) was applied to the

sera in which, using the inhibition assay, an amount of IgE of less

than 100 [U/ml was found. The RAST was performed as described by

Wide et al. (16) with slight modifications (13). All subjects were

routinely tested for the presence of IgE antibodies against grasspollen

and housedust allergen, and sera were tested for the presence of IgE

antibodies against other allergens (house mite, human dander, cat

dander) if there was a clinical indication to do so.

RESULTS

Basophil fluorescence with FlalgE

After incubation with FlalgE, the basophilic granulocytes showed

a ring-shaped fluorescence pattern (Fig. la). The basophils could be
easily detected in light microscopy by their metachromatic granules
(Fig. 1b).

Quantitation of the fluorescence intensity

The mean fluorescence intensity of the basophils, obtained after

incubation with each dilution of FlalgE, was calculated for each

donor and background values were subtracted. In a previous study it

was shown, that the intensity of the fluorescence on the basophilic

granulocytes decreased with decreasing concentrations of FlalgE in

the incubation medium (13). The intensity of the fluorescence
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Fig. ta: A human leukoeyte suspension, incubated with sheep anti-human IgE-FITC
(FlalgE), diluted 1 : 40, Membrane-bound ftuorescence is observed on one of the cells.
(1000)

Fig. Ib: The same cells as seen in figure la, observedin light microscopy. This cell prepara-

tion was stained with toluidine blue 0,1% and fixed with PFA 1%. The cell, demonstrating
membrane-bound fluorescence in figure la, is identified as a basophilic granulocyte by its

metachromatie granules. (x 1000)

showed a linear correlation with the logarithm of the FlalgE concen-

tration over the range tested. To establish the dose-response curves of

the basophils from the subjects of the four groups used in this study,

the mean intensity of the fluorescence on the basophils, incubated

with FlalgE in various dilutions, was calculated for the whole group
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Fig. 2: The mean fluorescence intensity (+ 2x standard error of the mean) of the basophils

from all subjects in each of the four groups. The leukocytes were incubated with FlalgE in

twofold dilutions for 60 minutes. The fluorescence intensity was measured by quantitative

fluorescence microscopy and background values were subtraced. The linear regression was

determined.

ee =atopic patients (serum IgE = 200 1U/ml), r = 0.999;
o—o =atopic patients (serum IgE < 100 IU/mì), 1 = 0.995;

AA = healthy controls (serum IgE < 100 TU/mi),r = 0.981;

A-—A = controls (serumIgE = 200 IU/ml), r = 0.990,

The percentual decrease, using decreasing concentrations of FlalgE, was calculated for the

individual subject (the fluorescence intensity after incubation with FlalgE diluted 1 : 40 was
taken as a 100%-value). Mean values were:

es = 100%, 80%, 68%, 54%; o—0 = 100%, 83%, 66%, 50%;
aa = 100%, 78%, 66%, 56%; a — a= 100%, 80%, 60%, 50%,
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Student t test analysis gives significant differences between various groups (l vs ll: p <

0.001; T vs II: p < 0.001; Fvs IV: p < 0.001; III vs IV: p < 0.001; II vs IV not significant).
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The linear regression was determined:
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e =allatopics —r= 0.685,
A _=all controls— r = 0.730.

and compared with the FlalgE concentration. In order to exclude the
possibility, that the higher values dominated the mean values, the

percentual decrease was calculated also (Fig. 2).

The fluorescence intensity of the basophils in relation to atopy

Because no differences were found in the shape of the fluores-

cence intensity curves with FlalgE, we used the fluorescence inten-

sity of the basophils, incubated with FlalgE, diluted 1 : 40, to com-

pare the four groups of subjects (Fig. 3). For statistical analysis the

Student t test was used. A significant difference (p < 0.001) could
be established between the fluorescence intensity values of the baso-
phils from the atopic subjects in group 1 (serum IgE = 200 IU/ml)
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and the control Groups III (serum IgE < 100 IU/ml) and FV (serum

IgE > 200 IU/ml). The fluorescence intensity of the basophils from

the atopic patients with an IgE serum level $ 100 TU/ml (Group II)

was significantly lower than the fluorescence intensity of the atopic

subjects in Group 1 (p < 0.001), but significantly higher than the

fluorescence intensity of the controls with an IgE serum level < 100

IU/ml (p < 0.001). Comparison between the fluorescence intensity

of the basophils from 13 atopic patients and 13 controls, matched

for the IgE level of their sera, also showed a significantly higher

amount of IgE on the basophils from atopics (p < 0.01). No signifi-

cant difference was observed between Group [Ll and Group IV.

The fluorescence intensity of the basophils in relation to the total

serum IgE

When we compared the two groups of atopic patients, the influ-

ence of the IgE serumlevel was already demonstrated, but this influ-

ence was also present in the non-atopics. The basophils from the

control subjects with an IgE serum level > 200 [U/ml had a signifi-

cantly higher fluorescence intensity than those from the controls

with a low IgE serum level. To assess the relation between the serum

IgE and basophil-bound IgE in the individual subject, the logarithms

of serum IgE and the fluorescence intensity of the basophils were

compared for all subjects (Fig. 4). A highly significant correlation

was found, using the Spearman rank test (p < 0.001), but it is clear

that the range of serum IgE values from the subjects, with the same

fluoreseence intensity of the basophils, is very wide. The linear corre-

lation between the logarithm of the IgE serum level and basophil-

bound IgE was 0.7 in the whole group, which was approximately the

samein the separate groups of atopics and controls (Fig. 4).

DISCUSSION

The results of earlier experiments (13) indicated a considerable

variation in the amount of IgE per basophil and suggested a correla-

tion between atopy and the amount of basophil-bound IgE. In the

present study the fluorescence intensity of the basophils was found

again to vary among the different subjects. The amount of IgE on the

basophils fitted in the range, previously established ín 2 atopic and 4

control subjects (15,000 to 500,000 IgE molecules per basophil). We
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also confirmed previous findings, ie. that atopic subjects showed a

higher amount of basophil-bound IgE than non-atopic subjects. How-
ever, the question should be raised now, whether this is an effect of

the atopy itself or merely of the IgE serum level, since the majority

of the atopic patients have an elevated serum IgE (4). Healthy con-

trols, on the other hand, mostly have an IgE serum level < 100 1U/ml

(12).

To study the influence of both atopy and serum IgE upon baso-

phil-bound IgE, the forementioned four groups were formed, by

selecting atopic patients with a low IgE serum level (about 10% of

the population of atopics) and the rare non-atopic controls with an

elevated IgE serum level. Concerning the atopy, a significant differ-

ence was found between basophil-bound IgE in atopics with an IgE

serum level > 200 IU/ml and controls with an elevated [gE serum

level. Moreover, atopic patients with an IgE serum level < 100 [U/ml

showed a significantly higher amount of basophil-bound IgE than the

relevant control group. This difference in the amount of cell-bound

IgE could be observed also in individual IgE-matched atopics and

controls. However, the influence of the IgE serum level cannot be

ignored. Within the population of atopics, the basophils from the

subjects with an elevated serum IgE (Group I) showed a significantly

higher fluorescence intensity than those from atopics with a low IgE

level (Group II). The same difference could be seen in the two con-

trol groups. The effect of the IgE serum level upon basophil-bound

IgE was expressed also in the individual subject by a highly signifi-

cant rank correlation, but the fluorescence intensity had only a weak

linear correlation with the logarithm of the serum IgE concentration.

Conroy et al. (5) recently measured the IgE in the supernatants after

acid elution of the leukocytes and found a direct relation between

serum IgE and the amount of IgE, eluted per basophil (11). A corre-

lation between basophil-bound IgE and serum IgE could not be

found by Ishizaka et al. (10), Sullivan ét al. (15), who applied

immunoelectron microscopy, nor by Assem (3), who measured cell-

bound IgE in leukocyte suspensions by means of a radio immuno-

sorbent technique. And neither these authors (10, 15, 3) nor Greaves

et al. (7) found a clear correlation between the amount of basophil-
bound IgE and atopy.

Our results indicate, that both atopy and the [gE serum level

determine the amount of basophil-bound IgE. Atopy is thought to be

reflected in the amount of cell-bound IgE by having an effect on
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either the number of [gBE-receptors or on the affinity of the latter to

IgE. The influence of serum IgE might be explained by assuming an

equilibrium between cell-bound and free IgE. Ishizaka et al. (10)
found a 1.1l- to 7-fold increase of basophil-bound IgE, measured with

the C, fixation transfer technique, after incubation of the basophils

with IgE myeloma protein. In our preliminary experiments in passive

sensitization, however, we did not find an increase of the fluores-

cence intensity of the basophils from subjects with a low serum IgE

after incubation with the same myeloma protein. Further study is

required, therefore, to see whether an increase in basophil-bound IgE

can be obtained by sensitization with serum from atopic patients or

by changing the incubation conditions.
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CHAPTER VII

CELL-BOUND IgE ON HUMAN MAST CELLS AND BASOPHILIC
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Department of Pathology of the Slotervaart Hospital, Amsterdam,
The Netherlands

ABSTRACT

In previous studies basophil-bound IgE was measured by means of
quantitative immunofluorescence microscopy. But as mast cells are
of particular importance in local atopic reactions, we thought it
necessary to investigate the IgE-load on both cell types. The amount
of mast cell-bound IgE can be estimated in a semi-quantitative way
by end point titration with a fluoresceinated sheep anti-human IgE
(FlalgE). The amount of mast cell-bound IgE was estimated this way
in tonsils, adenoids, bronchial and tracheal tissues, and was compared
with the amount of IgE on the basophils. A correlation was found
between the IgE-load on mast cells and on basophils. Atopic patients
had a higher mast cell fluorescence titer (MCFT) than non-atopic
controls. It was demonstrated that, as on basophils, the IgE level of
the serum contributes to this difference.

“Int. Arch. Allergy (in press)
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INTRODUCTION

The interaction between immunoglobulin E, fixed on mast cells,

and an allergen is one of the mechanisms (16) known to initiate the

release of the mediators of allergy (9). The presence of IgE on human

mast cells was demonstrated by Ishizaka et al. (8) and Callerame et

al. (2) by means of autoradiography. The presence of this immuno-
globulin was also demonstrated on mast cells in several tissues by

means of the immunofluorescence technique with fluoresceinated
anti-IgE (4). The intensity of the fluorescence of the mast cells

seemed to vary, thus indicating differences in the amount of cell-

bound IgE. This was considered to be confirmed by experiments,

determining the amount of IgE on mast cells in human bronchial

biopsy specimens semi-quantitatively by end point titration with

FlalgE (5). In atopic patients, most of them having a high IgE serum

level, a high mast cell fluorescence titer (MCFT) was found.

Previously, we described a method to identify human basophils in

leukocyte suspensions (12) and to quantify the fluorescence inten-

sity of the basophils after incubation with FlalgE (10). This fluores-

cence intensity correlated with the amount of IgE per basophil, as

could be concluded from elution experiments (10). Studies of the

basophils from atopic and non-atopic subjects showed differences in

the fluorescence intensity (11). The amount of basophil-bound IgE

was found to correlate with the IgE level of the serum and with the

presence or absence of atopy.

Since especially mast cells are involved in local atopic reactions,

we considered it necessary to compare the amount of IgE on mast

cells with that on basophils. We also investigated whether both IgE

serum level and atopy do affect mast cells as well as basophils, with

regard to the amount of cell-bound IgE.

MATERIALS AND METHODS

Selection of the patients

For the determination of the mast cell fluorescence titer (MCFT),

tissues were obtained from the following subjects:

— bronchial biopsy specimens were taken from 15 atopic patients,
attending the St. Antonius Hospital in Utrecht;

— adenoid and tonsillar tissues were obtained from 10 atopic chil-
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TABLE 1 Nature of the tissues, used to determine the mast

cell fluorescence titer.

Bronchial Adenoid Adenoid + Total

tissue tonsil

Atopic subjects 15 6 d 25

Non-atopic subjects 15 12 18 45   
 

dren undergoing adeno(tonsillec)tomy at the Maarschalksbos Hos-

pital in Baarn;

— control bronchial tissues were obtained from 15 patients suffering

from miscellaneous lung diseases like bronchitis (5), bronchiectasia

(1), lung tuberculosis (1), sarcoidosis (1), bronchial carcinoma (6)

and metastases of a mammary carcinoma (1);

— control adenoid and tonsillar tissues were obtained from 30 non-
atopic children.

The diagnosis of atopy was based on clinical grounds (anamnesis,

family history and clinical symptoms: at least two of these had to be

positive for the diagnosis of atopy) combined with a positive RAST

score or skin reaction. From 19 of the atopic subjects and 18 of the

controls heparinized blood could be obtained for the preparation of

the leukocyte suspensions to determine the amount of basophil-

bound IgE as previously described (12). The nature of the tissues

investigated in the atopic and non-atopic subjects is summarized in

Table |. The distribution of age and sex of the subjects is given in

Table II.

TABLE II Distribution of age and sex in the subjects studied, () = in
these subjects basophil-bound IgE wasalso determined.
 

0-10 11-30 31-50 z5l Total m f
years years years years
 

Atopic 15(11) 6(4) 2(2) 2(2) 25(19) 15 10

Subjects

Non-atopic

Subjeets 27( 6) 8(5) 6(3) 4(4) 45(18) 29 16   
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mmunofluorescence experiments on tissues

Biopsy samples were obtained from the tracheal and/or bronchial

mucosa, adenoid and tonsillar tissue, snapfrozen and stored in liquid

nitrogen as described earlier (4). Four gm sections were cut in a Cryo-

stat at -20° C, dried and rinsed in phosphate buffered saline (PBS) for

a short time, They were dried again, fixed in acetone for 10 minutes

and incubated with FlalgE for 60 minutes. The production and spe-

cificity testing of this antiserum has been described previously (4).

The sections were washed in PBS for 30 minutes and mounted with

glycerol/PBS 1:1 v/v. Serial twofold dilutions of 1:40 up to 1:640 of

the FlalgE were used for the determination of the fluorescence inten-

sity of the peripheral rim of the mast cells. The mast cell fluores-

cence titer (MCFT), defined as the reciprocal value of the highest

dilution at which positive mast cell fluorescence was seen, was deter-

mined. Sometimes a weakly positive mast cell could still be observed,

when an antiserum dilution was used at which the large majority of

the mast cells had become negative. These cells were ignored in titer

determination. A similar distribution of the fluorescence intensity

with FlalgE had previously been found with regard to basophils (10).

In assessing the MCFT, neither the subject, whose tissues were inves-

tigated, nor the dilution of the FlalgE was known to the observer.

Fluorescence microscopy and photography on Kodak Tri X film was

performed as described earlier (4). In those cases in which no mast

cell fluorescence was observed with the highest concentration of

FlalgE, an adjacent section was stained with toluidine blue 1% in

0.05 M acetate buffer pH 4, to make sure by light microscopy, that
mast cells were present.

Ouantitative immunofluorescence technique on basophilic granulo-

cyíes

Leukocyte suspensions were prepared from 10 ml of heparinized

blood as previously described (10, 11, 12). After erythrocyte sedi-

mentation and separation on Ficoll-Isopaque, interphase fractions

were collected. The cells were stained and simultaneously fixed with

toluidine blue and paraformaldehyde, and incubated with FlalgE,

diluted 1:40, for 60 minutes. The intensity of the fluorescence of the

single basophils was measured (10), and expressed in arbitrary units
as the relative fluorescence intensity (RFI). Mean values were calcu-

lated and mean background measurements subtracted.
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The assay of total serum IgE and the radio allergo sorbens test

(RAST)

Total serum IgE was measured by an inhibition assay (10). A more

sensitive non-competitive assay (10) was applied to the sera, in which,

using the inhibition assay, an amount of IgE of less than 100 IU/ml

was found. The RAST was performed, as described by Wide et al,

(17), with some modifications (10), in order to determine the pres-

ence of IgE antibodies against grasspollen and house dust. The pres-

ence of IgE antibodies against other allergens (house mite, human

dander, cat dander) was tested when an allergic reaction to another

allergen was suspected.

RESULTS

The mast cell fluorescence titer in relation fo atopy

After incubation with FlalgE, the typical round or spindle shaped

fluorescence pattern of the mast cells was observed in the large

majority of the sections (Fig. 1). If no mast cell fluorescence was

 
Fig. 1: Mast cell fluorescence pattern in a human tonsil of an atopic subject after incubation

with FlalgE, diluted 1:40. (x 325)
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Fig. 2: The mast cell fluorescence titers of 25 atopic subjects and 45 controls. Statistical
analysis, using the chi-square test gives a significant difference (p < 0.001).
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Fig. 3: The mast cell fluorescence titers in atopic and non-atopic subjects, both with an IgE
serum level ranging from 100-300 IU/ml (mean atopics: 199 IU/ml; mean non-atopics: 191
IU/ml). Fisher’s exact test: p < 0.05.
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Fig. 4: The mast cell fluorescence titers determined on the adenoid tissues, compared with
those found on the tonsillar tissues from 22 subjects.

seen, toluidine blue staining proved the presence of mast cells. The

mast cell fluorescence titer (MCFET) in the tissues of the atopic and

control subjects was determined by the use of serial dilutions of
FlalgE (Fig. 2). Using the chi-square test, a highly significant differ-

ence (p < 0.001) was established between the MCFT of the atopic

subjects and that of the non-atopic controls. The atopies demon-

strated a higher MCFT than the non-atopics, but they also had a

higher [gE serum level. The latter has previously been shown to have

the effeet of inereasing the amount of cell-bound IgE on basophils

(LI).
Therefore, atopic and non-atopic subjects, with IgE serum levels in

the same range (100-300 IU/ml), were compared for the MCFT

(Fig. 3). Statistical analysis, using Fisher’s exact test, showed that the
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Fig. 5: The relation between the mast cell fluorescence titer and the total serum IgE in 25

atopic subjects (©) and 45 controls (o). The linear correlation between log serum IgE and log
titer had a correlation coefficient (r) of 0.7367,

 

absence of low mast cell fluorescence titers in the atopic group was

significant (p < 0.05).
Both adenoid and tonsils were obtained from 22 subjects and the

MCFT of both organs from the same subject were compared (Fig. 4).

In only one case a titer difference of more than one titer step was
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Fig. 6: The mast cell fluorescence titer of 33 non-atopic controls with an IgE serum level

s 100 [U/ml, compared with the MCFT of 12 controls with an IgE serum level > 100
LU/ml. Fishers exact test: p < 0.002.

found. In this case sections were made again and no difference be-

tween the MCFT on both organs was found.

The mast cell fluorescence titer in relation to the IgE serum level

The relation between the mast cell fluorescence titer and the

amount of IgE in the serum is shown in Fig. 5 for both atopic and

non-atopic subjects: a positive correlation was found. The influence
of the IgE serum level on cell-bound IgE was also demonstrated by

comparing non-atopics with an IgE serum level of less than 100

IU/ml, with non-atopics with an elevated serum IgE. A significantly

higher MCFT was found in the latter group, using Fisher's exact test
(Fig. 6; p < 0.002). This influence of the IgE serum level accounts
for the majority of the high mast cell fluorescence titers found in the

control group in Fig. 2.

Since the IgE serum level was less than 100 IU/ml in only 3 atopic

patients, no statistical analysis could be done to confirm that a

smaller amount of IgE is bound on cells from atopics with a low IgE

serum level, which has previously been found to be the case with
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regard to basophils (11). Unfortunately it was not possible to obtain

tissue samples from more subjects in this small subpopulation of
atopics.

The mast cell fluorescence titer in relation to the basophil fluores-

cence intensity

Heparinized blood, for the preparation of the leukocyte suspen-

sions, was obtained from 37 subjects, whose tissues were also inves-
tigated. The mean fluorescence intensity of the basophils was deter-

mined, as a reflection of the IgE-load on the basophil. A correlation

was found between the MCFT and the fluorescence intensity of the
basophils (Fig. 7). In only one control subject with a bronchial

carcinoma, having an IgE serum level of 220 IU/ml, basophil fluores-

cence and MCFT were widely divergent. This can be explained, for

instance, by the influence of a recently increased serum IgE level on
the basophils, or by a possible dysfunction of the bronchial mast

cells.

DISCUSSION

By means of the direct immunofluorescence technique, IgE was

demonstrated on mast cells in tissue sections from various organs

from atopic and non-atopic subjects. An estimation of the amount of

IgE on these cells was made by end point titration with the fluores-

ceinated anti-lgE (FlalgE).

The presence of IgE on mast cells was reported by others (2, 7, 8),

but they did not find evidence for differences in the amount of IgE.

Variations in the fluorescence intensity of skin mast cells were

observed by Takahashi et al. (13), investigating mast cell-bound IgE

in patients with atopic dermatitis. In the present study it could be

confirmed that the mast cell fluorescence titers in atopic patients are

higher than those of the non-atopics, as was found previously (5).

The IgE level of the serum, previously shown to affect basophil-

bound IgE (11), was also demonstrated to influence the MCFT in

non-atopic subjects. Due to the small number of atopics with a low

serum IgE in our series, this relation could not be investigated in

atopics. In. the whole group of atopies and non-atopics a correlation

was established between MCFT and IgE serum level. This correla-

tion was not found by Takahashi et al. (13).
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Do higher mast cell fluorescence titers indicate a larger amount of

mast cell-bound IgE and how is the relation between the fluorescence

intensity and the amount of IgE on the mast cells? The reaction

between cell-bound IgE and FlalgE is dependent on the number of

cell-bound IgE molecules, on the concentration of FlalgE and on an
equilibrium constant K, The conditions we assume for the immuno-
fluorescence procedure on sections are the following: a) an increase

in the volume of the FlalgE, used for incubation, does not result in

an increase in fluorescence; b) fluorescence is not dependent on the

number of mast cells in the section; c) prolonged incubation does not

induce an increase of the fluorescence intensity. Under those condi-

tions there is an excess of FlalgE-antibodies, and therefore, the con-

centration of the antiserum does not diminish significantly by

binding antibodies to mast cell-bound IgE. In this case the following

relation between antiserum dilution and mast cell-bound IgE can be

derived from the law of mass action:

L____ K.MCIgE
[FlalgE] B

B is the amount of mast cell-bound IgE (MCIgE) reacted with FlalgE.

In end point titration FlalgE is diluted till B reaches Bij» Which is the

minimal amount of MCIgE reacted with FlalgBE, necessary for a positive

score. The reciprocal value of this dilution is called the end point titer

(MCFT). This titer was found to correlate linearly with the amount of

MCIgE according to the formula:

K.MCIgE j
MET —K (fig. 8)

lim

— KK

A high K-value will cause a fast rise in titer with only a slight increase

in the amount of mast cell-bound IgE. The K-value is probably deter-
mined by both the affinity of the antiserum and the accessibility of

cell-bound IgE in the tissue section.
Our results point to a correlation between the amount of IgE on

mast cells and on basophils. The IgE-load on the basophils was esti-
mated in a different way, i.e. direct quantitation of the immuno-

fluorescence at a constant antiserum dilution. In this situation, the

fluorescence intensity of the basophils (B) depends on the amount of

basophil-bound IgE (BaslgE), the concentration of FlalgE and a

K-value:

19

640 -

MCFT

320

160}

80}

aol.
0 _D

mast cell-bound IgE (MCIgE)

Fig, 8: The theoretical relation between mast cell fluorescence titer and mast cell-bound IgE
(MCIgE).

 
 

K.[FlalgE]

1+K.[ FlalgE]

This linear correlation between the fluorescence intensity and the

amount of [gE bound to the basophils had been confirmed by the

results of previous elution experiments (10).

Since the existence of villi of the mast cell-surface membrane has

been described in literature (1, 3, 6, 14), it may be considered

whether variations in IgE-load are due to an increase of the cell-sur-

face membrane or to a greater density of IgE-receptors. As no corre-

lation between atopic disease and the tendency to villi formation was

observed (14, 15), studies to investigate the mast cell-bound IgE at

the ultrastructural level will be undertaken. With regard to basophil-

bound IgE, preliminary experiments, using horse radish peroxidase

labeled anti-IgE, indicated variatiohs in the density of IgE molecules

on the cell-surface membrane in immunoelectron microscopy. No

significant differences in the number of villi were observed.

B = BaslgE.
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The results of this study do not point to differences in the relative

IsE-load on mast cells and basophils from the same subjects.

The disadvantages of the determination of the amount of mast

cell-bound IgE by end point titration, as used in this study, are: the

subjectivity of the method, the relative insensitivity to small differ-

enees in the amount of cell-bound IgE, and the fact that we do not

know the exact relation between variations of the absolute amount
of IgE and titer differences. In this study, with regard to the first

point, the slides were observed without knowing from which patient

they were or which antiserum dilution was applied, in order to

eliminate subjectivity as much as possible. Furthermore, the mast cell

fluorescence titers, obtained in two different tissues of the same

subject, showed a great similarity, thus pointing to reproduceable

titer determination. Basophil-bound IgE can be quantitated more

objectively and accurately, while no tissue material has to be

obtained by biopsy, which is what makes diagnostic MCET deter-

mination in vounger children difficult. If any difference can be

found by testing the mast cells instead of the basophils, this will be a

slight difference: furthermore, estimation of cell-bound IgE with

neither method is absolutely conclusive for diagnostic purposes. And

therefore, although the local allergic processes are most likely to start

in the tissues on the mast cell surface, the examination of the

basophilic granulocytes to determine the amount of cell-bound IgE

seems to be justified and preferable, when the technical facilities for

this determination are present. However, if for some other reason a

biopsy has to be performed, e.g. for histopathologic investigation of

atopic dermatitis or nasal polyps, cell-bound IgE can be determined

by end point titration on mast cells in tissue sections.
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CHAPTER VIII

ELECTRON MICROSCOPIC STUDIES ON HUMAN BASOPHILS
FROM ATOPIC AND NON-ATOPIC SUBJECTS, USING HORSE

RADISH PEROXIDASE LABELED ANTI-IgE*
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sion Service and Laboratory of Experimental and Clinical Immunolo-
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lands

ABSTRACT

In previous studies, quantitative differences in cell-bound IgE on

the ‘basophils from various donors were measured by means of a

quantitative immunofluorescence technique.

In this study, cell-bound IgE was demonstrated on basophilic

granulocytes by immunoelectron microscopy, using horse radish

peroxidase labeled anti-IgE. The distribution of IgE on the basophils

was studied in both atopic and non-atopic subjects. The intensity of

the peroxidase staining on the basophils varied and appeared to
correlate with the amount of cell-bound IgE, as estimated by quanti-

tative immunofluorescence.

INTRODUCTION

In previous studies (14, 17) a description was given of a combined

staining and fixation method, by which basophilic granulocytes can

be identified in leukocyte suspensions, after the immunofluorescence

technique has been applied. The fluorescence pattern of these para-

formaldehyde (PFA) fixed cells, was ring-shaped, which indicates

membrane-bound fluorescence. On unfixed basophils capping and

patching was observed. Quantitation of the fluorescence intensity

showed differences between various individuals, which depended on

both atopy and the IgE serum level (14, 15). The question arose,

whether the observed variations in the amount of basophil-bound IgE

* Int. Arch Allergy (in press)
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were due to a varying density of IgE-receptors on the cell-surface

membrane of the basophils or to variations in the size of the cell

membrane. The latter possibility was supported by the observation

of ridges and villi on basophils (7, 22) and mast cells (11, 20, 21),

although no correlation was found between the number of villi and

atopy.

Another point of interest is the IgE distribution over the cell

surface. In our studies a regular ring-shaped fluorescence was

observed, while Sullivan et al. (18), using a hybrid antibody against
IgE and ferritin in immunoelectron microscopy, found the ferritin to

be either distributed in patches around the entire circumference of
the basophils or to be restricted to only part of the circumference.

The pattern depended on the incubation temperature.

In this study we investigated the distribution of IgE on the cell

membrane of the basophils from atopic and non-atopic subjects,

using the immunoperoxidase technique at the ultrastructural level.

Differences in peroxidase reaction on the basophils were compared

with the intensity values found with the quantitative immunofluores-

cence technique. The morphology of the basophils was also studied.

MATERIALS AND METHODS

Preparation of the leukocyte suspensions and quantitative immuno-

fluorescence microscopy

Thirty ml of venous blood were obtained in heparin from 2 atopic
subjects (atopy was confirmed by clinical symptoms, history and the

results of the radio allergo sorbens test (RAST)) and 6 healthy con-

trols. A 3 ml leukocyte suspension was prepared by Ficoll-Isopaque

centrifugation (17); l ml was stained and fixed with toluidine blue

and paraformaldehyde (PFA) and incubated with fluorescein isothio-

cyanate labeled sheep anti-human IgE (FlalgE), diluted 1 : 40, to

assess the intensity of the fluorescence of the basophils as previously

described (14, 15). Two ml of the leukocyte suspension were used for

immunoelectron microscopic investigation.

Antisera

The production and testing of the fluoresceinated sheep anti-

human IgE (FlalgE) has been described previously (5). In order to

study cell-bound IgE in electron microscopy, an LgG fraction was
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prepared from sheep anti-human IgE of another badge of the serum

from the same sheep. Two ml of this fraction were absorbed twice on

a Sepharose 4B column (25 ml) coupled to normal human serum

according to Cuatrecasas (4). This fraction was coupled to horse

radish peroxidase (ShaHIgE-HRP) according to Avrameas (1). In agar

precipitation, ShaHlIgE-HRP showed a precipitation line with our

standard polyclonal IgE-rich serum. Equivalence was found in a ratio
of one volume of IgE-rich serum to 9 volumes of ShaHlgE-HRP.

Specificity testing of the antiserum was performed. Tanned red cells,

coated with IgA, IeG, IgM, Kk and X light chains, albumin, transferrin

and fibrinogen, were not agglutinated by the antiserum, diluted

l:4 to 1:64, Furthermore, the antiserum was tested on 4 um

eryostat sections of tonsillar tissue from an atopic subject. Sections

were incubated with the antiserum, twofold diluted 1 : 10 to 1 : 40

at room temperature for 60 minutes and washed in phosphate

buffered saline (PBS) for 30 minutes. To demonstrate peroxidase

activity, the sections were incubated with diaminobenzidine-H3 O4

(7.5 mg DAB in 10 ml PBS + 100 ul H;O; 0.3%) for 5 minutes,

washed twice in PBS and treated with osmiumtetroxide for 10

seconds (12). After being washed twice in PBS, the sections were

dehydrated in graded solutions of alcohol and xylol, and mounted in

malinol. Mast cells could be seen in the sections as rounded or

spindle-shaped cells with a rim of peroxidase activity. No positive

lymphocytes or other structures were seen, not even in the sections

incubated with the 1 : 10 dilution of the antiserum. This indicates
the absence of antibodies to IgM, IgD, collagen and other tissue

components in the antiserum.
In other experiments the antiserum was absorbed with an IgE-rich

serum, both at the equivalence point (ShaHIgE-HRP : IgE-rich serum
=9: 1) and in a ratio of 3: 1. ShaHIgE-HRP absorbed with normal
human serum (NHS) served as a control. Sections of tonsillar tissue

incubated with the absorbed antiserum at the equivalence point

showed very weak mast cell staining, while this staining was not seen

when the antiserum absorbed in a 3: 1 ratio was used. Basophilic

granulocytes from 2 subjects were also incubated with the absorbed

antiserum in a l : 40 final dilution of the ShaHIgE-HRP. In immuno-

electron microscopy no peroxidase activity was seen on the basophils
treated with the antiserum, absorbed in a 3 : 1 ratio. In some of the

cells, incubated with the antiserum, absorbed at the equivalence point,

a very faint, linear peroxidase activity was observed. On the basophils,
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incubated with the antiserum absorbed with NHS, a similar peroxidase

activity was seen as in the preparations treated with the unabsorbed
ShaHlIgE-HRP.

Immunoelectron microscopy

Two ml of the leukocyte suspension were fixed with PFA 1% for

15 minutes (13) and washed: once in Hijmans’ washing fluid (9) and

once in PBS, The cells were incubated with the ShaHlgE-HRP,

diluted 1 : 40 in PBS, at room temperature for 60 minutes, followed

by 2 washings with PBS for 10 minutes. The peroxidase activity was

visualized according to Graham and Karnovsky (6), by incubation

with diaminobenzidine-H3O; (7.5 mg DAB in 10 ml PBS + 100 gl
H‚,O, 0.3%) for 5 minutes, followed by 2 washings with PBS. Sub-

sequently the cells were postfixed with 1% osmiumtetroxide in 0.1

M phosphate buffer for 60 minutes (12). Cell preparations were

dehydrated in graded solutions of ethanol and propyleneoxide and

embedded in Epon. All incubations and washings were performed at

room temperature and standard conditions were applied to the cells

of all donors. Sections were cut on a Reichert mierotome and stained
with a saturated solution of uranylacetate in distilled water for 20

minutes and finally coated with carbon.

For morphological investigation, leukocyte suspensions were

prepared from 2 atopic and 2 non-atopic subjects, in the foremen-

tioned way. After being washed twice in Hijmans’ washing fluid, cells

were fixed for several hours in a paraformaldehyde-glutaraldehyde

fixative in phosphate buffer, pH 7.4, according to Karnovsky (10)

washed in 0.l M phosphate buffer, and postfixed by incubation in

OsO4 1% for 60 minutes. Cells were dehydrated in graded solutions

of ethanol and propyleneoxide and embedded in Epon. Ultrathin

sections were cut‚ stained with the uranylacetate solution for 20
minutes, followed by staining with a solution of leadhydroxide for

10 minutes, and finally coated with carbon. All preparations were

studied with a transmission electron microscope (Philips EM 300).

From all donors approximately 10 basophils were investigated, which

could be distinguished because of their characteristic granules (22).

The mean intensity of the peroxidase activity of the basophils was

judged subjectively as: +++ strongly positive; ++ positive; + modera-

tely positive; £ weakly positive; — negative. All preparations were

observed and scored without knowing from which subject they came.
Representative cells were photographed on Kodak film.
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Total serum IgE assay and radio allergo sorbens test (RAST)

The IgE serum level was determined as described previously (14).

Specific antibodies to grass pollen and house dust were demonstrated

with the RAST (14).

RESULTS

Basophilie granulocytes, containing the specific electron-dense
granules (22), were observed in electron mieroscopy in the cell

suspensions of all donors but one. In the leukocyte suspension of

donor F.E., no such cells were found, However, peroxidase positive

cells were present in the same proportion as basophils in the other

subjects, and the nucleus of these cells had the same shape. Probably

these cells were degranulated basophils, but this could not be ascer-

tained.
Along the cell-surface membrane of the basophilic granulocytes,

peroxidase activity was observed (Fig. 1, 2). Some mononuclearcells of

subject H.R. also showed a weakly positive peroxidase staining. How-

ever, in the cell suspensions from the other donors investigated, per-

oxidase activity was only seen on the basophils. Approximately 10

basophils were investigated from all donors. Along the circumference

of the single basophil no differences in the intensity of the peroxi-

dase activity were seen. Between the basophils in a single subject the

intensity of the peroxidase activity was found to vary marginally.

This phenomenon was also observed when the basophils were studied

by means of immunofluorescence microscopy (14). However, the

differences between the various subjects were much ‘more

pronounced (Fig. 1,2, 3).

The mean intensity of the peroxidase staining with ShaHIgE-HRP
was compared with the fluorescence intensity of the basophils from

the same subject, the IgE serum level and the presence or absence of

atopy (Table U).
The distribution of the peroxidase was also found to vary: in all

subjects with a peroxidase activity on their basophils ranging from

moderately to strongly positive, it was homogeneous along the cell-
membrane over the entire circumference of the cell (Fig. L, 2). On the

basophils, which were weakly positive, peroxidase activity was dis-

tributed in small spots over the cell circumference (Fig. 3). Capping

was not observed.



 
Fig. 1: A basophilic granulocyte fixed in 1% paraformaldehyde and incubated with Sha-
HIgE-HRP,\diluted 1 : 40 in PBS, showing a strongly positive (+++) membrane staining.
@ 22.500)  

EAST:

Fig. 2: Part of the cell circumference of a basophilic granulocyte,fixed in 1% paraformalde-
hyde and incubated with ShaHIgE-HRP, diluted 1 : 40 in PBS, showing a positive (+) mem-

brane staining. (x 22.500)

TABLE I Allergy parameters of the various subjects, and the
relative amount of IgE on their basophilic granulo-
cytes.

Subjects T.M, AH. CLE, JA CH EE. HR. AV.

Clinical atopy EE en af

IgE serum level (IU/ml) 3 4 65 89 37 268 290 500

RAST-score (against Nn
house dust/pollen)

Fluorescenceintensity 47 53 123 132 171 224 294 396
of the basophils (RFI) :

Peroxidase intensity
of the basophils in +
immunoelectron microscopy

1 si ee an

* _— recently shown hypersensitivity to insect
stings.

*k_ only “degranulated basophils”’ present in
the preparation.
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Fig. 3: A basophilic granulocyte, fixed in 1% paraformaldehyde and incubated with Sha-
HIgE-HRP, diluted [ : 40 in PBS showing a weakly positive (+) spotty membrane staining
(arrows). (x 22.500)
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With regard to morphology, villi of the cell-membrane of the PFA-

fixed cells were observed incidentally. Since the morphological

details of the basophils, which had strongly reacted with the ShaHIgE-

HRP, did not come forward in a satisfactory way, cells fixed in

Karnovsky’s fixation fluid were also examined. Villi were not

thought to contribute significantly to an augmentation of the cell-

surface of basophils fixed in this way either. Furthermore, no differ-

ences in villi-formation were observed between the basophils of the

atopie and those of the non-atopic subjects.

DISCUSSION

IgE bound to the cell-surface of basophilic granulocytes could be

detected in immunoelectron microscopy, using PFA-fixed leuko-

cytes. Membrane-bound IgE was absent on the surface of any other

kind of cells in the suspension, except in the cell suspension of one

subject, in which mononuclear cells, probably monocytes, were seen,

that were positive for peroxidase. Monocytes, weakly positive for

FlalgE, were observed in a previous study (17), and this reaction

appeared to be aspecific in blocking and absorption experiments
(17). That the peroxidase staining of the basophil cell-membrane is

not an aspecific reaction was demonstrated by absorption experi-
ments and by the results of previous experiments, using anti-human

thymus lymphocyte antigen serum and horse anti-rabbit serum

labeled with HRP (16).

Since no eosinophilic granuloeytes were present in the prepara-

tions investigated in immunoelectron microscopy, the results of Hub-

scher (8), who demonstrated membrane-bound IgE on human eosino-

phils in electron microscopy by means of an indirect immunoferritin

technique, could not be confirmed. Eosinophilic granylocytes, how-

ever, when observed in our other studies using quantitative immuno-

fluorescence microscopy, werc always negative for IgE. Also in tissue

sections, eosinophils proved to be negative for IgE (5).

The question, whether the differences in the fluorescence intensity

of the basophils, found previously (14), were due to variations in the

density of the IgE molecules or to variations in the size of the cell-

surface membrane, may be answered in favour of the first possibility

or of a combination of the two causes. No differences in villi forma-

tion were observed between the basophils of the various subjects,

neither did villi formation contribute significantly to the dimension
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of the cell surface. However, it must be noted, that the cells were

isolated prior to fixation, and, although different methods of fixation

were applied, the cell morphology can have changed as a result of the

isolation procedure. This problem can be overcome by direct fixation

of whole blood in the paraformaldehyde-glutaraldehyde fixative, as

was done with thrombocytes (unpublished results). However,

applying this fixation method, the identification of the rare basophils

will be an insurmountable problem, because cells can not be separated

after this procedure.
On the other hand, the intensity of the peroxidase activity along

the cell-surface membrane of the various subjects varied considera-

bly. The quantitation of the intensity of the peroxidase activity in

electron microscopy remains subjective, but the differences were

obvious (Fig. |, 2, 3} and these were found to correspond roughly with

the amount of basophil-bound IgE, as estimated by quantitative

immunofluorescence microscopy and with the IgE serum level of the-

subjects (Table 1).

The distribution of IgE along the cell-surface membrane was linear

in most of the subjects. The spotty pattern, observed in the subjects

T.M. and A.H., is thought to represent either the minimal detection

level for membrane-bound IgE or the distribution of the molecules,

when only a minimal amount of IgE is present. From previous elu-

tion experiments (14), it can be calculated that in these 2 subjects

approximately 15.000 molecules IgE are bound to 1 basophil. When

distributed evenly, this would mean 15.000 molecules per 300 um? (ò

of a basophil = 10 gm) (18). From these figures one can expect that per

1 um membrane in a section of 0.1 um thickness, roughly 5 IgE mole-
cules are present.

The linear pattern is in accordance with the results of Becker et al.

(2) with monovalent anti-lgE. Apparently the fixation with PFA

prevents redistribution of IgE after incubation with the antiserum
(3), while after incubation of non-fixed cells at OPC still some redis-

tribution occurs, although this was not found by Sundqvist (19).

This possibility could explain the contrast between the foremen-

tioned linear configuration and the patchy distribution found by

Sullivan et al. (18). In that study basophils from 3 non-atopic

individuals showed considerable variations in the amount of surface-
bound IgE, although no correlation with the IgE serum level was

found. In view of the serum IgE values of the subjects in that study,

it is not likely that the patchy pattern was caused by minimal
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amounts of IgE on the basophils of those 3 subjects.

Our conclusion is, that IgE is distributed linearly on the human

basophils along the cell-surface membrane or in spots, when minimal
amounts of IgE are present. Variations between the subjects, as ob-

served with both the immunofluorescence and the immunoperoxi-

dase techniques, are, at least partly, caused by a varving density of

IgE molecules on the cell-surface membrane. An increase in the size

of the cell-surface membrane of the basophils from atopic subjects

was not observed in the isolated and fixed cells, but in vivo differ-

ences can not be excluded.
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CHAPTER IX

EXPERIMENTS ON THE PASSIVE SENSITIZATION OF HUMAN

BASOPHILS, USING QUANTITATIVE IMMUNOFLUORESCENCE
MICROSCOPY*
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tory of Experimental and Clinical Immunology, University of

Amsterdam, P.O.B. 9190, Amsterdam, The Netherlands.

ABSTRACT

In previous experiments a correlation was found between the

amount of IgE on human basophils and the IgE serum level. The

results of these experiments are shown to fit a free exchange model
with an approximately constant K-value. We investigated whether the

free IgE-receptors on the basophils, which should be present accord-

ing to this model, could be saturated by incubating the cell suspen-

sions with IgE myeloma protein or with sera from patients with an

elevated IgE serum level. Various incubation conditions were applied

in sensitizing the leukocytes, and cells from both atopic and non-

atopie subjects were used for testing, but no increase in basophil-

bound IgE could be measured with the quantitative immunofluores-

cence technique. Nor could we demonstrate a significant dissociation

of cell-bound IgE in a period of 24 hours. Therefore another hypoth-

esis is put foreward, in which receptor turnover is taken into

account: we assumed that the free receptors on the basophils had a

shorter functional half-life, than the half-life of the IgE-receptor
complexes. This model would explain the contradictory results
mentioned above.

INTRODUCTION

Immunoglobulin E can bind to basophils and mast cells (15), and

* Int. Arch Allergy (in press)
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incubated with the antiserum absorbed with NHS, a similar peroxidase
activity was seen as in the preparations treated with the unabsorbed

ShaHlIgE-HRP.

Lmmunoeleetron microscopy

Two ml of the leukocyte suspension were fixed with PFA 1%for

[5 minutes (13) and washed: once in Hijmans’ washing fluid (9) and

once in PBS, The cells were incubated with the ShaHIgE-HRP,

diluted 1 : 40 in PBS, at room temperature for 60 minutes, followed

by 2 washings with PBS for 10 minutes. The peroxidase activity was

visualized according to Graham and Karnovsky (6), by incubation
with diaminobenzidine-H;O; (7.5 mg DAB in 10 ml PBS + 100 ul

H,03 0.3%) for 5 minutes, followed by 2 washings with PBS. Sub-

sequently the cells were postfixed with 1% osmiumtetroxide in 0.1

M phosphate buffer for 60 minutes (12). Cell preparations were

dehydrated in graded solutions of ethanol and propyleneoxide and

embedded in Epon. All incubations and washings were performedat

room temperature and standard conditions were applied to the cells

of all donors. Sections were cut on a Reichert mierotome and stained
with a saturated solution of uranylacetate in distilled water for 20

minutes and finally coated with carbon.

For morphological investigation, leukocyte suspensions were
prepared from 2 atopic and 2 non-atopic subjects, in the foremen-

tioned way. After being washed twice in Hijmans’ washing fluid, cells
were fixed for several hours in a paraformaldehyde-glutaraldehyde
fixative in phosphate buffer, pH 7.4, according to Karnovsky (10)

washed in 0.1 M phosphate buffer, and postfixed by incubation in
OsO4 1% for 60 minutes. Cells were dehydrated in graded solutions
of ethanol and propyleneoxide and embedded in Epon. Ultrathin

sections were cut‚ stained with the uranylacetate solution for 20

minutes, followed by staining with a solution of leadhydroxide for

10 minutes, and finally coated with carbon. All preparations were

studied with a transmission electron microscope (Philips EM 300).

From all donors approximately 10 basophils were investigated, which

could be distinguished because of their characteristic granules (22).

The mean intensity of the peroxidase activity of the basophils was

judged subjectively as: +++ strongly positive; ++ positive; + modera-

tely positive; £ weakly positive: — negative. All preparations were

observed and scored without knowing from which subject they came.

Representative cells were photographed on Kodak film.
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Total serum IgE assay and radio allergo sorbens test (RAST)

The IgE serum level was determined as described previously (14).

Specific antibodies to grass pollen and house dust were demonstrated

with the RAST (14).

RESULTS

Basophilic granulocytes, containing the specifie electron-dense

granules (22), were observed in electron microscopy in the cell

suspensions of all donors but one. In the leukocyte suspension of

donor F.E. no such cells were found, However, peroxidase positive
cells were present in the same proportion as basophils in the other

subjects, and the nucleus of these cells had the same shape. Probably

these cells were degranulated basophils, but this could not be ascer-

tained.

Along the cell-surface membrane of the basophilic granulocytes,

peroxidase activity was observed (Fig. 1, 2). Some mononuclearcells of

subject H.R. also showed a weakly positive peroxidase staining. How-

ever, in the cell suspensions from the other donors investigated, per-

oxidase activity was only seen on the basophils. Approximately 10

basophils were investigated from all donors. Along the circcumference

of the single basophil no differences in the intensity of the peroxi-

dase activity were seen. Between the basophils in a single subject the

intensity of the peroxidase activity was found to vary marginally.

This phenomenon was also observed when the basophils were studied

by means of immunofluorescence microscopy (14). However, the

differences between the various subjects were much ‘more

pronounced (Fig. 1,2, 3).

The mean intensity of the peroxidase staining with ShaHIgE-HRP

was compared with the fluorescence intensity of the basophils from

the same subject, the IgE serum level and the presence or absence of

atopy (Table I).

The distribution of the peroxidase was also found to vary: in all
subjects with a peroxidase activity on their basophils ranging from

moderately to strongly positive, it was homogeneous along the cell-
membrane over the entire circumference of the cell (Fig. 1, 2). On the

basophils, which were weakly positive, peroxidase activity was dis-

tributed in small spots over the cell circumference (Fig. 3). Capping

was not observed.
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cence intensity of 30 basophils was measured and expressed as the

Relative Fluorescence Intensity (RFI). The mean background values

were assessed. Mean values of the fluorescence intensity of the baso-

phils minus background values (£ two times the standard error of the

mean). are given in the various tables.

IgE assay

The amount of IgE in the washing fluids, obtained between the

sensitization and the fixation procedure, was measured by a non-

competitive assay (18). The total serum IgE of the various subjects was

determined as previously described (18).

RESULTS

The relation between cell-bound and free IgE

The relation between serum IgE and basophil-bound IgE has been

TABLE Ia. The mean fluorescence intensity of the basophils from 4 atopic

subjects. The cells were sensitized by incubation at 0°C for 10 minutes.

Subjects N.G. J.M. M.H. B.M.

IgE serum level — IU/ml 22 27 35 40
 

Unsensitized cells * + +9 tsies 194(+14)* 277(230) 195(420) 215(+26)

 

Incubation with:
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TABLE Ib. The mean fluorescence intensity of the basophils from 4 healthy

subjects. The cells were sensitized by incubation at O°C for 10 minutes.

Subjects

IgE serum level — IU/ml

PS. J.A. ER. GL,

28 30 14 25
 

Unsensitized sells

fixed with PFA
11+ 8)* 181(E21) 10112) 125(+18)
 

Incubation with:

Tris-A buffer

donor’s own serum

myeloma IgE 30,000 1U/mi

myeloma IgE 10,0900 IU/ml

myeloma IgE 3,500 IU/ml

serum from a schistosoma

patient 10,000 TU/ml

serum from an atopic

patient 2,500 TU/ml

120(+ 9) 198(422) 105(+16) 115(+10)
141(#10) 1824420) 97E12) 106213)
138(210) 191227) 9713) 130(213)
1249) 197424) 97214) 131(217)
135(& 9) 21022) 11612) 118(216)

129(* 9) 179421) nd. 12912)

UIT8) 197230) nd. 141(+15)
  *() =t 2x standard error of the mean

n.d, =not done

described by Ishizaka et al. (9) as a free exchange model with the

formula:

(receptors combined)
 

_ (serum IgE) (free receptors)
Tris-A buffer 241(222) 298(437) 250(+22) 254439)

donor’s own serum 219426) 323(37) 2228(E19) 234(430)

myeloma IgE 30,000 IU/ml 224(+28) 308(429) 236(435) 243(433)
myeloma IgE 10,000 LU/ml 218(+27) 306(+30) 244(+30) 206(+34)
myeloma IgE 3,500 IU/ml 207427) 260(+30) 233(426) 226(432)
serum from a schistosoma

+ + + +patient 10,000 1U/ml 232428) 295(437) 237(E29) 226(+30)

RADE 208(426) 280(427) 218(+21) 202232)
patient 2,500 1U/ml
  *() =t 2x standard error of the mean

The fluorescence intensity values of the basophils from 29 non-

atopic controls, subjects of a previous study (19) and their total

serum IgE values were used to see whether these data would fit this

unsaturated free exchange model (Fig. 1), and a correlation of 0.803
was found. The K-value was calculated to be approximately:

K = 0.039 x [LU IgE/ml}=* =

=0039 x [10° x1.2x 101 |" M=*=
=3.0 x10° M-!

(1 IU IgE = 2.4 x 10° gram; molecular weight of IgE = 2 x 105 (9);
1 TU IgE/1 = 1.2 x 10 -!* M).

The ‘total amount of IgE-receptors was estimated to be 244 RFI,
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Fig. L. The Relative Fluorescence Intensity (RFI) of the basophils from 29 non-atopic subjects

was compared with the IgE level of the serum of these subjects. The bestfitting curve, accor-
ding to the free exchange model, was calculated using the method of least squares. A correla-

tion coefficient of 0.803 was established*. The asymptote indicates the maximal IgE-load on
basophils of non-atopic controls according to this model, The IgE serum level, correspond-

ing with a half-maximal IgE-load, reflects the reciprocal equilibrium constant of the reaction
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TABLE Ila. The mean fluorescence intensity of the basophils from 4 atopic sub-

jects. The cells were sensitized by incubation at 37°C for 60 minutes.

Subjects N.G. J.M. MH. B.M.

IgE serumlevel — TU/ml 22 27 35 40
 

Unsensitized gells
ae 194(214)* 277(+30) 195(+20) 215(+26)

 

Incubation with:

Tris-A buffer 191(220) 268(229) 213(*23) 188(427)

donor’s own serum 195(218) 270(*+30) 197(#20) 171(33)

myeloma IgE 30,000 IU/ml 160(+12) 268(*30) 205(#26) 188(429)

myeloma IgE 10,000 IU/ml 175(+12) 258(+25) 208(+20) 183(+26)
myeloma IgE 3,500 IU/ml 167(+12) 278(+35) 208(+27) 169(+25)
serum from a schistosoma

patient 10,000 IU/ml

serum from an atopic

patient 2,500 TU/ml

185(213) 243(432) 205(421) 195(+20)

182(413) 261(#27) 205(4+23) 209227)
  XK =t 2x standard error of the mean

which corresponds with 180,000 IgE molecules per basophil in the

elution technique (18).

Passive sensitization experiments

When the relation between cell-bound and free IgE would fit this

model, only half of the receptors would be occupied at an IgE serum
level of 26 [U/ml. Thus one would expect an increase in basophil-

bound IgE after incubation in an IgE-rich medium, if the donor has a
low IgE serum level. In atopic patients, the relation between cell-

bound and free IgE did not fit the data as found for non-atopic

donors; a higher fluorescence intensity of the basophils was found

than was expected. This could be caused, for instance, by differences

in the amount or the affinity of the IgE-receptors. However, when

free IgE-receptors are present in atopic subjects, they are most likely

present on the basophils of atopics with a low IgE serum level.

Leukocyte suspensions from 4 atopic subjects and 4 healthy con-
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TABLE IIb. The mean fluorescence intensity of the basophils from 4 healthy

controls. The cells were sensitized by incubation at 37°C for 60 minutes.

Subjects BS. J.A, E‚R. GL.

IgE serum level — TU/ml 28 30 14 25

 

Unsensitized cells JE + +iste wit: PEA IIG 8)* 181(E21) 10112) 125(+18)

 

Incubation with:

Tris-A buffer 104(* 7) 173(24) 102217) 132417)
donor’s own serum 9l(E 7) 165(225) BIEII) 130(218)

myeloma IgE 30,000 IU/ml 96+ 7) 175(E21) AEL) 128(#18)

myeloma IgE 10,000 IU/ml 97(* 7) 190(£25) 10113) 153(£23)

myeloma IgE 3,500 IU/ml| 110(* 8) 188(#24) 91(EII) 132(420)

serumfrom a schistosoma

patient 10,000 LU/ml

serum from an atopic

patient 2,500 IU/ml

94E 7) WO430) 10312) 123(+13)

105(+ 7) 184(*+19) 85(*14) 126(#16)
  *=t 2x standard error of the mean

trols, all with an IgE serum level of less than 50 [U/ml, matched for

age, sex and IgE serum level, were incubated with the myeloma IgE,

in various dilutions, and with the various sera, at 0° C for 10 minutes
(Table la, Ib) or at 37°C for 60 minutes (Table [Ia, IIb). Applying the

method of analysis of variance, no significant increase in the fluores-

cence intensity was observed under these incubation conditions.

Äs indicated by the values for the standard error of the mean, the

minimal detectable change (MDC), testing individual comparisons with

the q-statistic, was estimated to be approximately 25% (MDC =q. SEM:

q is determined Ly: range of values/standard deviation). The fluores-

cence intensity values of the basophils of some of the subjects are in a

slightly higher range after incubation at 0 C for 10 minutes, than after

directfixation ofthe cells or after incubation at 37° C for 60 minutes.

However, no significant difference was found between the values ob-

tained after incubation of the cells with Tris-A buffer or the donor’s

own serum, and those obtained after incubation in an IgE-rich medium.
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TABLE IL IgE content in the washing fluids obtained after passive sensitization

of the basophils from 4 atopic and 4 non-atopic subjects; with myeloma IgE in 3

dilutions.

Subjects NG* JM* MH* BM2PS,. JA, ER. GL.

After sensitization with

myeloma IgE 30,000

IU/ml:

(IgE) in the second
wasting flat — TUftal 18 18 18 21 34 29 23 33

(IgE) in the third
washing fluid — [U/ml 8 5 8 à 2 8 B
 

After sensitization with

myeloma IgE 10,000

IU/ml:

(IgE) in the second

washing fluid — TU/ml

(IgE) in the third

washing fluid — LU/ml

vo EN EN & _ E
N = on
l

 

After sensitization with

myeloma IgE 3,500

IU/mi:

(IgE) in the second

washing fluid — TU/ml

(IgE) in the third

washing fluid — IU/ml Ì 2 2 2 l 2 8

  * = atopic subject

The amount of IgE in the washing fluid, obtained by washing three

times after the sensitization procedure, was measured (Table III) and
ranged from 1 to 9 [U [gE/mlin the last washing. When the amounts of

IgE in the second and the third washing were compared, IgE, which was

initially bound, seemed to be released. However, it is not likely that

IgE, which is bound to the IgE-receptor on the basophii, is washed off,
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TABLE IV. The mean fluorescence intensity of the basophils from 3 atopic and 3

non-atopic subjects. The cells were pre-incubated in Tris-A buffer at 4°C for 24
hours, and sensitized by incubation at 0°C for 10 minutes.

 

Subjects JM* MH* BM* JA. ER. GL.

IgE serum level — LU/ml 27 35 40 30 14 25

Unsensitized cells 277 195 215 181 101 125
fixed with PFA (230)** (#20) (*26) (E21) (+12) (+18)
 

After pre-incubation,

incubation with:

Tris-A buffer 264 204 224 153 103 156

E27) (#27) (34) (1814) (18)

myeloma IgE 30,000 IU/ml 265 204 234 157 96. I58

228) (#24) (#37) (#22)(E14) (#16)

serum from an atopic 151
gent 2,500 TU/m n.d. n.d. n.d, n.d. nd. (+18)

 

*_= atopic subject
tek () = + 2x standard error of the mean

n.d. =not done

 
since the amount of basophil-bound IgE did not decrease after incuba-

tion of the leukocytes in Tris-A buffer for 24 hours (Table IV). We also

investigated a possible effect of the presence of both EDTA and Hepa-
rin in the incubation medium (13, 14). In 3 subjects, with a small

amount of basophil-bound IgE, no increase could be measured, al-
though various incubation conditions were applied (Table Va, Vb).
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TABLE Va. The mean fluorescence intensity of the basophils from 3 healthy con-

trols. The cells were sensitized by incubation at 37°C for 90 minutes, in the pre-

sence of 0.005 M EDTA and Heparin 1 [U/ml in the incubation medium.

Subjects K.W. A.H. T.M.

IgE serum level — TU/ml 32 4 3
 

Unsensitized cells *een 95(412)* 50(E 6) 43(* 4)
 

Ineubation with:

Tris-A buffer 10217) 3744) 33+ 4)
donor’s own serum 96(E14) 4248) 33E 4)

myeloma IgE 30,000 IU/ml{ 97(E14) 52412) 41+ 6)

serum from a schistosoma

patient 10,000 TU/ml

serum from an atopic

patient 2,500 1U/ml

106(+18) 47(+14)  45(+ 4)

87(*10) 47(+ 4) 56(+10)
  *() =+ 2x standard error of the mean

TABLE Vb. The mean fluorescence intensity of the basophils from 3 healthy con-

trols. The cells were sensitized by incubation at 37°C for 90 minutes, in the pre-

sence of 0.01 M EDTA in the incubation medium.

Subjects K.W. AH. T.M.

IgE serum level — IU/ml 32 4 3
 

Unsensitized cells * +
fixed with PEA 9512)" 50E 6) 434)
 

Incubation with:

Tris-A buffer 106(E16) 43(£ 5) 35(44)

donor’s own serum 103(216) 37(t 5) 335)

myeloma [gE 30,000 IU/ml! 103(216) S55(+10) 43(26)

serum from a schistosoma

patient 10,000 TU/ml

serum from an atopic

patient 2,500 IU/ml

IIS) 476)  47(+5)

96(+10) 44(* 6) 47(+6)
  *() =t 2x standard error of the mean
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DISCUSSION

The relation between basophil-bound and free IgE corresponds to

an unsaturated free exchange model. In this model the number of

IgE-receptors on the basophils of the various subjects is assumed to
be the same, with a similar affinity for IgE. The values for the fluo-

rescence intensity of the basophils, as a measure for the IgE-load,

from 29 non-atopic donors and their IgE serum values, were demon-=

strated not to disagree with the model: a correlation of 0.803 was

found (Fig. 1). The calculated K-value was 3 x 10° M”*, which fits
in the range found by Ishizaka et al. (9): 0.1 x 10° to 10 x 10° M-!.

The total number of IgE-receptors per basophil in non-atopic sub-

jects was calculated to be approximately 180,000 according to this

model.

The observations of others seem to sustain this model:

Ll. the correlation between basophil-bound IgE and serum IgE level,

as found by Conroy et al. (3, 8);

. the increase of the amount of basophil-bound IgE after incubation

with myeloma IgE, found by Ishizaka et al. (9) using the C,

fixation transfer test, by Sullivan et al. (21) in immunoelectron

microscopy and by Ishizaka et al: (9, 10) using autoradiography;
3, the inhibition of passive sensitization of human lung fragments by

saturation of the IgE-receptors with [gE-rich serum (S), pointing

to free IgE-receptors on human mast cells;

4, the passive sensitization of human leukocytes with patient serum

in histamine release experiments (12, 16, 23).

These findings all point to a free exchange model with a certain

amount of unsaturated IgE-receptors on the basophils.

Therefore, it was surprising, that, although various incubation con-

ditions, mentioned in literature (9, 12, 13, 14), were applied, no
increase in basophil-bound IgE could be measured after sensitization

with either myeloma IgE or with IgE-rich sera. Nor could a signifi-

cant dissociation of basophil-bound IgE be demonstrated by

incubating the cells in Tris-A buffer for 24 hours, which contrasts

with the 10% decrease per hour found on rat basophilic leukemia

cells (2).

What could be the reason for this failure to demonstrate free

IgE-receptors?

|) It can bethat our quantitation method is not sufficiently accurate

or sensitive to detect small changes in cell-bound IgE. However,

1
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1.5- to 7-fold increase after passive sensitization with myeloma IgE as

measured by Ishizaka et al. (9), would certainly have been detected.

We estimate that it must be possible to detect a 25% increase or

decrease. The results of the passive sensitization experiments (12)

can be explained by an increase of cell-bound IgE of less than 25%,

since, per basophil in the incubation medium only 100 molecules of
allergen, of which presumably only a fraction really binds, are neces-

sary for histamine release (15). Furthermore, in 12 out of 14 sub-
jects, tested by Levy (11), whose leukocytes had shown increased

sensitivity to the allergen after passive sensitization, no shift in the

anti-IgE dose-response curve could be demonstrated. Presumably, a

very small number of IgE molecules per cell is sufficient for sensitiza-

tion. Also the preliminary experiments we performed (22), showed

histamine release after passive sensitization and allergen challenge,

without increase of basophil-bound IgE, as measured by quantitative

immunofluorescence microscopy. The quantitative aspects of the

results in immunoelectron microscopy and autoradiography are diffi-

cult to interpret.

2) It can be the sensitization conditions do not resemble the ix

vivo situation to such an extent, that an increase in cell-bound IgE

can be obtained.

— The incubation time may be too short to obtain a detectable

increase in cell-bound IgE. However, in Ishizaka’s experiments (9)

cells were incubated with the myeloma IgE for only 10 minutes. It is

possible, that after binding of IgE to free receptors, some time is

required for stabilization of the IgE-receptor complexes. This effect,

corresponding to the distinction made by Lichtenstein (15) between

absorption and fixation of IgE to basophils, can be caused, for

instance, by a multivalent interaction between IgE and receptor. In

that case IgE, bound in vitro after short time sensitization, would

dissociate much faster than the IgE bound to the basophils in vivo.
The results of our IgE determinations in the washing fluid, obtained

after in vitro sensitization with myeloma IgE, contrasting with the

absence of measurable dissociation of IgE bound to the basophils in
vivo, sustain this possibility.

In the experiments of Ishizaka et al. (9), this loosely bound IgE
could have been measured, whereas in our experiments, in which the

cells were washed more extensively, this loosely bound IgE was

removed. It should be noted, that in our experiments also one
incubation with toluidine blue/PFA and two more washings were
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performed before the addition of the FlalgE, thus minimizing the

amount of soluble IgE in the actual measurement. Studies will be

undertaken with cells being cultured in the presence or absence of

IgE for several days, to further investigate the forementioned points.

— A decrease of cell metabolism prevents binding of [gE to the

receptor. This is unlikely, since cells can be sensitized and release

histamine under the same conditions (12, 13).

3) Possibly the results of the sensitization studies and those

demonstrating binding of 125 IgE to the basophils do not reflect the

presence of free receptors, but an exchange of [gE molecules. This

possibility contrasts with the inhibition of passive sensitization of

lung fragments by pre-incubation with IgE-rich serum (5).
If we suppose, that there is no detectable amount of free IgE-

receptors on the basophils, how can this be reconciled with the dose-

response relationship between cell-bound and free IgE, found to fit

the unsaturated free exchange model?
Another hypothetical model is proposed, with the following equa-

tions:

[IgE]
k. | ks k4

» R B

en
ks

dB
or =O R[IEE]ks = Blk +k)

dR

Elimination of R:

= kik, [IgE]

[IgE]k)k4 +k3ks +kaks

1_ ka + ks(ka + ka) 1

ES kik [IgE]

k
B zt
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(R = free receptors; B = IgE-receptor complex; [IgE | = serum IgE.) In

this alternative model, receptors for IgE (=R) are formed continuous-

ly on the surface membrane of the basophilic granulocytes with a

reaction constant k,. These receptors lose their function to bind IgE

to the cell with a reaction constant ks, unless IgE is bound to the

free receptor, resulting in an IgE-receptor complex (=B), with a reac-

ton constant ks. This complex can either dissociate into a free

receptor and IgE (k3), or it can be shedded from the cell surface

(ka). Thus, the functional half-life of the free receptor is shorter than

that of the IgE-receptor complex. In this model there is a dose-

response relationship between the amount of IgE in the serum and

basophil-bound IgE, although the amount offree [gE-receptors may

be undetectable. The properties of the solubilized IgE-receptors from

rat basophilic leukemia cells (17), i.e. a hiehly unstable free receptor

with a functional half-life of > 10 minutes, support this assumption.
Newman et al. (17) also found considerable protection of the recep-

tor, when the latter was saturated with [eE. The enhancement of the

125 ree binding to rat mast cell receptors by protease inhibitors (1)

suggests that a protease in the plasma membrane interferes with the
IgE-receptor, and possibly destructs it, before IgE can bind.

Also when receptor synthesis is such a fast process, that in fact not

the velocity of the synthesis, but the total number ofreceptorsites is

constant, the relation between serum and cell-bound IgE answers to

the forementioned formula. In that case we must assume that the

membranes of basophils with a small IgE-loadare largely occupied by
inactive receptors.

The relation between serum and cell-bound IgE from atopic sub-

jects, which did not fit the unsaturated free exchange model, can

easily be fitted in this new model. If we assume, for instance, that

the rate of receptor synthesis or the rate of complex shedding can

vary, then the amount of IgE, bound with a similar IgE serum level,

can increase.

We conclude that the present model can explain the results in the
experiments on the quantitation of basophil-bound IgE (18, 19):

a) the IgE serum level influences the amount of basophil-bound IgE:
b) atopy itself effects the amount of basophil-bound IgE;
e) no free [gE-receptors are detectable on the basophils.
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SUMMARY

Antibodies belonging to the immunoglobulin E class play an

important part in allergic disease. The reaction between an allergen

and IgE, bound to mast cells or basophilic granulocytes, initiates the

release of histamine and other mediators of the allergic response.

In chapter 1 a short introduction is given, summarizing the various

methods used by others to demonstrate the presence of IgE on

basophilie granuloeytes and on mast cells. A quantitative determina-

tion of the amount of basophil-bound IgE, however, was only possi-

ble with either insensitive or complicated methods. Therefore, the

aim of this study was: to develop a method to identify human baso-

philie granuloeytes in leukocyte suspensions and to estimate the

amount of IgE bound to these basophils, by means of quantitative

immunofluorescence microscopy.

In chapter IL the production and testing of the fluorescein isothio-

cyanate labeled sheep anti-human IgE (FlalgE), used in these studies,

is briefly described.

In chapter III a method is described by which human leukocyte

preparations, obtained by Ficoll-Isopaque centrifugation, are stained

and fixed in such a way that basophilic granulocytes in these prepa-

rations can be easily identified, when the suspensions are subjected

to immunofluorescence procedures with FlalgE. Capping, blocking

and absorption experiments confirmed the specifieity of the method.

Chapter IV shows how the forementioned basophil identification

technique is used, in order to study the presence of a common

antigen on human basophils, mast cells and thymus lymphocytes,

Basophilic granulocytes and mast cells of different species have been

reported to originate from thymocytes and other lymphocytes,

presumably T-lymphoecytes. Recently, this theory was sustained,

when evidence was produced that a thymic antigen is present on

rabbit basophilic granulocytes. In the investigations described in this

chapter, human leukocytes were tested by the immunofluorescence

technique and the immunoelectron microscopy technique to see

whether a human thymus lymphoecyte antigen (HTLA) could be

detected on their surface. We could demonstrate the presence of

HTLA on T-lymphocytes, but, neither on basophilic granulocytes nor

on mast cells in various tissues.

By means of the forementioned basophil staining and fixation tech-

nique, it was possible to identify basophilic granulocytes in leukocvte
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suspensions subjected to the immunofluorescence technique with

FlalgE. In chapter V the way of measuring the fluorescence intensity of
the basophils by means of quantitative immunofluorescence microsco-

py, asa reflection of the IgE-load per cell, is described. The reproduce-

ability of this technique and the influence ofthe incubation time were

studied. The mean fluorescence intensity of the basophils varied con-

siderably in six donors, but the cells of two atopic patients showed the

highest intensity. IgE was eluted from the cells at pH 2.5 and measured
in the supernatant. A correlation was found between the amount of IgE

eluted per basophil and the mean fluorescence intensity of the baso-

phils. The number of IgE molecules per basophil was found to range
from 15,000 to 500,000.

In chapter Vl is described, how this technique was used for studying

basophil-bound IgE in 28 atopic subjects and in 29 healthy controls.
The fluorescence intensity of the basophils from the atopic patients,
both with a low and with an increased serum IgE, was significantly
higher than the fluorescence intensity of those from the controls. A

significant correlation was also found between the IgE serumlevel and

the amount of basophil-bound IgE,

In chapter VII the method is described, by which the amount of

mast cell-bound IgE can be determined semi-quantitatively by end

point titration with FlalgE on cryostat sections of bronchial tissucs,

tonsils and adenoids. In 37 subjects, mast cell-bound IgE could be

compared with the amount of IgE on the basophils, assessed by quan-

titative immunofluorescence microscopy. A correlation between the

IgE-load on both cell types was found, and the influence of the IgE-

serum level and atopy on mast cell-bound IgE and on basophil-bound

IgE was shown to be similar.

In chapter VIII results are presented to answer the question,„whether

the variation in the amount of cell-bound IgE is due either to differ-
ences in the density of the IgE molecules on the surface of the baso-

phils, or to variations in the surface of the cell-membrane e.g. by villi

formation. In immunoelectron microscopy cell-bound IgE was demon-
strated on basophilie granulocytes using horse radish peroxidase label-
ed anti-IgE. The distribution of IgE on the basophils was studied in

atopic and non-atopic subjects. The intensity of the peroxidase reac-

tion on the basophils seemed to agree with the amount of cell-bound

IgE, assessed by quantitative immunofluorescence microscopy. Villi
were observed incidentally and they did not contribute significantly to
an augmentation of the cell surface.
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Chapter IX deals with the relation between the IgE receptors on

the basophils and the IgE level of the serum. In the previous chapters

the correlation found between the amount of IgE on basophils and
the IgE serum level is mentioned. In this chapter, these results are

shown to fit a free exchange model with an approximately constant

K-value. We investigated whetherfree IgE receptors on basophils —

which should be present according to this model — could be saturated

by incubating the cell suspensions with IgE myeloma protein or with
sera from patients with an elevated IgE serum level. Various incuba-

tion conditions were applied in sensitizing the leukocytes, and cells
from both atopie and non-atopic subjects were used for testing, but

no increase in basophil-bound IgE could be measured with the quan-

titative immunofluorescence technique. Neither have we been able to
demonstrate a significant dissociation of cell-bound IgE after incuba-
tion in an IgE-free mediumfor a period of 24 hours.

Finally, another hypothetical model is discussed, in which receptor

turnover is taken into account: ashorter functional half-life of the free

receptors on the basophils than the half-life of the IgE-receptor com-
plexes is assumed. With this model we could explain the foremen-

tioned contradictory results.
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SAMENVATTING

Antistoffen van de immunoglobuline E klasse spelen een belang-
rijke rol bij vele allergische aandoeningen van het onmiddelijke type.

IgE antistoffen kunnen specifiek gericht zijn tegen verschillende aller-

genen zoals graspollen, huisstof, huidschilfers van mens en dier en
vele andere. Deze IgE antistoffen komen bij de mens zowel vrij in het

bloed als gebonden aan cellen voor, aan de basofiele granulocyten in

het perifere bloed en aan de mestcellen in de weefsels. Wanneer celge-

bonden antistoffen reageren met het allergeen waartegen ze gericht

zijn, heeft dit tot gevolg dat uit de eel verschillende stoffen vrijkomen,
onder andere histamine, die de symptomen bij een allergische reactie

mede te weeg brengen. In de cellen zijn deze stoffen deels opgeslagen

in specifieke korrels, waardoor zowel de mestcel als de basofiele
granulocyt gekenmerkt worden.

De aanwezigheid van IgE op deze cellen is met verschillende
methodes (autoradiografie, immunofluorescentie techniek, immuno-

ferritine techniek en histamine release met anti-IgE) aangetoond. Een

kort overzicht van deze methodes wordt gegeven in de inleiding,
Hoofdstuk 1. Ook worden in dit hoofdstuk de bevindingen van

Ishizaka en anderen genoemd, die de hoeveelheid celgebonden IgE
bepaalden door na te gaan hoeveel complement gebonden werd wan-
neer een overmaat anti-lgE werd toegevoegd aan een suspensie van

witte bloedcellen waarin het aantal basofiele leukocyten bekend was.
Hoe meer complement per basofiele cel gebonden werd, hoe meer
IgE aanwezig geacht werd op deze cellen (C, fixation transfer test).

Omdat de basofiele granulocyten minder dan 1% van de leukocyten
in het perifere bloed uitmaken, is het nodig de bepaling te verrichten

met suspensies verrijkt aan basofiele cellen.

Naar aanleiding van deze onderzoekingen stelden wij ons tot doel
een methode te ontwikkelen waarmee de basofiele granulocyten tus-
sen de andere leukocyten in herkend kunnen worden en tevens de
hoeveelheid IgE per individuele basofiele cel kan worden vastgesteld.

In hoofdstuk II wordt de wijze beschreven waarop bij het schaap

anti-humaan IgE serum werd opgewekt, werd gekoppeld aan fluores-
ceine isothiocyanaat en vervolgens werd getest. Dit antiserum

(FlalgE) wordt in de hierna beschreven experimenten gebruikt.

In Hoofdstuk III wordt de methode om basofiele granulocyten te
identificieren in leukocyten suspensies beschreven. Humane leukocy-
ten verkregen door celscheiding over Ficoll-Isopaque worden tegelij-
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kertijd gekleurd met toluidine blauw, dat de specifieke korrels van de

basofiele cellen kleurt, en gefixeerd met paraformaldehyde. Het
blijkt dat met deze procedure de kleuring van de korrels behouden

blijft, wanneer vervolgens aan deze cellen FlalgE wordt toegevoegd.

Op deze wijze wordt het celgebonden IgE op de nu herkenbare baso-

fielen aangetoond. De specificiteit van de immunofluorescentie reac-

tie wordt aangetoond door blokkerings- en absorptieproeven, evenals

door “capping” experimenten.

In Hoofdstuk IV wordt een andere toepassing gegeven van boven-

genoemde techniek om basofielen te herkennen, wanneer wordt na-

gegaan of er een gemeenschappelijk antigeen is op humane basofie-

len, mestcellen en thymus lymfocyten. Voor de mens en verschei-

dene diersoorten wordt wel verondersteld dat basofielen en mestcel-

len voortkomen uit thymocyten en lymfocyten. Onlangs kreeg deze

theorie steun, toen de aanwezigheid van een thymus antigeen op

basofiele leukocyten van konijnen werd aangetoond. In de onderzoe-

kingen beschreven in dit hoofdstuk werd met behulp van de immuno-

fluorescentie techniek en van immunoelectronen microscopie nage-

gaan of er een humaan thymuslymfocyten-antigeen (HTLA) waarge-

nomen kon worden op het oppervlak van humane leukocyten. Wij

toonden de aanwezigheid van HTLA op T-lymfocyten aan, maar niet

op basofiele granulocyten noch op mestcellen in verscheidene weef-

sels.
We keren terug tot het celgebonden IgE in Hoofdstuk V. De eerder

genoemde herkennings methode van basofiele leukocyten maakte het

mogelijk de fluorescentie intensiteit van de basofielen te meten, na-

dat ze geïncubeerd waren met FlalgE, Deze meetmethode werd quan-

titative immunofluorescentie microscopie genoemd. De basofielen

werden met doorvallend licht opgezocht en binnen het meetdia-

fragma ingesteld. Hierna werd de intensiteit van de fluorescentie ge-

meten, objectief en zonder dat de fluorescentie kon uitdoven. Bij 6

personen werd van ieder de gemiddelde fluorescentie intensiteit per

basofiele granulocyt gemeten. Deze bleek aanzienlijk te variëren en

op de basofielen van 2 atopische donoren het hoogst te zijn. De

reproduceerbaarheid van de meting en de invloed van diverse facto-

ren, o.a. de incubatietijd, werden onderzocht. Ook werd door zuur-

behandeling het IgE van de cellen van deze 6 donoren losgemaakt

(elutiemethode). Het in de bovenstaande vloeistof vrijgekomen IgE

werd gemeten en berekend per basofiel aanwezig in de oorspronke-

lijke suspensie. Er werd een correlatie gevonden tussen de hoeveel-



118

heid IgE geëlueerd per basofiel en de gemiddelde fluorescentie inten-

siteit. Zo kon ook geschat worden dat de hoeveelheid IgE moleculen

per basofiel bij verschillende personen varieerde tussen de 15.000 en

500. 000.
In Hoofdstuk VI wordt het onderzoek beschreven naar het baso-

fiel-gebonden IgE van 28 atopische personen en 29 niet atopische

controles. De fluorescentie intensiteit van de basofielen van atopici,

zowel van die met een laag als van die met een hoog serum-[gE-ge-

halte, was hoger dan de fluorescentie intensiteit van de basofielen van

de controles. Het basofielgebonden IgE bleek ook samen te hangen

met het IgE-gehalte in het serum. Bij atopici met een laag IgE-gehalte
in het serum was de fluorescentie intensiteit van de basofielen lager

dan bij atopici met een hoog serum-IgE, maar toch aanzienlijk hoger

dan bij controle personen met hetzelfde lage IgE-gehalte in het se-

rum.
Bij de lokale atopische reacties zijn echter vooral de mestcellen

belangrijk. Daarom wordt in Hoofdstuk VI de IgE-belading van

basofielen en mestcellen van dezelfde personen onderzocht en verge-

leken. De hoeveelheid IgE gebonden aan mestcellen kan worden ge-

meten met een semiquantitatieve methode: op vriescoupes van bron-

chiaal weefsel, tonsillen en adenoid wordt de immunofluorescentie

techniek toegepast met een verdunningsreeks van het FlalgE. De

hoogste verdunning van het antiserum waarbij nog mestcelfluorescen-

tie te zien was, bleek een maat te geven voor de hoeveelheid mestcel-

gebonden IgE. Atopische patienten hadden een grotere hoeveelheid

mestcelgebonden IgE dan niet atopische personen. Evenals bij de

basofielen bleek ook bij de mestcellen het serum-IgE-gehalte van

invloed te zijn op de hoeveelheid celgebonden IgE. Bij 37 personen

konden we de hoeveelheid mestcelgebonden IgE vergelijken met de

IgE-belading van de basofielen. Er werd een overeenkomst gevonden

tussen de mate van IgE-belading op de twee soorten cellen.

In Hoofdstuk VIII komt de vraag aan de orde of de verschillen in

celgebonden IgE veroorzaakt worden door verschillen in dichtheid
van de IgE moleculen op het oppervlak van de basofiel, of door

toename van het oppervlak van de celmembraan, bijvoorbeeld door

villi-vorming. IgE gebonden aan de basofiele granulocyt werd aange-

toond. met immunoelectronen microscopie met behulp van een met
mierikswortel-peroxidase gelabeld anti-IgE. De verdeling van het IgE

op de basofielen werd onderzocht bij atopische en niet atopische

personen. De intensiteit van de peroxidasereactie op de basofielen
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bleek overeen te komen met de hoeveelheid basofielgebonden IgE

gemeten met quantitatieve immunofluorescentie microscopie. Villi
werden zelden waargenomen en droegen niet in belangrijke mate bij
aan de hoeveelheid celmembraanoppervlak.

Hoofdstuk LX behandelt de relatie tussen de IgE-receptoren op de
basofiele leukocyt en het vrije serum-IgE. In de voorgaande hoofd-
stukken werd de correlatie beschreven die gevonden werd tussen de
hoeveelheid IgE op basofielen en de IgE-spiegel in het serum. In dit
hoofdstuk wordt getoond dat deze resultaten passen in een vrij uit-
wisselingsmodel met een ongeveer konstante K-waarde. We onder-
zochten of vrije IgE-receptoren op de basofiel, die volgens dif model
aanwezig zouden zijn, verzadigd konden worden door de celsuspen-
sies te incuberen met myeloom-IgE of met sera van patiënten met
een verhoogd IgE-gehalte. Leukocyten van zowel atopische als niet
atopische personen werden op deze wijze behandeld onder verschil-
lende incubatie-omstandigheden, maar met quantitatieve immuno-
fluorescentie microscopie kon geen toename van het basofielgebon-
den IgE gemeten worden. Voorts kon geen dissociatie van celgebon-
den Ig worden aangetoond na 24 uur incubatie in een IgE-vrij me-
dium. Op grond van deze bevindingen wordt een ander hypothetisch
model ontwikkeld waarin rekening wordt gehouden met de receptor-
turnover: hierbij wordt aangenomen dat de funktionele halfwaarde
tijd van de vrije receptor op de celmembraan korter is dan die van de
receptoren waaraan IgE gebonden is. Dit model voor het verband
tussen IgE en de IgE-receptor op basofiele granulocyten kan de ge-
noemde tegenstrijdige resultaten verklaren.



 


