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SUMMARY

The direct method of immunofluorescence was applied for the detection of surface
immunoglobulins (Ig) on lymphocytes, obtained from bone marrow and peripheral
blood, especially from patients with paraproteinaemia. The results in chronic lym-
phatic leukaemia (CLL), in the macroglobulinaemia ofWaldenstrim (MW), and in
multiple myeloma (MM) show three different patterns as far as the relationship
between cytoplasmic and membrane Ig is concerned. In CLL a monoclonal proli-
feration of cells with surface Ig was found, but the percentage of cells with cyto-
plasmic fluorescence was normal. In MW the further differentiation in Ig-secreting
cells seems to be intact. In MM the percentage of lymphocytes in the peripheral
blood with membrane-bound Ig was within normal limits or decreased.

These data suggest that MM can be considered as a neoplasia of already differ-
entiated Ig-secreting cells, localized in the bone marrow. The combined information
again indicates the central role ofhuman bone marrow for antibody production.

INTRODUCTION

Until recently studies of the humoral immune response and its deviations have been mainly
limited to intracellular immunoglobulins (Ig) and to serum Ig and antibodies. During the
last 2 years a number of investigations have reported on the presence of Ig bound to the
surface of a sub-population of lymphocytes. (Klein et al., 1970; Pernis, Forni & Amante,
1970; Rabellino, Colons, Grey & Unanue, 1971; Raff, Sternberg & Taylor, 1970). These
lymphocytes with easily detectable membrane Ig are considered to be bone marrow-derived
precursors of Ig-secreting plasma cells.
An investigation of these cells may yield information to which extent earlier stages are
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already involved in the abnormal process which finally leads to the appearance ofM com-
ponents (paraproteins). This information may also help to elucidate the kinetics of Ig-
producing cells. Previous studies using the immunofluorescence technique for the detection
of intracellular immunoglobulins revealed a striking similarity of the distribution profile of
human bone marrow cells positive for the different Ig classes and L chain types with the
percentage distribution in serum, if corrected for pool size and metabolic rate. This was
found in patients with and without paraproteins (Hijmans, Schuit & Hulsing-Hesselink,
1971). Further investigations showed that this bone marrow pattern does not express itself
in the distribution of the cytoplasmic positive cells in the peripheral blood in the samples
without paraproteinaemia and in IgG paraproteinaemia. In IgM paraproteinaemia the blood
pattern is far less pronounced than in the bone marrow and in IgA paraproteinaemia it
approaches the bone marrow pattern (Hijmans & Schuit, 1972). These findings led to the
suggestion that the initial phase of antibody production takes place in the peripheral
lymphoid organs with a homing tendency of the Ig-secreting cells in the bone marrow.

In this paper data obtained with immunofluorescence for membrane-bound Ig on lym-
phoid cells will be presented. They can be interpreted as to support the previous conclusion.

MATERIALS AND METHODS
Selection ofpatients
Blood samples and bone marrow specimens were obtained from various hospitals. The

indication to perform a biopsy was made by the attending physician. In total 110 persons
were investigated.

Diagnostic criteria
A chronic lymphocytic proliferation consisting mainly of mature small lymphocytes with

compatible morphology in bone marrow and blood smears was the main criterion for the
diagnosis of chronic lymphatic leukaemia (CLL). The diagnosis of multiple myeloma (MM)
was made only when the cytology was definite and an identifiable M component was present
in the serum. Minimal requirements for the diagnosis of the macroglobulinaemia of Wal-
denstr6m (MW) were the typical cytological pattern, consisting of lymphoid cells with a
granular chromatin structure, usually accompanied by mast cells and plasma cells, and the
presence of a homogeneous IgM M component in the serum. These diagnoses were only
accepted if they were in agreement with the clinical data.

Preparation of lymphocyte suspensions
Lymphocytes from peripheral blood anticoagulated with EDTA were obtained by

gradient centrifugation using the Isopaque-Ficoll technique (Boyum, 1968). Four millilitres
of undiluted blood was layered over 2 ml of an Isopaque-Ficoll mixture and centrifuged for
10-15 min at 3000 rpm in a swing-out centrifuge at room temperature. Cells at the interface
were aspirated and washed twice with 30 ml of phosphate-buffered saline (PBS). Usually
80-95% of them were small lymphocytes.

Conjugates
Anti-human IgG conjugated with FITC (lot number 871) and anti-human IgA FITC

(lot number 6-171) were supplied by Nordic Immunological Laboratories, Tilburg, The
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Netherlands. Anti-human IgM was obtained by repeated absorptions of a commercially
obtained anti-human Ig serum (Roboz, lot number 31/35) with different immunoglobulin
classes. Antisera against Bence Jones proteins of both kappa and lambda type were raised in
rabbits.

In later experiments we used conjugated antibodies absorbed with and eluted from solid
immunoadsorbents. The immunization and conjugation procedure was performed essenti-
ally as described previously (Hijmans, Schuit & Klein, 1969). Tetramethyl rhodamine iso-
thiocyanate (TRITC) and fluorescein isothiocyanate (FITC), both from Baltimore Biological
Laboratories (Maryland), were used in these experiments.

All antisera were tested for monospecificity on monoclonal bone marrow cells as described
previously (Hijmans et al., 1969). It appeared however that for specific membrane fluores-
cence the requirements for the degree of purity of the reagents are even more stringent than
for specific cytoplasmic fluorescence. Therefore all conjugates were tested for specificity
also within the system of membrane fluorescence with thymocytes as negative controls and
lymphocytes of patients with CLL as positive controls for the 1u chain and the light chains.
The other conjugates were assessed against these findings.

Staining technique
Immunofluorescence staining of lymphocytes by the direct technique was performed by

incubating 1-3 x 106 viable lymphocytes suspended in 0 05 ml PBS with 0 05 ml of conjugate
at 40C for 30 min. After incubation the cells were washed twice with PBS at 40C and resus-
pended in one to two drops of PBS. One drop was placed on a slide with a coverslip. For
counter-staining the cytoplasmic Ig sedimentation chamber slides were prepared as described
previously (Hijmans et al., 1969), fixed for 5 min in acetone at -20'C, washed and stained
with conjugates of the same specificity, but now labelled with the other fluorochrome.

Fluorescence microscopy
Epi-illumination (Ploem, 1967) with narrow band excitation for the two wavelengths

method (Schuit, 1970; Hijmans et al., 1971; Ploem, in preparation) was used as a standard
procedure in all studies. An HBO 100 lamp served as a light source and the slides were
viewed with a 100x oil immersion objective. Each microscope field was examined for fluores-
cence and also in phase contrast for cell morphology.

RESULTS

The results from forty-two normal individuals served as a basis for our further investigations
and these are summarized in Table 1. In cord blood we found for the three major Ig classes

TABLE 1. Mean percentage of membrane positive peripheral lymphocytes of
normal individuals at different ages

Age Number P y I K

Cord blood 17 15 (6-24) 8 (0-22) 4 (0-9) 15 (5-35) 8 (2-13)
1-14 years 5 9 (4-23) 5 (1-6) 1 (0-2) 11 (7-15) 4 (2-10)
20-50 years 20 9 (4-16) 5 (1-12) < 1 (0-7) 10 (4-20) 5 (2-12)

The figures in brackets represent the ranges.
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a somewhat higher percentage of positive cells than in adults and also the intensity of the
membrane fluorescence as judged by eye was definitely more intense. In agreement with
some data in the literature (Preud'homme & Seligmann, 1972a; Siegal, Pernis & Kunkel,
1971; Froland & Natvig, 1972; Aisenberg & Bloch, 1972) but in variance to others (Grey,
Rabellino & Pirofsky, 1971; Papamichail, Brown & Holborow, 1971; Gajl-Peczalska,
Biggar, Park & Good, 1972; McLaughlin, Wetherly-Mein, Pitcher & Hobbs, 1973; Piessens
et al., 1973) we found a preponderance of IgM in all three age groups.

The results obtained with forty-four persons with an M component in the serum will be
presented according to the clinical diagnosis.

TABLE 2. Membrane-bound Ig on peripheral lymphocytes in chronic lymphatic leukaemia

White blood Percentage Treatment Paraprotein Percentage
Number cells lymphocytes membrane positive

(x 103) Cytostatic Corticosteroid for:

1 N.t.p. N.t.p. 100%, PK
2 110 95 + + IgM 100% juK
3 70 100 +-* +* > 90% PK
4 39 92 + * n.t. 44% PK
5 9 85 +* + 21%A.K
6 110 95 + + n.t. 55% pKc
7 52 98 + + n.t. 67% PK
8 17 74 +* + IgM** 38%0u c
9 120 97 + + 30% lK
10 24 70 - - IgG** > 90% u).
11 58 94 + + IgM, IgG** 100%OPA
12 17 85 - - n.t. 63%4PA
13 = = - + IgM** < 90% ,u
14 21 80 - - 76%-pi
15 148 90 - - n.t. 81%,lt
16 76 56 - - n.t. 69%jut
17 30 70 +* - IgM > 90% jut
18 29 78 - - n.t. > 90%K:
19 47 90 + - >90% At
20 40 80 - - Negative§
21 430 100 - - IgG** Negative §
22 57 95 - - Negative§
23 N.t.p. N.t.p. + + IgG** Negative §
24 110 90 + + n.t. Negative §
25 5 30 - + n.t. Negative §
26 73 N.t.p. - - n.t. Negative §

* No treatment at time of investigation.
t Membrane fluorescence for both L chains was dubious.
I Lymphocytes were tested also for IgD and IgE and found to be negative.
§ Some positive cells were occasionally found with a maximum of 4%.
** IgM is not normal, the abnormality might mean a paraprotein of low concentration.
N.t. = not tested.
N.t.p. = no test performed at date of investigation.
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Chronic lymphatic leukaemia
Twenty-six patients with CLL were tested for the presence of membrane-bound immuno-

globulins (Table 2). The sera of fifteen of these patients were also investigated for the pre-
sence of an M component. In three cases a clear-cut M component was found. In five cases
heterogenicity was restricted, but a conclusion on a monoclonal reaction was not justified. As
far as membrane Ig are concerned no differences between the group with and without an M
component could be observed which is in accordance with results of Preud'homme &
Seligmann (1972b). In general a strong preponderance ofIgM was found. Among our group
of twenty-six CLL none showed membrane-bound IgG or IgA, in two cases no H chain
could be detected but only kappa and lambda respectively. In seven cases no clear-cut
membrane fluorescence with any of the conjugates could be observed. It should be mention-
ed, however, that lymphocytes in CLL always showed a very weak staining with all con-
jugates and were never as completely negative as normal lymphocytes or thymocytes are.
Either small quantities of all Ig classes are present or these cells have receptors for Ig as
suggested by some authors for B cells (Dickler & Kunkel, 1972; Preud'homme & Seligmann,
1972c). Our seven membrane Ig-negative CLL samples were also negative in the rosette
test with uncoated SRBC which is considered to be a T-cell marker (Jondal, Holm &
Wigzell, 1972; Papamichail & Holborow, 1972; Wybran, Carr & Fudenberg, 1972). A
comparable number of membrane Ig-negative CLL has also been reported by McLaughlin
et al. (1973). In two cases crystalline Ig inclusions of the same class and L chain type as pre-
sent on the surface could be detected as already described (Hurez et al., 1972; Cawley et al.,
1973).

Macroglobulinaemia of Waldenstrdm (MW)
Twenty-eight cases with the diagnosisMW were investigated for the presence ofmembrane-

bound IgM on peripheral lymphocytes. These findings were compared with the relative
percentage of bone marrow cells with detectable cytoplasmic IgM (Table 3). Despite the
fact that the number of circulating lymphocytes is usually not increased to any extent, the
percentage of lymphocytes bearing IgM on the surface is remarkably high and in some
cases reaches 100%. There are however also cases with low numbers or even absence of1gM
membrane-positive cells. In some cases the distribution of different Ig classes on peripheral
lymphocytes is comparable to normal but in others there are obvious deficiencies (Table 4).
One gets the impression that cases with a high percentage of peripheral lymphocytes with
membrane-bound IgM show also a high percentage of cells with cytoplasmic IgM in the
bone marrow. An influence of treatment on the percentage of cells with membrane-bound
IgM could not be found.

Multiple myeloma (MM)
In contrast to the findings in CLL and MW the percentage of peripheral lymphocytes with

membrane-bound Ig in patients with MM was within normal limits or decreased (Table 5,
numbers 2, 10, 12 and 13). In one case (Table 5, number 1) there was an increased number of
IgG-carrying cells, but they were of the lambda type of light chain in contrast to the kappa
type of this myeloma case. Table 5 also shows the results of membrane fluorescence studies
on peripheral lymphocytes in comparison to the distribution of Ig-secreting cells in the
bone marrow. In none ofthe seven cases with IgG, five cases with IgA, and one lambda Bence
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TABLE 3. Presence of IgM in the cytoplasm of bone marrow cells and on the surface of peripheral lympho-
cytes in MW.

Treatment
Number

Cytostatic Corticosteroid

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

+*
+*

+*

+*
+*

+*

+*

+*

Cytoplasmic staining of bone marrow Membrane staining of peripheral
cells (relative percentage of lymphocytes for IgM (percentage

stained cells) of all lymphocytes)

10
100
100
n.t.
100
100
95
98
57
100
100
34
91

n.t.
74
76
91
99
97
97
99
99
96
95
96
93
90
83

n.t.

K1A
> 100
> 100

n.t.
> 100
> 100
> 100
<0-01

32
> 100
> 100

0-1
> 100

n.t.
96
84
49

> 100
> 100

47
100
100

<0*01
> 100
> 100
> 100
<0-01

32
n t.

100
100
100
68
60
52
50
39
36
32
25
20
20
16
15
14
10
4
4
3
3
2
2
0
0
0
0
0

*No treatment at time of investigation.

Jones myeloma did the monoclonal bone marrow pattern express itself in the distribution
of different Ig classes on peripheral lymphocytes.
The same is true for the limited series of myeloma patients in which we looked for mem-

brane fluorescence in the bone marrow lymphocytes. There is definitely no increase in the
IgG and probably not in the IgA-carrying cells. This is in contrast to the figures for MW,
which are significantly higher than the number of p-positive lymphocytes in normal human
blood (Table 6).
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TABLE 6. Results of membrane fluorescence on bone marrow

lymphocytes in twelve cases with paraproteinaemia

Membrane-staining
Paraprotein Number (percentage of all lymphocytes)

y a I

IgG 4 5
IgA 3 - 4
IgM 5 39

DISCUSSION

The presence of Ig molecules has been demonstrated on the membranes of lymphocytes of
several species including man by a variety of techniques (Sell & Gell, 1965; Coombs,
Feinstein & Wilson, 1969; Raff et al., 1970; Pernis, Forni & Amante, 1971). The source
of those lymphocytes that bear easily detectable immunoglobulins on the surface and those
that do not, has been extensively studied in the mouse and chicken (Raffet al., 1970; Unanue
et al., 1971; Rabellino & Grey, 1971). These studies clearly showed that the presence of
membrane Ig, which is easily detected by direct immunofluorescence, is specific for B lym-
phocytes. Lack of membrane Ig-positive lymphocytes in some cases of X-linked agamma-
globulinaemia (Cooper, Lawton & Bockmann, 1971; Siegal et al., 1971; Froland & Natvig,
1972 a high percentage of Ig-positive cells in Di George syndrome (Gajl-Peczalska et al.,
1972) and the absence or low numbers of Ig-positive cells in the normal human thymus
support the idea that this is also true for humans. There are indications that the membrane-
bound Ig function as antigen receptors (Makela & Cross, 1970; Pierce, Solliday & Asofsky,
1971; Walters & Wigzell, 1970). Reaction of the receptor with an antigen activates lympho-
cytes, it then induces transformation into blast cells and finally leads both to replication into
identical daughter cells and maturation into plasma cells after a series of divisions.

Multiple myeloma, macroglobulinaemia of Waldenstrdm and chronic lymphatic leukae-
mia are considered to be malignant monoclonal proliferations of bone marrow derived
lymphoid cells. Our findings in these three groups clearly show three different immuno-
fluorescence patterns as far as the relationship between cytoplasmic and membrane Ig is
concerned. In the majority but not in all cases ofCLL a high percentage (usually above 60%)
of lymphocytes carry Ig on their membrane of one class and one light chain type with a
strong preponderance of IgM. This is in agreement with other reports (Preud'homme
et al., 1971, 1972b; Pernis et al., 1971; Grey et al., 1971; Aidenberg & Block, 1972; Frdland
& Natvig, 1972; McLaughlin et al., 1973, Piessens et al., 1973). Although a high number of
lymphocytes carry membrane Ig the percentage of cells with cytoplasmic Ig is very low in
the peripheral blood as well as in the bone marrow (Hijmans & Schuit, 1972). Obviously
there is a block in the further differentiation to Ig-secreting cells. Crystalline Ig inclusions in
the lymphocytes of two of our patients with CLL and the three cases in the literature (Hurez
et al., 1972; Cawley et al., 1973) may represent a side step from the normal differentiation
into Ig secreting plasma cells: there is already a cytoplasmic localization but not yet an
adequately functioning secretory apparatus.

Waldenstrdm's macroglobulinaemia is similar to CLL as far as membrane Ig are con-

D

549



550 W. Knapp et al.

cerned. The number of circulating lymphocytes is usually not increased, but the percentage
of lymphocytes bearing IgM on the surface is remarkably high and in some cases reaches
100%. In contrast to CLL however, the further differentiation in MW into Ig-secreting cells
seems to be intact. In the bone marrow specimens all differentiation steps can be observed:
cells which show exclusively membrane-bound Ig, cells with membrane Ig and cytoplasmic Ig
and cells with cytoplasmic but without membrane-bound Ig. The more mature cells of the
proliferating clone are located in the bone marrow and only the less differentiated cells appear
to circulate, except in one case where we found a high number of cytoplasmic-positive cells
in the peripheral blood.

These findings are to some extent in agreement with results reported by Preud'homme
et al. (1972b). These authors also consider the MW as a leukaemic process with a prepond-
erant location of mature cells in bone marrow and lymph nodes. Their findings however
that treatment with alkylating agents affects primarily those immature cells which do
circulate, expressed as a decrease in the percentage of circulating lymphocytes with mono-
clonal membrane Ig, is not supported by our data. Thirteen of the twenty-eight patients under
study had or had had cytostatic treatment. The mean percentage of peripheral lymphocytes
with membrane-bound IgM of the treated group was 9500 and of the untreated group 84%.
This difference is not statistically significant.

In contrast to the findings in CLL and MW the percentage of peripheral lymphocytes with
membrane-bound Ig in patients with multiple myeloma was within normal limits or de-
creased.
The percentage of bone marrow lymphocytes with membrane Ig was never extremely high

in these cases and there was no indication for a monoclonal distribution. Our membrane
fluorescence data in MM support the hypothesis that MM is a neoplasia of already differen-
tiated Ig-secreting cells localized in the bone marrow. Our data also indicate that is it un-
likely that already earlier stages in the differentiation process from B cells to plasma cells are
involved in the malignant process. If this would be the case one should expect an abnormal
distribution pattern of membrane Ig on lymphocytes in the bone marrow and perhaps also
in the peripheral blood.

It has been reported in the literature (Astaldi, Eridani & Ponti, 1968; Boll, 1967; Killmann
et al., 1962; Quaglino et al., 1967; Wagner, personal communication) that proliferation of
myeloma cells does occur, although the rate of proliferation is low. This in itself can
explain the malignant process, but it does not rule out the feeding by another pool of cells.
Our investigations have led us to the same conclusion. When comparing the observations
in CLL, in MW and in MM, one can conclude that all three diseases are monoclonal
proliferations of B cells, the essential difference between them being the localization of the
block in the maturation process. These observations are summarized schematically in
Table 7. In CLL already early stages are involved and there is a block in the further differ-
entiation. In MW early stages are involved as well, but there is no block in the further
differentiation. More differentiated cytoplasmic-positive cells are observed which have a
homing tendency in the bone marrow. In MM only later stages of the differentiation process,
Ig-secreting cells, are involved.
These data are in agreement with the previous conclusions (Hijmans et al., 1972) that the

initial phase of antibody formation, i.e. reaction of the membrane receptors with antigens
and activation of these lymphocytes with blast formation takes place in peripheral lymphoid
organs with a homing tendency of the Ig-secreting cells in the bone marrow.
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TABLE 7. Scheme of the staining patterns in CLL, MW and
MM

Membrane Cytoplasmic
Disease fluorescence peripheral fluorescence bone

blood marrow

CLL + _
MW + +
MM - +
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