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Abstract--In the blood of myelomatous patients, B lymphocytes-bearing receptors 
with idiotypic speci3qcities similar to those of the secreted myeloma protein were found 
both in untreated and treated patients. This monoclonal pool represents 5-10% of 
peripheral blood lymphocytes. Resynthesis experiments have been performed to prove that 
these idiotypic receptors were actually synthesized by the cells bearing them. The partial 
resynthesis observed could suggest that some lymphocytes bearing I ÷ receptors belong to a 
population of immature B lymphocytes unable to resynthesize their receptors after 
capping and endocytosis. When premyelomatous I ÷ B cells were incubated with 
anti-idiotypic antibodies covalently coupled to adriamycin, the resynthesis of receptors 
recognized by these antibodies, was blocked. 

I N T R O D U C T I O N  

PLASMA cell myeloma, Waldenstr6m macro- 
globulinemia and chronic lymphatic leukemia 
are the result of a neoplastic transformation of 
bone marrow derived lymphocytes [1-2], oc- 
curing at different stages of maturation. The 
clinical and biological characteristics of hu- 
man myeloma led to the conclusion that this 
disease is due to a malignant transformation 
of a single clone of the most differentiated B 
cells, the immunoglobulin producing cell [3- 
5]. However, kinetic studies in vitro and in vivo 
have shown that: 
(1) the myeloma population can be divided in 
a proliferating and a non-proliferating com- 
partment [6]; 
(2) the proliferating compartment does not 
possess the characteristics of stem cells [6]; 
(3) the passage from the proliferating com- 
partment to the non-dividing pool is accom- 
panied by a decrease in actinomycin binding 
capacity, which can be considered as an index 
of genetic activity [17]. 
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All these data suggest that the non-dividing 
cells do not re-enter into the cell cycle, in 
contrast with acute leukemias [8, 9]. These 
studies and the fact that plasma cells derive 
from B lymphocytes bearing surface immun- 
oglobulins [10-12] have led to the hypothesis 
of a "premyelomatous" compartment made 
up of B lymphocytes whose surface immunog- 
lobulins have the same variable region as the 
secreted myeloma proteins [13-16]. Such an 
hypothesis can be tested by using anti- 
idiotypic sera which recognize antigenic de- 
terminants of the variable regions ofimmunoglo- 
bulins. Using such antisera, we have shown the 
existence of a B cell myeloma compartment,  
whose surface immunoglobulins are bearing 
idiotypic specificities, similar or identical to those 
of the secreted myeloma protein. We have 
demonstrated that these surface immunoglo- 
bulins are indeed synthesized by the cells bearing 
them. Treatment of these B cells with anti- 
idiotypic antibodies, covalently linked to ad- 
riamycin, prevented the re-expression of face 
immunoglobulins. 

The present chemotherapy of myeloma is 
discussed in the light of these findings. 

MATERIALS A N D  M E T H O D S  

Patients 

Six patients with well established diagnosis 
of multiple myeloma, 5 IgGK and 1 IgGs 
were studied. Diagnosis was based on bone 
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marrow infiltration by plasma cells, presence 
of serum or urinary M component, reduction 
in the serum level of normal Ig and osteolytic 
lesions. 

Four patients (men fi~om 50 to 80yr  DeB, 
Ma, Ro, Mas) were studied after the onset of 
chemotherapy only (Alkeran +prednisone es- 
sentially). These four patients were considered 
in remission or partial remission on the basis 
of the following criteria: less than 2~0 of 
myeloma cells in the bone marrow (at the 
time of diagnosis, the values ranged between 
15 and 45°o), reduction of more than 50~Ii~ of 
monoclonal serum protein, increase in poly- 
clonal circulating IgG, regression of osteolytic 
lesions. Patients Wa and DeS were studied 
betbre and after the onset of chemotherapy. 

C~mtrols 
The specificity of anti-idiotypic sera was 

checked using blood cells from 20 healthy 
donors (from 23 to 86 yr old) and occasionally 
on cells from patients with chronic lymphatic 
leukemia, benign monoclonal gammopathy 
and myeloma. 

Preparation of anti-idiotypic antisera 

Monoclonal IgGs were purified by elution 
on DEAE Whatman cellulose columns, with 
phosphate buffers gradients 0.015~).3M pH 
8. 

Purity and homogeneity of these IgGs were 
tested by isoelectric focusing on polyacryl- 
amide gels containing ampholines ranging 
from pH 5 to 9.5. 

Rabbits were immunized according to the 
tbllowing scheme: three intramuscular injec- 
tions with 3mg of purified myeloma protein 
emulsified in complete Freund's adjuvant at 
3M days intervals, then intravenous injections 
of the purified protein (2mg) precipitated 
with 10% potassium alum (ALK (SO4) 2. 
1 2 H 2 0  ) twice a week. The appearance of an 
anti-idiotypic activity was followed by immu- 
nodiffusions in agar containing 3°"o poly- 
ethylene glycol (PEG). 

Rabbit  antisera were made specific tbr the 
immunizing protein by repeated passages on a 
column of Sepharose 4B coupled to pooled 
normal and monoclonal human immuno- 
globulins. 

Specificity was tested by immunodiffusion 
in agar containing 3'Io PEG and membrane 
immunofluorescence on blood cells from the 
homologous patients and controls. 

Membrane immunoJTuoreseence staining 

Heparinizcd blood was mixed with plas- 

magel (2v: Iv) and red blood cells allowed to 
sediment for 30min. The supernatant was 
then removed, white blood cells washed three 
times in PBS and adjusted to a cellular con- 
centration of 2.107 cells/ml. Lymphocytes bear- 
ing surface Ig were detected by direct stain- 
ing with sheep anti-Hu I g A + I g M + I g G  
coupled to Rhodamine isothiocyanate (RITC,  
Cappel). 

Cells were incubated tbr 30 min at 4°C with 
the fluorescent antiserum and then washed 
twice with cold PBS-NaN3 10 .2 M. Idiotype 
positive lymphocytes were identified by in- 
direct staining: cells were first incubated 
30min at 4°C or 20°C with anti-idiotype 
(Fab') 2 pepsic fragments (to avoid binding to 
the Fc receptors of'B cells), washed with PBS 
NaN3 1 0 - 2 M  and incubated another 30min 
at 4°C or 20°C with a sheep antirabbit IgG 
+ I g A + I g M  antiserum coupled to R I T C  
(Cappel). The fluorescent staining of the cells 
was examined with a Leitz Orthoplan micro- 
scope equipped with an Osram Hg 100W 
mercury vapor lamp and an Opak Fluor 
Vertical illuminator. Controls omitting the 
first step were always made. Percentages of 
fluorescent cells were estimated on a number 
of viable cells ranging from 800 to 2000 lym- 
phocytes. These were identified by staining 
the cells in suspension with Acridine Orange 
1 0 - S M  for 1 min. All  the leukocytes are 
stained in orange (cytoplasm) and green (nu- 
cleus) except the small lymphocytes which had 
only a green nucleus. 

Capping endocytosis and resynthesis of receptors in 
culture [17] 

10 v cells/ml M 199' Hepes were incubated 
with 50/21 anti-Hu Ig antiserum for 1 hr at 
37°C. After one washing in M 199, cells were 
resuspended in M 199 Hepes, supplemented 
with 10°o FCS, antibiotics and allowed to 
stand at 37°C for 2hr, before testing the 
removal of the receptors by immunofluores- 
cence staining as described above. Resynthesis 
of Ig receptors was tested, after a culture of 
24hr at 37'C, in the same wav. 

Coupling o J" antibodies to adriamycin [18] 

Periodate oxidation of the drug (40mg/ml) 
was pertbrmed by mixing adriamycin with a 
slight molar excess of 0.1 M NaI04 and in- 
cubating at room temperature for 1 hr in the 
dark. Excess periodate is consumed with 
0.05 M glycerol. Oxidized drug is mixed with 
antibodies (20 25mg/ml) in potassium car- 
bonate buffer pH 9.5, and incubated another 
hour at room temperature. NaBH 4 was then 
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added at a final concentration of 0.3mg/ml 
and the reaction proceeded for 2hr  at 37°C. 
Free drug is eliminated by filtration on a 
Biogel P 100 column. 

F . X 1 P E ~ N T / k l L  RESULTS 

A. Specificity of the anti-idiotypic antisera 

The specificity of the anti-idiotypic antisera 
was tested before and after passages on im- 
munoadsorbant,  by immunodiffusion in agar 
containing PEG 3~)'o against homologous and 
heterologous myeloma proteins and a pool of 
human normal Ig (see Materials and 
Methods). 

Figure 1 shows the pattern obtained for one 
anti-idiotypic antiserum. After repeated adsorp- 
tions, the specific antisera reacted only with 
the immunizing protein. 

The idiotypic specificity was also tested at 
the cellular level by membrane immuno- 
fluorescence staining of the lymphocytes, from 
the homologous patient and from different 
controls. 

phocytes depends on the individual and repre- 
sents from 50 to 100~/o of the lymphocytes, 
depending on the stage of the disease (ex- 
panding phase, remission, relapse). 

Are the Ig receptors synthesized by the I + cells? 
The biosynthetic capacities of the lympho- 
cytes were tested by the resynthesis me- 
thod in culture. These experiments are based 
on the fact that receptors, cross-linked by an 
appropriate muhivalent ligand, migrate to 
one pole of the cell and form a cap which is 
then endocytosed. In the case of normal ma- 
ture B lymphocytes, endocytosis is followed by 
the reappearance of surface immunoglobulins. 
This resynthesis can be blocked by inhibition 
of protein synthesis. 'Fable 2 shows that after 
stripping of receptors by endocytosis with an 
anti-lg antiserum, 70 to lO0O/~/o of the I + cells 
resynthesized surface immunoglobulins char- 
acterized by the idiotypic determinants of the 
circulating protein, after 24 hr of culture. 

Resynthesis of polyclonal Ig receptors is of 
the same range. These results are similar to 
those described by Mellstedt [20, 21]. 

Table 1. Percentages of lymphocytes bearing Ig receptors 

Peripheral blood Bone marrow 

Ig + I + Ig + I ÷ 

Wa 

Roc 
Ma 

DeS 

DeB 
Mas 

Controls: 
20 healthy 
individuals 

before treatment 21.0°o 18.0°,o 
1 yr after treatment 20.2% 7.4% 
first trial after treatment 17.5% 11.5% 
first trial after treatment 6.7% 6.6% 
13 months later 7.2% 6.4% 
3 months later 8.0(1o 5.2% 
15 months later 6.0% 5.1 ° o 
lirst trial after treatment 7.8% 
17 months later 7.3% 7.3°0 
first trial after treatment 7.0% 4.7°,0 
first trial after treatment 7.0% 5.7% 
2 months later 9.0% 4.4% 

5.8% 6.4% 

4.1°o 

17.2% 0.4% mean for the different 
anti-I 

'Fable 1 shows that, for 20 control healthy 
donors, an average of 0.4°/0 of the blood 
lymphocytes (cross) reacted with the different 
anti-idiotype antisera. These results are similar 
to those described by Wernet et al. [19]. 

B. Immunofluorescence studies 
(1) Table 1 shows the percentages of peri- 

pheral blood lymphocytes bearing Ig recep- 
tors (Ig +) and those characterized by idio- 
typic specificities similar to those of the mono- 
clonal pathological protein (I+). The pro- 
portion of monoclonal and polyclonal lym- 

However, in his experiments, removal of sur- 
face immunoglobulins was done by 
trypsinization. 

(2) Specific immunotherapy 
This part of our results shows the presence, 

in the myeloma patients, of a pool of circulat- 
ing B lymphocytes, bearing Ig receptors char- 
acterized by idiotypic determinants, similar or 
crossreactive with those of the monoclonal 
secreted protein. Hoping to block selectively 
this idiotype positive lymphocytic compart- 
ment, we have studied the effect of anti- 



630 

Table 2. 

A. van Acker, F. Conte, N.  Hulin and j .  Urbain 

Test of the biosynthetic capacities of the lymphocytes bearing Ig receptors (by the method of 
capping-endog, tosis and resynthesis in culture) 

After capping- Resynthesis after 
Bctore capping endocytosis 24 hr ol culture 

Ig + I + lg + I + Ig + 1 + 

Wa 1 yr after t reatment  2().2°,~ 
M a  tirst trial after t reatment  6.7% 

13 months later 7.22,, 
3 months later 8.0% 

DeS tirst trial atier t reatment  7.3% 
Mas tirst trial after t reatment  7.0% 

2 months later 9.0'!;) 

7.4% 5.120 1.4",, 11.8(Ib 6.0'1o 
6.6% 3.6% 6.2'!6 3.6% 
6.4'11, 0.5'I, 3.5% 5.5% 
5.2'11, 2.7'11, 2.0'I~, 8.7'!i, 4.3% 
7.3% 2.0" 0 3.3% - 4.4% 
5.7% 1.8% 1.3'Io 6.6% 5.4% 
4.4'!, 3.1% 0.0% 6.7% 4.0% 

Ig receptors are removed by incubat ion with ant i -Hu lg 

idiotypic antibodies on neoplastic lymphocytes 
in vitro. These antibodies had been previously 
coupled to a cytotoxic drug, adriamycin [18]. 
The efficiency and specificity of the anti- 
idiotypic antibodies coupled to adriamycin 
were evaluated by testing the resynthesis of 
receptors (I +) of peripheral blood lym- 
phocytes of a myeloma patient (Ma), after 
capping by homologous anti-I antibodies and 
endocytosis of the cross-linked receptors. 
'Fable 3 shows the results obtained for one 
typical experiment and gives the percentages 
of cells bearing polyclonal and monoclonal 
receptors after capping with anti-idiotypic 
antibodies coupled to adriamycin (AD) and 
not coupled (T), and the subsequent resyn- 
thesis of the Ig + and idiotype + receptors 
obtained in both cases. 

'Fable 3 shows that only a part of the Ig + 
receptors is removed by capping with the 
anti-idiotype. The percentage obtained after 
capping shows that the coupling procedure 
does not seem to modify the binding capacity 
of the antibodies [18]. Only in the case of 
capping with anti-idiotype-adriamycin, an im- 
portant inhibition of the resynthesis of I + 
receptors is observed after 24 hr of culture. 

No inhibition is observed after capping with 
anti-I mixed, but not coupled, to adriamycin 
in the same concentration as above (not 
shown here). 

DISCUSSION 

The presence in the blood of myelomatous 
patients of a B lymphocytic population, bear- 
ing receptors with idiotypic specificities similar 
to those of the secreted myeloma protein, has 
recently been reported by several authors 
[2o]. 

We have confirmed and extended these 
findings in treated myeloma patients using 
fluorescent pepsic fragments of anti-idiotypic 
antibodies, in order to avoid cytophilic bind- 
ing of immunoglobulins to the Fc receptors of 
B cells. In treated patients, this monoclonal 
pool represents 5 10'~{) of the peripheral blood 
lymphocytes. The proportion of this I + popu- 
lation depends mainly on the stage of the 
disease (expanding phase, remission, relapse). 
A certain restoration of the polyclonality of 
the Ig receptors can be observed during re- 
mission (patients Wa, Ma, DeB and Mas) 
1221. 

Table 3. Physiological action o/ an anti-I coupled to adriamycin on peripheral 
blood lymphocvles ojpatient Ma (one o,pical e~@eriment) 

lg + I + 

Betbre capping and endocytosis 9 .7" ,  5 9,, 
, " " ~  o 

T AI) 

After capping and endocytosis lg + I + Ig + 1 + 
with an anti-I coupled to AD . . . . .  

- o ( o (AD) and not coupled (T) 6.a'~,, 1.3% 5.9'!,, 1.9 . 
Resynthesis after 24h r  of cuhure  9 .0" .  t.5°,, 6 .2~ ) , ,  0.6% 

{The percentages refer to 100% of viable cells) 
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A B 

anti -Wa 
not ads. 

ant i -Wa ads. 6 d i f feren¢ ZgG myeloma proteins 
0 @ 

0 0 (Fab')~ ® ® 
anti-Wa ads. 

prote i  a pur. ant i -Wa ads. 
0 0 @ @ 

0 @ 

Fig. 1. Immunodiffusions in agar containing 3 % PEG showing: A. the reactivity of an anti- 
idiot~pic antiserum (anti- Wa ) before and after 4 adsorptions, with the homologous protein. B. the 

absence o j reactivity with different heterologous IgG myeloma proteins. 
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Resynthesis experiments have been per- 
formed to prove that these idiotypic receptors 
were not simply adsorbed on the cell mem- 
brane, but were actually synthesized by the 
cells bearing them. After capping and en- 
docytosis of immunoglobulin receptors pro- 
moted by anti-Ig antisera which recognize 
only B cells, the majority of these lymphocytes 
(70-100%) were able to resynthesize their 
receptors after 24hr of culture. Endocytosis of 
idiotypes is only partial. This could suggest 
the occurrence of T lymphocytes bearing the 
same idiotypic specificities. Such cells have 
indeed been found by Preud 'Homme et al. 
[23]. 

The incomplete resynthcsis could be due to 
overestimation of the number of I ÷ lym- 
phocytes before stripping of the receptors, due 
to passive adsorption of the myeloma protein 
on the lymphocyte's membrane [24]. More 
interestingly, this partial resynthesis could sug- 
gest that some lymphocytes bearing idiotypic 
specificities of the myeloma protein belong to 
a population of immature B lymphocytes. 
Indeed, Bruyns et al. [25] have shown that 
foetal and neonatal lymphocytes do not re- 
express their receptors after capping and en- 
docytosis induced by an anti-Ig serum. This 
phenomenon also holds true for mouse bone 
marrow B lymphocytes which are believed to 
be precursors of the mature B lymphocytes of 
the spleen and lymph nodes [26]. The possible 
occurrence of such immature B lymphocytes 
deserves further experiments, since it could 
suggest that the neoplastic transformation does 
not occur at the level of the fully mature 
plasma cells, but of the early precursors of 
secreting cells. In myeloma patients, there 
could be some idiotypic recruitment of newly 
born lymphocytes. Such a possibility of idio- 
typic recruitment fits very well with the new 
network concepts of the immune system [27, 
28]. 

In fact, the immunodeficiency observed in 
myeloma patients could be the result of 
reduced polyclonality of the lymphocyte's 
receptors, whether the neoplastic clone is 
becoming dominant, or the neoplastic cells 
"recruit" normal ones. 

Salmon's data [29, 30] on the kinetics of 
multiple myeloma show that chemotherapy 
(mostly alkylating agents) can reduce from 10 
to 100 times the number of the myeloma 
secreting cells (from 1012 myeloma cells at 
diagnosis, to 1011 to 101° after treatment) and 
allows clinical impro,~ement. On the other 
hand, we have shown that during remission, 
the monoclonal lymphocytic pool represents at 

least from 5 to 10°~ of the peripheral blood 
lymphocytic population. Considering that 
there are 1012 lymphocytes in the whole 
human body, 5-10°{~ of this population repre- 
sent 5 x 101° 1011 lymphocytes at least, 
without considering a possible preferential 
localization in some tissues (spleen, bone 
marrow, lymph nodes.. .  ). This means that, 
at any time, the size of the monoclonal B 
lymphocytic pool is of the same order of 
magnitude as the myeloma secreting cell pool. 

The reported observation of a patient (Ma) 
who stayed in remission for two years, with a 
high percentage of monoclonal B lymphocytes 
despite the absence of chemotherapy and the 
data from literature showing that there are no 
differences in survival between continuously 
treated and untreated myeloma patients in 
remission [31-36], lends support to the view 
that differentiation of monoclonal B lym- 
phocytes into secreting cells is not a common 
event, at least during remission. On the other 
hand, these observations justified the eval- 
uation of other treatment modalities during 
remission. 

Bearing this in mind, we have studied the 
effect of specific anti-idiotypic antibodies 
coupled to a cytotoxic drug (adriamycin) on 
pre-myelomatous B cells in vitro. 

The method of capping, endocytosis of the 
Ig receptors and their resynthesis in culture, is 
very useful to test the actual biosynthetic 
capacities of cells and could perhaps allow the 
demonstration of an eventual blockade of the 
genetic activity.* Sela et al. [18, 38] have in 
fact shown a marked inhibition of Uridine 3H 
incorporation into RNA, in cultures of tumor 
cells treated by specific antibodies coupled to 
adriamycin or daunomycin. The results re- 
ported here are very suggestive because they 
show a very selective action of the anti- 
idiotypic antibodies coupled to adriamycin on 
the idiotypic population, leaving the poly- 
clonal Ig population untouched. Other experi- 
ments are needed to study the fate of the cells 
which are unable to resynthesize their re- 
ceptors after treatment with anti-idiotypic sera 
coupled to adriamycin. 

Unpublished experiments from this labo- 
ratory have shown that it is possible to depress 
significantly a primary immune response by 
using specific antibodies coupled to ad- 
riamycin. We can therefore presume that such 
a type of treatment might be very effective at 
the level of virgin B lymphocytes. 

*The drug used can inhibit the template activity of 
DNA by intercalating between the base pairs [37]. 
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