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SUMMARY Immunoglobulins of all classes as well as C3 are phagocytosed by normal human granu-

locytes from sera containing paraproteins. The material that was phagocytosed had the sedimentation
properties of immune complexes. Cytostatic treatment did not seem to have a clearcut influence on

the presence or absence of these complexes. There was little correlation with two other immune
complex detecting tests. The C1q binding test was frequently found positive in paraproteinaemic sera

but without apparent correlation to IgG phagocytosis. On the other hand the conglutinin binding
test was rarely positive, although C3 was frequently phagocytosed.

In 1975 Cats, et aL.l studied phagocytosis of imm-
unoglobulins (Ig) from various pathological sera by
human granulocytes. They observed Ig uptake from
sera of patients with IgM or IgG paraproteins. These
paraproteinaemic sera were originally used as cont-
rols to investigate the influence on phagocytosis of
sera with high Ig concentration which were supposed-
ly free of immune complexes. The finding was con-
firmed later.2 These observations raise the question
whether uncomplexed, Ig itself may be phagocytosed
from sera, because of excessive concentration of ab-
normal structure. If this were so, the Ig-phagocytosis
test should not be regarded as specific for immune
complexes. The present study demonstrates that this
is not the case, but that Ig are taken up from para-
proteinaemic sera in the form of complexes. The
phagocytosis test did not correlate well with two
other immune complex detecting tests based on
complement fixation.

NMaterial and methods

MATERIAL
Eleven cases of IgG paraproteinaemia, seven of IgA
and five of IgM paraproteinaemia were studied.
Twenty-one of these patients were studied more than
once, with or without cytostatic treatment. In total

Accepted for publication 23 March 1981

81 paraproteinaemic sera were examined. Sera with
IgG or IgA paraproteins came from both benign
and malignant conditions. Sera with IgM para-
proteins were from patients with Waldenstrbm's
macroglobulinaemia, except one case of plasmo-
cytoma. Sixteen normal control sera were also in-
cluded in the study. These were obtained from a
population survey (EPOZ-survey, Zoetermeer, The
Netherlands). All sera were stored at - 20°C before
use. Sera were always used without previous heating
at 56°C, since this produces phagocytosis of all Ig
classes in any serum, including controls.

METHODS
The methods for detecting phagocytosis by normal
human granulocytes of Ig from sera (indirect test)
using fluorescent antisera have been described in
detail.' Fluorescent antisera against human IgA,
IgM and C3 were obtained from DAKO (Copen-
hagen, Denmark) and against human IgG from
Nordic Immunological Laboratories (Tilburg, The
Netherlands). Sera were routinely centrifuged for 5
min at 1000 g before phagocytosis. The number of
granulocytes was 6 x 106 cells in every experiment.

Fluorescence was graded in a semiquantitative
way as follows:

-no fluorescence.
± borderline, very faint.
+ few fluorescent cells with small inclusions.
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+ + more and stronger fluorescent cells with small
inclusions.

+ + + many strongly fluorescent cells with large
inclusions.

The reproducibility of the phagocytosis test system
can be judged from 48 duplicate measurements on

different days. In these experiments only three
duplicate readings differed more than one grading,
while 17 differed only one grading. Although the
subjective element in reading the test and the
variability of cell preparations may cause some

discrepancies, on the whole the reproducibility is
sufficient to allow conclusions to be drawn. Never-
theless, in some cases (see Tables 2 and 5) the grading
was not taken into account in the statistical analysis.

Monoclonal Ig were identified by immuno-
electrophoresis with monospecific antisera (Central
Laboratory of the Blood-transfusion Service of the
Dutch Red Cross, Amsterdam). IgG subclasses were
identified by specific antisera obtained from Nordic
Immunological Laboratories (Tilburg, The Nether-
lands) in a double diffusion set-up as indicated by the
manufacturer. The concentration of monoclonal Ig in
serum was determined by scanning of cellulose
acetate electrophoresis strips (Cellogel) stained with
Ponceau-S. The relative concentration thus obtained
was converted to mg/ml using total serum protein
values obtained by the biuret method.
Waaler-Rose tests (with human 0 Rh+ erythro-

cytes) and latex-fixation tests were performed as
described earlier.3 The latex test was performed on
sera which had been previously inactivated.

Differential centrifugation of whole sera was
carried out by two-hour spinning of 15 ml serum at
40 000 g average in a swing-out rotor. The upper two
thirds of the serum were taken for the top fraction,
the rest formed the bottom fraction. Under these
circumstances no measurable concentration gradient
of either IgG or IgA could be demonstrated. The
centrifugation caused a decrease in IgM concentra-
tion in the top fraction to about 80% of the original
concentration.
The 1251-Clq binding assay was carried out

according to the method of Zubler et al.4
The conglutinin binding assay was performed

according to the method of Casali et al.5 The Ig class
in immune complexes bound to conglutinin was

Table 1 Immunoglobulin and C3 phagocytosis in
paraproteinaemia (absolute numbers)

Tvpe No of sera No of Phagocytosis
patients

1gM IgG IgA C3

M 23 5 19 10 7 13
G 39 11 9 16 5 13
A 19 7 5 9 13 7

detected by radiolabelled antibodies directed against
the Ig class heavy chains a, y and .6
For the Clq binding assay and the conglutinin

binding assay the mean value of duplicate tests with
sera was considered positive when it exceeded the
mean value for 30 normal human sera by more than
two standard deviations.

Results

The results of the phagocytosis tests for the three Ig
classes and for C3 are given in Table 1. In the
majority of cases more than one class of Ig was
phagocytosed, as well as C3. Completely negative
sera were rare in the IgA (2/19) and IgM (1/23)
groups, but more frequent in the IgG (14/39) group.
Phagocytosis of the Ig class to which the para-
protein belonged was often stronger than in other
classes. This was most pronounced in the cases with
IgM paraproteinaemia (17/23 sera), but was also
observed in 10/39 sera in the IgG group and 7/19
sera in the IgA group. A "phagocytosis score" was
obtained by counting the number of positive results
from + onwards for each serum in the three Ig and
in the C3 class, and calculating the total positive and
negative scores for the benign and malignant groups.
The figures for IgG and IgA paraproteinaemia are
given in Table 2.
No significant correlations between phagocytosis

and malignancy were found. Consecutive serum
samples were available from 16 patients undergoing
cytostatic treatment and 8 patients who received no
treatment. Table 3 shows that the effect of treatment
was not reflected by a decrease in Ig or C3 phago-
cytosis as judged by fluorescence grading (see

Table 2 Relation between immunoglobulin phagocytosis
and diagnosis in paraproteinaemia

IgG IgA

Positive Negative Positive Negative
score* score score* score

Benign 14 25 21 15
Malignant 28 87 13 25

*Total number of positive Ig or C3 fluorescence scores and diagnosis
in paraproteinaemia.
IgG: X2 = 1-4196 p > 0-2.
IgA: x2 = 3-41460-05 > p > 010.

Table 3 Relation between immunoglobulin phagocytosis
and treatment in paraproteinaemia

Phagocytosis grading* Treatment No treatmer.t

Decrease 10 4
No decrease 5 4

p > 0-2.
*Fluorescence grading for any Ig class as described under methods.
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methods). There was no correlation between the
incidence of phagocytosis and light chain class or

IgG subclasses. A weak but significant correlation
between the degree of phagocytosis and the para-

protein concentration was found for IgG (r = 0-51)
and IgM (r = 0 59) but not for IgA (r = 0-15). Yet in
the IgG group alone there were 6 sera with a para-

protein concentration of > 20 mg/ml and no IgG
phagocytosis at all.
The Waaler-Rose test was performed in 48 of the

sera under study, none of which reacted positively.
Eleven out of 69 heat inactivated sera in which a

latex test was performed, gave a titre (usually a weak
one). There was, however, no correlation of latex
positivity with either IgG or IgM phagocytosis.
No Ig or C3 phagocytosis was found with 15

normal human control sera. One control serum was

weakly positive in all classes as well as for C3. All
control sera had been stored under the same circum-
stances and for at least the same time as the para-
proteinaemic sera. The possibility of obtaining
artefacts in the phagocytosis test by freezing and
thawing had been ruled out earlier.'

In order to check the hypothesis that Ig phago-
cytosis from these sera is due to some form of
complexes and that native Ig themselves are not
taken up, 14 sera from all paraprotein classes were

subjected to differential centrifugation. Phagocytosis
from the bottom fraction was always much stronger
than from the top fraction, although some Ig or C3
or both was usually taken up from the top layer.
Four control sera that were negative in the phago-
cytosis test, remained so after centrifugation
(including one serum containing monoclonal IgG).
In four cases the phagocytosis remaining in the top
layer could be increased by freezing and thawing
(see serum De in Table 4). This effect was not
produced by negative sera, suggesting aggregation
of already existing, small complexes. Table 4 gives
some representative examples of the results.

If the Ig which is phagocytosed is a part of
immune complexes, at least a rough correlation of
Ig phagocytosis with Clq binding and in particular
between C3 phagocytosis and conglutinin binding
could be expected. Twenty-eight paraproteinaemic

Table 5 Relation between immunoglobulin phagocytosis
and immune complex detection in paraproteinaemia

Ig class Clq binding Ig phagocytosis
phagocytosed

Positive Negative

IgG 58 8 p > 09
IgM + 11 5

p 0-2
3 9

Conglutinin
binding

C3 4 3 2 p -, 0 3
I11 12 p>0

sera were tested with only five positive results for the
conglutinin test with anti IgG, -A or -M, while
the Clq binding test was positive in 16 sera (Table 5).
However, no correlation with Ig phagocytosis was

observed.

Discussion

It appears from our results that usually Ig of more

than one class are taken up from paraproteinaemic
sera. The phagocytosis of the Ig of the class to which
the paraprotein belongs, is often more pronounced,
especially in cases of IgM paraproteinaemia. From
the centrifugation experiments it may be concluded
that free Ig as such is not phagocytosed, but the
material taken up by normal granulocytes must
represent some form of complex or aggregate.

Aggregation caused by high concentration is not
likely, since high Ig concentrations occurred also in
supernatants from which little or no Ig was phago-
cytosed. These complexes are therefore not artefacts,
although it seems that they may be more readily
phagocytosed after freezing and thawing. This may
reflect an increase of aggregation of already existing
complexes.
The demonstration of Ig complexes, probably

immune complexes, in paraproteinaemic sera raises
the question whether this can be confirmed by other
tests. For this reason two immune complex detecting
tests based on complement fixation were applied to
these sera.
The negative outcome of the conglutinin binding

Table 4 Phagocytosis of immunoglobulins before and after centrifugation
Phagocytosis

Serum De (G) Serum Tu (A) Control

IgG IgA 1gM C3 IgG IgA IgM C3 IgG IgA IgM C3

Before centrifugation +± + - + ++ ++ ± + -
Bottom layer + + + + ++ + + + + + + ++ - - ±
Top layer ± - - - + + - i
Top layer

(after freezing/thawing) ++ - + - + + ++ - ± - - ±
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tests on paraproteinaemic sera is surprising, in
particular in view of the rather frequent finding of
C3 phagocytosis.
The conglutinin binding assay is dependent on

the presence of C3d. It is possible that the material
that is phagocytosed from these sera contains native
C3 but not C3d. Although the Clq binding test was
frequently found positive, in particular in sera con-
taining IgM or IgG paraproteins, no significant
correlation with IgG or IgM phagocytosis was found
in individual cases. A correlation with IgG phago-
cytosis could have been expected from published
data7 which suggest that IgG- rather than IgM-
complexes are responsible for Clq binding. It is
known that certain immune complexes preferen-
tially react in one or more test systems.8 In our case
the phagocytosis of Ig detected by immunofluores-
cence would seem to be such a system. Although the
paraproteinaemias are not regarded as immune
complex diseases, such complexes have been detected
by tests other than phagocytosis in many kinds of
malignancy.9 The et al.10 found phagocytosis of IgG
and C3 from sera of melanoma patients with the
same assay. Schedel et al. 11 found antibodies against
Fab in sera of patients with myeloma, which circulate
as immune complexes. It is hard to see what the pha-
gocytosed material in our experiments could be other
than immune complexes, although this has not been
strictly proven. The discrepancy between the three
immune complex detecting tests suggests a consider-
able heterogeneity of immune complexes in parapro-
teinaemic sera. A clearcut correlation of these comp-
lexes with clinical diagnosis does not appear from our
data, nor is it possible to use the phagocytosis test to
follow the effect of treatment.

The authors wish to thank Prof LA van Es for
critical reading of the manuscript. Mr R Vermeeren
carried out most of the paraprotein identifications.
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