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Soon after the development of the antiglobulin
test (AGT) by Coombs et al. (1945), Loutit and Molli-

gon (1946) discovered that the red cells of some pa-
tients with acquired haemolytic anaemia are aggluti-
nated by antiglobulin serum. Further investigations

demonstrated that the so-called non-complement bind-

ing incomplete IgG warm autoantibodies, that may be

detected in this way, are responsible for the red cell

destruction in the vast majority of patients with
autoimmune haemolytic anaemia (AIHA) (Dacie, 1962;
Borne, 197la). However, in some individuals who are
otherwise haematologically normal, the presence of the

above kind of antibodies is not associated with a

shortened red cell lifespan in vivo (Weiner and Vos,
1963; Engelfriet et al., 1974; Issitt et al., 1976;

Borne et al., 1977a).
The incubation of red cells with IgG antibodies

in vitro does not lead to damage of these cells

(Borne et al., 1971b) and since virtually all IgG in-
complete warm autoantibodies are not capable of com-

plement activation (Dacie, 1962; Engelfriet et al.,

1974), another mechanism of red cell destruction must

be responsible in the case of these antibodies.
In 1952, Zinkham and Diamond observed the bind-

ing of red cells to leukocytes in the peripheral blood

of patients with signs of severe haemolysis. Then,

LoBuglio et al. (1967) made the crucial discovery that

in vitro red cells sensitized with IgG antibodies

(EAIgG) were bound to, and subsequently damaged by,

mononuclear phagocytes. From then on, the results of

many studies pointed to an essential role of mononu-

clear phagocytes in the in vitro destruction of red

cells under the influence of non-complement binding

IgG allo- and autoantibodies. It appeared that ad-

herence of EAIgG to mononuclear phagocytes leads to

phagocytosis (Archer, 1965; Huber and Fudenberg,

1968; Abramson et al., 1970a) and cytotoxic damage

and lysis outside the phagocytic cell (Holm et al.,

1974; Fleer, 1978). Lymphocytes and granulocytes

proved to only interact weakly with red cells sensi-

tized with non-complement binding IgG antibodies

(LoBuglio et al., 1967; Huber et al., 1969; Abramson

et al., 1970a; Messner and Jelinek, 1970; Holm,

1972). It was also shown that the binding of EAIgG

to mononuclear phagocytes in vitro is mediated by

introduction 11

the Fe-part, but not by the F(ab')» fragment of the
sensitizing antibodies (Huber and Fudenberg, 1968) and
Borne et al. (1977b) demonstrated the necessity of the
Fe fragment of IgG anti-D antibodies for the destruc-
tion of red cells in vivo.

Since the consequences of the adherence of EAIgG
to the membrane of mononuclear phagocytes was the only

mechanism known by which red cells could be damaged

under the influence of non-complement binding IgG
antibodies, it was assumed that this mechanism is also
active in vivo.

However, the adherence of red cells sensitized

with IgG anti-D antibodies can be readily inhibited in
vitro by free IgG in a concentration far below that in
plasma and, therefore, the assumption that this adhe-

rence phenomenon is active in vivo needed support. In
the studies described in this thesis we have endeavou-
red to produce such support by elucidating the factors
that determine whether or not red cells are destroyed
under the influence of IgG non-complement binding an-
tibodies in vivo.

We have also studied the mechanism which is res-
ponsible for the cytotoxic damage of adherent EAIgG
outside the macrophage membrane and, finally, we have
evaluated the influence of corticosteroid therapy.

Huber and Fudenberg (1968), Abramson et al.

(1970b) and Holm (1974) observed that only IgG of the

subclasses 1 and 3, but not IgG of the subclasses 2

and 4, are able to establish adherence of EAIgG to,

and thus lysis of these cells by, mononuclear phago-
cytes. In agreement with this was our finding
(Engelfriet et al., 1974) that only patients with

IgG3 and some patients with IgGl] autoantibodies show
signs of increased haemolysis, whereas patients with
IgG2 and IgG4 autoantibodies do not show such signs.

Further (Chapter I), we studied in patients with

IgG non-complement binding autoantibodies the sub-
class composition of the antibodies on the patients’
red cells in relation not only to the presence or ab-
sence of increased haemolysis in vivo, but also to
the adherence of the patients' red cells to periphe-
ral blood monocytes (PBM) of healthy volunteers in

vitro. Monocytes were chosen as representatives of
the mononuclear phagocytic cell population because
they can be rather easily isolated from peripheral
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blood and because they are the precursors of tissue
macrophages (Furth and Cohn, 1968).

In Chapter II, these studies are further extended
in a patient with predominantly IgG4 autoantibodies,
who did not show evidence of increased red cell des
truction in vivo.

In Chapter III, we have studied the factors that
influence the above-mentioned inhibition of adherence
of EAIgG to monocytes by free IgG and we have tried to
find an explanation why in the majority of patients
the destruction of red cells sensitized with IgG non-
complement binding antibodies is confined to the
spleen (Jandl and Kaplan, 1960; Dacie, 1962; Mollison

et al., 1965; Borne, 197la). LoBuglio et al. already
stressed in 1967 the importance of the special circum-
stances in this organ with respect to red cell des-
truction. For these studies, red cells sensitized

with IgG anti-D alloantibodies (EAIgG anti-D) were
used, since anti-D antibodies are known to resemble

IgG non-complement binding autoantibodies in serolo-
gical and immunochemical respect (Engelfriet et al.,
1974), Since it is known that in the spleen a consi-

derable haemoconcentration occurs (Jandl et al.,

1957) and that in this organ the red cells are more
strongly sensitized with antibodies than in the pe-
tipheral blood (Wagley et al., 1948; Rosse, 1971),
the influence of the number of red cells per monocyte
as well as of the antibody load present on the red
cell surface on the inhibition by IgG in vitro was
studied,

In some patients, IgGl autoantibodies lead to
increased red cell destruction in vivo, whereas in

others the presence of antibodies of this subclass is
not associated with signs of increased destruction of
erythrocytes (Engelfriet et al., 1974). ‘To determine
whether this is due to a difference in the quality of
the IgGl autoantibodies of the various patients or
merely to a difference in the number of sensitizing
IgG] antibodies, we compared the amount of IgGl on

the red cells of patients with and without haemolytic
anaemia. To that end, we measured by means of a

cytof luorograph -as is described in Chapter IV- the
fluorescence obtained with the patients! red cells,
sensitized with IgGl autoantibodies only, after these

cells were incubated with a fluorescein isothiocyana-

wntroductton LS

te (FITC)-labelled anti-IgGl serum.

Results, recently obtained in our laboratory,

strongly suggest (Fleer et al., in press,a,b) that ex-

tracellular cytotoxic lysis and damage by mononuclear

phagocytes is of major importance in the destruction

of red cells sensitized with IgG non-complement bind-

ing antibodies. We, therefore, investigated (Chapter

V) the cytotoxic action of PBM of healthy volunteers

towards these cells, obtained from patients with and

without haemolytic anaemia. In a number of patients,

the effect of corticosteroid therapy was determined by

examining consecutively taken blood samples. In this

longitudinal study, special attention was paid to the

changes in the amount of antibody, in subclass compo-

sition and to the course of adherence and cytotoxic

lysis of the patients’ erythrocytes in vitro. 5

Viral and bacterial infections in patients with

ATHA may be accompanied by an exacerbation of the

haemolysis (Dacie, 1962; Borne, 1971a; Leddy and

Swisher, 1971). To study whether the increase of the

red cell destruction -at least partly- could be ex-

plained by an ‘activation' of the mononuclear phagocy-

tes in vivo, we measured, as described in Chapter VI,

the cytotoxic activity’ of PBM from patients with acute

infectious diseases (without AIHA) towards EAIgG in

vitro. Simultaneously, the activity of granulocytes

and lymphocytes from these patients was assessed to

determine whether these cells could contribute to the

increased rate of red cell destruction.

Finally (Chapter VII), the influence of cryopre—

servation on monocyte recovery and function was stu-

died in order to determine whether these cells may be

stored for long periods. Storage at -196°C of mono

nuclear phagocytes without much change in functional

properties would be advantageous. In this way, one

would be able to avoid the great variation in activity

in several test systems, displayed by monocytes isola-

ted from various normal individuals. Furthermore, 1t

would provide the possibility to test the monocytes

of one individual, collected during a longitudinal

study, on one day. Finally, long-term storage of

large quantities of monocytes would mean a gain of

time, otherwise consumed by the daily isolation of

these cells from small amounts of blood.
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summary

In patients. with IgG incomplete non-complement
binding warm autoantibodies, the subclass composition
of the antibodies was studied in relation to the
occurrence of increased haemolysis in vivo and the
adherence of the patients’ red cells to peripheral
blood monocytes (PBM) in vitro.

The presence of IgG3autoantibodies was almost
always accompanied by haemolytic anaemia, but the
presence of IgG! autoantibodies only in some patients
but not in others. IgG2 and IgG4 autoantibodies were
not associated with increased red cell destruction.

A relation identical to that between subclass
composition and increased haemolysis was found be-
tween subclass composition and adherence of the
patients’ erythrocytes to PBM and thus a strong cor-

relation between positive adherence in vitro and
increased red cell destruction in vivo.

These results strongly support an important role

of adherence to mononuclear phagocytic cells in the

destruction of red cells sensitized with non-comple-
ment binding IgG antibodies. Strong indications were
found that IgGl autoantibodies are of two kinds, only

one of which causes adherence to phagocytes and thus
increased red cell destruction.
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introduction

The interaction of red cells with IgG antibodies
per se has no effect on these cells (Borne et al.,

1971) and, therefore, erythrocytes can only be des-
troyed under the influence of antibodies by mechanisms
which are activated as a consequence of the interac-
tion of the red cells with the antibodies. The best
known of such mechanisms is of course complement acti-
vation, but not all red cell antibodies are capable of
this activity. In fact, most IgG allo- and autoanti-
bodies do not activate complement (Dacie 1962; Engel-

friet et al., 1974).

In vitro red cells sensitized with non-complement
binding IgG antibodies adhere to mononuclear phagocytes
by the Fe-part of the antibody molecule. This process
leads either to cytotoxic lysis of the red cells out-

side the phagocyte or to phagocytosis (LoBuglio et al.,
1967; Huber & Fudenberg, 1968; Abramson et al., 1970a;

Holm et al., 1974). However, whether adherence to

phagocytes can take place in vivo is questionable as
in vitro it is inhibited by IgG in low concentrations,
presumably because IgG that is not bound to an antigen

can also react with the 'Fe-receptor'. In vivo plasma
IgG is present wherever sensitized cells can come into
contact with phagocytic cells. Because the above pro-

cess of adherence to phagocytes is the only one known

to lead to red cell destruction under the influence of
non-complement binding antibodies, it is important to
find support for the assumption that this process can
also take place in vivo and thus be responsible for red
cell destruction.

The following observations are in favour of the
above assumption: spherocytosis with an increased osmo-
tic fragility of the red cells is a typical symptom of
patients with autoimmune haemolytic anaemia with incom-
plete warm autoantibodies (Dacie, 1962; Borne et al.,
1971) and LoBuglio et al. (1967) have shown that red
cells sensitized with IgG antibodies turn into sphero-
cytes when they adhere to monocytes in vitro.

Red cells, sensitized with non-complement binding
IgG anti-D antibodies in vitro, are rapidly destroyed
after reinfusion in vivo (Jandl et al., 1957). Borne
et al. (1977a) showed that red cells sensitized with
F(ab')> fragments of IgG anti-D molecules, survive
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normally in vivo, which indicates that the Fe-part of
the anti-D molecule is essential for red cell destruc—
tion in vivo. The above assumption would be further
strongly supported if a relaticn could be established
between the subclass of IgG non-complement binding
antibodies and their activity in vivo.

It has been shown that only the IgG subclasses |
and 3 can interact with the 'Fc-receptor' on phagocytic
cells in vitro and if this interaction initiates red
cell destruction in vivo, IgGl and IgG3 antibodies
should be active and lead to increased haemolysis while
IgG2 and IgG4 antibodies should be inactive (Engelfriet
et al., 1974). In this paper, results of studies con-

cerning this relation between the subclass of IgG auto-
antibodies and their in vivo and in vitro activity are

reported,

materials and methods

Erythrocytes

Erythrocytes of patients with IgG incomplete non-
complement binding warm autoantibodies were investiga-
ted. The subclass or subclasses of IgG present on

these cells were determined with subclass~specific
antisera (Engelfriet et al., unpublished results). The
red cells of 45% of the patients were also agglutinated
by anticomplement serum. With specific reagents it
could be shown that C3d was present on these cells, but
not C4c or C3c. Red cells were stored in liquid nitro-
gen. This storage caused no change in either the sub-
class composition of the antibodies on the red cells or
adherence of these cells to monocytes. After washing,

the erythrocytes were suspended in Minimal Essential

Medium (Gibco, Paisley, Scotland), buffered with Tris

0.025 M (MEM-Tris).

Isolation of monocytes

Defibrinated peripheral blood from healthy human

volunteers was subjected to Ficoll-Isopaque density

gradient centrifugation (density = 1.077 g/ml) (Béyun,

1968). The interface layer, which consisted almost ex-

clusively of mononuclear cells, was washed three times

and the cells were suspended in MEM-Tris, containing
20% (v/v) heat-inactivated fetal calf serum (FCS)



(Gibco, Biocult, Paisley, Scotland) to a cell concen-
tration of 10x10® cells/ml. 2.5 ml of this suspension
was pipetted carefully into the middle of plastic pe-
tri dishes (Falcon plastic tissue culture dishes, 3003,
Oxnard, Cal., USA) and incubated for 1.5 h at 37°C.

Non-adhering cells were removed by two washings and the
monolayer was harvested with a piece of silicone rubber.
Subsequently, the cells were washed and resuspended in
MEM-Tris, containing 5% FCS. Suspensions were obtained

containing 70-90% monocytes, as judged by morphological
standards. Over 97% of the cells excluded trypan blue.

Adherence assay

The red cell suspension (0.05 ml, 108 cells/ml) and

0.1 ml of a monocyte suspension (2.5x10°/ml) were mixed
well with 0.15 ml MEM-Tris. The cells were centrifuged
at 160 g during 8 min and incubated for 15 min at room
temperature. After resuspension, the number of rosettes
was determined in a Burker counting chamber. Monocytes
which had bound 3 or more erythrocytes were counted as
rosettes. The number of rosettes formed by monocytes

with red cells (OR;R2), sensitized with IgG non-comple-
ment binding alloantibodies anti-D, was taken as a posi-

tive control (250-300 rosettes/counting chamber). With
unsensitized red cells (OR)Rp) no rosettes were formed.
All tests were performed in duplicate.

Criteria for haemolysis in vivo

At least four of the following parameters were used:

blood haemoglobin level or haematocrit or erythrocyte
count, erythrocyte osmotic fragility, serum haptoglobin
level, serum LDH activity, erythrocyte °!cr Tl, reticu-
locyte count, bilirubin level and erythrocyte G6PD acti-
vity. Normal values used were those of Williams et al.
(1972).

Statistics

Discriminant analysis was used as a statistical
method (Williams, 1959) to evaluate the influence of the

distinct IgG subclasses.

ehapter I~ e7

results

Among the first group of cases studied, in which
the subclass of the IgG autoantibodies could be deter-
mined, there were 27] patients with IgG autoantibodies

of only one subclass (Table I).

TABLE I

Presence or absence of increased haemolysis in patients
with IgG incomplete warm autoantibodies of only one

 

 

subclass

Number of ;
pauients IgGl TgG2 IgG3 IgG4 haemolysis

259 + = - = +f =

2 = * = oh Ee
8 - - + - +
2 = = - + -
 

It may be seen that in the 2 patients with only
IgG2 and the 2 patients with only IgG4 autoantibodies,
there were no signs of increased haemolysis. All the 8
patients with only IgG3 autoantibodies had overt haemo-
lytic anaemia. So far, these results seem to support
the presumed relation between subclasses and in vivo
activity. However, the patients with only IgGl] auto-
antibodies -up to the present we have been able to

examine a total of 259 patients- could be divided in 2
groups: patients in whom there were no signs of increa-
sed red cell destruction and patients with haemolytic
anaemia. If adherence to phagocytes is indeed the me-
chanism which initiates red cell destruction in vivo,

this means that IgGl may be or may not be capable of

interaction with the 'Fe-receptor' on phagocytic cells.
To investigate this point further, a new series of

61 patients was studied. This time we looked not only
for the presence or absence of signs of increased red

cell destruction, but we also studied the adherence of
the patients' red cells to monocytes in vitro. Nine-
teen of the 61 patients were treated with prednisone,
These will be considered separately for reasons out-
lined below.
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a) Relation between the subclass of non-complement bind-

ing IgG autoantibodies and haemolysis in vivo

In this group also we studied the relation between

the sublass of the IgG antibodies detectable on the pa-

tients' red cells and the occurrence of increased haemo-

lysis in vivo (Table II). Among the 18 cases in which

only IgG] was detectable on the erythrocytes, again two

categories were found: 5 patients showed signs of increa-

sed erythrocyte destruction and 13 did not.

Among the patients of this series, there were none

with only IgG3 antibodies. However, from the results

with 13 patients with IgG3 antibodies combined with anti-

bodies of other subclasses, it was calculated with dis-

criminant analysis (Williams, 1959) that the difference

between the number of patients with haemolytic anaemia

(i.e. 11) and the number of those without (i.e. 2) was

significant (p<0.025). Patients with only IgG2 and IgG4

antibodies were not present either.

From the analysis of 15 cases in which such IgG

antibodies were combined with antibodies of other sub~

classes, it appeared that in this group the percentage

of patients with increased haemolysis did not differ

significantly from that in the group of patients without

IgG2 and IgG4 antibodies.

TABLE II

Relation between the subclass of non-complement binding

IgG autoantibodies and haemolysis in vivo

 

Non-treated group

IgG subclass detected increased no increased number of

on the red cells haemolysis haemolysis patients

IgGl 5 13 18

IgG1+2 3 5 8

IgG1+2+3 2 0 2

IgG1+2+3+4 1 1 2

TgG1+2+4 0 2 2

IgG1+3 8 1 9

IgG1+4 1 0 1

Total 20 22 42
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b) Relation between antibody subclass and adherence to

monocytes in vitro

The relation found between adherence of the patients'
red cells to monocytes in vitro and the antibody subclass
composition was identical to the relation between subclass
composition and increased haemolysis (Table III). Thus,
the presence of IgGl autoantibodies alone was accompanied
by adherence in the same 5 cases which showed increased
haemolysis, but not in the remaining 13. In a significant
number of cases (p<0.025), sensitization with IgG3 auto-
antibodies -in combination with other subclasses- was
found to be accompanied by a positive rosette-test. The

presence of IgG2 and IgG4 autoantibodies did not exert a
clear influence on rosette formation.

TABLE IIL

Relation between the subclass of non-complement binding
IgG autoantibodies and adherence to monocytes in vitro

 

Non-treated group

IgG subclass detected adherence no adherence number of
on the red cells patients

IgGl 18

IgGi+2
IgG1+2+3
IgG1+2+3+4
IgG1+2+4
IgG1+3
IgG1+4 -

W
O
K

N
M
W
W
M

C
o
r

N
M
-
O
M
U
W

—
K
W
O
N
N
N
©

Total 20 22 42

 

 

c) Relation between haemolysis in vivo and adherence in

vitro

Table IV shows that in all cases in which signs of
increased haemolysis were present, the red cells adhered
to monocytes in vitro and if there were no signs of haemo-
lytic anaemia, no rosette formation occurred in vitro.
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TABLE IV

Relation between haemolysis in vivo and adherence to mono-
cytes in vitro
 

Non-treated group

adherence increased no increased number of
haemolysis haemolysis patients

present 22 Q 22
absent 0 20 20

total 22 20 42

 

Prednisone-treated group

In a group of 19 patients, suffering from haemolytic

anaemia with non-complement binding IgG autoantibodies and

treated with prednisone for at least 10 days (with IgG
autoantibodies still detectable on their red cells), 12

showed the same pattern as untreated patients, i.e. a

strict correlation between monocyte adherence and signs of

increased haemolysis, 6 being positive, 6 being negative
(Table V). In 4 cases adherence took place while no signs

of increased erythrocyte destruction were present, a find-

ing possibly due to the prednisone treatment. However, in

3 patients adherence was negative while increased haemo-
lysis was present, a completely unexpected finding.

TABLE V

Relation between haemolysis in vivo and adherence to mono-
cytes in vitro
 

Prednisone-treated group
 

adherence increased no increased number of

haemolysis haemolysis patients

present 6 4 10
absent 3 6 9

total 9 10 19
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discussion

As stated in Materials and Methods, the inactive
fragment of the third component of complement -C3d- was
detectable on the red cells of 45% of the patients. The
presence of this component was not taken into account
since it does not lead to a shortening of red cell life-
span in vivo (Evans et al., 1968; Borne et al., 19733

Atkinson & Frank, 1974; Jaff@é et al., 1976), nor does it
cause adherence to mononuclear phagocytes in vitro in
the human system (Brown, 1973; Engelfriet et al., 1974;

Reynolds et al., 1975).
The results of our studies show that IgG2 or IgG4

autoantibodies, when present alone, do not cause increa-
sed destruction of red cells in vivo. The presence of
IgG3 autoantibodies on the red cells was accompanied by
increased haemolysis in vivo in 19 out of 21 cases
(Tables I and II). In the two patients with IgG3 anti-

bodies without haemolytic anaemia, the titre with anti-
IgG3 was low, but that with anti-IgGl, anti-IgG2 and
anti-I[gG4 was high in one, that with anti-IgGl very high
in the other. Since it was found that IgG2 and IgG4 and
part of the IgG] autoantibodies do not cause adherence
to the 'Fc-receptor', it is possible that the adherence
of the red cells of these patients was inhibited by the
large number of inactive antibodies present on the cells
and that, therefore, there was no increased red cell

destruction.
Sensitization with IgG] autoantibodies caused in-

creased destruction of erythrocytes in some, but not in
other patients, although there was no clear difference

in agglutination titre with anti-IgG] between these two
categories. This finding made us study the relation
between the subclass of IgG autoantibodies and the adhe-
rence of the patients' red cells to monocytes in vitro
as well as the occurrence of increased red cell destruc-
tion in another group. of patients. This group was deli-
berately chosen to perform a qualitative study and the

figures are, therefore, not representative for the

patient population as a whole. In 42 patients, not
treated with prednisone, there was a close relationship
between adherence of the patients' red cells to monocy-
tes and haemolysis in vivo; thus the red cells of all
patients with haemolytic anaemia adhered to monocytes
in vitro while those of none of the patients without
Signs of increased haemolysis did. This was also the
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case in the 18 patients with only IgGl antibodies.
Hence it seems justifiable to subdivide IgG1 autoanti-
bodies into two kinds, only one of which induces adhe-
rence to monocytes in vitro and haemolysis in vivo.

It is of interest that 8 of the 13 patients, not
treated with prednisone, with only IgGl] autoantibodies
and without signs of increased red cell destruction,
used a-methyldopa, 15% of patients treated with this
drug develop IgG incomplete warm autoantibodies against
red cells, but less than 1% of these patients show
signs.of increased haemolysis (Worlledge, 1973). It
seems that a-methyldopa mostly induces the formation
of inactive IgGl autoantibodies.

The above results, particularly the absolute cor-
relation between adherence of the patients' red cells
to monocytes in vitro and increased haemolysis in vivo,
strongly support the assumption that adherence to mono-
nuclear phagocytes is an important mechanism in the in
vivo destruction of red cells under the influence of
non-complement binding IgG antibodies. How can we ex-
plain this in face of the fact that in vitro the adhe-
rence of sensitized red cells to mononuclear phagocytes
is inhibited by free IgG in concentrations below that
of plasma (Huber & Fudenberg, 1968)? Are there special
circumstances under which this inhibition does not take
place? In this connection, the following observations
may be of importance: the spleen plays an important
role in the destruction of red cells sensitized with
non-complement binding antibodies (Jandl et al., 1957;
Dacie, 1962) and in most patients with autoantibodies
of this kind, red cell destruction is confined to the
spleen.

Tf adherence to mononuclear phagocytes and the con-
sequences thereof are essential for red cell destruction
there must be circumstances in the spleen that prevent
inhibition of adherence. On entering the splenic red
pulp, the red cells are separated from the plasma
(Prankerd, 1963). The haematocrit thus increases to
70-80%. LoBuglio et al. (1967) showed that inhibition
of adherence by free IgG may be overcome by a rise in
the concentration of sensitized cells. Further, it
seems possible that macrophages in the spleen are more
active in binding and damaging sensitized cells than
peripheral blood monocytes. And, finally, sensitization
of the erythrocytes increases in the spleen as autoanti-
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bodies are locally synthesized (Wagley et al., 1948),

which may also hamper inhibition of adherence. This

would be consistent with the finding that strongly

sensitized red cells are removed from the circulation

more quickly than weakly sensitized ones (Jandl &

Kaplan, 1960; Mollison et al., 1965).

It seems plausible that the above circumstances toge-

ther would allow adherence to take place in the spleen,

while it is inhibited by plasma IgG in other parts of

the circulation. ;

Six patients treated with prednisone, whose red

cells adhered to monocytes in vitro, still had active

haemolytic anaemia. Apparently, the therapy was not

successful in these patients. In 4 other patients,

also treated with prednisone, there were no signs of

increased cell destruction, although their red cells

adhered to monocytes in vitro. In these cases corti-

costeroids may have prevent the cytotoxic consequences

of adherence, but not adherence itself.

It is important to realize that we used monocytes from

healthy donors for this test. Whether corticosteroids

do or do not influence the adherence phenomenon itself,

either in vitro or in vivo, is still a matter of con-

troversy (Abramson et al., 1970a; Rinehart et al.,

1974; Schreiber et al., 1975). This is at present be~

i investigated.

~ Peaeceey 6 eaten who had suffered from haemo-

lytic anaemia and who received prednisone, the treat-

ment was successful and the patients red cells did

not adhere to monocytes, although the direct antiglobu-

Lin test was still strongly positive (Tg61 in 5 pa-

tients, IgGl + IgG2 in | patient). This is an impor=

tant finding as it may imply that one of the possible

effects of prednisone is that it induces a switch in

the formation of adhering to non-adhering IgG antibo-

i rne et al., 1977b). ;

aa eee in 3 patients in whom IgG autoantibodies

were still present, there were signs of increased hae-

molysis, whereas the patients’ red cells did not adhere

to monocytes. There are two possible explanations for

this finding: (1) the increased haemolysis 1s due to

spherocytic cells formed during the haemolytic ee

previous to the treatment with prednisone and which ha

remained in the circulation; and (2) the autoantibodies

in these patients (IgGl) are inactive and red cell des~



truction is due to other, non~immunological mechanisms.
We hope that further studies of these patients may give
an answer to the above questions.
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summary

A patient is described who, notwithstanding a
strongly positive direct antiglobulin test with anti-
IgG serum, apparently did not suffer from haemolytic
anaemia, The survival of the patient's red cells,
measured with 5lcr, was only slightly decreased,

In vitro, the sensitized cells of the patient
showed only a minimal tendency to adhere to monocytes.
The patient's spleen functioned normally, since °!Cr-
labelled donor erythrocytes, either sensitized with
IgG-anti-D or damaged by heating, were eliminated
from the circulation and sequestered in the spleen.

These apparently contradictory findings could be
explained by the fact that the patient'sred cells
were sensitized with autoantibodies, mainly belonging
to the IgG4 subclass. Only weak IgGl and IgG3 auto-
antibodies were detectable, Since previously the
patient had suffered from a severe haemolytic anaemia,
it is postulated that a switch has occurred from
"active' to 'inactive' IgG autoantibodies, perhaps
induced by prednisone therapy,
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introduction

Although incomplete warm autoantibodies against

erythrocytes may belong to different immunoglobulin

classes (Engelfriet et al., 1968; Dacie & Worlledge,

1969) such antibodies are mostly of the IgG class

(Engelfriet et al., 1974). With antisera specific for

the subclasses of immunoglobulin G, the subclasses of

IgG erythrocyte autoantibodies can be determined

(Engelfriet et al., 1974). With such reagents, it was

found that these autoantibodies mainly occur in the

IgGl subclass. IgG2, I[gG3 and IgG4 red cell autoanti-

bodies are less frequent and are mostly found in com-

bination with IgGl. IgG2 and IgG4 autoantibodies

alone are seldom observed. Several investigators have

shown that in vitro destruction by mononuclear phago-

cytes of red cells sensitized with IgG antibodies is

initiated by adherence to the Fe receptor of these

cells. Such adherence can only be mediated by IgGl

and IgG3 since the IgG2 and IgG4 subclasses are inac-

tive in this respect (Huber & Fudenberg, 1968; Abram-

son et al., 1970; Abramson & Schur, 1972; Hay et al.,

1972; Holm et al., 1974).

This is most probably also the case in vivo

(Borne et al., 1977), and since tests for the presence

of erythrocyte autoantibodies are predominantly per-

formed in patients suffering from acquired haemolytic

anaemia, erythrocytes carrying only IgG2 and/or IgG4

autoantibodies are seldom found. The patient to be

described initially came to our attention because of

a severe haemolytic anaemia. The haemolysis responded

well to therapy and eventually disappeared. However,

strong IgG warm autoantibodies remained present.

CASE HISTORY

Mr. H. van E., born in 1893, had never been ill

until 1956, when he began to complain of dyspnoea, a

dry cough, tiredness and periods of fever. In 1958 it

was found that he suffered from sarcoidosis of the

lungs. He was treated with prednisone. This treat-

ment was successful. Prednisone medication was gradu-

ally diminished and finally stopped in 1960. In 1961,

however, he again became ill, complaining of dyspnoea,

tiredness and palpitations. It was found that he was
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anaemic and jaundiced and that the spleen was enlar-
ged. An X-ray of the chest only showed signs of heal-
ed sarcoidosis. Laboratory investigations revealed a
blood haemoglobin level of 7.9 g/dl and a reticulocyte
count of 20%. The anaemia was normochromic and normo-
cytic, Leukocyte and platelet counts were normal.
There was also a hyperbilirubinaemia of the indirect
type, ahaptoglobulinaemia and urobilinuria. Liver- and
kidney-function tests gave normal results, The results
of the serological analysis of his blood at that time
are shown in Table I. No ANF were detectable. He
apparently suffered from an autoimmune haemolytic anae-
mia (AIHA) of the IgG warm autoantibody type. Again
treatment with prednisone was started and proved to be
successful, The blood haemoglobin level became normal
and his’ complaints disappeared.

TABLE I

Serological findings in patient van E. in 1961

 

Direct antiglobulin test on patient's
erythrocytes: x

Anti-IgG 1024,
Anti-non-IgG 16

Indirect antiglobulin test on patient's
serum: ¥

Anti-IgG 64,
Anti-non-LgG 0

Specificity not demonstrable
 

x : ° ‘
Reaction strength expressed as the reciprocal titre.

During the first years after the diagnosis of AIHA
some signs of increased haemolysis were still present,
i.e. ahaptoglobulinaemia and a slight splenomegaly. In
spite of this the prednisone dosage was gradually dimi-
nished. In 1966 all signs of the haemolytic anaemia
had disappeared although serological findings were un-
changed, Prednisone therapy was stopped. The discor-
dance between the clinical and laboratory findings ini-
tiated an extensive clinical and serological revaluation
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in 1967 (v.i.). The patient remained well without any
medication until 1971 when he was admitted to the hospi-
tal because of a gastrointestinal bleeding after using
chefarine 4 (Chefaro International B.V., Rotterdam,
Holland) because of a painful cystitis. Blood transfu-
sion was necessary. The recovery was uneventful. In
1974 he was again admitted, this time with a large infe-
rior wall infarction. ‘This caused his death at an age
of 81. He died without signs of haemolytic anaemia.

materials and methods

Patient's blood

Clotted samples as well as samples anticoagulated
with heparin were obtained. Red cells prepared from the
latter were stored in straws in liquid nitrogen, using
glycerol as a cryopreservative. Before use, the frozen
cells were thawed and washed with sorbitol (17.5%) and

with phosphate-buffered saline. Thus, samples taken
over a period of several years could be tested on the

same day with the same reagents.

Antiglobulin reagents

Specific antisera, suitable for the antiglobulin

test, against IgG, IgM, IgA, immunoglobulin light chain

« and A, as well as anti-complement and anti-non-IgG
sera were prepared in our laboratory and evaluated as

described previously (Engelfriet et al., 1968); the
preparation of antisera against the subclasses of IgG,

specific in the immunoprecipitation test has also been

described (van der Giessen et al., 1974). Specificity

in the haemagglutination test was examined with red
cells from patients with AIHA sensitized with antibo-
dies of which the immunoglobulin class(es) was known or
with complement, and with tanned red cells coated with

different proteins. Further absorptions with purified

proteins were always required to obtain antisera speci-
fic in the antiglobulin test. For this purpose, more
or less pure myeloma proteins of the various immunoglo-
bulin classes and IgG subclasses were used.

Serological tests

These tests were performed as described elsewhere

(Engelfriet et al., 1968).
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Monocyte adherence

A modification of the method of Huber & Fudenberg
(1968) was used (van der Meulen et al., 1978). Red

cells of the patient were washed three times and sus-
pended in Tris-buffered minimal essential medium (MEM)
in a concentration of 108/ml. Peripheral blood monocy-
tes prepared from normal donor blood were suspended in
the same medium, containing 5% heat-inactivated fetal
calf serum, in a concentration of 2.5x10°/ml. To 0.15

ml of Tris-buffered MEM, 0.05 ml of erythrocyte suspen-
Sion and 0.1 ml of monocyte suspension were added res-
pectively. After mixing the cells were spun at 160 ¢g
for 8 min in a clinical centrifuge and incubated for
15 min at room temperature. The sediment was resuspen-
ded with a pasteur pipette. The percentage rosette-
forming cells was counted in a Burker chamber. Non-
sensitized normal OR)R»y red cells and OR)R> cells sen-
sitized with IgG anti-D were tested as controls. The
sensitized cells were prepared by incubation of two
parts of a 54 cell suspension with one part of MEM and
one part of a specially selected anti-D serum. All
tests were performed in duplicate.

Radioisotope methods

°lCr survival studies with the patient's own ery-
throcytes were performed according to Mollison & Veall
(1955). Organ sequestration was measured according to
Jandl et al. (1956) and Hughes Jones & Szur (1957).

Apart from the patient's own cells, normal donor ery-

throcytes of blood group OR,|R, were also used. How-

ever, the donor red cells were either sensitized with
anti-D-antibodies or damaged by heat treatment before
injection. The survival of these cells was measured
separately in order to study the functional capacity
of the patient's spleen, 4 ml of donor blood, anti-
coagulated with I ml of ACD was labelled with 50-100
uCi of >!Cr NapCrO, under sterile conditions. After
washing, the blood was either incubated for 30 min at
37 C with I ml of anti-D IgG, containing 100-125 ug
anti-D antibodies, washed once with ice cold saline
and suspended in 20 ml of saline, or directly suspen-
ded in 20 ml of saline and incubated for 20 min at
50°C. In both experiments, 10 ml of the labelled
suspension was injected, Radioactivity in the blood,
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above the heart, liver and spleen was measured at short

intervals after injection. Radioactivity in the blood

at time zero was calculated from the measured amount of

injected radioactivity and from the blood volume of the

patient. The blood volume had been measured previously.

results

The results of the extensive serological investiga~

tions on the blood of patient van E. performed in 1967

are summarized in Table IT.

TABLE IT

Serological findings in patient van E. in 1967

 

Direct antiglobulin test on patient's

erythrocytes: : *

Anti-IgG 1024

Anti-~IgM

Anti-IgA
Anti-non-IgG

Anti-complement o
o
o
o
°
o

Indirect antiglobulin test on patient's

serum: *

Anti-IgG
Anti-complement o

O
+

Indirect antiglobulin test on erythro-

eyte eluate:
*

Anti-IgG 512

Anti-complement 0

Specificity not demonstrable
 

*Reaction expressed as the reciprocal titre.

During a period of about 7 years these were often

repeated on fresh samples with essentially similar re-

sults. It is clear that his red cells were strongly

sensitized with incomplete warm autoantibodies of the

IgG class. IgA or IgM antibodies were never detectable.

The reaction with anti-complement serum was negative.

IgG autoantibodies were, although weakly, also present
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in the serum and strongly present in eluates, prepared
from the patient's red cells with the Rubin method (1963
The serum and eluate were tested with a panel of donor
erythrocytes with various phenotypes of the rhesus sys-
tem and other blood group systems as well as with red
cells with deletions of various rhesus antigens. No
specificity of the autoantibodies could be demonstrated.

The results of the °!Cr-survival studies in 1967
are summarized in Fig. 1. At that time all signs of
increased haemolysis had already receded. The Sler T

of the patient's own cells was marginally decreased. "Ke
Sler Tj of 21 d was found (normal: 28.2+2.3 s.d.). Or-
gan sequestration indices were normal. Donor red cells
labelled with °!cr, and sensitized with anti-D IgG or
damaged by heating, were rapidly eliminated from the
blood with a T of respectively 17.3 and 7.5 min, i.e.
an initial clearance velocity of respectively 4.0% and
9.3% per minute. Surface counting showed that in both
experiments the donor cells were mainly sequestrated in
the spleen. These findings proved that in this respect
the patient's spleen functioned normally.

 

 

 Tnenee ee
2 oOo 6 100 125. time (min)

Fig. 1. *%!cr-survival studies in patient van E. 0,

Patient's own erythrocytes; o, heated donor erythro-

cytes; e, anti-D-sensitized donor erythrocytes.
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The results obtained with antisera specific for
the subclasses of IgG and with light chain-specific
antisera in the direct antiglobulin test on patient's
red cells during a time span of 7 years are shown in
Table III. The tests were performed on the same day

on freshly-thawed samples. From these results, it is

clear that the IgG autoantibodies, bound to the pa-
tient's red cells, consist mainly of IgG4 although
IgGl is also present at lower concentrations and
often traces of IgG3. Both light chain types were
detectable. The reaction pattern seems rather con-
stant throughout the years,

TABLE IIL

Direct antiglobulin test on patient van E.'s red cells
with IgG subclass and light chain-specifiec antisera
 

1968’ 1970 1971 1972 1974
 

Anti-IgG 1000/42 1000/43 2000/48 2000/48 2000/40
Anti~IgGl] 128/10 512/36 256/19 256/19 256/5
Anti-Ig¢2 0 0 0 0 0
Anti-IgG3 0 32/16 16/9 16/7 4/1
Anti-IgG4 1000/41 4000/71 2000/48 2000/50 2000/46
Anti-« 256/37 1000/53 512/44 1000/47 512/37
Anti-h 256/17 512/47 256/21 512/35 256/18
 

The scoring system used in Tables III and IV is that
described by Race & Sanger, Blood Groups in Man, 2nd
edn, p. 275. The degrees of agglutination are record-
ed as t++, ++, +, (+), +, and -. These reactions have

been given the following values: 10, 8, 5, 3, 2 and OQ.

The results of a titration expressed as a number are
added.
* . . .
Reaction expressed as the reciprocal titre and as the
score,
Year of collection of the sample.

Table IV shows the results of cross absorption ex-

periments, performed to prove that the obtained reac-
tions were in fact specific. The results shown were
obtained with the 1972 sample. These experiments seem
to confirm the specificity of the obtained reaction
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TABLE IV

Results of absorptions of the IgG subclass-specific
antisera with IgG myeloma proteins of different sub-

classes*>t

 

xIgGl xIgG2 xIgG3 xIgG4
 

Anti-IeGl 256/19 0 128/13. 128/17 128/17
Anti-Ig62 0 0 0 0 0
Anti-IgG3 16/7 16/3 0 0 0
Anti-Ig64 2000/50 512/23 1000/43 1000/38 16/10
 

x * ° .
Reaction expressed as the reciprocal titre and as the

score.
Experiments performed on red cells samples obtained in

1972.

patterns, When eluates of the patient's red cells were
tested in the double immunodiffusion test in agar gel
with the various IgG subclass-specific antisera, a pre-
cipitation line was only obtained with anti-IgG4 which
confirms that much more IgG4 was present on the pa-
tient's red cells than either IgG] or IgG3.

The results of the monocyte adherence test are

shown in Table V. It is clear from this table that some
adherence to monocytes took place. There was some va-
riation in the results obtained with the two different
monocyte suspensions. However, rosette formation was
weak and the rosettes could easily be disrupted by more
vigorous resuspension in contrast to the rosettes ob-
tained with the positive control cells, red cells sen-
sitized with IgG-anti-D.

discussion

It seems very likely that in autoimmune haemolytic
anaemia (AIHA), with IgG warm antibodies, the erythro-
cyte autoantibodies are responsible for the increased
red cell destruction. The underlying mechanism of this
destruction is, however, not entirely clear. These
autoantibodies are not capable of binding complement to
the red cells. Binding of the antibodies per se does
not lead to damage of the cell, nor does it have any
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TABLE V

Adherence (%) to monocytes in vitro of patient van E.'s

red cells

 

1968 1970 1971 1972 1974 Positive
control

Donor 7 (a) 1 0 20 3 1] 2 70

(b) 6 2 ] 0 0 65
*

Donor 2 (a) 0 10 12 10 0 50

(b) 0 0 0 0 0 54

 

*
Monocytes from two different donors, after careful re-
suspension (a) or vigorous resuspension (b) (see text),

influence on its metabolism (Borne et al., 1971).
When incubated in vitro with mononuclear phagocy-

tes, however, cells sensitized with IgG antibodies be-
come rapidly spherocytic and subsequently lysis and
phagocytosis occurs (LoBuglio et al., 1967; Huber &
Fudenberg, 1968, 1969; Holm, 1972; Holm & Hammerstron,
1973). It is generally accepted that initiation of
these processes takes place by adherence of the sensi-
tized cells to the phagocytes through the so-called

Fe-receptor. Adherence in vitro can be strongly inhi-
bited by small amounts of normal IgG. This does not
necessarily mean that this process cannot occur in vivo.
Pepsin-digested, F(ab'),G, anti-D still binds to rhesus-
D-positive cells, but has lost the capacity to bind to
monocytes in vitro as well as to eliminate red cells in
vivo (Borne et al., 1977). This implies that in vivo_
the elimination of red cells, sensitized with non-
complement binding IgG antibodies, may be effected by
similar mechanisms. Apparently, IgG inhibition can be
easily overcome in the spleen.

In vitro binding to the monocyte Fe-receptors is
only possible with IgG of the subclasses IgG] and IgG3,
not with IgG2 and IgG4 (Huber & Fudenberg, 1968, 1969;

Abramson et al., 1970; Abramson & Schur, 1972; Hay et

al., 1972; Holm et al., 1974).
; In this context our patient is of great interest.

This case is an argument for the hypothesis that the

 

chapter IL 45

subclass of the IgG autoantibodies is also of impor-

tance in vivo. Initially, the patient suffered from

AIHA withIgG warm autoantibodies. During prednisone

therapy the severe haemolytic anaemia vanished comple-

tely. However, strong erythrocyte autoantibodies re-

mained present. The direct antiglobulin test on the

patient's erythrocytes was still strongly positive and

free IgG warm autoantibodies remained present in the

serum. This remained so also after prednisone therapy

was stopped. At this stage, the erythrocyte survival

time was only slightly decreased, the Sl¢r T1 of his

cells was 21 d. This was not due to a dysfunction of

the patient's spleen; labelled donor erythrocytes,

sensitized with IgG anti-D, or damaged by heating,

were eliminated normally. With antisera specific for

the various IgG subclasses, it was found that the IgG

autoantibodies, present on the patient's red cells,

were mainly IgG4. In fact, IgG4 was detectable with

the immunoprecipitation technique in ether eluates

from the red cells. Apart from IgG4, some IgG] and a

trace of IgG3 was demonstrable on the red cells with

the antiglobulin test. Both light chain types were

detectable. This immunochemical pattern of the auto-

antibodies remained remarkably stable during a period

of 7 years and during this time the patient remained

in a steady clinical state without therapy. He even-

tually died of a myocardial infarction.

The monocyte adherence test, performed with red

cell samples from the patient taken over a period of

several years and stored in liquid nitrogen, repeated-

ly gave weakly positive results. Since there appears

to exist a very good correlation between the results

of the monocyte adherence test and the occurrence of

signs of increased haemolysis (van der Meulen et al.,

1978), the above findings are in accordance with the

slightly increased red cell turnover. Therefore, it

seems probable that the IgGl autoantibodies and/or the

weak IgG3 autoantibodies, which were also present,

were responsible for both the slightly increased red

cell destruction and the weakly-positive adherence

test.

The course of the haemolytic disease in this pa-

tient may be explained by a switch in the synthesis of

the subclass of the autoantibodies. Probably in the

first phase, when haemolysis was manifest, 'active'
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IgG autoantibodies were produced, which led to adheren-
ce of red cells to macrophages in the spleen and to red
cell destruction. A switch to the production of ‘inac-
tive' IgG4 autoantibodies drastically changed this
Situation. Whether this switch occurred spontaneously
or was induced by prednisone therapy is not clear.
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summary

The in vitro interaction between monocytes and
erythrocytes sensitized with non-complement binding
IgG antibodies (i.e. the Rh antibody anti-D:EAIgG anti-
D) is completely inhibited by low concentrations of IgG
(e.g. 30-100 pg/ml). However, the interaction between
monocytes and erythrocytes sensitized with IgG anti-A
(EAIgG anti-A) is not inhibited by IgG. The findings
presented in this paper indicate that this difference
is probably due to the difference in the number of IgG
antibody molecules per EAIgG. Thus, the higher the
number of IgG antibody molecules per EAIgG, the less
the interaction between EAIgG and monocytes is inhibi-
ted by IgG.

A second factor which proved to have a strong in-
fluence on inhibition by IgG was the number of EATgG
per monocyte. When the number of EAIgG per monocyte
was increased from 1 to 32, the percentage of inhibi-
tion by a fixed amount of IgG (50 ug/ml) decreased
significantly. This in vitro effect is only evident
when relatively weakly-sensitized erythrocytes are used
and, in vivo, destruction of these weakly-sensitized
red cells (e.g. EAIgG anti-D) is confined to the
spleen. Since a considerable haemoconcentration
occurs in this organ, it is conceivable that a high
EAIgG:macrophage ratio is accomplished. The latter
data are an indication that this high ratio may allow
interaction between weakly-sensitized erythrocytes and
splenic macrophages despite the presence, in vivo, of a
high concentration of IgG, and that, in this way, in
the spleen, the inhibitory effect of IgG is overcome.
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introduction

Mononuclear phagocytes (monocytes and macrophages)
may be responsible for the in vivo destruction of ery-
throcytes sensitized with incomplete, non-complement
binding IgG allo- and autoantibodies in man. Arguments
in favour of this assumption have been presented in re-
cent reviews (Brown, 1974; Engelfriet et al., 1974;

Logue & Rosse, 1976). However, it was also emphasized
in these paper that in vitro the interaction between
monocytes and IgG-sensitized red cells (EAIgG) (adhe-
rence as well as cytotoxicity and phagocytosis) is
easily inhibited by low concentrations of IgG, Thus,
it was not easy to understand how the postulated mono-
cyte-mediated mechanism could operate in vivo in the
presence of far higher amounts of IgG.

It is well known that in vivo destruction of
erythrocytes sensitized with non-complement binding
IgG antibodies is nearly always confined to the spleen
(Jandl & Kaplan, 1960; Mollison et al., 1965). Jandl
et al. (1957) observed that a considerable haemocon~
centration occurs in the spleen. This haemoconcentra-
tion is probably a decisive factor in making destruc-
tion of red cells possible, since LoBuglio et al.
(1967) reported that serum no longer inhibited the
adherence of EAIgG to monocytes in vitro when the
haematocrit of the red cell suspension exceeded 752%.
Secondly, Mollison et al. (1965) and Jandl & Kaplan

(1960) observed that erythrocytes very heavily sensiti-

zed with non-complement binding IgG antibodies could
also be destroyed outside the spleen (notably in the

liver).
Considering these findings, we decided to study

in detail the following variables in vitro: (1) the
influence of the number of EAIgG per monocyte on the
interaction between monocytes and EAIgG in the presence
of a fixed amount of IgG; (2) the effect of the degree
of sensitization of red cells on monocyte-EAIgG inter-
action and the inhibition of this latter process by

IgG.
The interaction between monocytes and EAIgG was

studied by two assays: adherence of EAIgG to monocytes
as well as monocyte-mediated damage of EAIgG (lysis as
well as an increase in the osmotic fragility of the red

cells).
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materials and methods

Sera and immunoglobulin preparations

A rabbit antiserum against human IgG (RAHI) was

prepared according to the method described by Van der
Giessen et al. (1974). An IgG fraction of this anti-
serum was produced by DEAE-Sephadex column chromato-

graphy. From this IgG fraction F(ab')» fragments were
prepared by pepsin digestion according to the method
of Nisonoff et al. (1960). The purity of the F(ab')»9

preparation was estimated by means of SDS-polyacryl-
amide gel electrophoresis and no undigested IgG was
detected. Fab fragments were prepared by the papain
digestion method of Porter (1959) with the modifica-
tions described by Van der Giessen et al. (1974).

After separation of the Fab fragments from undigested
IgG (Van der Giessen et al., 1974), the former were

freed from Fc fragments by carboxymethyl-cellulose-

Sephadex chromatography at pH 5.5. The precipitation
of human IgG by the starting material (IgG fraction
of rabbit anti-human IgG serum) was only inhibited by
the material recovered in the first peak. We, there-
fore, concluded that this peak contained Fab fragments

Human IgG was prepared from normal human plasma

by Cohn fractionation. Further purification was car-
ried out by DEAE-Sephadex column chromatography.

Fetal calf serum (FCS) was obtained from Gibco
Bio-Cult, Glasgow, Scotland. Anti-D sera were obtain-

ed from donors who had been immunized against the Rh
(D) antigen by repeated intravenous injections with
ORpr red cells. Anti-A sera were obtained from fe-
males who had formed IgG anti-A antibodies during
pregnancy. The specificity and titre of the antisera
were determined by standard methods. All sera were

heat-inactivated for | h at 56°C. Purified IgG frac-
tions were prepared from anti-A sera by Sephadex G-
200 gel filtration. These fractions were subsequently
dialyzed overnight against cold phosphate-buffered
saline (PBS).

Preparation of monocytes

50 ml of blood were defibrinated with glass beads
and subsequently spun over Ficoll-Isopaque (density =
1.077 g/cm? at 20°C). The interface layer which con-
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tained only mononuclear cells was washed three times

in minimal essential medium (MEM), obtained from Gib-

co, Grand Island, N.Y., USA, supplemented with 10%

(v/v) FCS (MEM 10% FCS). After washing, the mononu-

clear cells were resuspended in MEM 20% FCS to a final

concentration of 10’ cells/ml. This suspension was

layered on plastic Petri dishes (Optilux, Falcon Plas-

tics, Oxnard, Cal., USA), 2.5 ml per dish. After in-

cubation for 14 h at 37°C, the plates were vigorously

washed to remove the non-adherent cells and then the

adherent cells were carefully scraped off with a piece

of silicone rubber and resuspended in MEM 10% FCS.

Finally, the cells were washed once and the cell

concentration was adjusted to 106 monocytes/ml. The

average percentage of monocytes in the preparations

was 71 + 13 (mean + SD of 20 donors), as judged by

morphology and size distribution (Loos et al., 1976).

Preparation, labellingand sensitization of erythro-

cytes

A 5% suspension of A; or 0 Rhesus-positive (type

RoRo) erythrocytes from freshly drawn heparinized ve-

nous blood was prepared in a storage medium containing

2% BSA. The red cell suspensions were used for 1-2

weeks. Prior to use the red cells were washed three

times in PBS and resuspended in MEM 10% FCS to a con-

centration of 2x109/ml.
For labelling, equal volumes of red cells (109/

ml) and a Na>*!Cro, solution (Radiochemical Centre,

Amersham, U.K., specific activity of 50-400 mCi/mg Cr)

were mixed and incubated for 1-2 h at 37°C. The ery-

throcytes were then washed three times in MEM 10% FCS

and subsequently resuspended to a concentration of 1~

32x10® cells/ml).
Red cells were sensitized by mixing them (2x109/

ml) with an equal volume of undiluted anti-D serum.

Subsequently, they were incubated with Slcr and

treated exactly as described above. OR2R2 red cells

already sensitized with anti-D, were further treated

with the IgG fraction of rabbit anti-human IgG serum

after labelling of the red cells with Sler, Cells

that had been both anti-D-sensitized and °!Cr-label-

jed red cells (109/m1) were incubated with dilutions

of RAHI (in MEM 10% FCS) for 30 min at 37°C. Subse-
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quently, the cells were washed three times in MEM 10%

FCS and adjusted to a concentration of 1-32x10® cells/

ml.

Red cells were treated with papain by incubating
packed cells with an 1% solution (Sigma Chem. Co., St.
Louis, Mo., USA) for 10 min at 37 C. The cells were
washed three times in saline and the red cell concen-
tration was made up to 2x109 cells/ml. Subsequently,

sensitization with anti-D and labelling of the red
cells was performed as previously described.

Cytotoxicity assay

This was performed as described by Zeijlemaker et
al. (1975). Briefly, 50 ul of monocyte suspension
(108/m1), 50 ul of erythrocyte suspension (1-32x106/
ml) and 50 ul of antiserum dilution or 50 wl of MEM
10Z FCS, were added to wells of Cooke round-bottom

microtitre plates, After incubation for 16 h at 37°C,
the plates were centrifuged at 500 x g for 10 min at

room temperature. A sample of 100 ul was taken from

the supernatant of each well to determine the percen-
tage of *lCr-release, Specific cytotoxicity (cytoto-
xic lysis or lysis are used as synonyms) was calcula-
ted as follows:

His
total cmp = 1002

Specific cytotoxicity =

in which E is experimental release (monocytes with
sensitized erythrocytes), S is spontaneous release
(monocytes with non-sensitized erythrocytes) and total

cpm (counts per minute) the total amount of radioacti-

vity per 50 pl red cell suspension. Each experiment
was performed in triplicate or quadruplicate. From
the percentage of specific cytotoxicity the absolute
number of erythrocytes Lysed was calculated by multi-
plying this percentage with the number of erythrocytes

per well, :

Determination of monocyte-induced increase in the
osmotic fragility of red cells

An increase in the osmotic fragility of the red
cells was determined by the following procedure: 50 ul
of monocyte suspension (10° cells/ml), 50 pl of anti-
D-sensitized red cells (108 to 32x10® cells/ml) and 50
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ul of MEM 10% FCS were added to wells of Cooke round-

bottom microtitre plates. After incubation for 16 h
at 37°C, the plates were centrifuged and a 100 pl
sample was taken from the supernatant to determine

Slcr-release, From this, the percentage of specific
cytotoxicity was calculated (see Cytotoxicity assay).
Subsequently, the remaining supernatant was carefully

removed and 200 ul of a buffered 0.5% NaCl solution
was added to the wells. The cell pellets were stir-
red and incubated for 30 min at room temperature.

Thereafter, the plates were centrifuged again and a
100 pl sample was taken from the supernatant to de-
termine the °!Cr-release induced by this hypotonic
shock. The percentage increase in the osmotic fragi-
lity due to the incubation with monocytes was calcu-
lated as follows: percentage °!Cr-release by 0.5%
NaCl from EAIgG anti-D incubated with monocytes minus
percentage °!Cr-release of EAIgG incubated without
monocytes. The number of red cells specifically ly-
sed by 0.5% NaCl was calculated by multiplying this
figure with the number of red cells added to the
wells. The total number of red cells damaged by mo-
nocytes was defined as the sum of the number of EAIgG

lysed by monocytes (cytotoxic lysis) plus the number
of EAIgG which had led to the increase in the osmotic

fragility.

Adherence assay

To determine the number of monocytes that bound
sensitized erythrocytes, 100 yl of monocyte suspen-
sion (2.5x10°/ml1) were mixed with 50 yl of anti-D-
sensitized erythrocyte suspension (concentration: 2x
107 to 10%/ml). 150 pl MEM 10% FCS were added to the
monocyte-erythrocyte mixture and after mixing the
suspension was centrifuged at 150 x g for 10 min at
room temperature. The pellet was carefully resuspen-
ded and incubated for | min at room temperature with
25 ul of a solution containing 4 pg/ml of acridine

orange. The percentage of rosette-forming monocytes
(those which had bound three or more erythrocytes)

was determined by fluorescent microscopy.
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Determination of the amount of IgG on sensitized red
cells by radioactive protein A binding assay

Protein A was purchased from Pharmacia, Uppsala,

Sweden. It was labelled with 125I by chloramine T
method described by Dorval et al. (1974). The resul-

tant specific activity was 75.000 cpm/ug protein A.
10-50 ul of the 1251-labelled protein A solution
(concentration of protein A: 1.2 yg/yl) were incuba-

ted with 50 ul of red cell suspensions (5x10° ery-
throcytes) for 20 min at room temperature. After in-

cubation, the red cells were washed three times in

PBS + 2% (v/v) BSA. Three washings were found to be
sufficient to remove unbound radioactivity. The red
cell pellets were subsequently resuspended in 50 yl

PBS + 2% BSA and transferred to fresh tubes. The
radioactivity and the red cell numbers were counted
and expressed as cpm/10® erythrocytes. The tests

were performed in duplicate,

results

Inhibition by IgG of lysis of EAIgG by monocytes

From Fig. 1 it can be seen that the lysis of
EAIgG anti-D by monocytes was strongly inhibited by
IgG. However, Fig. 2 shows that IgG hardly inhibited
the lysis of human red cells sensitized with IgG
anti-A by monocytes except when IgG anti-A was used

in a very low concentration (12.5 ug/ml). Even then,

a high concentration of IgG (about | mg/ml) was
necessary to achieve 50% inhibition. When anti-D-
sensitized red cells were used as target cells, 50%

inhibition was obtained with 0.1-30 ug/ml of IgG
(range of experiments with monocytes from 20 donors).

These findings suggested that the number of IgG
antibody molecules per red cell was probably impor-
tant in determining the degree of inhibition by IgG.
Group A, red cells have about 106 A, antigen sites

(Cartron et al., 1974; Economidou et al., 1967;
Williams & Voak, 1972) and these can bind more anti-

body than homozygous Rh(D)-positive erythrocytes
which have only 30.000 D antigen sites (Masouredis et
al., 1976; Rochna & Hughes-Jones, 1965). To test

this hypothesis, we increased the number of IgG anti-
body molecules on anti-D-sensitized red cells by
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further treatment with rabbit anti-human IgG.
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Fig. 1 - Inhibition by IgG of lysis of EAIgG anti-D by
monocytes. Ordinate: % specific cytotoxic lysis. Ab-
scissa: IgG concentration. Control values (lysis in
the absence of IgG) are shown directly adjacent to the

ordinate. Results of a representative experiment are

shown. 4A, EAIgG anti-D 1:4; @, EAIgG anti-D 1:8;
e, EAIgG anti-D 1:16.

Effect of number of IgG antibody molecules per EAIgG
on inhibition by IgG of lysis of EAIgG by monocytes
 

In order to quantitate the increase in the number

of IgG molecules after red cells sensitized with anti-

D were treated with rabbit anti-human IgG (RAHI), we

used a radiolabelled protein A binding assay, recently

described by Dorval et al. (1974). The binding of the

protein to various types of EAIgG anti-D used in the

experiments described in this paper is shown in Table

I. From this, it can be seen that treatment of EAIgG

anti-D with RAHI IgG led to in a significant enhance-

ment of protein A binding (0.05>p>0.025 for RAHI | ug/

ehapter ITI o7

ml; 0.005>p>0,.001 for RAHI 10 ug/ml; t-test for paired
observations, one-tailed). Moreover, EAIgG anti-D-
treated with RAHI in a final concentration of 10 ug/ml

bind significantly more protein A than those treated
with RAHI in a final concentration of 1 yg/ml (0.025>
p>0.01; t-test for paired observations, one-tailed).
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Fig. 2 - Effect of IgG on lysis of EAIgG anti-A by
monocytes. Ordinate: % specific cytotoxic lysis. Ab-
scissa: IgG concentration. Lysis in the absence of
IgG is shown directly adjacent to the ordinate. Re-
sults of a representative experiment are shown. A,
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12.5 pg/ml.



TABLE I

The specific binding of !25I-labelled protein A to red
cells sensitized either with anti-D alone (EAIgG anti-

D) or with anti-D) and rabbit anti-human IgG (RAHT)*
 

EAITgG anti-D 700 + 145 (n=10)

EAIgG anti-D + RAHT ( 1 pg/ml) 1523, + O17 (n=10)
EAIgG anti-D + RAHI (10 pg/ml) 3280 + 800 (n=10)
 

*Assessed by subtracting the radioactivity bound by
non-sensitized red cells from the radioactivity bound
by sensitized red cells and expressed as cpm/10© red
cells (mean + SEM).
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Fig. 3 - Effect of treatment of EAIgG anti-D with the
IgG fraction of rabbit anti-human IgG (RAHI) or its
F(ab')» and Fab fragments on lysis of EAIgG by mono-
cytes. EAIgG anti-D were sensitized with RAHI IgG or
its F(ab')» or Fab fragments in final concentrations
indicated on the abscissa. Ordinate: % specific cyto-
toxic lysis. Mean + SEM of experiments with monocytes

from five donors,
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The effect of treatment of EALgG anti-D with RAHT
IgG or its F(ab')» and Fab fragments on the lysis of
these red cells by monocytes is shown in Fig. 3. From
this, it is evident that, although RAHI IgG treatment
enhances monocyte-mediated lysis of these red cells,
the Fab and F(ab’), fragments have just the opposite
effect, presumably because they cover the Fc parts of

the IgG anti-D molecules on the red cell without adding
their own Fe fragment. Support for the latter comes
from the experiments with protein A, because the Fab
and F(ab')» fragments of RAHI IgG in final concentra-

tions of 10 ug/ml inhibited the binding of protein A
by anti-D-sensitized red cells (data not shown).

The effect of treatment of EAIgG anti-D with RAHI,
IgG on the inhibition of monocyte-mediated lysis of
these red cells by IgG is shown in Fig. 4. As already
mentioned, only low concentrations of IgG were needed
to achieve 50% inhibition of lysis of EAIgG anti-D by
monocytes. However, when EAIgG were treated with | ug/
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Fig. 4 - Inhibition by IgG of monocyte-mediated lysis
of EAIgG anti-D. Effect of treatment of EAIgG anti-D
with rabbit anti-human IgG (RAHI). Ordinate: % specific
cytotoxic lysis. Abscissa: IgG concentration. Specific
cytotoxic lysis in absence of IgG is shown directly
adjacent to the ordinate, Results of a representative
experiment are shown. , EAIgG anti-D + RAHI (10 ug/

ml); A, EAIgG anti-D + RAHI (1 ug/ml); e, EAIgG anti-D.



60

ml RAHI IgG, more than 1 mg/ml of IgG was required to

achieve the same inhibition and when 10 ug/ml RAHI IgG
was used, the inhibition was virtually abolished.

Apart from increasing the number of IgG antibody
molecules on EAIgG anti-D, RAHI has also been reported

to induce clustering of the Rh(D) antigens which are

normally homogeneously dispersed over the red cell

membrane (Masouredis et al., 1976; Victoria et al.,
(1975). To investigate whether this was primarily
responsible for the observed effects of RAHI on IgG
inhibition, we studied the effect of papain treatment
of red cells because such treatment also leads to clus-
tering of the Rh(D) antigens by anti-D (Victoria et al.,
1975) without an appreciable increase in the number of
IgG antibody molecules bound,to the erythrocyte
(Hughes-Jones et al., 1964; Masouredis, 1962; Victoria
et al., 1975), at least not to the same extent as
treatment with RAHI IgG. The results of these experi-
ments are shown in Table II.

TABLE II

Inhibition by normal IgG of monocyte-mediated cytoto-
xicity towards IgG-sensitized erythrocytes (EAIgG)
 

Amount of IgG needed to

 

Type of EAIgG achieve 50% inhibition

EATgG anti-D 1.0 + 0.5 (0.1-2.8)*
E papain AIgG anti-D 2.4 + 1.4 (0.2-6.0)

EAIgG anti-D + RAHI
(10 ug/ml) >1000

EAIgG anti-D + RAHI Fab
(10 pg/ml) 0.3:+ 0.2 (0.1-0.8)

EAIgG anti-D + RAHI F(ab')> 0.7 + 0.3 (0.2-1.1)
 

*Mean + SEM (ug/ml), and range of experiments with
monocytes from five donors (in parentheses).

They clearly indicate that the effect of RAHI on IgG
inhibition was very much stronger than that of papain
treatment of red cells. The results of treating EAIgG

anti-D with the Fab and F(ab')»5 fragments of RAHI IgG
are also shown. These fragments had no effect on, or
even enhanced the ability of, IgG to inhibit the lysis
of anti-D-sensitized red cells by monocytes.
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Effect of number of EAIgG per monocyte on inhibition

by IgG of lysis of EAIgG by monocytes

A fixed number of monocytes (5x10 per well) were
added to increasing numbers of EAIgG anti-D so that
EAIgG:monocyte ratios of 1:1 to 32:1 resulted. The
left-hand figure in Fig. 5 shows that although lysis is
inhibited in the presence of IgG (50 ug/ml), it is less

at higher EAIgG:monocyte ratios, since a significant
negative correlation was found between the percentage

of inhibition of lysis by IgG and the EAIgG:monocyte
ratio (r = -0.983; p<0.001).

The same phenomenon (decrease in inhibition by

3 3no, EAIgG lysed (x10%) geonieeg 10") control

80r LYSIS DAMAGED
150,

60;
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Fig. 5 - Inhibition by IgG of monocyte-mediated lysis
of EAIgG anti-D. Effect of variation in the EAIgG:
monocyte ratio. Abscissa: EAIgG:monocyte ratio. Ordi-
nate: number of EAIgG specifically lysed (x10%, left)
or damaged (x10°, right). Mean + SEM of experiments
with monocytes from five donors.

IgG with increasing number of EAIgG per monocyte) was
seen when the total number of EAIgG damaged by mono-
cytes was studied (by applying a hypotonic shock to
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the red cells after incubation with or without mono-
cytes; see Matrials and Methods). This procedure gives
a better estimate of the total number of EAIgG proces-
sed by monocytes than cytotoxic lysis, since it also
includes those red cells which have-an increased osmo-

tic fragility (manuscript in preparation). The right-

hand figure in Fig. 5 shows that there was a signifi—
cant negative correlation between inhibition by IgG
and the number of EAIgG per monocyte (r= -0.9743 p=

0.001).
A similar competition between EAIgG and IgG was

seen in the first step of the interaction between
EAIgG and monocyte, namely the adherence of EAIgG to

monocytes. Table III shows that the percentage of
rosette-forming monocytes decreases in the presence of
IgG (20 wg/ml) while the percentage of the same cells
increased with increasing red cell concentration, both
in the presence and in the absence of IgG, Table III
also shows that, in the absence of IgG, 50% of the

monocytes would bind EAIgG when the red cell concen-

tration was about 20x10°/ml, while in the presence of
IgG (20 g/ml) this level was reached at a red cell

concentration between 50x10® and 100x105/ml.

TABLE III

Relation between concentration of sensitized red cells
(EAIgG) and monocyte Fe adherence in presence or

absence of IgG

Concentration of EAIgG

20x108/ml 50x10%/m1 100x10°/m1

 

(42 1)% (10:1) (20:1)

% Rosette-forming
monocytes in the +
absence of IgG 47 + 2 74 +4 87 + 2

% Rosette-forming
monocytes in the
presence of IgG
(20 pg/m1) 26 a 32 42 + 3 544 3
 

EATgG:monocyte ratio
Mean + SEM (experiments with monocytes from 5 donors)+

x
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discussion

The findings presented in this paper show that
there are at least two factors that determine the de-
gree of inhibition by IgG on the interaction between
human mononuclear phagocytes and IgG-sensitized red
cells. The first is the number of IgG antibody mole-
cules per erythrocyte. The importance of this factor

was first suggested by the fact that the lysis of
EAIgG anti-A by monocytes was not inhibited by IgG
(except at low concentration of IgG anti-A), while
the lysis of EAIgG anti-D was easily inhibited by IgG,
even when red cells were optimally sensitized. It has
been amply demonstrated that suitable red cells can

bind considerably more IgG anti-A antibody molecules
than Rh antibodies. Additional evidence for this was
obtained by using red cells that had been treated with

rabbit anti-human IgG after sensitization with anti-D.
According to the literature, one molecule of human IgG

binds 7 to 9 molecules of rabbit anti-human IgG
(Constantoulakis et al., 1963; Costea et al., 1962;

Kabat & Mayer, 1961; Rochna & Hugh-Jones, 1965). Our

own data, obtained from the !2°I-labelled protein-A
binding assay (Dorval et al., 1974), are somewhat low-

er than this figure. Treatment of anti-D-sensitized
erythrocytes with RAHI IgG increased the binding of
protein A to these red cells from 2.2 (RAHI concentra-
tion: | ug/ml) to 4.7 times (RAHI concentration: 10
ug/ml). However, these figures probably underestima-
ted the real increase for a number of reasons. Ghetie
et al. (1974) reported that the protein A:IgG combi-
ning ratio varied from 2:1 to 1:2. With the D-antigen
on untreated red cells, it is unlikely that the small
protein A molecule could bridge the relatively large

distance between two anti-D molecules but when the

antigen-site is clustered by treatment with RAHI, it
is possible that the same A molecule could attach to
two (rabbit) IgG molecules. In other words, it is

probable that the increase in protein A molecules
would be less than the increase in IgG antibody mole-
cules. Furthermore, there are two papers in which it
was reported that rabbit IgG binds less protein A than
human IgG (Biberfeld et al., 1975; Kronvall, 1973).

In view of these findings, it seems reasonable to

assume that treatment of anti-D-sensitized red cells



with RAHI results, in our hands, in an increase in the
aumber of IgG antibody molecules per red cell of at

least 5 times (RAHI concentration: | g/ml) to 10 times

(RAHI concentration: 10 ug/ml) which figures are compa-
rable to the 7-9 times increase mentioned above. The
treatment of anti-D-sensitized red cells with RAHI IgG
considerably reduced the effect of IgG on the lysis of
EAIgG by monocytes. Treatment of EAIgG anti-D with

RAHT in a final concentration of 10 ug/ml completely
abolished the inhibitory effect of IgG and was up to |
mg/ml not able to prevent the interaction between mono-
cytes and strongly sensitized erythrocytes, presumably

because these red cells could compete more effectively
with free IgG molecules for the IgG binding sites on
the monocyte membrane (the so-called Fe receptors).

The importance of the number of IgG molecules per

cell possibly explains why in vivo destruction of
strongly sensitized red cells is not confined to the
spleen, while the destruction of weakly sensitized red
cells is (Constantoulakis et al., 1963; Jandl & Kaplan,
1960; Mollison et al., 1965). However, in theory,

mononuclear phagocytes should be incapable of destroy-

ing weakly sensitized red cells at all, because the
IgG levels of the plasma and extracellular fluid should
completely inhibit the interaction between them. If
the destruction is due to this cause, the effect of

free IgG is somewhat neutralized.
One of the most important factors which makes this

destruction possible in the spleen, is probably the
marked haemoconcentration which occurs in this organ
(Jandl et al., 1957). The findings of LoBuglio et al.
(1967) are in favour of this theory. They found that
when monocytes were incubated in vitro with mixtures of
anti-D-sensitized red cells and serum, inhibition by
serum of the binding of these cells to monocytes was
decreased when the ratio of red cells to serum was in-
creased. From their experiments, it was not clear,
however, whether this decrease was solely due to the

increase in the haematocrit or whether the concomitant
decrease in the serum content of the mixture was the

most important factor. For this reason, we performed
experiments in which the concentration of monocytes and
IgG was kept constant and the concentration of erythro-

cytes was varied. The findings confirmed those of
LoBuglio et al. (1967) and again emphasize the competi-
tion that occurs between free IgG molecules and EAIgG
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for the IgG binding sites on the monocyte membrane.
When the proportion of EAIgG per monocyte is increased,
binding and destruction of EAIgG are both increased,
even in the presence of free IgG molecules, and inhibi-
tion by IgG is decreased.

In conclusion, it can be stated that inhibition by
IgG of the interaction between monocytes and IgG-sensi-
tized red cells in vitro occurs when the red cells are
relatively weakly sensitized (such as with Rh antibo-

dies or with non-complement binding IgG autoantibodies).
Inhibition by IgG decreases when the concentration of
these red cells increases relative to that of monocytes

and free IgG molecules. Therefore, the haemoconcentra-

tion, which occurs in the spleen, may promote binding
and destruction of sensitized red cells by splenic
mononuclear phagocytes in two ways (although IgG is

present in a high concentration): (1) it decreases the

amount of plasma, thus lowering the concentration of
free IgG molecules; (2) it increases the number of red

cells relative to that of splenic macrophages.
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summary

The purpose of this study was to determine whether
quantitative or qualitative factors are of major impor-
tance in the destruction of red cells sensitized with
incomplete warm autoantibodies of subclass IgGl.

To that end, the relative amount of IgGl antibody
present on the red cells of patients with autoantibodies
of this subclass only, was measured by means of continu-
ous flow cytofluorometry. This technique appeared to be
suitable to compare amounts of antibody on red cells and
gave reproducible results. The fluorescence intensity
of the patients’ red cells,. obtained after incubation
with an FITC-labelled anti-IgGl serum, was studied in
relation to the presence or absence of signs of increa-
sed haemolysis in vivo and in relation to the cytotoxic
activity of normal monocytes towards these red cells in
vitro.

It appeared that it was predominantly the amount of

IgGl autoantibody rather than its quality, that deter-
mined whether or not these antibodies induced haemolysis
in vivo or cytotoxic activity of monocytes in vitro.
This also was true with regard to methyldopa-induced
IgGl autoantibodies.
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introduction

Strong evidence is available that red cells are

destroyed in vivo under the influence of non-complement

binding IgG antibodies as a result of adherence to 'Fe
receptors’ on phagocytic cells (Brown, 1974; Engelfriet
et al., 1974; Logue & Rosse, 1976, Borne et al., 1977a;
Meulen et al., 1978). Thus, since only IgGl and IgG3
are capable of adherence to mononuclear phagocytes, the
subclass composition of IgG non-complement binding auto-
antibodies is of great importance in relation to their
clinical significance.

Previously, we have studied the relation between

the subclass of IgG incomplete warm autoantibodies and
the presence or absence of increased red cell destruc

tion in vivo (Engelfriet et al., 1974; Borne et al.,
1977b3 Meulen et al., 1978). We found that [gG2 or
IgG4 autoantibodies are indeed not associated with hae-
molytic anaemia, whereas evidence of a shortened red
cell lifespan is present in nearly all patients on
whose red cells IgG3 is detectable.

Sensizitization with IgGl autoantibodies alone
-which occurs in the vast majority of patients- leads
to increased destruction of red cells in some of these
patients, but not in others. No clear relation was
found between the titre of the direct antiglobulin test
(DAGT) with anti-IgG] serum and the presence or absence

of signs of increased haemolysis in vivo. We have in-
terpreted this -incorrectly as will be shown in this
paper- as being due to a qualitative difference between
IgGl molecules, either capable or not of reacting with

the 'Fe receptor’.
Since the titre of the antiglobulin test is fully

inadequate for the quantification of antibody (Chaplin,
1973) and since a much better method for determining
the number of antibodies bound on a red cell has re-
cently become available, we have re-examined this pro-
blem. The relative number of antibody molecules bound
on cells can be accurately measured by means of conti-

nuous flow cytofluorometry with fluorescein isothiocya-
nate. (FITC)-labelled antiglobulin reagents (Herzenberg
as quoted by Greaves, 1975; Borne et al., 1978; Ver-

heugt et al., in press; Aaij et al., 1978). Thus, the
relative number of IgGl antibodies on the red cells of
a number of patients with IgGl incomplete warm auto-

chapter IV 71

antibodies only, could be established by determining
the intensity of the fluorescence obtained with an
FITC-labelled anti-IgG] serum. The relation between
the intensity of the fluorescence and the presence or
absence of overt haemolytic anaemia can be studied.
The intensity of the fluorescence obtained with pa-
tients’ red cells can also be studied in relation to
in vitro damage of these cells by adherence to peri-

pheral blood monocytes of healthy volunteers (Fleer
et al., in press”).

In this paper, it will be shown that the actual
amount of IgG] autoantibody is a critically important
factor, which determines whether increased haemolysis
in vivo as well as damage of red cells by monocytes
in vitro occurs.

materials and methods

Erythrocytes

Erythrocytes were studied from patients with ex-
clusively IgGl incomplete, non-complement binding
warm autoantibodies. None of the patients recei-
ved corticosteroid therapy at the time of their
blood donation. The subclass of the IgG antibodies
was determined in the DAGT with subclass-specific
antisera,

The red cells of 30% of the patients were also
agglutinated by anti-complement serum, Using speci-
fic reagents, it could be established that C3d was
present on these cells, but not C4c or C3c. No spe-
cific anti-C4d serum was available for the detection
of C4d. Red cells were stored in liquid nitrogen.
After thawing, the erythrocytes were washed in phos-
phate (5.8 mM)-buffered saline (140.mM NaCl) (PBS)

and suspended in the required medium (vide infra).

Serological techniques

The DAGT was performed as previously described
(Engelfriet et al., 1968).

The titration score was calculated by evaluation
of the degree of agglutination, which was expressed
as a number, and by adding up the figures for each
tube (Dacie, 1956).

 



Preparation of FITC-labelled antiserum

The IgG fraction of a specific rabbit-anti-human
IgG serum was isolated by Sephadex DEAE-A50 chromato-

graphy after precipitation with 40% ammonium sulphate.
This fraction was then digested with papain (1% w/w).
The F(ab) fragments were purified by CM-Sephadex
column-chromatography and labelled with FITC (The,
1970). A fluorescein/protein (F/P) ratio of 1 was ob-

tained. F(ab) fragments were used instead of total

IgG to avoid agglutination of red cells in the cuvette
of the cytofluorograph. However. it appeared later on

that the agglutinates could be easily disrupted by
resuspension and, therefore, no difficulties were en-

countered when papain treatment was omitted. For this
reason the anti-IgGl serum (see below) was not hydro-
lysed.

An anti-IgGl serum was prepared in rabbits by
immunization with H-chains of purified IgGl myeloma
proteins and it was made subclass-specific by absorp-
tion with [gG2, IgG3 and IgG4 myeloma proteins (van
der Giessen, 1974). The anti-IgGl antibodies were iso-
lated by binding to, and elution from, a Sepharose 4B
column, which carried IgGl myeloma proteins. The anti-
bodies thus obtained were conjugated to FITC with a

final F/P ratio of 2.1.

Preparation of red cells for cytofluorometric measure-
ment 

Erythrocytes were washed three times in PBS.
Thereafter, 10° red cells were suspended in 0.075 ml of
a ten-fold dilution in PBS of anti-IgG serum or of
anti-IgG] serum, After 30 min incubation at room tem-
perature, the cells were washed twice, resuspended in
PBS to a final concentration of 10°/ml and transferred
to the cytofluorograph.

The fluorescence of rh D-positive erythrocytes
(OR,R>), sensitized in vitro (1 h, 37°C. final serum
dilution 1:4) with IgG anti-D alloantibodies (EAIgG)
from donor G, who was immunized with ORpr red cells,

served as a positive control. This anti-D serum
(titre 1:2000 in the indirect antiglobulin test with
anti-IgG serum) was selected for this study because of
its high content of IgGl antibodies.
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Cytofluorometric measurement

The fluorescence of the red cells was determined

in a Biophysics Cytofluorograph, model 4180A-FC200.
This continuous flow microfluorometer, in conjunction
with a Biophysics 2100 Distribution Analyzer (100
channels), recorded both pulse height, i.e. the fluo-
rescence intensity per cell (as a channel-index value)
and the number of cells causing a certain pulse height.
From these results, the relative fluorescence intensity
(RFI) of the whole cell population could be calculated

by dividing the sum of the products of the cells per
channel times the channel-index number by the total
number of’ cells registered (10,000 cells) (Verheugt et

al., in press; Borne et al., 1978; Aaij et al., 1978).
Every fourth measurement was followed by the re-

cording of the standard sensitized erythrocyte prepara-
tion (the positive control) to account for the drift in

the apparatus. As a negative control, the RFI of the

same non-sensitized red cells (OR>R>) was determined.
The results of the measurements presented in this paper

are expressed as percentage fluorescence (= relative

fluorescence) and calculated as follows:

percentage fluorescence =

Iatients" red cells - RELes. control
 iF x 100%

Tositive control EAIgG - RFTeg, control

In this way, the relative amount of antibody present on
red cells could be compared. The storage of red cells
in liquid nitrogen caused no detectable change in the
cytofluorometrically determined amount of cell-bound
antibody.

Preparation of monocytes
 

Cryopreserved monocytes of two healthy human volun-

teers were used. These cells were isolated from the
buffy coat of 500 ml citrated venous blood. From the

mononuclear leukocyte suspension, obtained by Ficoll-
Isopaque density gradient centrifugation (d=1.077 g/cm?)
monocytes were further purified by adherence to glass
petri dishes at 37°C for 90 min. The monolayer was
washed twice and scraped off with a piece of silicone
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rubber. The suspension thus obtained contained 70-80%

monocytes, the remainder being lymphocytes and less
than 3% granulocytes as determined by morphologic dif-
ferentiation and electronic sizing with a Coulter
counter, model ZF, supplemented with a pulse height
analyzer (Channelyzer, model C-1000) (Loos et al.,

1976).
Monocytes were frozen in minimal essential medium

(Gibco, Paisley, Scotland), buffered with Tris 0.025 M
(pH 7.4) (MEM-Tris), which contained 20% fetal calf

serum (FCS) (Gibco, Biocult, Paisley, Scotland) and 102%
dimethyl sulfoxide (DMSO) (Baker Chemicals B.V.,
Deventer, The Netherlands) as cryoprotectant. Cooling
was performed by means of a controlled rate cooling
programme as described elsewhere (du Bois et al., 1976)
and the cells were stored in liquid nitrogen. After
thawing, the monocytes were washed and resuspended in
the required media.

The capacity of monocytes to lyse red cells sensi-
tized with incomplete anti-D alloantibodies was unchan-
ged by this procedure (van der Meulen, 1977).

Cytotoxic assay

Lysis of sensitized red cells by monocytes was
determined as described by Fleer et al. (in press®).
Briefly, patients’ red cells were labelled with
NaoCr° 0, (Radiochemical Centre, Amersham, UK) and in-

cubated with monocytes in wells of microtiter plates
(Greiner, Alphen a/d Rijn, The Netherlands). After
incubation for 16 h at 37°C, the plates were centrifu-
ged and the percentage of chromium>! release was deter-
mined in a sample of the supernatant, After correction
for the spontaneous Cr°l-release the number of red
cells lysed by the monocytes could be calculated.

The cytotoxicity of monocytes towards red cells
sensitized in vitro (1 h, 37°C, final serum dilution
1:4) with IgG anti-D alloantibodies (EAIgG) of donor A

served as a positive control. This anti-D serum (titre
1:2000 in the indirect antiglobulin test with anti-IgG
serum) was selected for its induction of a strong cyto-

toxic activity.
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The percentages of cytotoxicity were calculated
as follows:
percentage cytotoxicity =

number of patients’ red cells lysed 1002
number of EATgG lysed °

Non-sensitized red cells were not lysed by monocytes.
All measurements were performed in duplicate. The
storage of red cells in liquid nitrogen did not alter
the cytotoxic action of the monocytes towards these
cells.

Criteria for haemolysis in vivo

At least four of the following parameters were
used: blood haemoglobin level, or haematocrit or ery-
throcyte count (as a measure for the degree of anae-

mia); erythrocyte osmotic fragility (as a measure for
red cell damage); serum haptoglobin level, serum LDH
activity, serum bilirubin level, or the half life, de-
termined by using °!Cr-labelled red cells (°!cr Th)
(as a measure for increased red cell destruction), and

reticulocyte count, or erythrocyte G-6-PD activity (as
measures for compensatory red cell production). Anae-
mia and signs of increased red cell production alone
were insufficient for the diagnosis. Other causes for
haemolytic anaemia than red cell autoimmunity were ex-
cluded as far as possible. Normal values used were

those of Williams et al. (1972).

results

Specificity of the FITC-labelled anti-IgGl serum

In agglutination techniques, the anti-IgG] serum
reacted specifically with IgGl myeloma proteins coupled
to glutaraldehyde-fixed red cells by means of chromium

chloride. The use of these glutaraldehyde-fixed red

cells in the cytofluorograph to check the specificity
of the antiserum after FITC-labelling led to non-speci-
fic reactions probably due to aspecific binding of
FITC-labelled globulins to glutaraldehyde. However,
with red cells not treated with glutaraldehyde, the
FITC-labelled anti-IgG] serum retained its specificity
(Table I).
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TABLE I

IgG subclass of the % £luorescence
coating myeloma protein:
 

IgGl 15
IgG2 1.2
IgG3 0.6
IgG4 0.8
 

Specificity of the FITC-labelled anti-IgGl serum. Red
cells were coated with myeloma proteins of different
IgG subclasses by means of chromium chloride. The re-
lative fluorescence obtained with red cells not treated
with glutaraldehyde is given. The reaction is expressed
as percentage fluorescence (see Methods).

Reproducibility of the measurement
 

The reproducibility of this comparative cytofluoro-
metric method is indicated by the mean + S.D. of 7 de-
terminations, performed on the red cells of one patient,

on different days over a period of two months. The
percentage fluorescence was: 17.7 + 1.9.

Relation between fluorescence, agglutination titre and
score

Rh D-positive red cells (OR2R2) were sensitized
with two-fold dilutions of the anti-D serum of donor G,

resulting in final dilutions ranging from 1:4 to 1:2000,
By means of the AGI, the agglutination titres and

scores of the differently sensitized cells were deter-
mined with an anti-IgG serum (Fig. 1). The degree of
fluorescence, resulting from the incubation with the
same, FITC-labelled, anti-IgG serum was also determined

and expressed as percentage fluorescence of the control.
It appeared that over a wide range of measurement, there
was an excellent linear correlation (r?=0.998) between
the dilution of the anti-D serum used for the sensiti-
zation and the determined fluorescence (Fig. 1). Thus,

cytofluorometry seemed to be a suitable method for the
comparison of the relative amount of IgG antibody in an
antiserum as well as on sensitized red cells from pa-
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Fig. 1 - Relation between fluorescence, agglutination
titre and agglutination score determined with red cells
sensitized with dilutions of an anti-D serum. Red cells
(OR2R2) were sensitized with different dilutions of an
anti-D serum (abscissa) and the agglutination titre and
score were determined by means of the DAGT. The relative
fluorescence (expressed as percentage fluorescence) was
measured cytofluorometrically. Left ordinate: agglutina-
tion score and percentage fluorescence. Right ordinate:
reciprocal titre of DAGT, For cytofluorometry and the
antiglobulin test the same anti-IgG serum was used.
®—e, percentage fluorescence; B—®, agglutination
titre; A—A, agglutination score,
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tients with AIHA due to incomplete warm IgG autoanti-
bodies. It is clear from the figure that the correla-
tion with either the titre of the AGI or the score was
much less good.

Relation between fluorescence with FITC-labelled anti-
IgGl and haemolysis in vivo
 

 

The relative fluorescence of the red cells of 29
patients, on whose erythrocytes only IgGl autoantibo-

dies were detectable by means of the DAGT, was deter-

mined with FITC-labelled anti-IgGl serum.
According to the criteria mentioned in Materials

and Methods, the patients were divided into two groups:
one with indications of increased red cell destruction,
the other with no such signs. Fig. 2 shows the rela-
tion between the percentage fluorescence and the pre-

sence or absence of increased haemolysis in vivo.
Almost all patients with a comparatively large

amount of IgGl bound to their red cells suffered from

overt haemolytic anaemia, whereas only one of the pa-
tients with less than 3% fluorescence showed evidence
of increased red cell destruction in vivo. Two excep-
tions A and B to this general pattern will be further
considered in the Discussion. In the group with signs
of overt haemolytic anaemia, the red cells of 35% (6/
17) of the patients were agglutinated by anti-comple-
ment serum, whereas in the group of patients without
such signs, this percentage was 8% (1/12). However,
this difference in percentages is not significant
(p>0.1, y2=test).

Relation between fluorescence with FITC-labelled anti-
IgGl and cytotoxicity in vitro
 

 

The cytotoxic action of peripheral blood monocytes
of healthy volunteers towards the red cells from the
patients mentioned in the preceding paragraph was mea-
sured and expressed as percentage of cytotoxicity of
the control. In Fig. 3, this percentage is plotted
against the percentage of fluorescence, obtained with
the same erythrocytes,

There is a direct relation between the cytotoxici-
ty by monocytes in vitro and the amount of -IgGl, ex-

pressed as fluorescence intensity (Spearman's rank
correlation coefficient r=0.89).

The two patients A and B, mentioned in the prece-
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Fig. 2 - Relation between fluorescence of red cells
with FITC-labelled anti-IgGl and haemolysis in vivo.
Ordinate: percentage fluorescence of the patients’ red
cells determined by cytofluorometry. The patients are
divided into two groups according to the criteria for
haemolysis in vivo. Exceptions are marked A and B
(see Discussion).

A, methyldopa-associated cases
@, idiopathic and symptomatic cases
closed symbols, complement components detectable on

the red cells;
open symbols, no complement components detectable on

the red cells.
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ding paragraph, are also marked in Fig. 3. On the red
cells of 25% (7/29) of the patients, C3d was detectable.

However, there was nosignificant difference between the

slopes when the populations with or without complement
components were tested (t-test for comparison of slopes,

p>0.1, Dixon & Massey, 1969). This indicates that the
established relation between the relative amount of
antibody on the red cell and the in vitro cytotoxicity

was not influenced by the presence or absence of this
complement component.
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Fig. 3 — Relation between fluorescence and cytotoxicity

in vitro. Abscissa: percentage of cytotoxic lysis in

vitro of patients’ red cells by monocytes of healthy

volunteers. Ordinate: percentage fluorescence of the

game red cells with FITC-labelled anti-IgG] serum. A

and B represent the same patients as marked in Fig. 2.

A, methyldopa-associated cases
@, idiopathic and symptomatic cases

closed symbols, complement components detectable on the

red cells;

open symbols, no complement components detectable on

the red cells.
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discussion

The results presented in this paper show that con-
tinuous flow cytofluorometry is a suitable technique
for the measurement of red cell antibodies free in
serum or bound to cells. Cytofluorometric measurements
decreased linearly with the dilution of the antiserum
in which the rh D-positive erythrocytes had been incu-
bated (Fig. 1). Doubling the serum dilution resulted
in half the percentage of fluorescence, thus suggesting
that -in this case- also half the amount of antibody
was bound to the red cell surface.

To correct for’variations in circumstances of mea-
surement occurring during the period in which the expe-
riments were performed, the fluorescence of the same
batch of rh D-positive red cells, sensitized under stan-
dard conditions with a standard anti-D serum, was regu-
larly determined, After correction for background
fluorescence, the results obtained with the patients’
erythrocytes were expressed as percentage of fluores-
cence of the corrected control value. This procedure
led to a satisfactory reproducibility.

The results of cytofluorometric measurement of the
patients' red cells showed a distinct difference in the
number of antibody molecules on the red cells of pa-
tients with and without signs of increased haemolysis.
There appears to be a ‘threshold’, i.e. a critical de-
gree of sensitization above which increased red cell
destruction in vivo becomes apparent. This indicates
that our previous interpretation that two kinds of
—qualitatively different- IgGl autoantibodies are pre-
sent, is incorrect (Engelfriet et al., 1974; Meulen et
al., 1978).

Our results are in agreement with the finding of
Mollison (1967) that a critical amount of cell-bound
IgG is necessary to induce measurable destruction of
red cells in vivo.

Since antibody-dependent cytotoxicity exerted by
mononuclear phagocytes in the spleen is probably an
important mechanism of red cell destruction in AIHA
(Fleer et al., in press”), we have investigated the
relation between the intensity of fluorescence and
the degree of cytotoxic lysis by monocytes in vitro.
The establishment of a direct correlation between
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these two parameters suggests that stronger sensiti-
zation with IgG] antibodies above a certain threshold
leads to a higher degree of haemolysis in vivo. This
concept is compatible with the results of many inves~
tigators who studied both allo- and autoantibodies
(Jandl & Kaplan, 1960; Mollison et al., 1965; Gilli-
land et al., 1970; Rosse, 1971) and found that the

amount of antibody on the red cell surface was gene-

rally proportional to the rate of haemolysis in vivo.
From our study, two discrepancies to the above-

mentioned pattern emerge . Im case A, scene of overt

haemolytic anaemia were absent and the Slcr T4 was
22 days (normal value above 23.5 days), whereas much

IgGl was detectable on the red cells. The spleen of

this patient functioned normally since red cells sen-
sitized in vitro with anti-D alloantibodies and label
led with °'Cr were immediately removed by this organ.
The patient's erythrocytes, however, were strongly

lysed in vitro by monocytes of healthy volunteers, in
accordance with the amount of IgGl on the erythrocy-

tes (Fig. 3). This indicated that these antibodies
as such could induce haemolysis. Finally, we tested
the patient's own monocytes. These cells showed a

normal cytotoxic and erythrophagocytic behaviour to-

wards the patient's own red cells from the previous

haemolytical episode, as well as towards red cells

sensitized with IgG alloantibodies. For the observed

discrepancy we have, so far, no explanation.
In case B, fluorescence as well as cytotoxicity

were low whereas overt haemolysis was present, a fin-

ding for which also no other cause could be detected.

As stated by Worlledge (1973), 15% of the pa-

tients receiving methyldopa develop IgG incomplete

warm autoantibodies against red cells, but less than

1% of the patients show signs of increased red cell
destruction. In our series, 52% (15/29) of the patients
were under methyldopa therapy. Nine of them suffered
from haemolytic anaemia and six did not. Without ex-
ception, the percentage fluorescence was well above the

'threshold' in the cases of increased haemolysis, where-
as the fluorescent signal was weak in those cases in
which no evidence of increased red cell destruction was
found, This suggests that in case of IgGl autoantibody
development under methyldopa treatment, the occurrence

of haemolysis depends on the amount of antibody on the

|
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red cell surface, which is in agreement with recent
findings of Worlledge et al. (personal communication)
who used a semiquantitative antiglobulin test.

In the present study, the erythrocytes from 25%
(7/29) of the patients were also agglutinated byanti-
complement serum. Using specific reagents, it could be
shown that C3d was present on these cells, but not C4c
or C3c. An anti-C4d serum was not available. There was
no significant difference in the presence of*C3d in the
group of patients with or without haemolytic anaemia.

Although Kurlander et al. (1978) reported that C3d
enhanced the cytotoxic activity of monocytes in vitro
towards IgG-sensitized red cells, in the underlying
study the relation between the amount of IgGl autoanti-
body and the cytotoxic activity of monocytes in vitro
was not influenced by the presence or absence of C3d.
In the former experiments, though,. C3d was fixed to the
red cells in vitro, whereas in our study this component
of complement had been bound to the cells in vivo.
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summary

In a longitudinal study of patients with auto-
immune haemolytic anaemia with IgG non-complement bin-
ding warm autoantibodies, the course of the disease
and the effect of treatment were studied in relation
to the subclass composition and the relative amount of
IgG antibody detectable on the patients' red cells,
obtained from consecutively collected blood samples.

The adherence of the patients’ red cells to peri-
pheral blood monocytes (PBM) of healthy volunteers and
the subsequent cytotoxic lysis of these erythrocytes

by the phagocytes in vitro were also determined.
On the red cells of the patients, who responded

well to corticosteroid therapy, a significant decrease
of the amount of IgG antibody was detectable. This
was associated with a diminished adherence and cytoto-
xicity in vitro. In some cases, the IgG subclass com-
position was also altered.

In the patients with IgG3 autoantibodies, impro-
vement coincided with the disappearance of this sub-
class. The adherence and cytotoxic lysis in vitro
decreased concomitantly.

Recovery or improvement of the patients with IgGl

autoantibodies was accompanied by a decrease ofthe
number of IgG] molecules as well as by a decreased in-
teraction between the patients’ erythrocytes and the
mononuclear phagocytes in vitro. The presence of IgG2
and. IgG4 autoantibodies was not associated with in-
creased red cell destruction in vivo, nor did it lead
to binding and lysis of these erythrocytes by PBM in
vitro.

On the basis of several cases, the different re-
actions to therapy are discussed.
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introduction

Much evidence has recently accumulated which in-
dicates that adherence of red cells, sensitized with
non-complement binding IgG antibodies to 'Fce receptors'
on mononuclear phagocytes, is a crucial step in the
destruction of such cells in vivo (Brown, 1974;
Engelfriet et al., 1974; Logue & Rosse, 1976; Borne et

al., 1977a; Meulen et al., 1978). Thus, in our own

investigations (Engelfriet, 1974; Borne et al., 1977b;
Meulen et al., 1978), we found that the presence of
IgG3 autoantibodies as detected by means of the DAGT
is nearly always accompanied by increased red cell
destruction in vivo and adherence to PBM in vitro.

Patients with only IgG2 and IgG4 autoantibodies
do not suffer from autoimmune haemolytic anaemia
(AIHA), and the red cells of such patients are not

bound to PBM in vitro; IgG] autoantibodies only caused
increased haemolysis when present above a critical
level, while above this threshold there seemed to be a
relation between the degree of sensitization of the
red cells and the rate of erythrocyte destruction
(data submitted for publication). From their experi-
ments with IgG alloantibodies, Jandl & Kaplan (1960)
and Mollison et al. (1965) concluded that the amount
of non-complement binding IgG antibodies determined
the rate of destruction of red cells under the influ-
ence of these antibodies. Thus, it is clear that IgG
subclass composition and the amount of IgG antibody
on the patient's red cells are of great significance
in the diagnosis, course and treatment of ATHA.

The initial process of adherence of IgG-sensiti-
zed erythrocytes to phagocytes in vitro either leads
to phagocytosis or to cytotoxic damage outside the
phagocyte (LoBuglio et al., 1967; Huber & Fudenberg,

1968; Abramson et al., 1970b; Holm et al., 1974).
Fleer et al. (in press, a,b,c) found indications that
particularly the latter process is of major impor-
tance in vivo.

Until now, most of our investigations with the
patients’ red cells were performed only once, i.e.
when the patient's blood was first sent to the labo-
ratory. To investigate the course of AIHA in time
and the influence of therapy, we collected blood sam-
ples during the course of the disease and studied the
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IgG subclass composition and the relative amount of
IgG antibody on the patients’ red cells in relation
to the degree of haemolysis. Furthermore, adherence

of the patient's erythrocytes to mononuclear phago-

cytes in vitro and the subsequent cytotoxic lysis of
these cells by the phagocytes, which both most pro-

bably reflect processes operating in vivo, were
studied.

materials and methods

Erythrocytes

Experiments were performed with erythrocytes from
patients with IgG non-complement binding warm duto-
antibodies only. The group of patients was heteroge-
neous with regard to the accompanying disease, therapy
and duration of the disease. From 16 patients with
evidence of increased haemolysis, consecutive blood
samples, collected during the course of the illness
and treatment, were stored in liquid nitrogen. None
of the patients received corticosteroid therapy at the
time when the first blood sample was taken.

The subclass of the IgG antibodies was determined
by the direct antiglobulin test (DAGT) using subclass-
specific antisera. After thawing, the erythrocytes
were washed in phosphate-buffered saline (PBS) and
suspended in the required media (see below). Thus,

the various blood samples from the same patient could
be tested on the same day.

The cryopreservation of red cells did not affect
the results of subsequent measurements, such as the

titre in the DAGT or the relative fluorescence.
Neither did it alter the adherence of the red cells to
monocytes or the cytotoxic activity of the phagocytes
towards these cells in vitro (see below).

Cytofluorometric measurements
 

Measurements of the relative amount of antibody
on the red cells from the various blood samples were

performed by means of cytofluorometry, as was descri-
bed elsewhere in detail (Chapter IV). In short, pa-

tients' red cells were incubated with fluorescein
isothiocyanate (FITC)-labelled anti-IgG serum or
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anti-IgG] serum for 30 min at room temperature. Fluo-

rescence of the red cells was determined in a Biophy-
sics Cytofluorograph, model 4180 A-FC 200, and the re-
lative fluorescence intensity (RFI) of the cell popu-
lation calculated as described (Verheugt et al., in
press; Borne et al., 1978).

A standard erythrocyte preparation (Rh D-positive
red cells (OR:R9), sensitized with an anti-D (EAIgG

anti-D)) served as the positive control. To correct
for the background fluorescence, the RFI of the same

non-sensitized Rh D-positive red cells (ORgRo) was de-
termined. The results of the measurements, presented
in this paper, are expressed as percentage fluorescen-

ce (= relative fluorescence) and calculated as follows:

percentage fluorescence =

RFI patient's red cells - RFI ORgRo
 x 100%

RFI EAIgG anti-D - RFI ORgRo

In this way, the relative amount of antibody present on
the various red cells could be compared.

Preparation of monocytes

Cryopreserved as well as freshly prepared monocy-
tes of healthy volunteers were used. The cryopreserva-

tion was performed as described elsewhere in detail
(Chapter VII). In short, monocytes were isolated from

the buffy coat of citrated venous blood by means of

Ficoll-Isopaque density gradient centrifugation and
adherence to glass petri dishes. After suspension in
a medium containing fetal calf serum (FCS) and dimethyl
sulfoxide (DMSO) as cryoprotectant, the cells were fro-
zen according to a controlled rate cooling programme
(du Bois et al., 1976) and stored in liquid nitrogen.

The capacity of monocytes to bind and lyse red cells,

sensitized with incomplete anti-D alloantibodies, was
unchanged by this procedure (Meulen et al., 1977).

All experiments were also performed with freshly
prepared monocytes. These cells were also isolated by
means of Ficoll-Isopaque density gradient centrifuga-
tion and adherence to plastic (Falcon plastic tissue
culture dishes, 3003, Oxnard, Cal., USA), as previous-

ly described (Meulen et al., 1978).
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Cytotoxicity assay

Lysis of sensitized red cells by monocytes was

determined as described by Fleer et al. (in press,a).

Briefly, patients’ red cells were labelled with Nag

Cr5!0, and incubated with monocytes in wells of micro-
titre plates. After incubation for 16 h at 379C, the

plates were centrifuged and the percentage of °!Cr-
release was determined in a sample of the supernatant.

After correction for the spontaneous °!Cr-release, the
number of red cells lysed by the monocytes could be

calculated. The cytotoxicity of monocytes towards

EAIgG anti-D served as a positive control. Percentage

cytotoxicity was calculated as follows:

percentage cytotoxicity =

number of patient's red cells lysed
7 100%

number of EAIgG anti-D lysed x: 100%
 

Non-sensitized red cells were not lysed by monocytes.

Adherence assay

The rosette test was performed as described else-

where in detail (Chapter VII). In short, a suspension

of monocytes was mixed with the patient's red cell

suspension, centrifuged and subsequently incubated at

room temperature. After the addition of acridine

orange, the cells were carefully resuspended and the

percentage of rosette~forming cells determined with a

Leitz Orthoplan fluorescence microscope, according to

Brostoff (1974).

EA-rosette formation with EAIgG anti-D served as

a positive control. The percentage adherence was

calculated as follows:

percentage adherence =

% rosette-forming cells with patient's red cells
- : 100%

% rosette-forming cells with EAIgG anti-D e

Non-sensitized red cells (OR2R>) were not bound by

monocytes.

Criteria for haemolysis in vivo
 

As is indicated in Chapter IV, at least four of
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the following parameters were used: blood haemoglobin
level, haematocrit or erythrocyte count, erythrocyte

osmotic fragility, serum haptoglobin level, serum LDH
activity or serum bilirubin level , erythrocyte half
life (determined by using 5!Cr-labelled red cells)
(Scr T4), and reticulocyte count or erythrocyte G6PD-
activity.

Anaemia and signs of increased red cell produc-
tion alone were insufficient for the diagnosis. Nor-
mal values used were those of Williams et al. (1972).

results

Relation between haemolysis in vivo and cytotoxicity
in vitro

In order to study this relation, we first exami-
ned the red cells of 37 untreated patients with non-

complement binding IgG autoantibodies. They were in-
cubated in vitro with PBM of healthy volunteers and
the presence or absence of signs of increased red
cell destruction in vivo was correlated to the cytoto-
xic lysis of these cells in vitro.

It was found that in nearly all cases in which
there were no signs of haemolytic anaemia, the rela-
tive cytotoxicity was below 10%, whereas in nearly
all cases of overt haemolysis, the percentage cytoto-
xicity was above this critical level (Fig. 1). Thus,
the determination of cytotoxic lysis of patients' red
cells in vitro by mononuclear phagocytes seems to be
a suitable parameter to discriminate between a state
with and one without signs of increased red cell des-
truction in patients with IgG non-complement auto-
antibodies.

Survey of patients included in the longitudinal study

Table I gives a survey of the 16 patients suffe-
ring from autoimmune haemolytic anaemia (AIHA) inclu-
ded in this study and shows the various parameters of
the disease in the course of time.

Seven patients developed overt haemolysis during
a-methyldopa therapy, one other patient during treat-
ment with L-dopa. In five of the eight remaining ca-
ses, other autoimmune diseases or chronic lymphatic
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patients' red cells by PBM in vitro; C., percentage
adherence of patients’ red cells to PBM in vitro.

Given are the mean + SEM, calculated from determina-

tions with red cells of 15 patients.
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leukaemia were present. Three patients died during

the course of the study: one had a fatal myocardial
infarction, the two other patients died of a pneumo-

nia.
At the time the first blood sample was taken,

none of the patients received corticosteroid therapy;
when the last blood sample was taken, all but one

patients were treated with this drug. One patient

recovered by the mere withdrawal of a-methyldopa.

Fluorescence, adherence and cytotoxicity in the course
of time

In 15 of the 16 patients the degree of haemolysis

decreased during treatment. In this group, a signifi-
cantly larger amount of antibody, as determined by
cytofluorometric measurement, was detectable on the

patients’ erythrocytes before than after the period of
treatment. (Student's t-test for paired observations,

p<0.02) (Fig. 2A).
The percentage of adherence and cytotoxicity, ob-

tained with red cells from the first blood samples,
were also significantly higher than those of later
samples (p<0.0001) (Figs. 2B and C). However, in one
patient (v.D.), the signs of increased haemolysis per-
sisted during prednisone therapy. This situation was
reflected in vitro by the relative fluorescence, adhe-
rence and cytotoxicity, which remained at very high
levels throughout the time of investigation.

Since individual patients showed different reac
tions to therapy, some cases will be considered in
more detail.

LEGEND TO TABLE I

Survey of laboratory, serological and experimental
data of the patients included in the longitudinal
study. Given are the results of the examinations of
blood samples collected before (upper line) and
after (lower line) a period of treatment.

at p.c.: packed red cell transfusion;
b: the survival time of normal erythrocytes is noted

in brackets;

c: normal values of serum LDH activity.
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Case reports

Case 1

The various data of patient V.-W. (a woman aged

71) obtained in the course of time are summarized in

Fig. 3. She had been treated with a-methyldopa for 5

years and had developed ATHA. On her red cells only

IgG] autoantibodies were detectable. When the drug

was discontinued, she showed only little improvement.

Therefore, prednisone therapy was started and this

resulted in a normalization of the haematological

parameters in about 3 weeks. Thus, the blood haemo-

globin level steadily rose, while the percentage reti-

culocytes declined and the serum LDH activity returned

to a normal level. The rise in serum haptoglobin re-

flected the decrease of red cell destruction. Conco-

mitantly, the amount of IgGl antibody on the patient's

red cells decreased as did the pereentages of adheren-

ce and cytotoxicity in vitro. The patient was kept on

a low dose of prednisone for one year.
Three weeks before the last measurement, this

treatment was stopped. No signs of haemolytic anaemia

recurred, whereas the DAGT was still positive with

anti-IgG serum and anti-IgG1 serum. The relative

fluorescence with FITC-labelled anti-IgGl serum was

low and adherence and cytotoxicity were negative.

Case 2

On admission to the hospital, the red cells of pa-

tient v.H.-v.G. (aged 70) were heavily sensitized with

IgGl antibodies, resulting in a strong binding to, and

lysis by, monocytes in vitro. While the patient impro-

ved under prednisone treatment, the percentages adhe-

rence and cytotoxicity steadily decreased, as did the

amount of antibody on the erythrocytes, Remission of

the anaemia, however, was complete, while much IgG was

still detectable on her red cells and the adherence and

cytotoxic test remained positive (Fig. 4).
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Case 3

Patient H.-N. (aged 76) used a-methyldopa and was

admitted to the hospital with anaemia, jaundice and

splenomegaly. On her red cells, a large amount of IgG

antibody of the subclasses IgG] and IgG3 was detect-
able. Adherence and cytotoxicity were high and fell
immediately to lower levels once IgG3 antibodies were
no longer detectable, after discontinuation of the
drug. However, from then on recovery was slow and

corticosteroid therapy was instituted, In the last
period of investigation, she still showed signs of

increased haemolysis and IgG antibodies were found on

her erythrocytes in a more or less constant quantity.
The percentages adherence and cytotoxicity also re-
mained largely unchanged. Fig. 5 shows the results
of the examinations performed in this case.

Case 4

In the blood of the patient H.-E., autoantibodies

against thyroid tissue were present, apart from auto-

antibodies against red cells. At the onset of the

AIHA, all four IgG subclasses could be detected on the

‘ patient's erythrocytes, which were readily bound and

lysed by PBM in vitro. The patient received 4 units

of packed red blood cells under intravenous admini-

stration of corticosteroids after which she was

treated with 60 mg prednisone daily.

In parallel with the disappearance of IgG3 auto-

antibodies, the adherence and cytotoxicity tests be-

came negative. However, a rather heavy load of IgG

antibodies of the subclasses 2 and 4 remained detect-

able. IgGl antibodies were present in only a small

amount. The patient gradually improved and finally

recovered completely (Fig. 6).
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Case 5

In the case of patient v.D., admitted to the

hospital for the evaluation of haemolytic anaemia, a
chronic lymphatic anaemia was also diagnosed. Labo-
ratory examinations revealed high titres in the DACT
with anti-IgG serum throughout his hospitalization
and his red cells were agglutinated by antisera di-
rected against the subclasses IgGl, 2, 3 and 4 (Fig.
7). A very large amount of IgGl autoantibody was
determined cytofluorometrically. The patient's red
cells were readily bound to, and lysed by, PBM of

healthy volunteers. Despite treatment with 60 mg
prednisone daily for over 4 weeks, this situation
remained unchanged and until he died of pneumonia,
the patient persistently showed severe signs of hae-
molytic anaemia.

discussion

The important role of the subclasses: cf IgG non-

complement binding autoantibodies in the destruction
of red cells (Engelfriet et al., 1974; Borne et al.,

1977b; Meulen et al., 1978) and also the relation be-

tween the quantity of IgGl autoantibodies bound on
the red cell and the degree of haemolysis (Chapter

IV) are once more demonstrated by the results of this
longitudinal study in patients with such autoantibo-
dies.

In all cases with IgG3 autoantibodies, the signs
of increased red cell destruction diminished strongly,

or disappeared completely, when, during the course of
the disease, the IgG3 autoantibodies became undetect-

able on the patients’ red cells (patients 3 and 4 as
examples). At the same time that the increased haemo-
lysis was reduced or disappeared, adherence to, and
cytotoxic lysis by, PBM in vitro of the patients' red
cells was markedly reduced or became negative. That
IgG2 and IgG4 autoantibodies do not affect red cell
survival is again demonstrated in the fourth patient,
where red cells after recovery from the haemolytic

episode, were still strongly sensitized by IgG2 and
IgG4 autoantibodies. The presence of these antibodies
also did not provoke cytotoxic damage by PBM in vitro.
In the patients with IgGl autoantibodies alone, the
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signs of increased in vivo haemolysis abated along
with the reduction in the number of IgGl autoantibo-
dies on the red cells and this was accompanied by a
decrease in adherence and cytotoxicity in vitro. Pa-
tient 1 demonstrates again that IgGl autoantibodies
when present on the red cell below a critical number,
neither lead to increased red cell destruction in
vivo nor to adherence or cytotoxicity in vitro._

The observations in these patients verywell
show the different results of corticosteroid therapy.

In many of the patients, the quantity of autoantibody
detectable on the patients' red cells gradually de-

creased during the course of the treatment. This is
in agreement with results reported by Rosse (1971),
who showed that corticosteroids had this effect.

The results in some of our patients show that
the subclass composition of the autoantibodies detec-
table on the patients' red cells may change during

corticosteroid therapy in the sense that antibodies
of a particular subclass become undetectable. This

was the case in the patients 3 and 4 where red cells

after some time stopped being agglutinated by anti-
IgG3.

Another effect of the treatment with corticoste-
roids is shown by the following observation: in seve-
ral patients the signs of increased haemolysis dis-
appeared while a considerable amount of IgG autoanti-

bodies were still detectable on the patients' red
cells (Table I) and while the red cells of these pa-
tients were still strongly bound to, and lysed by,
the mononuclear phagocytes of normal individuals.
This suggests an effect of corticosteroids on the
function of mononuclear phagocytes in vivo. This is
in accord with the findings of others (Kaplan and
Jandl, 1961; Mollison, 1962; Rosse, 19713; Atkinson

and Frank, 1974), who noticed a decrease in the clea-
rance of IgG-sensitized red cells in vivo under the
influence of corticosteroids. In one patient, in-
creased haemolysis in vivo continued in spite of the
treatment indicating that the above effect of corti-
costeroids is not always such that the rate of red
cell destruction returns to normal. Fleer et al.

(in press, ¢) showed that in vitro hydrocortisone

totally inhibits or only decreases the cytotoxic ac-
tivity of PBM towards EAIgG anti-D. This reflects
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the above in vivo effects of the drug and thus one
therapeutic effect of corticosteroids may be a de-
cline in the cytotoxic activity of mononuclear pha-
gocytes towards EAIgG.

From the findings reported above as well as from
previous findings (Engelfriet et al., 1974; Meulen et
al., 1978), it appears that when IgG3 is detectable
on the red cells of a patient, there is always in-
creased red cell destruction in vivo. This means
that when the number of IgG3 antibodies per red cell
is large enough to allow detection by the antiglobulin
test, there is always also an interaction with mono-
nuclear phagocytes in vivo, although nearly always

only in the spleen. In the case of IgGl, however, no

increased haemolysis occurs when the number of antibo-
dy molecules per red cell remains below a minimum, in-
dicating that in the case of IgGl more antibody mole-
cules per cell are necessary for interaction with mo-
nonuclear phagocytes than is necessary for detection
in the antiglobulin test. We can as yet not offer a
definite explanation for this difference between IgG]
and IgG3. We think that it may be due to a difference
in affinity for the Fe receptor and further investiga-
tions will be undertaken to examine this possibility.
Application of cytofluorometry will then be necessary
to assess the exact amount of antibody of the various

IgG subclasses present on the red cells.
Finally, since there are indications (Mackenzie,

1975; Kay & Douglas, 1977) that the activity of PBM,
isolated from patients with AIHA towards EAIgG, in
vitro is increased compared to that of PBM of normal
controls, it will be worth while to perform similar
longitudinal studies with the patients' red cells and
their own mononuclear phagocytes.
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summary

The cytotoxic activity towards IgG anti-D-sensi-
zed red cells in vitro was investigated of granulo-
cytes, monocytes and lymphocytes from patients with

acute infectious diseases.
The cytotoxic activity of normal granulocytes was

10-15 times less than that of monocytes from the same
donors; During infection, granulocytes showed a signi-
ficantly enhanced cytotoxic capacity, which normalized
after recovery of the patients to the level of activi-
ty exhibited by control granulocytes.

The cytotoxic lysis of sensitized red cells by
monocytes remained unchanged during the inflammatory
state, Lymphocytes did not show any cytotoxic activi-
ty towards anti-D-sensitized erythrocytes in our test
system, neither during nor after the time of infec-
tion.

The results suggest that granulocytes may contri-
bute to the increased red cell destruction observed in
patients with autoimmune haemolytic anaemia during
infections.



introduction

In patients with autoimmune haemolytic anaemia
(AIHA) due to IgG non-complement binding autoantibo-
dies, infectious disease may be associated with an
exacerbation of the haemolytic process (Dacie, 1962;
Leddy & Swisher, 1971). The increased haemolysis can
be partly attributed to a rise in the titre of the
autoantibodies, observed under these circumstances.

On the other hand, ‘activation' of the mononuclear
phagocytic system, which may occur during infection
(Kay & Douglas, 1977), might also be of importance,
since evidence has accumulated that mononuclear pha-
gocytes play an essential role in the destruction of
red cells sensitized with non-complement binding IgG
antibodies (EAIgG) (Brown, 1974; Engelfriet et al.,

1974; Logue & Rosse, 1976; Meulen et al., 1978).
Adherence of the red cells to phagocytes by the

Fe moiety of the sensitizing antibodies results in
vitro in cytotoxic damage and lysis of the erythro-
cytes outside the phagocytic membrane. Most likely,
this is an important mechanism of destruction of red
cells sensitized with IgG antibodies in vivo (Fleer
et al., in press,a,b,c). To study whether ‘'activa-
tion’ of mononuclear phagocytes could be a contribu-
tory factor in the increased destruction of EAIgG
during infection, the cytotoxic activity towards
anti-D-sensitized red cells was determined of peri-
pheral blood monocytes (PBM) isolated from the blood

of patients with an acute infectious illness. The
cytotoxic activity of granulocytes and lymphocytes
was also investigated.

A very important aspect of the process of des-

truction of EAIgG anti-D in vitro is the inhibition
by free IgG of the adherence to, and therefore the

cytotoxic damage by, the phagocytes. This inhibi-
tion undoubtedly also influences this process in
vivo. We therefore studied the inhibitory effect of
free IgG on the cytotoxic lysis by free IgG of EAIgG
by mononuclear phagocytes and granulocytes taken
from patients during and after recovery of an acute
infectious disease, It appeared that the cytotoxic
activity of granulocytes towards EAIgG anti-D was
significantly enhanced and less easily inhibited by
IgG during the acute stage of infection. The acti-
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vity of monocytes in this test system remained un-
changed.

There was no indication at any stage that lympho-
cytes display cytotoxic activity towards red cells
sensitized with IgG antibodies.

materials and methods

Selection of patients

Leukocytes were studied from patients suffering
from an infectious disease as indicated by clinical
signs and symptoms as well as by the results of labo-
ratory examinations (Williams et al., 1972). Only
those patients were included in this study in whom the
aetiologic agent was identified by means of direct mi-:
croscopy after staining, culture of the micro-organism
or a rise in antibody titre. Blood samples were taken
soon after admission to the hospital, during the acute
stage of the disease and after complete clinical re-
covery.

White blood cells were isolated simultaneously
from blood samples of the patients and from the blood
of healthy volunteers, matched for age and sex. For a
particular patient, the same volunteer served always
as a control. In the blood samples from patients and
controls, the total white cell count was determined as
well as the differential cell count in May-Grunwald-
Giemsa stained blood smears.

Preparation of leukocyte suspensions

Heparinized peripheral blood was mixed with dex-
tran (5% w/v, M.W. 180,000; N.V. Poviet, Amsterdam,
The Netherlands) and incubated for 45 min at 37°C to
facilitate red cell sedimentation, The supernatant
was removed, diluted with phosphate-buffered saline
(PBS) and subjected to Ficoll-Isopaque density gra-
dient centrifugation (d=1.077 g/cm3, 20°C), followed
by the isolation of the various cell types.

Isolation of monocytes

Part of the mononuclear cells collected from the
interface layer of the Ficoll-Isopaque centrifugation
were further purified by adherence to plastic petri
dishes, as described in detail before (Meulen et al.,
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1978). After incubation for 90 min at 37°C, the non-

adherent cells were removed by two washings and the

monolayer gently seraped off with a piece of silicone
rubber. The suspension thus obtained contained 70-
80% monocytes, the remainder being lymphocytes and
less than 3% granulocytes, as determined by morpholo-

gical differentiation and electronic sizing with a
Coulter counter, model ZF, supplemented with a pulse

height analyzer (Channelyzer, model C-1000) (Loos et

ales W976)

Isolation of lymphocytes
 

Another part of the mononuclear leukocytes obtain-

ed from the interface layer was treated with carbonyl
iron to remove the monocytes. The suspension, thus
prepared, contained less than 7% monocytes and about 14%
granulocytes, as assessed by the above-mentioned

methods.

Isolation of granulocytes
 

Granulocytes were recovered from the pellet after

Ficoll-Isopaque centrifugation, and washed twice, Cy-
tocentrifuged cell preparations were made with a Shan-
don Elliot apparatus (Shandon Southers Products Ltd.,

Runcorn, Cheshire, UK) (1000 rpm, 5 min) 5 and accord-

ing to microscopical examination (May-Grunwald-Giemsa
staining) over 95% of the cells were granulocytes.
The percentage stabs was also determined.

All leukocytes were suspended in Minimal Essential
Medium (MEM) (Gibco, Paisley, Scotland), buffered with

25 mM Tris-HCl (pH 7.4 at 37°C) and supplemented with
10% (v/v) fetal calf serum (FCS) (Gibco, Biocult,
Paisley, Scotland), penicillin (100 IE/ml) and strep-

tomyein (100 pg/ml) (P/S).

Cytotoxicity assay

The cytotoxicity assay was performed as described
by Fleer et al. (in press,a). Briefly, Rh D-positive
red cells (OR>Ry) were sensitized with an anti-D serum
(titre in the indirect antiglobulin test 1:2000 with

an anti-IgG serum) and labelled with Na,Cr510, (Radio-
chemical Centre, Amersham, UK). The sensitized ery-

throcytes (EAIgG anti-D) were suspended in MEM-Tris
containing 10% FCS and P/S, and adjusted to various
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concentrations (1, 4 and 20x10°/ml). Next, 50 pl of

the leukocyte suspensions (10° leukocytes/ml) and 50

ul of the red cell suspension (1, 4 and 20x10® EAIgG/
ml) were added to the wells of round-bottom microtiter
plates (Greiner, Alphen a/d Rijn, The Netherlands) in
combination with 100 yl MEM-Tris with 10% (v/v) FCS
and P/S. The plates were incubated for 16 h at 37°C
and then centrifuged. A sample of 100 yl of the super-
natant was taken, its radioactivity was counted in a
Packard Gamma spectrometer, and the percentage of 5l¢r-

release determined. After correction for the spontane-
ous °!Cr-release from labelled EAIgG incubated without
leukocytes, the number of red cells specifically lysed
by the leukocytes was calculated. For statistical rea-
sons, the cytotoxic activity of the leukocytes is ex-
pressed in this paper as the sum of the numberof red
cells lysed at the various EAIgG:monocyte ratios, i.e.
I:1, 4:1 and 20:1. Inhibition by free IgG (Cohn frac-

tion II; Cohn et al., 1940) was studied at an EAIgG:

leukocyte ratio of 1:1.

In some experiments, cytochalasin B (ICI, Alderley
Park, Cheshire, UK) dissolved in dimethyl sulfoxide

(DMSO) was added to the wells in a final concentration
of 1 ug/ml, and hydrocortisone sodium succinate (Orga-

non, Oss, The Netherlands) was used in a final concen-
tration of 5 mM (Fleer et al., in press,c).

results

A survey of the patients included in this study
is given in Table I. In all cases but one, the infec-
tion was bacterial. The total number of white blood
cells and the differential cell count of the blood of
all healthy controls were within the normal limits
defined by Williams et al. (1972).

Cytotoxic activity of monocytes

Monocytes isolated from patients in the acute

stage of the infection had no significantly increased
cytotoxic activity towards IgG-sensitized red cells, as
compared to the activity of monocytes from the same in-
dividuals obtained after recovery (p>0.05, Student's t-
test for unpaired observations) or obtained from normal
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TABLE L

Survey of the patients included in the study and results of laboratory

examinations

Differential cell count (%)
Total
white eosinoph.

Age Sex Diagnosis cells and
x109/1 stabs PMN lympho mono basoph.

 

 

 

 

 

 

 

 

 

AG) wale campylobac- 5.5 9 43 29 5 4 acute stage

terenteritis 6,3 #150 42 4 2 recovery

influenza 10.7 i aed 26 3
48 male sneumonia 3.8 jie eoeon

20 female Hinf luenza 10,2 8 75 10 5 2
pneumonia 6.2 4 57 41 3 4

salmonella
= 7.8 2 68 28 2

53; /Eemale’ oparabyput 5.7 2. 56 kG 3 1
enteritis

73. male Klebsiella 13.6 27) 352 \7 4
pneumonia 4 So Fz 23 2

pneumococcus 16.3 18 61 18 3

#2 male weningitis 4.6 bye 39 2

E.coli 18 43 47 9 2

a2, Esmele septicaemia S25 4 68 27 1

E.coli 6.7 1 52 42 5

&3 female septicaemia 4.8 78 26 6

pneumococcus
6.0 18 62 16 4

68 male bronchopneu- 5.2 3 72 25 0

monia
 

Of each patient, values of examinations performed in the acute stage

(upper line) and after recovery (lower line) are given.

controls (p>0.05, Student’s t-test for paired observa-
tions (Fig. 1). Neither was there a difference in the
inhibition by free IgG in the acute stage (p>0.05,
Student's t-test for paired observations) (Table II).
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no EAlgG
x10
lysed

 

 

 

during
infection recovery

Fig. 1 - Lysis of EAIgG by monocytes of patients
during infection and after recovery, in comparison to
the number of red cells, lysed by monocytes of healthy
volunteers, Ordinate: sum of the number of EAIgG anti-
D lysed at EAIgG:monocyte ratios of 1:1, 4:1 and 20:1.
Mean + SEM of 7 experiments.

Be: patients;

: controls.

 

Cytotoxic activity of granulocytes
 

Normal granulocytes showed about 10-15 times less
activity towards EAIgG anti-D than did monocytes from
the same individuals. During the acute infectious pe-
riod, a significantly higher number of sensitized red
cells were lysed by the patients’ granulocytes when
compared with the period after recovery (p<0.05, Stu-
dent's t-test for unpaired observations).
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TABLE II

Percentage inhibition of cytotoxic lysis caused by
free IgG

IgG concentration 10 pe/ml 100 pg/ml

patients 58 hes 76 + 19
Monocytes Of —onttole 70 * 30 88 + 28

patients 19 toe n.d.
Grpnucedyteeret controls 100 ned.
 

The cells were obtained from the blood of healthy con-

trols and from patients in the acute stage of an infec-
tion. The inhibition by IgG is expressed as a percen-

tage of the lysis of EAIgG anti-D without free IgG.
n.d, = not done. Mean + SEM of 6 experiments.

This enhanced activity was also statistically signifi-
cant in comparison to the cytotoxic capacity of normal
volunteers (p<0.05, Student’s t-test for paired obser-

vations (Fig. 2). In the acute inflammatory state,
the susceptibility of the granulocytes to inhibition
by IgG was significantly diminished (p<0.05, Student's
t-test for paired observations) (Table II).

Cytotoxic activity of lymphocytes

When lymphocyte-rich suspensions of patients and
of healthy individuals were incubated with IgG-sensiti-
zed red cells, this led to a very low level of cytoto-

xicity in comparison with the monocyte-rich suspensions
(Table III). Thus, lymphocytes from patients and from

healthy donors, if they have cytotoxic activity to-
wards EAIgG at all, are far less active than mononu-

clear phagocytic cells.

chap ter Vi
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no EAlgG
x03
lysed

  

 

during after recovery
infection

Fig. 2 - Lysis of EAIgG by granulocytes of patients

during infection and after recovery, in comparison to
the number of red cells lysed by granulocytes of
healthy volunteers. Ordinate: sum of the number of

EAIgG anti-D lysed at EAIgG:leukocyte ratios of 1:1,

4:1 and 20:1. Mean + SEM of 9 experiments.

: patients;

controls.

 

Effects of cytochalasin B and hydrocortisone on granu-

locyte cytotoxicity

In three patients, the influence of cytochalasin

B (1 we/ml) and hydrocortisone (5 mM) on the cytotoxic

activity of granulocytes was tested in the acute stage
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TABLE IIL

Relation between the cytotoxic activity and the per-
centage of monocytes in mononuclear leukocyte

 

 

 

suspensions

Mononuclear Percentage of Number of EAIgG

leukocytes monocytes lysed (x103)
during infection

patient 69 + 5 211+ 122

Adherent control #5 144 + 85

Iron-treated eee aay eae
mononuclear

HeReurESs control oye 7OES ES
 

The number of EAIgG lysed is the sum of the number of
red cells lysed at various EAIgG:mononuclear leukocy-

te ratios. Mean + SEM of 5 experiments.

of the disease. As shown in Fig. 3, cytochalasin B
clearly enhanced the cytotoxic capacity of the pa-

tients’ granulocytes, whereas hydrocortisone markedly
decreased the red cell lysis.

The influence of these drugs on the cytotoxic ac-—
tivity of granulocytes from healthy donors is depicted
in the same figure. Hydrocortisone abolished the cy-
totoxic lysis, whereas cytochalasin B had no signifi-
cant effect.

Relation between the number of stabs and cytotoxic
activity

Since many stab forms were present in the granu-

locyte suspensions of the patients, obtained in the
acute inflammatory stage, and since the leukocytes in
these suspensions showed a marked cytotoxic activity,
the relation between the percentage of stabs and the

number of lysed red cells was studied. It follows
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Fig. 3 - Influence of cytochalasin B and hydrocorti-
sone on cytotoxic lysis of EAIgG by granulocytes of
patients (left) and of healthy volunteers (right).
Ordinate: sum of the number of EAIgG anti-D lysed at
EAIgG: leukocyte ratios of 1:1, 4:1 and 20:1. Mean +
SEM of 3 experiments.

BB: no drugs added;

f2: cytochalasin B added (1 ug/ml);

hydrocortisone added (5 mM).

 

from Fig. 4 that the two parameters do not show a sig-
nificant correlation (correlation coefficient: r?2 =

OF13)%

discussion

The capacity of leukocytes of patients suffering
from acute infectious diseases to lyse EAIgG in vitro
was investigated in order to determine whether these
cells show an enhanced cytotoxic activity towards
IgG anti-D-sensitized red cells.
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no EAlgG [X
x103
lysed

200+ Xx

x
X

wor <—-

x

x

Xx
1 4 al

20 40 60 % stab.

Fig. 4 - Relation between percentage stab forms and
number of EAIgG anti-D lysed. Ordinate: sum of the
number of EAIgG anti-D lysed at EAlgG:leukocyte ra-
tios of 1:1, 4:1 and 20:1; abscissa: percentage stab
forms present in granulocyte suspensions incubated
with EAIgG anti-D.

The findings of others (Holm, 1972; MacDonald et
al., 1975; Gill et al., 1977) that granulocytes of
healthy individuals show cytotoxic activity towards
IgG-sensitized erythrocytes, was confirmed by our
study, although anti-D-sensitized red cells were not
lysed very effectively by granulocytes of normal per-
sons. However, we measured a marked increase in the

lytic activity of granulocytes isolated from patients
with an acute infectious disease. Moreover, the gra-
nulocytes were less susceptible to inhibition by free
IgG in the "activated state than after recovery. This
may implicate that the number of 'Fe receptors' on
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the granulocyte membrane increases during an infec-
tious disease. Possibly, there is a relation between
this finding and that of Verheugt et al. (in press),
who found that the direct antiglobulin test (DAGT)

with anti-immunoglobulin serum often is positive in
patients suffering from an infection. ‘Together, this
suggests that during an acute inflammatory illness,
granulocytes may contribute to the destruction of red
cells sensitized with non-complement binding IgG auto-
antibodies in vivo.

Whether the enhanced activity of granulocytes can

be explained as being due to increased binding of
EAIgG to the granulocytes in vitro, or whether it is
due to a more severe damage of the adherent red cells,

has not yet been investigated. The increase of cyto-
toxic activity of granulocytes during infection con-
trasts with the decreased bactericidal capacity of
such cells (McCall et al., 19713; Soelberg and Hellun,

1972), indicating that the two cell functions depend
on different metabolic processes.

The cytotoxic activity was stimulated by cyto-
chalasin B and depressed by hydrocortisone. These
drugs respectively enhance (Hawkins, 1973; Goldstein
et al., 1975) and decrease (Wright & Malawista, 1973;

Hawkins, 1974) lysosomal enzyme release. Our results
lead to the hypothesis that lysosomal enzyme release

is an important event in extracellular cytotoxic ly-
sis by granulocytes, as has also been shown for the
destruction of EAIgG by monocytes (Fleer et al., in

press,c). To find further support for this assump-
tion, studies are required on lysosomal enzyme re-

lease provoked by the incubation of granulocytes with

EAIgG anti-D in vitro.
Macrophages can be activated by various bacterial

stimuli (Kay & Douglas, 1977) and in that state show
an enhanced capacity to interact with IgG-sensitized
red cells in vivo (Atkinson & Frank, 1974) and in

vitro (Rhodes, 1975; Mérland & Kaplan, 1977). Instead

of macrophages, we investigated monocytes, which may

be considered as relatively immature mononuclear pha-
gocytes moving to tissues and inflammatory sites
(Meuret & Hoffmann, 1973; Meuret et al., 1975).

Neither the cytotoxic activity of the monocytes

nor its inhibition by free IgG was changed during in-

fection, Possibly, this is due to the functional
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immatureness of these cells.
Like others (Holm & Hammarstrom, 1973; MacDonald

et al., 1975; Zeijlemaker et al., 1975; Fleer et al.,
in press,c), we found no indication that lymphocytes
from normal individuals or from patients with infec-
tious diseases are capable of lysing human red cells
sensitized with IgG non-complement binding antibodies
although this may depend on the test system used.
The cytotoxic activity of the lymphocyte preparations
we measured may be attributed most probably to the

contaminating monocytes.

(LCLSERSSe
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summary

Monocytes were isolated from human peripheral
blood by means of Ficoll-Isopaque density gradient
centrifugation and adherence to glass. These cells

were then frozen according to an automatically con-

trolled cooling programme and stored in liquid
nitrogen,

After freezing, thawing and washing, 63% of the
cells present before cryopreservation were recovered.
Over 95% of the recovered cells excluded trypan blue.
Storage at -196°C did not alter the percentage of
monocytes (70-80%) in the supensions.

Although the percentage of cells forming roset-
tes with erythrocytes sensitized with IgG antibodies
(EAIgG) was unaltered after freezing, FA-rosette

formation was more readily inhibited by free IgG.
The capacity of monocytes to lyse EAIgG was not in-

fluenced by cryopreservation, in contrast to their
potency to phagocytize zymosan particles, which was
decreased. The chemotactic response towards casein
was also diminished after freezing. There was no
significant difference in reactivity between monocy-
tes frozen for a short time (2-15 h) and those frozen

for a longer period (more than 3 months).

Electron microscopical pictures showed altera-
tions in mitochondrial structure of the frozen cells.



introduction

Mononuclear phagocytes play a substantial role

in host defense and appear to take part in many immu-
nological processes. Therefore, monocytes are inten-

sively studied and the development of monocyte function

tests is in full progress (van Furth, 1975; Cline,

1978).

Since monocytes of different normal individuals
show a great variation in activity in several test
systems, it would be advantageous to have a fixed and
well-defined test batch of these cells at one's dispo-
sal. Cryopreservation -with conservation of monocyte
functional properties- could provide this facility.

Also, when variations in the function of the
monocytes of one individual are the subject of inves-
tigation, e.g. in longitudinal studies, long term
storage of monocytes can be equally important, In

that way, one would be able to test on one day samples

taken at various times.
Finally, the possibility to preserve monocytes in

large quantities would mean a gain of time: the thaw-
ing of monocytes takes considerably less time than
repeatedly isolating these cells from small amounts of
peripheral blood.

In our laboratory a method of programmed freezing
and storage in liquid nitrogen was tested on lymphocy-
tes by Eijsvoogel et al. (1973). In the present preli-
minary study we tested the effect of cryopreservation,

according to this programme, on several human monocyte
functions in vitro.

materials and methods

Isolation of monocytes

Citrated blood (500 ml) of healthy volunteers was

collected, After centrifugation, (5 min, 1000 g at
20°C) plasma and cells were separated; 50 ml of the

upper layer (buffy coat) of the packed blood cells was
collected, Mononuclear leukocytes were isolated by

centrifugation of the buffy coat on a Ficoll-Lsopaque
layer (d=1.077 g/cm? at 20°C). The cells collected
from the interface layer were washed and resuspended

to a concentration of 10’ cells/ml in MEM (Gibco,
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Paisley, Scotland) buffered with 25 mM Tris-HCl (pH 7.4
at 37°C) and supplemented with 20% (v/v) heat-inactiva-
ted fetal calf serum (FCS) (Gibco, Bio-Cult, Paisley,
Scotland), penicillin (100 IE/ml) and streptomycin (100
ug/ml) (P/S). The cells were layered on glass Petri

dishes (6x10° cells/cm?) and incubated at 37°C for 90.

min. Non-adherent cells were removed by two washings.
Adherent cells were scraped off with a piece of sili-
cone rubber, washed and resuspended in MEM-Tris, con-

taining 10% (v/v) FCS and P/S.

The final suspensions contained 70-80% monocytes,
the remainder being lymphocytes and less than 3% granu-
locytes as determined by morphologic differentiation
and electronic sizing with a Coulter Counter, model ZF,
supplemented with a pulse height analyzer (Channelyzer,

model C-1000) (Loos et al., 1976). Cell counting was

performed with a Coulter Counter.

Preparation of monocytes for freezing
 

The cells were resuspended in MEM-Tris, containing
20% (v/v) FCS and P/S. The cell suspension was kept on
melting ice and slowly diluted with an equal volume of
ice-cold MEM-Tris, containing 20% (v/v) dimethyl sulf-
oxide (DMSO) (Baker Chemicals, B.V., Deventer, The
Netherlands), 20% (v/v) FCS and P/S, leading to a final
concentration of the cryoprotectant of 10% (v/v). The
final cell concentration varied from 5-10x10° cells/ml.
The monocyte suspension was put into 2 ml glass ampou-

les (2 ml per ampoule) and kept on ice. The ampoules
were then flame-sealed and transferred to the freezer,

Cooling and storage equipment

As described earlier in detail (du Bois et al.,
1976), we used a Cryoson BY 4 automatic biological
freezer in conjunction with a Cryo Diffusion RBP 200
VLR liquid nitrogen pressure vessel,

Frozen cells were stored in a liquid nitrogen
storage vessel (Union Carbide Refrigerator LNR-250 or
Cryo Diffusion CF-400), in which the ampoules were kept
under the liquid nitrogen level (-196°C).

Cooling procedure

The cell suspensions were cooled at a rate of
1.4°C/min -as measured within the ampoules- until a
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temperature of -30°C was reached. In the ampoules a

linear cooling rate was obtained by compensating the

heat of crystallization by a transiently increased

cooling rate in the freezer. From -30°C until -100°C

cooling was continued at a rate of 6-7°C/min. There-

after, the ampoules were transferred to the storage

vessel.

Thawing

Thawing was performed by immediate immersion of

the ampoules in a waterbath at 37°C under continuous

shaking. Once the ice nucleus had disappeared, the

suspension was slowly diluted tenfold with cold MEM-

Tris, containing 20% (v/v) FCS and P/S. The cells

were then washed, resuspended in MEM-Tris containing

102 (v/v) FCS and P/S, and counted.

EA-rosette formation and inhibition
 

Sensitized erythrocytes (EAIgG) were prepared by

incubating rh D-positive red cells (OR2R2) with an in-

complete anti-D serum. After an incubation for 60 min

at 37°C the cells were washed three times and resus-

pended in MEM-Tris.

For the rosette tests, 150 wl of MEM-Tris con-

taining 10% (v/v) FCS and P/S, 100 ul of the monocyte

suspension (concentration 2.5x10® monocytes/ml) and

50 ul of the red cell suspension (concentration 108

EAIgG/ml) were mixed, centrifuged at 160 g during 8

min and incubated for 15 min at room temperature,

Thereafter, 25 ul of a solution, containing 4 ug of

acridine orange/ml (E. Gurr Ltd., London, UK) in

phosphate (5.8 mM)-buffered saline (140 mM NaC1))

(PBS), was added and the cells were carefully resus—

pended. The percentage of rosette-forming cells was

determined with a Leitz Orthoplan fluorescence micro-~

scope, according to Brostoff (1974).

Inhibition of EA-rosette formation (Huber and

Fudenberg, 1968) was established by adding increasing

amounts of plasma IgG Cohn fraction II (Cohn et al.,

1940) to the suspensions.

Cytotoxic lysis of EAIgG

The capacity of monocytes to damage sensitized

chapter VII 133

red cells was measured as described by Fleer et al.

(in press ).
In short, EAIgG were prepared as described above

and labelled with Naj°!Cr0, (Radiochemical Centre,
Amersham, UK), The cells were washed and resuspended

at various concentrations in MEM-Tris with 10% FCS and
P/S. In wells of round-bottom microtitre plates
(Greiner, Alphen a/d Rijn, The Netherlands), 50 ul of
the monocyte suspension (10& monocytes/ml) and 50 yl

of the red cell suspension (0.5 to 16x10® EAIgG/m1)
were added to 50 yl MEM-Tris containing 10% (v/v) FCS

and P/S. The plates were incubated for 16 h at 37°C
and then centrifuged. A sample of 100 ul of the super-
natant was taken; the radioactivity was counted in a

Packard gamma spectrometer and the percentage of Slor-

release determined. After correction for the spontane-

ous °!Cr-release from labelled EAIgG's, incubated with-
out monocytes, the number of red cells specifically
lysed by the monocytes was calculated.

This antibody-mediated cytotoxic lysis couldbe
inhibited by small amounts of plasma IgG. °!Cr-release
in the presence of different concentrations of IgG was
determined.

Phagocytosis of serum-treated zymosan (STZ)

Zymosan particles were labelled with 1257 (Llacto-
peroxidase method) and opsonized by serum treatment as
described before (Reiss and Roos, 1978).

For the determination of adherence plus ingestion,
monocytes suspended in MEM-Tris containing 5% (v/v) FCS
and P/S (2x10® monocytes/ml) were incubated with the
1253-sTZ in a particle-to-cell ratio of about 6. At
intervals, samples of 0.3 ml of the incubation mixture
were added to | ml of ice-cold PBS, containing sodium
fluoride (10 mM) and human serum albumin (0.5 g/100 ml).
The mixture was then centrifuged on an ice-cold Ficoll-
Isopaque layer of high density to separate the free
particles from the cells. The radioactivity in the
interface (expressed as a percentage of the total
radioactivity) represented cell-associated STZ, i.e.
adherent plus ingested particles. In order to correct
for the elution of radioactivity from particles, this
percentage was also determined in blank incubations
without cells, treated in exactly the same way (Reiss
and Roos, 1978).
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Chemotactic response

For the determination of the chemotactic response
a modification of the method described by Zigmond and
Hirsch (1973) was applied. Monocytes in Earle's salt
solution, buffered with Hepes (25 mM) (200 ul of 108
monocytes/ml), were layered on a Sartorius cellulose
nitrate filter, with a pore size of 12 ym (Sartorius

Membranfilter G.m.b.H., Gottingen, W-Germany). Upon

stimulation by casein (5 mg/ml), dissolved in Earle's

salt solution beneath the filter, the monocytes migra-
ted into the filter. After 70 min of incubation at
37°C the filters were fixed with alcohol, washed and
stained. ‘Random’ migration in the absence of casein
was measured as a control.

The chemotactic response was expressed as the
microscopically determined distance over which the
leading cell front had migrated into the filter. Each
cell suspension was measured with 5 filters and 5 rea-

dings were taken per filter. The mean of these 25
values was taken as the chemotactic response,

Electron microscopy

Freshly prepared and cryopreserved monocytes were

fixed in a paraformaldehyde-glutaraldehyde fixative
according to Karnovsky (1965) and then postfixed in
osmium tetroxide (Millonig, 1961). After dehydration,
the cells were embedded in Epon. Ultrathin sections
were cut with a Reichert Ultramicrotome. The sections
were stained with uranyl acetate and lead citrate and
examined with a transmission electron microscope
(Philips EM-300). Photographs were taken on an elec-
tron microscope film (Kodak, 3} x 4").

results

Influence of cryopreservation on cell counts and

viability

After freezing, thawing and washing, 62-64% of
the cells present before cryopreservation were reco-
vered (Table 1). Long term storage (over 3 months)
gave the same results as short time cryopreservation
(2-15 h).
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Over 95% of the cells, either fresh or frozen
and thawed excluded trypan blue. The mean percentage
of monocytes in the suspensions was not changed by
the preservation procedure.

TABLE I

Influence of cryopreservation on cell counts, EA-

rosette formation and chemotactic response

fresh cells* frozen~ frozen®

2-15 h |>3 months
 

percentage of
cells recovered

(n=12) "100° 62+5 6445

percentage of
cells excluding
trypan blue

(n=12) 97+3 94+4 9543

percentage of mono-

cytes in suspension
(size distribution)
(n=12) 7445 7545 73+4
 

percentage of EA-

rosette forming

 

cells (n=12) 7245 76+5 7443

migration towards
casein” (n=6) 7345 5143 5244
'random' migration”
(n=6) 28+2 25+2 28+2    
 

Anean Bi SEM

migration distance in um
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Influence of cryopreservation on EA-rosette formation
and inhibition

The mean percentages of rosette-forming cells
are given in Table I. When fresh and frozen samples
were compared, no differences in rosette-forming capa-

city were noted.
As an alternative, we also tested the influence of

cryopreservation on the inhibition of EA-rosette forma-
tion by free IgG. Fig. 1 shows the dose-response
curves obtained with fresh and frozen monocytes of 6
different donors. Regression analysis (Dixon and
Massey, 1969) showed that EA-rosette formation was more
easily inhibited by IgG after cryopreservation than
before (p<0.05). There was no significant difference

between short and long term frozen samples.

Influence of cryopreservation on cytotoxic lysis of

EAIgG
 

Fig. 2 shows the effect of cryopreservation on the
cytotoxic action of monocytes towards red cells sensi-
tized with IgG antibodies. With the method for unpair-
ed observations, no significant difference between
fresh and frozen samples was found (p>0.1, n=12).

In 7 experiments the inhibition of this cytotoxic
lysis by IgG was investigated before and after free-
zing. In contrast to the findings with the EA-rosette
inhibition, we did not find a significant difference
in inhibition by IgG after cryopreservation (Fig. 3)
(methods for unpaired observations, p>0.1).

Influence of cryopreservation on phagocytosis of serum-
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Fig. 1 - Influence of cryopreservation on IgG-induced
inhibition of EA-rosette formation. Ordinate: percen-
tage inhibition of adherence of EAIgG to monocytes in
vitro, calculated in relation to the non-inhibited _
control, Abscissa: concentration of free IgG in the
medium, Results are the mean + SEM of 6 experiments.

e—e, fresh cells; m—@, frozen cells (2-15 h); A—a,

frozen cells (>3 months).

Influence of cryopreservation on the chemotactic res-
 

 

treated zymosan

Fig. 4 shows the influence of the preservation
procedure on the capacity of monocytes to bind and in-
gest STZ particles. A significant decrease in uptake
of STZ by cryopreserved monocytes was found with the

Student's t-test for paired observations (p<0.05, n=10).

Incubation of monocytes at 37°C in MEM-Tris, with 207
(v/v) FCS and P/S, up to 24 h did not restore the
phagocytic capacity to the level of fresh cells.

ponse

Table I shows that the directed migration of mono-
cytes was influenced by cryopreservation in a different
way than was the 'random' non-directed migration.
Frozen monocytes of 6 donors migrated significantly
less towards casein than did unpreserved cells. In
contrast, ‘random' migration remained unaltered after
freezing. After prolonged cryopreservation (3 months),
the monocytes behaved similarly to those thawed after

2-15 bh,
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Fig. 2 - Influence of cryopreservation on cytotoxic
lysis of EAIgG. To 5x104 monocytes, varying numbers

of EAIgG were added resulting in EAIgG:monocyte ra-
tios of 0.5:1 to 16:1 (abscissa). Ordinate: number
of EKAIgG lysed (x109). The data presented are the
mean + SEM of experiments with monocytes from 12
donors,

e—e, fresh cells; BS, frozen cells (2-15 h); A—a,
frozen cells (>3 months).

Influence of cryopreservation on electron microscopi-
cal characteristics
 

The ultrastructure of freshly isolated monocytes

was comparable to that described by Tanaka and Goodman
(1972).

After freezing and thawing some monocytes were
damaged; these cells showed disrupted plasma membranes

and loss of cytoplasmic organelles. In the intact

cells, some mitochondria were slightly swollen, as in-
dicated by the arrow in the picture opposite the front
page of this chapter. In the inset, an intact mito-
chondrion of a fresh monocyte is shown. The cytoplasm
of the frozen cells was less electron-dense than that
of the control cells and in the cytoplasm of the cryo-
preserved monocytes electron-dense particles were pre-
sent.
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Fig. 3 - Influence of cryopreservation on IgG-induced
inhibition of cytotoxic lysis of EAIgG. Abscissa:
final concentration of IgG; ordinate: percentage in-
hibition of cytotoxic lysis at an EAIgG:monocyte ratio
of 1:1. The dgse-response curves from the mean + SEM

of 7 experiments are given.
e—e, fresh cells; MB—®, frozen cells (2-15 h); A—a,

frozen cells (>3 months).

discussion

In this study we have investigated the effect of
an automatically controlled freezing programme on
human blood monocytes. After freezing, 63% of the
original cells were recovered. Trypan blue exclusion
was equal to that of fresh monocytes, but this test
only excludes severe membrane damage (Malanin, 1972;
Harris and Griffiths, 1974). The unchanged capacity
to form EA-rosettes also roughly indicates an intact
membrane function. As an alternative measurement, we
also determined the influence of cryopreservation on .
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Fig. 4 - Influence of cryopreservation on adherence
plus phagocytosis of 1?5I-sTZ. Ordinate: cell-asso-
ciated radioactivity expressed as percentage of the
total radioactivity per sample.
e—e, fresh cells; @—a@, frozen cells (2-15 h).

the inhibition of EA-rosette formation by free IgG.
The dose-response curves showed that less free IgG was

needed to inhibit red cell adherence to monocytes
after cryopreservation than before. This indicates an
alteration of membrane-binding characteristics and,
although in our study no defects could be observed at
the submicroscopical level, it is known that cryopre-
servation can cause membrane damage (Meryman et al.,

1977).
No decrease in the cytotoxic activity towards

EAIgG could be detected, nor was the IgG-induced inhi-
bition of this process significantly altered. Since
the cytotoxic activity of the monocytes is presented
here as the number of red cells lysed and EA-rosette
formation is expressed as the percentage of monocytes
binding sensitized erythrocytes, the effects of IgG
inhibition on the two assays are hardly comparable.
Moreover, test variables (temperature, duration of

the experiment) differed widely in both experimental

systems. This antibody-mediated cytotoxicity is most
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probably effectuated by, lysosomal enzyme release
(Fleer et al., in press”). Although cryopreservation

may cause damage of lysosomes (Persidsky and Ellett,
1971), we did not detect abnormalities in these cell
organelles in our electron microscopical observations.

We found a statistically significant decrease in
the capacity to bind and phagocytize opsonized STZ
particles. Since mitochondria are probably of major
importance in the energy supply for the latter process
(Reiss and Roos, 1978), this decrease might correspond
with our electron microscopical findings that some
mitochondria were slightly swollen and, therefore,
perhaps invalidated. Since we found that the only
assay involving prolonged incubation at 37°C (cytoto-
xicity towards EAIgG) was unaltered, we tried to re-

store the phagocytic capacity to pre-freezing levels
by incubating the monocytes up to 24 h at 37°C after
thawing. However, no functional recovery was achieved.

The chemotactic response was significantly redu-
ced by our cryopreservation procedure, whereas ‘random!’
migration remained unaltered. This is in contrast with
the findings of Dean and Strong (1977), who reported a
decrease in non-directed migration of human mononuclear
cells after freezing. However, comparison of results
published by various authors is hazardous since by many
of them cells of different species were used, frozen
according to different procedures and tested in diffe-
rent assays. Changes in freezing programmes may, for
instance, influence various populations of cells in
different ways (Farrant et al., 1972; Leibo and Mazur,
1971),

The results presented here were obtained by using
one fixed freezing programme. To optimize recovery
and monocytic function after cryopreservation, we are
at present testing the effect of several variables,
such as the isolation procedure of monocytes, the con-
centration of DMSO and of serum, the concentration of
cells in the vials and the cooling rate.
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This thesis deals with the question which factors
determine whether or not increased destruction of red
cells will occur in patients with IgG non-complement
binding autoantibodies and secondly —in the case of
increased red cell destruction due to these antibo-
dies- by which mechanism the patients’ red cells are
destroyed in vivo.

As described in Chapter I, the subclass composi-
tion of IgG on red cells of patients with IgG non-
complement autoantibodies was studied in relation to
the occurrence of increased haemolysis in vivo and the

adherencé of these cells to peripheral blood monocytes

(PBM) from healthy volunteers in vitro.

The presence of IgG3 autoantibodies was almost
always accompanied by haemolytic anaemia, whereas only
part of the patients with IgGl autoantibodies showed
signs of increased haemolysis. The presence of IgG2
and IgG4 autoantibodies was not associated with in-
creased red cell destruction. An identical relation
between subclass composition and increased haemolysis
was found between subclass composition and adherence
of the patients’ erythrocytes to PBM; thus, a strong
correlation appeared to exist between positive adhe-
rence in vitro and increased red cell destruction in

vivo.
The above results strongly support the assumption

that adherence of red cells sensitized with IgG non-
complement binding autoantibodies to mononuclear pha-
gocytes plays an important role in the destruction of

these cells in vivo.
It was suggested -incorrectly as will be shown in

Chapter IV- that IgGl autoantibodies are of two kinds,
only one of which causes adherence to phagocytes and

thus increased red cell destruction.

In Chapter II, the importance of the subclass
composition with regard to the occurrence of haemoly-

sis once more is illustrated.
A patient is described who, notwithstanding a

strongly positive direct antiglobulin test with anti-
IgG serum, did not suffer from haemolytic anaemia.
The survival of the patient's red cells, measured
with °!cr, was only slightly decreased. ~

In vitro, the sensitized cells of the patient
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showed only a weak adherence to monocytes. The pa-

tient's spleen functioned normally, since °!Cr-labelled
donor erythrocytes, either sensitized with IgG anti-D

or damaged by heating, were eliminated from the circu-
lation and sequestered in the spleen.

It appeared that the patient's red cells were sen-
sitized mainly by IgG4, whereas only weak IgG] and IgG3
autoantibodies were detectable.

In Chapter III the results are presented of the
study, which factors influence the inhibition by free
IgG of the interaction between red cells, sensitized
with IgG non-complement binding anti-D alloantibodies
(EAIgG anti-D) and PBM in vitro.

From the results, it became clear that at least

two factors, i.e. the number of sensitized red cells
per monocyte as well as the amount of antibody sensiti-
zing the erythrocytes influence the susceptibility to
inhibition by IgG. Thus, an increase in the EAIgG
anti-D:monocyte ratio and an increase of the number of
IgG antibody molecules on the red cell surface led to a
decrease in inhibition of adherence and cytotoxicity in
vitro. —

In the spleen, the circumstances are such that the

above factors are operative in vivo.

 

In Chapter IV, the finding that some patients with
IgG! autoantibodies do show signs of increased haemoly-
sis in vivo, whereas other do not, is reconsidered. In

particular, it was investigated whether this observa-
tion had to be explained by qualitative or quantitative

differences of the sensitizing IgGl autoantibodies. To
that end, the relative amount of IgGl antibody, present
on the red cells of patients with autoantibodies of
this subclass only, was measured by means of continuous

flow cytofluorometry. This technique appeared to be
suitable to compare the amount of antibody on red cells
and it yielded reproducible results. The fluorescence
intensity of the patients’ red cells, obtained after
incubation with a fluorescein isothiocyanate (FITC)-
labelled anti-IgGl serum, was studied in relation to
the presence or absence of signs of increased haemoly-
sis in vivo and in relation to the cytotoxic activity
of normal monocytes towards these cells in vitro.

It appeared that predominantly the amount of IgGl
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autoantibody rather than its quality determined whether
or not these antibodies induced haemolysis in vivo or
cytotoxicity of monocytes in vitro. This also was true
with regard to IgGl autoantibodies induced by methyl-
dopa therapy.

Chapter V contains the results of a longitudinal
study of patients with autoimmune haemolytic anaemia
(AIHA) with non-complement binding warm autoantibodies,
in which the course of the disease and the effect of
treatment were studied in relation to the subclass
composition and the relative amount of IgG antibody
detectable on the patients' red cells, obtained from
consecutively collected blood samples.

The adherence of the patients’ red cells to PBM
of healthy volunteers and the subsequent cytotoxic
lysis of these erythrocytes by the phagocytes in vitro
were also determined.

To determine the relevance of the cytotoxicity
test as a parameter in AIHA, first of all the relation

between the occurrence of increased haemolysis in vivo
and the degree of cytotoxicity in vitro was studied.

The finding that red cells from patients with
signs of increased red cell destruction in vivo were
lysed in vitro more effectively than those obtained
from patients without such signs strongly support the
assumption that in AIHA extracellular cytotoxic lysis
exerted by mononuclear phagocytes is an important me-

chanism of destruction of red cells sensitized with
IgG non-complement binding autoantibodies in vivo.

On the red cells of the patients, who responded
well to corticosteroid therapy, a significant decrease
of the amount of IgG antibody was detectable. This
was associated with a diminished adherence and cyto-
toxicity in vitro.

In some cases, the IgG subclass composition was
also altered in the sense that antibodies of certain
subclasses became undetectable. In the patients with
IgG3 autoantibodies, improvement coincided with the
disappearance of this subclass. The adherence and
cytotoxic lysis in vitro decreased concomitantly.
Recovery or improvement of the patients with IgGl
autoantibodies was accompanied by a decrease of the
number of IgGl molecules as well as by a decreased in-
teraction between the patients' erythrocytes and the
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mononuclear phagocytes in vitro. The presence of IgG2
and IgG4 autoantibodies was not associated with increa-
sed red cell destruction in vivo, nor did it lead to
binding and lysis of these erythrocytes by PBM in
vitro. a

Moreover, our results indicated that corticoste-
roids probably also affect the function of mononuclear
phagocytes in vivo. On the basis of several cases,
different reactions to therapy are discussed.

In Chapter VI,-data are presented concerning the
cytotoxic activity in vitro towards IgG-sensitized red
cells exerted by granulocytes, monocytes and lymphocy-
tes from patients suffering from an acute infectious
disease.

During the infection, granulocytes showed a sig-
nificantly enhanced cytotoxic capacity, which after
recovery became equal to the rather low level of acti-
vity exhibited by granulocytes from normal controls,
The cytotoxic lysis of sensitized red cells by monocy-
tes remained unchanged during the inflammatory state;
lymphocytes did not show any cytotoxic activity towards
anti-D-sensitized erythrocytes in our test system.

The results suggest that granulocytes may contri-
bute to the increased red cell destruction observed in
patients with AIHA during infections.

Chapter VII, finally, presents the results of the
study in which the influence of cryopreservation of
PBM on recovery and function of these cells was deter-
mined.

PBM were frozen according to an automatically
controlled cooling programmeand stored in liquid ni-
trogen. After freezing, thawing and washing, 63% of
the cells present before cryopreservation were reco-
vered. Over 95% of the recovered cells excluded trypan
blue. Storage at -196°C did not alter the percentage
of monocytes (70-80%) in the suspensions.

Although the percentage of cells forming rosettes
with EAIgG anti-D was unaltered after freezing, EA-
rosette formation was more readily inhibited by free
IgG. The capacity of monocytes to lyse EAIgG anti-D
was not influenced by cryopreservation, in contrast to
their potency to phagocytose zymosan particles, which
was decreased. The chemotactic response towards ca-



148 sunmary

sein was also diminished after freezing. There was
no significant difference in reactivity between mono-
cytes frozen for a short time (2-15 h) and those fro-
zen for a longer period (more than 3 months). Elec-
tron microscopical pictures showed alterations in
mitochondrial structure of the frozen cells.

The above results indicated that cryopreservation
of PBM, albeit with some changes in function, allows

long-term storage of these cells. In part of the in-
vestigations, described in Chapters IV and V, cryopre-
served PBM were used.

The results of the studies described in this
thesis strongly suggest that in AIHA red cells sensi-
tized with IgG non-complement binding autoantibodies
are destroyed as a result of adherence of these cells
to and subsequent lysis by mononuclear phagocytes in
vivo.

Furthermore, the subclass composition as well as

the amount of IgG autoantibody present on the patients
red cells seems to determine whether or not the inhi-
bition by free IgG in vivo can be overcome and thus
whether or not increased haemolysis will occur. From
this point of view, the finding that the presence of
IgG3 autoantibodies nearly always is associated with
haemolytic anaemia suggests that IgG antibodies of
this subclass, when bound to the red cells, prevent

rather easily the inhibition, whereas IgG2 and IgG4
autoantibodies do not seem to take actively part in
this process. The effect of IgGl autoantibodies
clearly depends on the amount of antibody on the red
cells.

Since the destruction of erythrocytes mainly
takes place in the spleen, the special environment
in this organ favours this process especially with
regard to the phenomenon of inhibition by free IgG.
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In dit proefschrift wordt de vraagstelling behan-
deld welke faktoren bepalend zijn voor het al dan niet
optreden van verhoogde bloedafbraak in patiénten met
IgG niet-complement bindende auto-antistoffen en -zo

er sprake is van verhoogde bloedafbraak door deze
antistoffen teweeggebracht- via welk mechanisme deze
versterkte haemolyse wordt geéffektueerd.

Zoals uiteengezet in Hoofdstuk I, werd de relatie
bestudeerd tussen de aanwezigheid van de verschillende
IgG subklassen op de erytrocyten van patiénten met bo-
vengenoemde auto-antistoffen en het al of niet optre-
den van verhoogde bloedafbraak in vivo. Bovendien
werd onderzocht of the patiénte-erytrocyten in vitro
gebonden werden door monocyten, welke geisoleerd waren

uit het bloed van gezonde donoren,.
Het bleek, dat de aanwezigheid van IgG3 auto-

antistoffen vrijwel altijd gepaard ging met het be-
staan van een haemolytische anaemie, terwijl de aanwe-
zigheid van IgGl auto-antistoffen in sommige patienten
wel, maar in andere niet was geassocieerd met sympto-
men, veroorzaakt door een verkorting van de overle-

vingsduur van erytrocyten. Patiénten met IgG2 en IgG4
auto-antistoffen vertoonden geen tekenen van verhoogde
bloedafbraak en hun erytrocyten werden in vitro niet
gebonden aan monocyten.

Het verband, dat gevonden werd tussen de adheren-

tie van patiénte-erytrocyten aan monocyten en de aan-

wezigheid van de onderscheiden subklassen, bleek iden-
tiek te zijn aan het verband tussen de subklasse sa-
menstelling en het voorkomen van haemolytische anaemie.
Dit impliceerde, dat er een sterke relatie werd gevon-
den tussen de aanwezigheid van verhoogde bloedafbraak
in de patiént en de binding van patiénte-erytrocyten
aan monocyten in vitro, terwijl bij afwezigheid van
verhoogde bloedafbraak ook geen binding in vitro waar-
neembaar was. Deze resultaten ondersteunen de veron-

derstelling, dat adherentie van met inkomplete IgG
auto-antistoffen beladen erytrocyten aan mononucleaire
fagocyten een belangrijke rol speelt in de afbraak van
deze rode bloedcellen in patiénten met ATHA.

Voorts werd gesuggereerd, dat IgGl auto-antistof-

fen verder onder te verdelen zouden zijn in 2 typen,
waarvan slechts één binding aan mononucleaire fagocy-
ten en daarmee verhoogde bloedafbraak zou kunnen be-
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werkstelligen. In Hoofdstuk IV wordt de onjuistheid
van deze gedachte aangetoond.

In Hoofdstuk IT wordt een patiént beschreven op

wiens erytrocyten IgG4 auto-antistoffen aantoonbaar

waren in hoge titer, terwijl deze zelfde rode cellen
slechts zwak werden geagplutineerd door anti-IgGl en

anti-IeG3 serum in de direkte antiglobuline test.
Aangezien de overlevingsduur van de patiénte-erytro-
cyten, bepaald met 5ler, slechts gering verkort was
en in vitro maar een zeer zwakke binding aan monocy-
ten werd waargenomen vormt dit andermaal een bevesti-
ging van het belang van de subklassen in verband met
het al of niet optreden van verhoogde bloedafbraak.
De milt van deze patiént funktioneerde normaal, aan-
gezien donor-erytrocyten, gesensibiliseerd met IgG
anti-D allo-antistoffen, in dit orgaan werden gese-

questreerd.

In Hoofdstuk III worden de faktoren belicht, die
belangrijk zijn in verband met de remming van de in-
teraktie gesensibiliseerde erytrocyt-monocyt in

vitro.
De verkregen resultaten maken duidelijk, dat

tenminste twee faktoren de remming door IgG kunnen
beinvloeden, In de eerste plaats bleek, dat verho-

ging van het aantal erytrocyten per monocyt leidde
tot een verminderde remming door IgG. Verhoging van
het aantal sensibiliserende IgG antistoffen per ery-
trocyt had een soortgelijk effekt. In het milieu van
de milt kunnen deze twee faktoren hun invloed op de
remming door IgG doen gelden.

 

In Hoofdstuk IV wordt teruggekomen op de in

Hoofdstuk I vermelde bevinding, dat sommige patiénten
met uitsluitend IgGl auto-antistoffen lijden aan AIHA
terwijl in andere patiénten met deze antistoffen geen
tekenen van versterkte haemolyse aantoonbaar zijn.
Duidelijker gezegd, het is onderzocht of deze waar-
neming berust op het bestaan van kwalitatieve ver-
schillen binnen de IgG] antistoffen, of dat juist

kwantitatieve faktoren, de hoeveelheid IgGl auto-
antistoffen, van invloed zijn. De relatieve hoeveel-
heid IgGl op de erytrocyten werd bepaald met behulp
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van een fluorescentie techniek, die geschikt was ge-
bleken om de hoeveelheden IgG antistof, aanwezig op

in verschillende mate gesensibiliseerde erytrocyten
met elkaar te vergelijken. Na inkubatie met een anti-
IgGl] serum, waaraan een fluorescerend label gekoppeld

was, werd de sterkte van de fluorescentie bepaald.
Op deze manier werd de hoeveelheid IgGl antistoffen op

erytrocyten van patiénten met AIHA vergeleken met die
aanwezig op erytrocyten van patiénten die géén sympto-
men van verhoogde bloedafbraak vertoonden.

Tevens werd de mate, waarin de verschillende pa-
tiéntecellen werden gelyseerd door monocyten in vitro
onderzocht. De resultaten wezen uit, dat voornamelijk

de hoeveelheid IgGl op de erytrocyten, en niet de kwa-
liteit van deze antistoffen, bepaalde of er versterkte
haemolyse optrad. Bovendien werd een fraai verband

tussen de op de erytrocyt aanwezige hoeveelheid IgGl
en de afbraak van deze patiénte-erytrocyten door mono-

cyten in vitro aangetoond,.
Het bovenvermelde gold ook voor die gevallen,

waarin de auto-antistoffen waren ontstaan tijdens het
gebruik van a-methyldopa.

In Hoofdstuk VY worden de resultaten beschreven

van een longitudinaal onderzoek, verricht in patiénten
met autoimmuun haemolytische anaemie (AIHA), waarbij

het verband werd onderzocht tussen het verloop van de
ziekte en het effekt van de therapie enerzijds en het
voorkomen van de verschillende IgG subklassen en de

relatieve hoeveelheid antistof op de erytrocyten an-
derzijds. Hiertoe werden in de loop van de tijd re-
gelmatig bloedmonsters van de patiént afgenomen.
Tevens werd de binding. van de patiénte-erytrocyten aan
monocyten en de daaruit voortvloeiende afbraak van
deze cellen in vitro bestudeerd.

Om de betekenis van de cytotoxiciteits-test als
parameter in AIHA te bepalen, werd allereerst het ver-
band onderzocht tussen de aanwezigheid van tekenen van
verhoogde bloedafbraak in vivo en de cytotoxie in
vitro. Het bleek, dat de erytrocyten van de patiénten

met .een manifeste haemolyse sterker werden afgebroken
door de monocyten dan die van patiénten zonder symp-
tomen van verhoogde bloedafbraak. Dit versterkte an-

dermaal de veronderstelling, dat cytotoxische lysis
van erytrocyten een belangrijk destruktie mechanisme
is in de afbraak van erytrocyten in ATHA.
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In de patiénten, die goed op de therapie reageer—

den, kon een significante daling worden aangetoond van

de hoeveelheid antistoffen op de rode bloed cellen.

Deze daling ging gepaard met een afnemende binding en

lysis van deze cellen in vitro. In sommige gevallen

veranderde gedurende de behandeling met corticosteroi-

den de samenstelling van de subklassen op de erytrocy-

ten. Zo trad bij patiénten met IgG3 auto-antistoffen

een duidelijke verbetering van de haemolytische anae-

mie op met het verdwijnen van deze subklasse. Te

zelfder tijd verminderde de adherentie van de patiénte-

erytrocyten aan monocyten. Ook het aantal erytrocyten,

dat door de fagocyten in vitro werd gelyseerd, nam af.

Samen met de vermindering van de hoeveelheid IgGl

auto-antistoffen verbeterden de patiénten, op wier

erytrocyten deze subklasse aantoonbaar was. Ook in

deze gevallen werd de interaktie -tussen de rode cellen

en de monocyten in vitro zwakker. De aanwezigheid van

IgG2 en IgG4 auto-antistoffen op de patiénte-erytrocy-

ten leidde niet tot verhoogde bloedafbraak in vivo noch

tot adherentie en cytotoxie in vitro.

Naast de bovengenoemde effekten leek de therapie

met corticosteroiden ook de werking van de mononucle-

aire fagocyten in vivo te beinvloeden. Aan de hand van

enkele gevallen worden de verschillende reakties op de

behandeling besproken.

In Hoofdstuk VI wordt de cytotoxische aktiviteit

van granulocyten, monocyten en lymfocyten, geisoleerd

uit het bloed van patiénten lijdende aan een akute in-

fektieziekte, in vitro bestudeerd.

Tijdens de ziekte bleken de granulocyten van deze

patiénten significant meer met anti-D gesensibiliseer-

de erytrocyten te lyseren dan na genezing, terwijl de

cytotoxische aktiviteit yan monocyten onveranderd

bleef gedurende de periode van de infektie. Lymfocy-

ten waren in deze proefopstelling niet in staat gesen-

sibiliseerde erytrocyten te lyseren.
Bovenstaande resultaten suggereren, dat granulo-

eyten een bijdrage zouden kunnen leveren aan de ver-

hoogde erytrocytenafbraak, welke af en toe wordt waar-

genomen bij patiénten met AIHA als zij een infektie

doormaken.

In hoofdstuk VII tenslotte, worden de experimen-

ten vermeld, die verricht werden om de invloed van
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eryopreservatie -het ‘diepvriezen'- van monocyten op
de funktie van deze cellen vast te stellen.

De monocyten werden ingevroren volgens een auto-
matisch gekontroleerd koelingsprogramma en daarna op-

geslagen in vloeibare stikstof. Na vriezen, dooien
en wassen werd 63% van het oorspronkelijk aanwezige
aantal cellen teruggewonnen. Gemeten met de trypaan-

blauw exclusie test, was 95% van deze cellen vitaal.

Het percentage monocyten in de celsuspensies (70-802)
veranderde niet door de opslag bij -196°C. Alhoewel
het percentage cellen, dat erytrocyten bond niet was

veranderd na bevriezen en weer ontdooien, bleek dat

deze rozetvorming makkelijker geremd werd door toe-
voeging van IgG.

De cytotoxische aktiviteit van monocyten jegens
erytrocyten, die met IgG allo-antistoffen beladen
zijn, was door de vries- en dooiprocedure niet veran-
derd, in tegenstelling tot hun vermogen om zymosan

deeltjes te fagocyteren, dat was verminderd. Ook de

chemotaktische respons na stimulatie door caseine was
na het vriezen lager dan daarvoor,

De reaktiviteit in de verschillende testsystemen
van monocyten, die slechts voor korte duur (2-15 uur)

waren opgeslagen in vloeibare stikstof, verschilde
niet van die van monocyten, die langer dan 3 maanden
bewaard werden.

Bovengenoemde resultaten impliceren, dat het mo-
gelijk is monocyten bij -196°C te bewaren, zij het
dan met een enigszins veranderde reaktiviteit in
sommige testsystemen als gevolg. In de experimenten,
beschreven in de Hoofdstukken IV en V, is gedeelte-
lijk gebruik gemaakt van monocyten, die op deze wijze
zijn bewaard.

De resultaten van de onderzoekingen, die zijn
neergelegd in dit proefschrift, ondersteunen ten
sterkste de veronderstelling, dat in patiénten met
ATHA, erytrocyten worden afgebroken, doordat zij ge-

bonden en daarna beschadigd of vernietigd worden door
mononucleaire fagocyten in vivo.

De samenstelling van de IgG subklassen, alsmede

de hoeveelheid antistoffen op de patiénte-erytrocyten
lijken (mede) te bepalen of de remming in vivo door
IgG al dan niet overwonnen kan worden en daarmee of
er wel of geen manifeste haemolyse optreedt. Gerede-
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neerd vanuit dit gezichtspunt, suggereert de waarne-
ming, dat de aanwezigheid van IgG3 auto-antistoffen
bijna altijd gepaard gaat met verhoogde bloedafbraak,
dat antistoffen van deze subklasse, gebonden aan de

erytrocyt, betrekkelijk makkelijk de remming door IgG
kunnen overwinnen. IgG2 en IgG4 auto-antistoffen
lijken niet aktief deel te nemen aan bovengenoemde
processen, terwijl het effekt van de IgGl auto-anti-
stoffen duidelijk afhangt van de hoeveelheid van deze
subklasse, die aan het erytrocytenoppervlak is gebon-
den. Aangezien de afbraak van erytrocyten in patién-
ten met AIHA hoofdzakelijk in de milt is gelokali-
seerd, lijkt het speciale milieu in dit orgaan van
groot belang met betrekking tot het verschijnsel van
de remming door IgG.
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Rode bloedlichaampjes transporteren zuurstof van
de longen naar alle organen en weefsels en zijn dus

voor een goed funktioneren van het lichaam van levens-
belang. Sommige mensen echter breken hun eigen rode

bloedlichaampjes af, doordat ze antistoffen gaan pro-
duceren tegen deze bloedcellen.

In de normale situatie worden antistoffen gevormd
tegen schadelijke bakterién en virussen, die het li-
chaam zijn binnengedrongen. %ij worden aangemaakt
door het afweerapparaat -ook wel ‘immuunapparaat' ge-
noemd- en dragen bij tot een snelle vernietiging van
de ziektekiemen. De werking van het afweerapparaat is
nu zo, dat het antistoffen maakt die gericht zijn
tegen produkten waar het lichaam nog niet mee in aan-
raking is geweest, die m.a.w. dus 'vreemd' zijn voor
het lichaam, Eigen rode bloedcellen zijn natuurlijk
niet 'vreemd' voor het afweerapparaat en als dus pa-
tiénten antistoffen gaan maken tegen hun eigen bloed-
lichaampjes is er kennelijk iets mis met het gezond
funktioneren van het immuunapparaat.

In de patiént hechten deze antistoffen zich aan
het oppervlak van de rode bloedcellen, die dan in de
milt door bepaalde witte bloedcellen worden vernie-
tigd. Met een Latijnse term wordt deze verhoogde af-
braak van rode bloedlichaampjes 'haemolyse' genoemd
(haem = rood bloed, lyse = afbraak). Het gevolg van
de haemolyse is, dat de patiént een tekort krijgt aan
rode bloedcellen: hij of zij lijdt aan een bloedarmoe-
de (Latijn: anaemie). Hiermee is dan de naam van de
ziekte, die in dit proefschrift centraal staat meteen

verklaard: Auto (= zelf, cigen) Immuun Haemolytische

Anaemie: Bloedarmoede veroorzaakt door een verhoogde

afbraak van rode bloedlichaampjes onder invloed van
auto-antistoffen (= antistoffen, die de patiént tegen
zijn eigen cellen maakt).

Nu zijn er ook patiénten, die weliswaar auto-
antistoffen op hun rode bloedcellen hebben, maar die

geen tekenen van verhoogde afbraak van rode bloedcel-
len vertonen.

In dit proefschrift wordt de vraagstelling be-
handeld, welke faktoren bepalen of er wel of geen
verhoogde afbraak optreedt en in die gevallen, waarin
dat wel zo is, hée die trode bloedcellen dan worden

afgebroken in het lichaam.
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Voordat ik hier verder op inga, wil ik eerst
twee zaken nog wat verder toelichten.

In de eerste plaats is er nog iets meer over de
antistoffen te vertellen. Antistoffen zijn eiwitten
en hebben allerlei eigenschappen, die scheikundig be-
paald kunnen worden. Op grond daarvan worden ze inge-
deeld in verschillende soorten of klassen. De boven-
genoemde auto-antistoffen behoren tot de zgn, Ig¢
Klasse, eenvoudig gezegd tot de antistof-eiwit klasse
G. Deze IgG antistoffen zijn weer verder onder te
verdelen in 4 zgn. subklassen, die alle een nummer
hebben gekregen. Zo kennen we de subklassen IgGl,
IgG2, IgG3 en IgG4., Deze onderverdeling is van be-
lang voor de bespreking van het tweede punt.

Het is uit proeven, die andere onderzoekers ge-
daan hebben, duidelijk geworden, dat bepaalde witte
bloedcellen, de zgn. mononucleaire fagocyten (mono =
één, nucleus = kern, fago = eten en cyt = cel, dus
cellen met @6n kern, die kunnen 'eten') op hun cel-
oppervlak plaatsen hebben waar IgG antistoffen kunnen
aanhechten. Zo is het dan voorstelbaar, dat een rode
bloedcel, beladen met IgG antistoffen, wordt gebonden
aan deze witte bloedcellen. Dit kontakt kan leiden
tot de afbraak van het rode bloedlichaampje.

In het laboratorium kunnen we het samenspel tus-
sen de rode en witte bloedlichaampjes in een reageer-
buisje bestuderen. Wij hebben in onze proeven veel
gebruik gemaakt van monocyten, een mononucleaire
fagocyt in een jong stadium, die in het bloed circu-
leren en via allerlei laboratorium technieken te iso-
leren zijn van de overige bloedcellen. Als deze
monocyten in een reageerbuis samengebracht worden met
rode bloedcellen waar IgG antistoffen opzitten, kun-
nen de rode bloedcellen als een kransje om de monocyt
heen gaan zitten; ze vormen dan a.h.w. een 'rozet',
Op de voorkant van het proefschrift is een zeer
sterke vergroting van zo'n rozet afgebeeld.

Nu komt de rol van de IgG subklassen ter sprake.
Alleen de subklassen IgG] en IgG3 zijn in staat om
binding van rode bloedcellen aan monocyten te bewerk-—
stelligen. Als de subklassen IgG2 en/of IgG4 op het
celoppervlak van de rode bloedcel aanwezig zijn,
treedt er geen 'rozetvorming!' op,

De bevinding, dat in het reageerbuisje rode
bloedcellen, beladen met IgG antistoffen, worden ge-



 

162

bonden aan monocyten en vervolgens afgebroken worden,

leidde tot de veronderstelling, dat in het lichaam een

soortgelijk mechanisme werkzaam zou kunnen zijn bij de

afbraak van rode bloedlichaampjes beladen met IgG

autoantistoffen, Dit temeer, daar deze rode cellen

vooral worden afgebroken in de milt, waar juist veel

mononucleaire fagocyten aanwezig zijn. Hiermee zijn

we terug bij de bovengenoemde vraagstelling, waarop we

in dit proefschrift een antwoord proberen te vinden

door gebruik te maken van de volgende onderzoekstech-

nieken.
Rode bloedcellen, beladen met IgG auto-antistof-

fen, d.w.z. rode bloedlichaampjes afgenomen van pa-—

tiénten met deze antistoffen, werden in een reageer-

buisje samengebracht met monocyten van gezonde perso-

nen. In sommige proeven werd gebruik gemaakt van rode

bloedcellen, die in het reageerbuisje beladen werden

met IgG antistoffen (geen auto-antistoffen). Het sa-

menspel tussen rode en witte bloedlichaampjes werd be-

studeerd door (a) te letten op het al dan niet optre-

den van ‘rozetvorming'. Onder de mikroskoop werd dus

gekeken of de rode bloedcellen gebonden werden door de

monocyten, en (b) te meten hoeveel rode bloedlichaamp-

jes er afgebroken werden door de monocyten. Hiertoe

werden de rode bloedcellen voorzien van een radioaktief

label, m.a.w. radioaktief 'gemerkt'. Als een rode

bloedcel wordt afgebroken komt het radioaktieve label

vrij en door de hoeveelheid vrijgekomen radioaktiviteit

te meten met een soort Geigerteller, kunnen we bereke-

nen hoeveel rode bloedcellen er zijn vernietigd.

Om verdere aanwijzingen te hebben, dat de binding

van rode bloedcellen aan mononucleaire fagocyten een

belangrijke rol speelt in de afbraak in het lichaam,

wordt in Hoofdstuk I bestudeerd, welke IgG subklassen

aanwe..g waren in patiénten die bloedarmoede hadden en

welke subklassen aanwezig waren in patiénten die géén

tekenen van verhoogde afbraak vertoonden. Het bleek,

dat vrijwel alle patiénten met subklasse IgG3 tekenen

van verhoogde afbraak van rode bloedcellen vertoonden,

terwijl deze tekenen ontbraken bij de patiénten wier

rode bloedcellen IgG2 en IgG4 op hun celoppervlak

hadden. Van de patiénten met IgG] auto-antistoffen

vertoonden sommigen wel, maar anderen niet, verhoogde

afbraak. Verder bleek, dat de rode bloedlichaampjes

van alle patiénten die een tekort aan rode bloed-
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lichaampjes hadden, werden gebonden aan monocyten,

terwijl deze binding niet optrad met de rode bloedcel-
len van de patiénten zonder verhoogde bloedafbraak.
Dit wijst erop, dat binding aan mononucleaire fagocy-
ten belangrijk kan zijn voor de afbraak van rode cel-
len in het lichaam: geen binding, geen afbraak; wel
binding, wel afbraak.

In Hoofdstuk II wordt een patiént beschreven, die

wel veel IgG auto-antistoffen op zijn rode bloedcellen
had, maar die geen tekenen van verhoogde afbraak ver-
toonde. Ook in het reageerbuisje werden zijn rode
cellen nauwelijks door monocyten gebonden. Deze pa-
tiént bleek veel IgG4 auto-antistoffen te hebben en

zijn geval ondersteunt dus de bovengenoemde veronder-
stelling. Toch zijn er resultaten van proeven be-
schreven, die het erg moeilijk maken om aan te nemen,
dat in het lichaam de binding van de rode bloedcel,
beladen met IgG antistoffen, de eerste stap is in de
afbraak van deze cellen. Het bleek nl., dat de bin-

ding van rode cellen, beladen met IgG antistoffen, aan

monocyten in het reageerbuisje sterk belemmerd kon
worden door vrij IgG toe te voegen. Dit vrij IgG
heeft dezelfde struktuur als het IgG van de antistof-
fen en kan dus ook de plaats op het celoppervlak van
de monocyt bezetten, die ook ingenomen kan worden door
de IgG antistoffen aanwezig op de rede bloedcel. Er
ontstaat dus a.h.w. een strijd tussen het vrije IgG en
het antistof-IgG op de rode bloedcel om de beschikbare
aanhechtingsplaatsen op het oppervlak van de monocyt.

Veel vrij IgG in het reageerbuisje betekende, dat min-
der rode bloedcellen konden worden gebonden aan de
monocyten en bijgevolg verminderde het aantal rode
cellen, dat werd afgebroken,

Deze waarneming is belangrijk, omdat in het li-
chaam nog veel meer vrij IgG in het bloed aanwezig is
dan nodig was om in het reageerbuisje de binding van
de rode cel aan de monocyt te voorkomen. Hoe moeten
we ons dan voorstellen, dat toch de met IgG-antistof
beladen rode bloedcel in het lichaam wordt afgebroken?
Bekend is, dat rode bloedcellen, beladen met IgG anti-
stoffen in de milt en niet elders in het lichaam wor-
den afgebroken. Kennelijk zijn er in dit orgaan be-
paalde omstandigheden, die ertoe leiden, dat het vrije
IgG daar niet de binding van rode bloedlichaampjes aan
de mononucleaire fagocyt remt. In de milt nu kunnen



de rode cellen heel dicht bij de mononucleaire fagocy-

ten komen en hopen zich veel rode bloedcellen op rond

deze witte bloedcellen. Bovendien is de antistof be-

lading van de rode bloedcellen hier extra groot, waar-

schijnlijk omdat de auto-antistoffen geproduceerd wor-

den in de milt. Wij hebben het belang van deze twee

faktoren willen onderzoeken met proeven in het labora-

torium. Daartoe (Hoofdstuk III) hebben we in het rea-

geerbuisje aan monocyten en rode bloedcellen, beladen

met IgG antistoffen, vrij IgG toegevoegd en Heacudeerd

hoe de remmende werking van dit vrij IgG werd bein-

vloed door nabootsing van de bovengenoemde twee fakto-

ren. Het bleek, dat als wij maar heel veel rode cel-

len aan de monocyt aanboden, de remming verminderde.

Ook was dit het geval als we de rode cel met heel veel

antistoffen beladen. Op deze manier verkregen we een

aanwijzing hoe, speciaal in de milt, toch de binding

tussen de met IgG auto-antistof beladen rode bloedcel

en de mononucleaire fagocyt kan plaats vinden. De

mogelijkheden, die dit orgaan biedt om de remmende

werking van het vrije IgG in het bloed te overwinnen,

verklaren waarom juist de milt de belangrijke plaats

is waar de afbraak van de rode cellen van de patiénten

met haemolytische anaemie is gelokaliseerd. Als de

verschillende medicijnen die er zijn om deze ziekte te

bestrijden niet helpen, wordt bij deze patienten dan

ook de milt operatief verwijderd.

In Hoofdstuk IV komen we terug op de in Hoofdstuk

I vermelde waarneming dat sommige patiénten met IgGl

auto-antistoffen wel, en anderen geen, tekenen van

verhoogde afbraak van rode bloedcellen vertoonden.

Inmiddels hadden we nl. een techniek tot onze beschik-—

king gekregen om te bepalen hoeveel antistoffen er op

de rode bloedlichaampjes aanwezig zijn. Hierbij wordt

gebruik gemaakt van antistoffen, die in konijnen opge-

wekt zijn tegen de IgG antistoffen. M.a.w. deze

konijne-antistoffen zullen zich gaan binden aan de IgG

antistoffen, die al op de rode cel zitten en er zullen

meer konijne-antistoffen gaan zitten op die rode bloed-

cellen waar meer IgG antistoffen op aanwezig zijn,

Aan de konijne-antistoffen is een stofje gebonden, dat

gaat fluoresceren als er een laserstraal op valt. De

situatie is een beetje te vergelijken met het lLicht-

knopje, dat een groen licht uitstraalt in het donker

als er overdag zonlicht op geschenen heeft.
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Kort en goed, hoe meer IgG antistoffen op de rode cel,
hoe meer konijne-antistof gebonden wordt, hoe sterker
de fluorescentie wordt. Met een apparaat is de sterk-
te van de fluorescentie te meten en op deze manier is
dus de hoeveelheid IgG] antistof op de rode bloedcel-

len van de ene patiént te vergelijken met die op de
rode cellen van een ander. Uit ons onderzoek bleek,

dat die patiénten met IgGl antistoffen, die geen teke-
nen van verhoogde afbraak vertoonden, duidelijk minder
antistof op het oppervlak van hun rode cellen hadden

dan die patiénten, die wel een haemolytische anaemie
hadden. Het werd duidelijk, dat er een bepaalde mini-

male hoeveelheid IgGl nodig was om in het lichaam
verhoogde bloedafbraak te kunnen veroorzaken. Waar-

schijnlijk is deze minimale belading dan nodig om de
remmende werking van het vrije IgG te kunnen overwin-

nen.
Hoofdstuk V beschrijft het verloop van de afbraak

van rode bloedcellen in patiénten, die worden behan-

deld met corticosteroiden, het geneesmiddel bij uit-
stek om de verhoogde afbraak te remmen. Het bleek,

dat in de loop van de behandeling met deze bijnier-

schorshormonen de hoeveelheid IgG auto-antistoffen op

de rode bloedcellen sterk terugliep. In het reageer—

buisje namen dan ook de rozetvorming en de afbraak van
de rode bloedcellen van de patiént sterk af. Boven-

dien werden aanwijzingen verkregen, dat deze medicij-
nen ook een werking hadden op de mononucleaire fago-

cyten in het lichaam, zodat ze minder goed in staat
zijn om de rode cellen af te breken.

Het is reeds lang bekend, dat patiénten met Ig¢
auto-antistoffen een verhoging van de rode bloedcel

afbraak kunnen vertonen als zij een infektieziekte
doormaken, zoals bv. een longontsteking. Dit kan
misschien gedeeltelijk worden toegeschreven aan het
feit, dat de hoeveelheid IgG auto-antistof gaat stij-

gen, maar de mogelijkheid zou kunnen bestaan, dat de

witte bloedcellen -die ook belangrijk zijn in het op-

ruimen van de ziektekiemen- op de een of andere manier

extra aktief worden en daardoor de rode cellen, bela-

den met de auto-antistof, extra fel afbreken.

In Hoofdstuk VI hebben wij deze laatste gedachte
willen testen door te onderzoeken of monocyten van

patiénten met een akute infektieziekte inderdaad in

het reageerbuisje meer rode bloedcellen, beladen met
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IgG antistoffen, afbraken dan de monocyten van gezonde

kontr6le personen. Daarbij hebben we ook deze aktivi-
teit bestudeerd van andere witte bloedcellen, die nor-

maal weinig reaktief zijn tegen met IgG-antistof bela-
den rode bloedlichaampjes. Tot onze verrassing bleek,

dat niet de monocyt maar wel de zgn. granulocyt (een
cel met een meervormige kern, die ook kan ‘eten') een

grote stijging in aktiviteit jegens de rode cellen
ging vertonen,

Het is dus mogelijk, dat de verhevigde afbraak
van rode cellen, die kan worden waargenomen bij pa-
tiénten met IgG auto-antistoffen wanneer zij een in-
fektie doormaken,:mede veroorzaakt wordt door een

witte bloedcel die in de normale toestand niet aktief
lijkt deel te nemen aan het afbraakproces.

In Hoofdstuk VII tenslotte wordt een bijkomend
onderzoek beschreven, dat met de bovenbehandelde ziek-

te niet direkt iets te maken heeft. In de loop van de
onderzoekingen werd het duidelijk, dat het iedere dag

opnieuw moeten isoleren van monocyten uit het bloed
van donoren een tijdrovende zaak was. Bovendien liep
de aktiviteit van de monocyten van de verschillende
donoren nogal uiteen. Het zou daarom heel prettig
zijn om te kunnen beschikken over een grote voorraad
monocyten waar men steeds een klein beetje af zou kun-
nen nemen. Omdat bekend was, dat andere witte bloed-

cellen heel goed bewaard kunnen worden bij een hele
lage temperatuur, nl. -196°C, de temperatuur van
vloeibare stikstof- hebben wij de invloed van het
diepvriezen op de funktie van monocyten onderzocht in
een aantal testsystemen. Het bleek, dat het vermogen

om rozetten te vormen met rode bloedcellen, beladen

met IgG antistoffen, en het vermogen om deze cellen

af te breken in het reageerbuisje, door deze bewaar-
procedure niet noemenswaard waren veranderd. In een

aantal proeven, beschreven in de vorige hoofdstukken,
hebben wij dan ook zonder bezwaar gebruik kunnen ma-
ken van deze ‘diepvries' monocyten.

Terugkomend op de vragen, waarop wij door onze
onderzoekingen een antwoord hoopten te vinden, kunnen
wij het volgende beeld schetsen: Het is zeer waar-
schijnlijk, dat bij de afbraak van rode bloedcellen,
beladen met IgG auto-antistoffen, de mononucleaire

fagocyten een belangrijke rol spelen. De vraag of er
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verhoogde bloedafbraak zal optreden in patiénten met
deze IgG auto-antistoffen wordt ten dele bepaald door
de IgG subklassen, die in deze IgG antistoffen verte-
genwoordigd zijn: Is de subklasse IgG3 aanwezig, dan
is er vrijwel altijd ernstige afbraak. Zijn er al-
leen IgG2 en/of IgG4 auto-antistoffen, dan zijn er
geen tekenen van een haemolytische anaemie. In het
geval van IgGl auto-antistoffen zal het van de hoe-
veelheid IgGl afhangen of er wel of geen afbraak op
gaat treden. Waarschijnlijk staat in alle gevallen
‘centraal in hoeverre de antistoffen in staat zijn de
in het lichaam bestaande remmende werking van het
vrije IgG te doorbreken. De rol van de milt is bij-
zonder belangrijk in dit proces.

De afbraak vindt waarschijnlijk plaats, doordat
de rode bloedcellen worden gebonden aan de mononu-
cleaire fagocyten in het lichaam, die vervolgens deze
cellen afbreken. Hoe meer antistoffen zich op de
rode bloedcellen bevinden, hoe sterker de afbraak is.

De behandeling met de bijnierschorshormonen -de cor-
ticosteroiden- leidt enerzijds tot een vermindering
van de hoeveelheid antistoffen op de rode bloedcel,

die gepaard kan gaan met een verandering van de IgG
subklassen samenstelling; anderszijds lijkt er een
effekt te zijn van de corticosteroiden op het vermo-
gen van de mononucleaire fagocyten om de met anti-
stoffen beladen rode bloedcellen af te breken.

Tot slot is gesteld, dat de toegenomen afbraak
van rode bloedcellen, die waargenomen werd bij pa-
tiénten met IgG auto-antistoffen tijdens een akute
infektieziekte, mede veroorzaakt lijkt te worden door
deelname van granulocyten aan het afbraakproces.
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ABBREVIATIONS

AGT
ATHA
BSA
Sloy 1
DAGT
DMSO
EA
EAIgG
EAIgG anti-A
EAIgG anti-D

FCS
FITC
F/P ratio
G6PD
125ne

IgA
IgG

_ igi

LDH

MEM
MEM-Tris

PBM
PBS
P/S
RABT
REL
Rh D
SEM
STZ

antiglobulin test
autoimmune haenmolytte anaemia
bovine serum albumin
“lchromtum half ttfe
dtreet antiglobulin test
dimethyl sulfoxide
erythrocyte-antibody complex
IgG-sensttized red cells
IlgG antt-A-sensitized red cells
IgG anti-D-sensttized red cells
fetat calf sera
fluorescein tsothiocyanate
fluorescetn/protein ratto
gonePinepners dehydrogenase
23Todtde

immunoglobulin A
imminoglobulin G
trmunoglobulin M
lactate dehydrogenase
minimal essential medium
minimal essential medium buffered
with Tris-HCl
pertpheral blood monocyte
phosphate-buffered saline
penteillin/streptomyecin
rabbtt anti-human IgG
relative fluorescence intensity
rhesus D-positive
standard error of the mean
serum-treated aymosan

glossary 135

ADHERENCE — A. Binding of red cells to leukocytes.
B. Binding of monocytes to glass or plastic sur-
faces. Since lymphocytes do not adhere to these
surfaces, this property of the mononuclear pha-

gocytes provides a possibility to separate the
two cell populations. After adherence of the
monocytes, the lymphocytes can be washed away.

AGGLUTINATION - In this thesis: Clumping of red cells
induced by the reaction of antibodies with anti-
gens present on the red cell surface. For ex-

ample, agglutination of red cells by an antiserum
containing antibodies directed against IgG, in-
dicates the presence of IgG antibodies on these
cells.

AGGLUTINATION TITRE - The highest dilution of serum
which still causes clumping of red cells.

ALLOANTIBODY - Antibody produced by one individual
that reacts with antigens of another individual
of the same species.

ANTIBODY-MEDIATED CYTOTOXIC LYSIS - In this thesis:

Lysis of red cells adhering to phagocytes by
antibodies directed against antigens present on ‘
the red cell.

ANTI-D SERUM - In this thesis: Serum containing IgG
antibodies directed against the D antigen, pre-
sent on Rhesus-positive red cells. When Rhesus-

positive red cells are incubated with an anti-D
serum, the IgG antibodies bind strongly to the
red cell surface.

ANTIGLOBULIN TEST - Test in which dilutions of an
antiserum containing antibodies directed against
human immunoglobulins (i.e. antiglobulins) are
added to red cells in vitro. The occurrence of
red cell clumping is determined, If, for exam-
ple, immunoglobulin G (IgG) is present on the
red cell surface, erythrocytes will clump to-

gether and the antiglobulin test with anti-IgG
serum is positive. Antiglobulin sera are raised
in rabbits. The animals are repeatedly injected
with immunoglobulins to stimulate the production
of antibodies.
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ANTI-IgG SERUM - Antiserum containing antibodies di-
rected against immunoglobulin G. Agglutinates
red cells coated with IgG antibodies.

AUTOIMMUNE HAEMOLYTIC ANAEMIA - Haemolytic anaemia due
to autoantibodies directed against red cells.

 

AUTOANTIBODY - Antibody reacting with an antigen which
is a normal constituent of the body of the indi-
vidual by whom the antibody is produced.

BUFFY COAT - The layer of white cells that forms be-
tween the red cell layer and the plasma when

anticoagulated blood is centrifuged.

CASEIN - Major milk protein stimulating directed mi-

gration of phagocytes.

CHEMOTACTIC RESPONSE - Reaction in which the directed
locomotion of cells, induced by chemical sub-
stances, is determined. The cells move towards
the source of a concentration gradient of the

substance.

>I CHROMIUM T$ - In this thesis: Method to estimate the
red cell life-span in vivo. Erythrocytes are
radioactively labelled with Slchromium and (re)
injected into the circulation. In blood samples,
collected in the course of time, the radioactivi-
_ty is determined. In this way, the red cell half
life (T4) can be calculated,

COMPLEMENT - A system of serum enzymes that is mainly

activated by antigen-antibody reactions. Comple-

ment is made up of many components.

CRYOPRESERVATION - In this thesis: Preservation by
storage at -196°C. This is the boiling tempera-
ture of nitrogen at one atmosphere. In vessels

filled with liquid nitrogen red and white blood
cells and tissues can be stored for long periods.

CRYOPROTECTANT - Agents which protect biological ma-
terial from damage during freezing and thawing.
Examples: dimethyl sulfoxide and glycerol.

CYTOCHALASIN B - Substance which belongs to a group
of metabolites derived from moulds. These agents
have a variety of effects on cells in vitro.
Biological effects include among others: inhibi-
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tion of phagocytosis and cell mobility and stimu-

lation of lysosomal enzyme release.

cyTOFLUoROcRAPH ®- Apparatus to measure the fluores-
cence intensity of individual cells in a continu-

ous flow system.

CYTOFLUOROMETRY - Method to measure the fluorescence

intensity of individual cells.

CYTOTOXIC ACTIVITY - In this thesis: Activity of one
cell population (effector cells) leading to the
destruction of another cell population (target
cells). For example: the cytotoxic activity of
monocytes towards red cells sensitized with IgG

antibodies.
DIRECT ANTIGLOBULIN TEST - An application of the anti-

globulin test in which red cells from a patient
are washed and tested with an antiglobulin serum.
Agglutination indicates that the red cells are
sensitized in vivo with an incomplete antibody.

DIMETHYL SULFOXIDE - Powerful solvent dissolving many
organic compounds. It has the ability to pene-
trate plant and animal tissues and to protect

cells during freezing.

 

ELUATE - In this thesis: Material containing antibo-
dies liberated from the red cell surface,

EXTRACELLULAR LYSIS - Cytotoxic activity effected
outside the effector cell (see Cytotoxic Acti-

vity).

F(ab) FRAGMENT - Fragment of immunoglobulin G mole-

cules, obtained by enzymatic digestion. It con-
tains one site to combine with an antigen, but

is unable to cause agglutination.

F(ab')> FRAGMENT - Fragment of immunoglobulin G mole~
cules, obtained by enzymatic digestion. The
enzyme cleaves the IgG molecules into F(ab')9

and Fe fragments.

Fc FRAGMENT - Fragment of immunoglobulin G molecules,

obtained by enzymatic digestion. This fragment

is essential for the adherence of red cells

sensitized with IgG antibodies to leukocytes.
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"Re RECEPTOR" - Not well-defined site on the surface
of monocytes, granulocytes and some lymphocytes.

This site combines with the Fe fragment of immu-
noglobulins.

FICOLL-ISOPAQUE DENSITY GRADIENT CENTRIFUGATION -

Method for the separation of cells based on their
difference in specific gravity. Peripheral blood
is layered on a mixture of Ficoll (a polysucrose)
and Isopaque (a heavy chemical) with a defined
density. After centrifugation cells of a higher
density than the gradient can be recovered from
the bottom of the tube whereas cells with a lower

density float on the gradient, in the so-called

interface between plasma and gradient material.

FLOW CYTOFLUOROMETRY — Cytofluorometry by means of a

flow system. In this thesis, for example, red

cells with IgG antibodies on their surface were
incubated with a fluorescent anti-IgG serum, In
a continuous flow these cells pass a laserbean,

.which excites the fluorescent label. The subse-
quent emission of fluorescence is recorded.

FLUORESCEIN - Substance which emits visible light of
a characteristic wave length when irradiated with
a certain (shorter) wave length.

FLUORESCEIN TSOTHTOCYANATE - A reactive fluorescein-
derivative which can combine with proteins, for
example with antibodies.

FLUORESCEIN PROTEIN RATIO — Number of fluorescein
isothiocyanate molecules per molecule of protein.

HAEMAGGLUTINATION - Agglutination of erythrocytes.

HAEMOCONCENTRATION - Decrease of the fluid content of
the blood with resulting increase in, for ex-
ample, erythrocyte concentration.

HAEMOLYSIS - Destruction of red cells.

IMMUNOGLOBULINS - Serum proteins that may carry anti-
body activity. In human, 5 major structural
classes can be distinguished: immunoglobulin G,
A, M, D and E.

IMMUNOGLOBULIN G - The major immunoglobulin in the
serum of man, In humans, it can be divided into
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4 subclasses, IgGl, IgG2, IgG3 and IgG4 on the
basis of structural differences.

INCOMPLETE ANTIBODIES - Antibodies that coat erythro-
cytes but do not agglutinate them. Their presen-
ce can be detected by the antiglobulin test.

INCUBATION - Application of environmental conditions
(position, temperature, humidity, etc.) in vitro,
which influences the development of a process.

INDIRECT ANTIGLOBULIN TEST - Application of the anti-
globulin test for the detection of free incomple-

te antibodies in serum.

IN VITRO - In glass; in tube; in the laboratory.

IN VIVO - In the body.

LYSOSOMAL ENZYMES - Enzymes present in the granules
within certain white blood cells. These enzymes
play an important role in intracellular digestion
and are involved in many types of cell injury.
They may also be released from the cell,

MICROTITRE PLATE - In this thesis: Plastic plate con-
taining 96 wells, each with a capacity of 0.25

ml.

MIGRATION - In this thesis: Movement of cells; direc-

ted or indirected ('random').

MINIMAL ESSENTIAL MEDIUM - Salt solution of control-
led pH and osmolarity, containing essential nu-

trients for cell survival.

MITOCHONDRIA - Corpuscles which are the principal
sites of the generation of energy within the

cell.

MONOLAYER - In this thesis: Single layer of monocytes
attached to plastic or glass.

MONONUCLEAR PHAGOCYTE SYSTEM - System of phagocytic

cells considered to share a common origin from
the bone marrow. These cells circulate for
14-4 days in the blood as monocytes. Thereafter
they move to tissues (spleen, liver and lymph

nodes) or sites of inflammation and are then

called macrophages.



200

OPSONIZATION - Coating of micro-organisms and other
particles with factors present a.o. in plasma,
leading to an increased susceptibility to phago-
cytosis.

OR,Ro - Certain Rhesus D-positive red cells.

NON-COMPLEMENT BINDING ANTIBODIES - Antibodies not
able to activate the complement system or to bind
complement components when present on the red
cell surface.

RABBIT ANTI-HUMAN IgG - Antibodies raised in rabbits
against human immunoglobulin G.

ROSETTE - In this thesis: Monocyte with three or more
IgG-sensitized red cells bound to its surface.

SENSITIZATION - In this thesis: Coating with antibody.

SEROLOGY - The study of antigen-antibody reactions
in vitro.

SPHEROCYTE - Small globular erythrocyte without the
usual central pallor.

SUBCLASS - See immunoglobulin G.

SUPERNATANT - In this thesis: Fluid above cells.

SUSPENSION - In this thesis: A mixture of cells and

medium.

TRYPAN BLUE - Stain used to assess the viability of
cells, Cells with a normal membrane’ permeabili-
ty do not take up trypan blue. Dead and dying

cells stain blue.

WASHING - A term used in serology to indicate the
method of removal of all traces of an unwanted
soluble substance from a suspension of cells.
Accomplished by centrifugation, removal of su-
pernatant and resuspension in fresh medium.
Repeated three times.

WASHING OF MONOLAYERS - Removal of non-adherent cells.

ZYMOSAN — Acetone-extracted yeast membranes.
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PICTURES

Cover Red cells adhering to a monocyte, called

"rosette"

page 8 Monocyte in close contact with red cell.

Formation of pseudopodia

page 14 Monocyte surrounded by red cells

page 30 No adherence of red cells to monocytes

page 46 Inhibition of rosette formation by IgG

molecules

page 66 Red cells sensitized with different

amounts of antibody

page 84 Above: rosette formation in the onset

of AIHA
Below: rosette formation no longer pre-

sent after recovery

page 108 Granulocytes

page 126 Cryopreserved monocyte with slightly
swollen mitochondria
inset: normal mitochondrion

page 142 Detail of monocyte attacking a red cell

page 150 Detail of rosette formation

page 158 Area of close contact between red cell
and monocyte

page 168 Monocyte containing phagocytosed red

cell material

page 192 Close encounter of red cell and mono-

cyte

page 202 "La grande bouffe''-effect of a gready

monocyte

page 208 The last but one picture
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Abbreviations, 194

Adherence

-of EAIgG to mon,phag,11
-test,20,91

-and haemolysis in vivo,
23',,26,95

—,relative(Z),91
—,and cryopreservation,

136
-,monocytes to plastic,20

Alloantibodies
-,complement activation,
18

—,anti-D pos.control,20,
T2515

A-methyldopa, 26 ,82,96

Antiglobulin
-,test,development of ,10
-,reagents, 36

Anti-IgGl serum
—,preparation of ,72
—,specificity of ,75
Autoantibodies
-,complement activation,
18

-,classes in ALHA,34
Autoimmune haemolytic an-
aemia, 10,35

-,course and therapy,88

-,survey of patients,92
-,infectious disease,112
Chemotactic response, 134
—, cryopreservation, 136
51Chromium
-,red cell survival,37
-, labelling red cells,52

Complement
—,activation, 10

-,components on red cells

19
-,haemolysis,18,25,83
-,adherence to mon.phag.,

25
-, cytotoxicity, 83
Cryopreservation, 130

—,preparation monocytes

for freezing,131
-,cooling procedure, 131
-,influence on monocytes,

134-139
Cytochalasin B,115
-,granulocyte cytotoxicity
119

Cytofluorograph, 73
Cytof luorometry

-,relative amount of anti-
body,70
-,method,73

Cytotoxic lysis, 10
Cytotoxicity
-, assay, 53

-,relative(Z) ,75
-,and fluorescence, /78

-,and haemolysis,92
-,monocytes during infec-
tion,115

-,and cryopreservation,136
Dimethyl sulfoxide
-,solvent,115

-,cryoprotectant, 131

Electron microscopy
-,and cryopreservation, 138
Eluate,41

F(ab) fragment 51,72
F(ab')»5 fragment
-,binding to mon.phag.,11
-,haemolysis in vivo,18
-,preparation of ,51
F(c) fragment
-,binding to mon. phag.,11
'F(c)' receptor,18
Ficoll-Isopaque density
gradient centrifugation, 19

FITC-labelled antisera
preparation of ,72
Fluorescein/protein ratio,
72

Fluorescence

-,relative(%) ,73
-,agglutination titre,score

tndex

76
-—,with anti-IgG],relation

to haemolysis,/78
-,with anti-IgGl,relation

to cytotoxicity,/78
-,in the course of AIHA,

95
Granulocytes, 10
-,isolation of ,114
-,cytotoxicity, 117,122

-,possible role in ATHA,

123
Haemoconcentration
-,in spleen, 12,26,50,64
Haemolysis
-,criteria,20,75
-,and subclass,23,104

-,and adherence, 23, 104
-,and DAGT,70

-,and fluorescence,78,104

-,and cytotoxicity,92,104

Hydrocortisone
-,granulocyte cytotoxici-
ty, 119 .

-,monocyte cytotoxicity,

106

IgGl
-,and haemolysis,12,70,81

104
-,and adherence,21,23,104

-,and cytotoxicity,78,104

IgG2

-,and haemolysis,21,22,

104
-,and adherence,23,104

IgG3
-,and haemolysis,21,104
-,adherence,23,104

-,and cytotoxicity, 104

TgG4
-,and haemolysis,21,22

43,104
-,and adherence,23,43,104

-,and cytotoxicity, 104

Inhibition by IgG
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-,and adherence,11,18,26

50
-,destruction in vivo,26,

50,148

-,influence of amount of

antibody, 50
-,influence of haemocon-
centration, 50

-,and lysis of EATgG,55-

62
-,and adherence,62

-,cytotoxicity of mono-
cytes and granulocytes

during infection, 118
-,and cryopreservation, | 36

Liquid nitrogen
-,red cell storage,19,36,

89
-,monocyte storage, 134

Lymphocytes, 10
-,isolation of ,114
-,cytotoxic activity,118,

124
Mononuclear phagocytes

-,destruction of EAIgG,10

18
-,destruction of red cells

in AIHA, 26
-,'activation' of ,112

Monocytes

-,representatives of mon.

phag.,11

-,isolation of ,19
-,isolation of large
quantities, 130

-,cryopreserved,/73,90
-,cytotoxicity during
infection,115

Myeloma proteins, /6

Osmotic fragility
-,red cells in ATHA,18
-,determination of in-

erease in,53
Phagocytosis
-,ted cells,18
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=, STZ,133
-,and cryopreservation,
136

Prednisone, 24,27,34,96
-,effects of , 106,107

Protein A,55
Rabbit anti-IgG serum,51
RFI,73

Rosette test, 20

Serological tests,36
Spherocytosis
-,in ATHA,18

Spleen

-,and haemolysis,12,26,64
-,and haemoconcentration,
12

-,function tests,39,82

Stab forms

-,and cytotoxicity,120

Subclasses-
-,and adherence,11,23

-,and haemolysis,21,22,
104

-,and cytotoxicity, 104
Titration score,/]
Trypan blue test
-, cryopreservation, 135
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