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ABSTRACT

\Ve have recently demonstrated that the CD24 antigen density of bone
marrow (BM) lymphoid cells discriminates between pre-B cells and
mature B-cells. Using this new method, we evaluated the B-cell lineage
in the BM and peripheral blood (PB) of 18 patients with multiple
myeloma (MM). First, the percentage of pre-B cells was significantly
reduced by 40% in the BM of patients with MM: 2.3% Â±2.2% versus
5.7% Â±2.8% of normal BM lymphoid cells (P < 0.01). This finding was
associated with a significant reduction (50%) of the percentage of mature
B-cells in both BM and PB, especially in patients with progressive disease
(P < 0.05). In contrast to what has been reported previously, we have
not found any pre-B cells in the PB of these patients with MM. Secondly,
BM pre-B and B-cell patients with MM did not express any activation
markers (CD23, CD25, or CD71 antigens) and no CDS* B-cells were
found in the BM unlike in PB (8% CDS* B-cells). Taken together, these

data do not support the concept of a direct involvement (i.e, expansion
or activation) of pre-B cells in MM without excluding the possibility of
an early oncogenic event at the pre-B cell stage. Furthermore, our data
emphasize this important reduction of the B-cell compartment (including
that of pre-B cell) as a major cause of the humoral immunodeficiency in
MM.

INTRODUCTION

MM1 is a B-cell malignancy characterized by the slow prolif

eration of malignant plasma cells in the BM, production of
high levels of monoclonal antibody, and hypogammaglobuli-
nemia. Although much progress has been made toward under
standing the biology of this disease (1), the exact nature of the
myeloma stem cell remains unknown. Several works suggest
that the myeloma stem cell might be a postswitch idiotypic B-
cell or even a highly proliferative pre-plasma cell (2-4). Other
studies favor an earlier origin: preswitch idiotypic B-cell, pre-B
cell, or even a more immature ancestor (5-9). However, thus
far, the quantification of the B-cell compartment using a simple
and reproducible method has remained complicated. It was thus
difficult to know whether B-cells were really expanded and/or
activated in the BM of patients with MM.

We have previously shown that the CD24 antigen discrimi
nates between pre-B and B-cells in normal human BM (10).
Briefly, our study has shown that the determination of the
CD24 antigen density on BM lymphoid cells, using flow cytom-
etry, allowed a simple and clear discrimination between 2 types
of cells: (a) a CD24++cell population, characterized by a high
expression of this antigen, which included "pre" pre-B cells
(HLA-DR+, CD19+, CD34+, CD10*), "intermediate" pre-B
cells (HLA-DR+, CD19+, CD10+, CD20+), and "true" pre-B
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cells (HLA-DR+, CD19+, CD10+, CD20+, CM+);(b) a CD24+celI

population, characterized by a low expression of this antigen,
which included mature B-cells (HLA-DR+, CD19+, CD20+,
CD21+, CD37+, sIgM+).

This approach offers a useful tool for studying these two
subpopulations and we used it to investigate the B-cell lineage
in BM and PB of patients with MM. We show that the B-cell
compartment is reduced in MM and that B-cells do not express
activation markers.

PATIENTS AND METHODS

Patients. BM samples of 18 patients with MM were studied. The
diagnostic criteria were those of the Southwest Oncology Group (11).
There were 10 IgG cases, 4 IgA, 3 pure Bence Jones only, and 1 IgD
MM. Fourteen patients had * MM and 4 X MM. Ten patients had
progressive disease (patients 1 to 10) and 8 had indolent disease
(patients 11 to 18). The management of these patients has been de
scribed previously (12, 13). The percentages of myeloma cells in the
BM and PB were determined using standard immunofluorescence
methods. The percentages of myeloma cells in S phase were evaluated
with the BU-1 anti-S-phase monoclonal antibody (a generous gift from
N. Gonchoroff, Mayo Clinic, Rochester, MO) as described previously
(14). The number of B-cells was first measured by CD24 staining and
extensive phenotypic study was performed when more than 2% of B-
cells were found.

Twelve normal BM simultaneously studied were used as normal
controls (10). Furthermore, similar studies were performed in the PB
of 12 patients and 8 age-sex-matched healthy individuals.

Cell Preparation. BM and blood samples were obtained after in
formed consent. BM mononuclear cells and PB mononuclear cells were
separated by Ficoll-Hypaque density gradient centrifugation.

Monoclonal Antibodies. FITC-conjugated and/or biotin-conjugated
mAb were used in this study. The mAb included CD2(1OT11), CD3-
(IOT3), CDS(IOTla), CD10(IOB5/5a), CD1 Ib(IOMl), CD14(IOM2),
CDIS(IONI), CD16(ION16), CD19(IOB4), CD23(IOB8), CD24
(-ALB9), CD25(1OT14), CD71 (IOA71), HLA-DR(1OT2), anti-IgM,
anti-IgD, and respective control mouse immunoglobulin, which were
purchased from Immunotech (Marseilles, France). The mAb CD5(Leu-
1) and streptavidin-phycoerythrin were purchased from Becton Dick
inson (Mountain View, CA), while CD13(My7) and CD20(B1) mAb
and their controls were from Coulter Immunology (Hialeah, FL). The
CD19(SB4) and CD37(SB3) mAb were generous gifts from Sanofi
Recherche (Montpellier, France). The CD24(ALB9)-biotin was derived
by C. Boucheix (15) and CD37(BL14)-FITC by J. Brochier (16).

Immunofluorescence. For one-color immunofluorescence, cell pellets
(1 x IO6cells) were incubated with saturating concentrations of FITC-

conjugated mAb in PBS supplemented with 1% BSA for 30 min at
4Â°C.Cells were then washed twice with PBS-BSA and once with PBS

and then fixed in 1% paraformaldehyde (17).
For two-color immunofluorescence, cells were labeled as described

above, without fixation. A second antibody (conjugated with biotin)
was added for 30 min at 4Â°C.Cells were washed 3 times with PBS-

BSA, incubated for an additional 20 min with streptavidin-phycoery
thrin, washed 3 times as above, and fixed in 1% paraformaldehyde.

low Cytometry. Quantitative fluorescence analysis was performed
using a four-parameter Ortho Cytofluorograph 50H (Westwood, MA)
equipped with an argon ion laser (Lexel) at 488 nm, 250 mW (Service
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Fig. I. Double peak of fluorescence obtained by labeling bone marrow mono-
nuclear cells with CD24 antibodies. Only cells present within the lymphoid
window were considered.

Commun INSERM de Cytometrie, Dr. C. Duperray, Montpellier,
France). Fluorescence signals were processed using a logarithmic am
plifier. Light-scattering signals were processed by linear amplification.

The light scatter properties of the lymphoid gate were chosen to
include all bone marrow mononuclear cells which express the CD 19,
CD20, CD21, CD24, and CD37 B-cell antigens, and the CD3 T-cell
antigen as described previously (18, 19). A minimum of 10,000 CD24-
positive cells from each sample were counted. The green and red
fluorescence substraction modules (Brucker, Wissemburg, France) were
set to eliminate spectral crossover of FITC and phycoerythrin mAb-
positive cells. Single and dual parameter histograms were analyzed for
percentages of positive cells using computer-assisted programs (MCA
510; Brucker).

Statistical Analysis. For statistical analysis, we used the Wilcoxon
rank sum test, the Spearman correlation coefficient, and the median
test.

RESULTS

CD24-positive Cells in MM. Only the cells present within the
lymphoid window were considered. A double peak of fluores
cence, corresponding to low CD24 antigen density cells (termed
CD24* cells) and high CD24 antigen density cells (termed
CD24+* cells), was obtained by labeling BM mononuclear cells

from 18 MM patients with CD24 antibodies (Fig. 1).
Six patients had very low levels (<2%) of CD24-positive cells

(patients 1, 3, 6, 9, 10, and 17; Table 1) and could not be
extensively studied. For the 12 other patients, dual fluorescence
analysis of BM CD24 antigen-bearing cells showed that (a)
CD24 recognizes all the B-cells (as defined by CD 19, CD20,
and HLA-DR reactivity), (b) CD24+ cells were mature B-cells
(reacting with CD21 and CD37 antigen), and (c) CD24++ cells
were pre-B cells (reacting with CD 10 antigen) (Fig. 2). Thus,
as in normal BM, CD24 MAb recognizes all the B-cells and
discriminates between pre-B and mature B-cells in MM.

Bone Marrow B-Cell Subpopulations in MM. A significant
reduction of the CD24+ mature B-cells was observed in the 10

cases with progressive disease [2.6 Â±2.4% (SD, P < 0.05],
when compared with normal BM [Table 1]. Furthermore, this
percentage was lower than that of patients with indolent disease
(P < 0.05). However, the overall percentage of mature B-cells
(CD24+ cells) ranged within normal values in MM (4.0 Â±3.6%)

(Table 1). A significant (40%) reduction of the pre-B cells
(CD24++ cells) was observed in MM (2.3 Â±2.2%; P < 0.01)

when compared with normal BM. This reduction was more
marked in the 10 patients with progressive disease ( 1.7 Â±1.1%).
However, within the CD24+* cells, dual fluorescence analysis

with the CD 10 and CD20 mAbs allowed the identification of
two compartments of pre-B cells: "pre" pre-B cells and "inter
mediate" plus "true" pre-B cells (Table 2). Within these two
compartments the relative percentages of "pre" pre-B cells
(34%) and "intermediate" pre-B or "true" pre-B cells (66%)

remained in ranges initially found in healthy individuals (10).

Table 1 Percentages ofCD24* and CD24** bone marrow lymphoid cells in healthy individuals and 18 patients with multiple myeloma

Patients(71=
18)Progressive

disease12345678910Mean

Â±SDIndolent

disease1112131415161718Mean

Â±SDOverall

Healthyindividuals'(n=12)%of

myeloma cells"

(% in S phase)%

within lymphoidcells%

CD24* %CD24"48(2)

1.01.050
(2) 8.03.250(5)

1.20.670
(0) 5.53.525
(2) 4.02.951
(2) 1.82.270(0)

1.20.248(0)
1.61.436(1)
0.50.545(2)

â€ž 0.8 . 1.2..3(0)2(0)5(0)31(1)10(2)

P <0.0515(0)21(0)19(0)2.6

Â±2.42.712.04.813.03.74.81.04.35.8

Â±4.1J1.7

Â±1.11.910.0P

< 0.05 1.25.02.21.11.02.1NS*3.1

Â±2.9â€¢>4
Â±3.61 NS 2.3 Â±2.2 | P<0(<i.5.8 Â±2.71 5.6 Â±2.51 P<0'Â°1

Â°Determined by standard immunofluorescence method and anti-S-phase monoclonal antibody; see "Materials and Methods" and Ref. 14.
* NS, not significant.
' From Ref. 10.

3225

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/12/3224/2443988/cr0510123224.pdf by guest on 19 M

ay 2023



PRE-B AND B CELLS IN MYELOMA BONE MARROW

CM

3423iÃ•Sy4Q223

QjCS,,4Â¿2fe>

2

CD10 CD19 CD37
3 4

CONTROL HLA-DR
Fig. 2. Double fluorescence analysis of CD24-antigen-bearing bone marrow

cells in multiple myeloma. Only the cells present within the lymphoid window
were considered. Diagrams are divided into 4 quadrants. Quadrant I, cells negative
for the 2 fluorescence colors: Quadrant 2, cells positive for green fluorescence
(expressing the FITC-antigen); Quadrant 3, cells positive for red fluorescence
(CD24 antigen-bearing cells): Quadrant 4, cells positive for red and green fluo
rescence (coexpressing the CD24 antigen and the FITC-antigen). , distinction
between CD24* and CD24" cells, by mean of their respective red fluorescence

intensity.

A significant correlation was found between the percentages of
pre-B cells and those of B-cells (CD24+) (r = 0.84).

Activation Antigens on Bone Marrow B-Cells in MM. Inter
estingly, CD24* and CD24+* BM lymphoid cells did not ex

press early or late activation antigens (CD23, CD25, CD71)
(Table 2). In addition, no CD5+ B-cells were detected in the

BM of MM patients.
Peripheral Blood B-Cell Populations in MM. As pre-B cells

were reported in the PB of patients with MM (20), we looked
for the presence of peripheral CD24 cells in our patients with
MM. AS in healthy individuals, only CD24+ cells were detected

in the PB lymphoid cells in MM patients. Consistently with

our previous results in normal BM, the PB CD24* were B-cells
expressing B-cell antigens (CD21, CD37) but no pre-B cell
antigens (results not shown). These peripheral mature B-cells
(CD24+) were significantly reduced in MM patients: 4.6 Â±2.8%

of PB lymphoid cells in MM versus 9.9 Â±2.1% in normal
individuals (P < 0.01 ). However, 8% of these circulating CD24+

cells expressed the CDS antigen.

DISCUSSION

We have recently demonstrated that the CD24 antigen dis
criminates between pre-B and B-cells in human BM of healthy
individuals; the CD24 antigen density of BM lymphoid cells
allows a simple (only one monoclonal antibody used) and clear
(two well separated peaks of fluorescence) discrimination be
tween early B-cell precursors expressing high antigen density
(CD24++ cells) and mature B-cells expressing low CD24 antigen
density (CD24+ cells) (10). Considering the controversial nature

of the myeloma stem cell (pre-B cell, B-cell, pre-plasma cell?),
our data prompted us to quantify both CD24++ and CD24+

lymphoid cells and to look for the expression of activation
antigens on these cells in 18 patients with MM.

First, two populations of cells expressing either low CD24
antigen density (CD24+) or a high CD24 antigen density
(CD24++) were found in the BM lymphoid cells of all 18

patients. An extensive study was performed when more than
2% of CD24-positive cells were found in BM and it showed
that CD24-expressing cells were separated between pre-B and
B-cells by the CD24 expression level in patients with MM as
well as in healthy subjects (10).

No expansion of pre-B-cells was detected in MM BM.
Rather, the percentage of CD24++ cells (i.e., pre-B cells) was

significantly reduced by 2-fold in comparison with those of
normal BM. This was associated with a significant reduction
of the B-cell compartment in the BM, especially in patients
with progressive disease. Interestingly, the differentiation stages

Patients

Table 2 Phenotype ofCD24** and CD24* bone marrow lymphoid cells in 12 patients with multiple myeloma

Early and late B-cell antigens Late B-cell antigens Activation antigens

HLA-DR CD19 CD10 CD20 CD21 CD37 CD23 CDS CD71

' ND, not done. Six patients with very low percentages of CD24* and CD24" cells were not investigated (patients 1, 3, 6, 9, 10, and 17).
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found in normal bone marrow for B-cell precursors were re

spected in MM.
In the PB of MM, the percentages of CD24 cells were

significantly reduced when compared with healthy individuals:
only cells expressing low CD24 antigen density (CD24* cells,
i.e., mature B-cells) were found. Otherwise, no circulating pre-
B cells were detected, regardless of disease severity. These
results and our previous data (20) disagree with those of Pilarski
et al., (21) who found pre-B cells in the PB of MM patients.

We did not detect any CD24 cell expressing CDS antigen in
the BM of MM patients, unlike in the PB where 8% of CD5+

CD24 B-cells were found. These results were similar to those
previously found for BM or PB B-cells from healthy donors

(10).
We did not detect any in vivo activation of either pre-B or B-

cells in the BM or PB of MM patients. All these results
indirectly support the concept of MM as a late stage B cell or
(pre)-plasma cell disease, at least in terms of malignant cell
expansion, like recent and reproducible obtainment of IL-6-
dependent myeloma cell lines with a plasmacytic phenotype
(some being CD 10 positive) by our group and others (22, 23).
They do not exclude the possibility of an early (pre-B) oncogenic
event in MM. The major arguments supporting a pre-B cell
involvement in MM were observations of idiotypic pre-B and
preswitch B-cells in some patients (5, 6) and expansion of
CDlO-positive B-cell precursors in the BM (7-9). It is now
clear that the majority of myeloma immunoglobulins express
cross-reactive idiotypes which can be expressed by either normal
polyclonally activated B-cells or expanded B-cells from different
clonal origin, as recently described in a patient with MM (24,
25). Moreover, a recent phenotypic study of normal plasma
cells in BM showed that these cells express multilineage anti
gens including CD 10 (26). Finally, clonal immunoglobulin gene
rearrangements were inconstantly observed in the PB of some
patients with MM. When found, the restriction enzymes used
for studying these rearrangements indicated the presence of
postswitch B-cells or malignant (pre)-plasma cells (27-29).
Taken together, these recent data weaken arguments favoring
the clonal and malignant nature of idiotypic pre-B and pre
switch B lymphocytes in MM. In fact, recent studies demon
strate the high incidence of proliferative late B-cells and pre
plasma cells in the PB of patients with MM (30). Reduction of
the B-cell compartment in MM might explain the reduction of
normal immunoglobulin secretion. Indeed, in human MM, the
enhanced IL-6 secretion is not accompanied by an enhanced
polyclonal normal immunoglobulin production as previously
observed in other experimental or clinical conditions of hyper-
production of IL-6 (31, 32). A possible explanation for these
results could be the secretion of an inhibiting factor for normal
B-cells in MM. Transforming growth factor ÃŸ,which has been
shown to inhibit IL-2-dependent human B-cell proliferation
and immunoglobulin, production is a potent candidate for this
putative effect (33).

The present study, showing a reduction of the different pre-
B cell and B-cell compartments and a lack of activation antigens
on these cells, challenges previous studies showing an expansion
of pre-B cells in MM (21), as discussed elsewhere (20). As
previously emphasized, the concept that malignancy in MM, in
terms of proliferation, expansion, and environment destruction,
is restricted to late B and (pre)-plasma cells does not exclude
the possibility of an oncogenic event occurring at an early B or
pre-B stage, or even earlier, as shown in follicular B-cell lym-

phoma (34).

ACKNOWLEDGMENTS

The authors would like to thank M. Baissus for carefully reviewing
this manuscript.

REFERENCES

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Barlogie,B., Epstein, J., Selvanayagam.P.. and Alexanian, R. Plasma cell
myeloma.Newbiologicalinsightsand advancesin therapy. Blood. 73:865-
879, 1989.
Mellstedt, H., Holm, G., and Bjorkholm, M. Multiple myeloma. Walden-
strÃ´m'smacroglobulinemia,and benignmonoclonalgammopathycharacter
istics of the B cell clone, Â¡mmunoregulatorycell populations and clinical
implications.Adv.Cancer Res., 41: 257-289, 1984.
Van Camp, B., Reynaert,P., and Broodtaerts.L. Studiesof the origin of theprecursorcells in multiplemyeloma,WaldenstrÃ²m'smacroglobulinemiaand
benignmonoclonalgammopathy.I. Cytoplasmicisotypeand idiotypedistri
bution in peripheralblood and bone marrow.Clin. Exp. Immunol.. 44: 82-
89. 1981.
Lokhorst,H. M.. Boom,S. E., Bast, B. J. E. G., Peters, P. J., Tedder,T. F.,
Gerdes, J., Petersen. E., and Ballieux, R. E. Novel type of proliferating
lymphoplasmacytoidcell with a characteristic spotted immunofluorescence
pattern. J. Clin. Invest., 79: 1401-1411, 1987.
Boccadoro,M., Van Acker,A.. Pileri, A., and Urbain, J. Idiotypiclympho
cytes in human monoclonal gammopathies. Ann. Immunol. Inst. Pasteur,
132c:9-\9. 1981.
Kubagawa,H.. Vogler,L. B., Capra, J. D., Conrad, M. E., Lawton, A. R.,
and Cooper, M. D. Studieson the clonal origin of multiple myeloma.Use of
individuallyspecific(idiotype)antibodiesto trace the oncogenicevent to its
point of expression in B-celldifferentiation.J. Exp. Med., 150: 792-807,
1979.
Grogan, T. M., Durie, B. G. M.. Lomen, C. Spier. C., Wirt. D. P., Nagle,
R., Wilson. G. S.. Richter, L., Vela, E., Maxey. V., McDaniel, K., and
Rangel, C. Delineation of a novel pre-B cell component in plasma cell
myeloma: immunochemical,immunophenotypic,genotypic, cytologie,cell
culture and kinetic features.Blood.70:932-942. 1987.
Caligaris-Cappio,F., Bergui.L.,Tesio, L., Pizzolo,G., Malavasi,F., Chilosi,
M.,Campana.D.. VanCamp.B.,and Janossy,G. Identificationof malignant
plasma cell precursors in the bone marrow of multiple myeloma. J. Clin.
Invest., 76: 1243-1251, 1985.
Epstein, J., Barlogie,B., Katzmann, J., and Alexanian, R. Phenotypic het
erogeneityin aneuploidmultiple myelomaindicatespre-Bcell involvement.
Blood,71:861-865. 1988.
Duperray, C.. Boiron. J. M.. Boucheix, C., Cantaloube, J. F., Lavabre-
Bertrand,T.. Altai, M., Brochier,J.. Maraninchi.D.. Bataille,R., and Klein,
B. The CD24 antigen discriminatesbetween pre-B and B cells possible in
human bone marrow.J. Immunol., 145:3678-3683, 1990.
Durie, B. G. M.. and Salmon, S. E. Multiple myeloma,macroglobulinemia
and monoclonal gammapathies. In: A. V. Hoffbrand, M. C. Brain, and J.
Hirsch(eds.).RecentAdvancesin Haematology,p. 243.NewYork:Churchill
Livingstone.1977.
Bataille,R., Souteyrand,P.. and Sany, J. Clinicalevaluationof responseor
escape to chemotherapyand of survivalof patients with multiple myeloma.
A prospectivestudy of 202 patients (1975-1982). AnticancerRes., 4: 339-
346, 1984.
Bataille,R., Grenier, J.. and Sany. J. Serum rf-2-microglobulinin multiple
myeloma:optimal use for staging, prognosis and treatment. A prospective
studyof 160patients. Blood.63: 468-476. 1984.
Zhang. X. G.. Klein, B., Bataille.R. Interleukin6 is a potent myelomacell
growth factor in patients with aggressivemultiple myeloma.Blood, 74: 11-
13, 1989.
Boucheix,C.. Perrot, J. Y., Mirshahi, M., Giannoni. F., Billard,M., Berna-
dou. A., and Roscnfeld. C. A new set of monoclonal antibodies against
lymphoblastieleukemia.Leuk. Res.. 9: 597-604. 1985.
Ling.N. R., Mac Lennan. I. C. M., and Mason, D. Y. Bcell and plasmacell
antigens: new and previouslydefined clusters. In: A. J. McMichael el al.
(eds.). LeucocyteTyping III, pp. 302-335. Cambridge, United Kingdom:
Oxford UniversityPress, 1987.
Lanier,L. L.,and Warner, N. L. Paraformaldehydefixationof hematopoietic
cellsfor quantitativeflowcytometry(FACS)analysis.J. Immunol.Methods,
47:25-30, 1981.
Loken, M. R., Shah, V. O., Dattilio, K. L., and Civin,C. I. Flowcytometric
analysisof human bone marrow: I. Normal erythroid development.Blood,
69:255-263, 1987.
Loken, M. R., Shah, V. O., Dattilio, K. L.. and Civin,C. I. Flowcytometric
analysis of human bone marrow. II. Normal B lymphocyte development.
Blood,70: 1316-1324, 1987.
Zhang, X. G., Klein, B., Brochier,J., Duperray, C., and Bataille, R. Delay
and not deficiencyin cap formation of peripheral blood B cells in patients
with multiplemyeloma.J. Clin. Immunol.,8: 244-249, 1988.
Pilarski. L. M.. Mant. M. J.. and Ruether, B. A. Pre-B cells in peripheral
bloodof multiple myelomapatients. Blood,66:416-422, 1985.
Klein,B.,Zhang. X. G., Jourdan, M., Duperray,C.. Portier, M.,Cantaloube,
J. F., Haagen, 1. A., and Bataille, R. IL-6 dependent human myelomacell

3227

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/12/3224/2443988/cr0510123224.pdf by guest on 19 M

ay 2023



PRE-B AND B CELLS [N MYELOMA BONE MARROW

lines: crucial role of hematopoietic growth factors in its rapid generation.
Blood, 74 (Suppl. 1): 749, 1989.

23. Shimizu, S., Yoshioka, R., Hirose, Y., Sugai. S., Tachibana, J., and Konda.
S. Establishment of two interleukin 6 (B cell stimulatory factor 2/interferon
fl) dependent human bone marrow derived myeloma cell lines. J. Exp. Med.,
169: 339-344, 1989.

24. Kiyotaki, M., Cooper, M. D., Iti-noli. L. F., Kearney, J. F., and Kubagawa.
H. Monoclonal anti-id antibodies react with varying proportions of human
B lineage cells. J. Immunol., 138: 4150, 1987.

25. Davidson, A., Manheimer-Lory, A., Aranow, C., Peterson, A., Hannigan.
N., and Diamond, B. Molecular characterization of a somatically mutated
anti-DNA antibody bearing two systemic lupus erythematosus-related idi-
otypes. J. Clin. Invest., 85: 1401-1409, 1990.

26. Terstappen, L. W. M. M., Johnsen, S., Segers-Nolten, I. M. J., and Loken,
M. R. Identification and characterization of plasma cells in normal human
bone marrow by high resolution flow cytometry. Blood, 76: 1739-1747,
1990.

27. Berenson, J., Wong, R., Kim, K., Brown, N., and Lichtenstein, A. Evidence
for peripheral blood B lymphocytes but not T lymphocytes involvement in
multiple myeloma. Blood, 70: 1550-1553, 1987.

28. Clofent, G., Klein, B., Commes, T., Ghanem, N., Lefranc, M. P., and Bataille,

R. No detectable malignant B cells in the peripheral blood of patients with
multiple myeloma. Br. J. Haematol., 71: 357-361. 1989.

29. Klein, B., and Bataille, R. Clonal rearrangement of immunoglobulin genes
in the peripheral blood of multiple myeloma patients (letter). Br. J. Haema
tol., 7.?:427, 1989.

30. Witzig, T. E.. Gonchoroff, N. J., Katzmann, J. A., Therneau, T. M., Kyle,
R. A., and Greipp, P. R.. Peripheral blood B cell labeling indices are a
measure of disease activity in patients with monoclonal gammopathies. J.
Clin. Oncol., 6: 1041-1046, 1988.

31. Suematsu, S., Matsuda, T., Aozasa, K.. Akira, S., Nakano. N., Ohno, S.,
Miyazaki, K., Hirano, T., and Kishimoto, T. IgGl plasmacytosis in interleu
kin 6 transgenic mice. Proc. Nati. Acad. Sci. USA. 86: 7547-7551, 1989.

32. Jourdan, M., Bataille, R., Seguin, J., Zhang, X. G., Chaptal, P. A., and
Klein, B. Constitutive production of Interleukin-6 and immunologie features
in cardiac myxomas. Arthritis Rheum., 33: 398-402. 1990.

33. Kerhl, J. H., Roberts, A. B., Wakefield, L. M., Jakowlew, S., Sporn. M., and
Fauci, A. S. Transforming growth factor ÃŸis an important immunomodula-
tory protein for human B lymphocytes. J. Immunol., 137: 3855-3860, 1986.

34. Bertoli, L. F., Kubagawa, H., Borzillo. G. V.. Burrows. P. D.. Schreeder, M.
T., Carroll, A. J., and Cooper, M. D. Bone marrow origin of a B-cell
lymphoma. Blood, 72: 94-101, 1988.

3228

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/12/3224/2443988/cr0510123224.pdf by guest on 19 M

ay 2023


