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ABSTRACT

Using in wVw-growing myeloma cell lines, we studied the growth

factors involved in human multiple myeloma, and particularly the poten
tial of autocrine secretion and response to B-cell growth factor (BCGF)
of KI'M I 8226, the best-documented Epstein-Barr virus-negative human

myeloma cell line. We found that three myeloma cell lines (RPMI 8226,
U266, and IM9) produce an autostimulatory growth factor (AGF) and
thus increase their own proliferation by 2- to 3-fold in cells cultured at

low density. Optimal AGF production was obtained after 24 h of culture
at a cell density ranging from 2.5 to 5 million cells/ml. The three myeloma
cell lines produce type II BCGF, able to induce the proliferation of highly
purified human peripheral blood B-cells, only after anti-fi activation. The

BCCF produced by RPMI 8226 can be adsorbed onto RPMI 8226 cells
together with the RPMI 8226 AGF, and the two are copurified on gel
filtration in a peak with an apparent molecular weight of 70,000. RPMI
8226 can be efficiently activated by human high molecular weight BCGF
II (M, 50,000) and less extensively by BCGF I (M, 12,000). RPMI 8226
does not produce either detectable ILI or interferons â€¢>and or and ILI

and i-li N had no stimulating effect on RPMI 8226 proliferation. Our

findings support the conclusion that RPMI 8226 produces a BCGF II
working as an AGF.

INTRODUCTION

Multiple myeloma is a malignancy characterized by the emer
gence of a clone of malignant plasma cells in bone marrow.
Tumor cells produce a monoclonal immunoglobulin defined by
its idiotypic determinants (1). It is difficult to known exactly
the mechanisms involved in the expansion of the tumor clone
as the great majority of plasma cells are nonproliferating (2)
and as presently there are no reliable means to study the minor
tumor stem cell population directly. A way to study the mech
anisms controlling the proliferation of the myeloma tumor stem
cells indirectly is to use myeloma cell lines. Indeed, permanent
myeloma cell lines can be obtained in vitro from myeloma
patients at the terminal stage of the disease (3, 4). These cell
lines occur spontaneously without in vitro EBV3 infection and

have a phenotype of lymphoplasmocyte cells. Thus, it is highly
probable that they arise from the tumor stem cell population
and can serve as a model for this cell population. In this work,
we have studied three myeloma cell lines: U266 (5), IM9 (6),
and RPMI 8226 (7). RPMI 8226 was studied in detail for the
following reasons: (a) it is the best-documented human mye
loma cell line and it has remained genetically stable the last 20
years (7, 8); (b) it is an EBV-negative cell line which eliminated
the problem of EBV known to be a B-cell mitogen for the
interpretation of our results; and (c) this cell line is at the
terminal stage of B-cell differentiation, bearing the PCI and
PCA1 antigens specific for myeloma cells and plasmocytes (9-
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12) but not the B-cell-associated antigens of the clusters of
differentiation 19, 20, and 21 (12-14).

We have investigated the lymphokine production by these
myeloma cell lines and particularly the lymphokines implicated
in normal B-cell proliferation generally termed BCGF. Several
BCGFs have been identified, including IL2, the growth factor
of the T-lymphocytes (15), BCGF I and II (16, 17), and y-
interferon (18). In humans, BCGF I is a protein with a molec
ular weight of 12,000, produced by activated T-cells; it has
recently been purified to homogeneity (19). In mice, the mole
cule termed BCGF I was shown to be a differentiation factor
inducing B-cells to be sensitive to either anti-/u or anti-la stim
ulation (20-22). BCGF II is a factor with a molecular weight
of 50,000 which is also produced by activated T-cells; it induces
the proliferation of large tonsil B-cells, preactivated in vivo,
without in vitro anti-ji activation (17). However, when B-cells
from peripheral blood are used instead of tonsil B-cells, BCGF
II induces B-cell proliferation only after anti-/i activation (23).
Other factors involved in B-cell activation and proliferation
include ILI and complement factors (24-26). Their interaction
and precise roles are still controversial. BCGFs are produced
not only by activated T-cells but also by activated normal B-
cells (27, 28). EBV-immortalized B-cells have been shown to
produce an AGF, BCGF, and ILI (29-31). Malignant B-cells,
whether or not they harbor the EBV genome, produce BCGF
and an AGF (32-34). The nature of this AGF is not defined.

In this study, we have shown that the three myeloma cell
lines studied produced an AGF, an activity increasing the
proliferation of myeloma and Burkitt's cell lines, a BCGF with

biological properties close to those of the recently described M,
50,000 BCGF produced by activated T-cells. In addition, the
myeloma cell lines produce no detectable ILI, IL2, -y-interferon,
nor a-interferon. The BCGF and AGF produced by RPMI
8226 can be adsorbed onto RPMI 8226 cells and are coeluted
by gel filtration in a peak with an apparent molecular weight of
70,000, which suggests that these two factors may be identical
molecules. This was corroborated by the observation that the
proliferation of RPMI 8226 was greatly increased by the M,
50,000 BCGF produced by activated T-cells. Purified ILI or
recombinant 7- or Â«-interfÃ©rons,contrarily, did not increase
RPMI 8226 proliferation.

MATERIALS AND METHODS

Cell Lines. The origins and the characteristics of the cell lines used
in this study are outlined in Table 1. Cells were cultured in McCoy's

5A culture medium supplemented with L-glutamine (2 HIM) and 5%
FCS. All cultures were free of mycoplasma.

Cell Markers. The cell membrane markers were determined using
mouse monoclonal antibodies and fluorescein isothiocyanate-conju-
gated goat F(ab')2 antimouse immunoglobulin (NEN France, Paris,
France). Immunofluorescence-positive cells were enumerated by fluo
rescence-activated cell sorting. The following mouse monoclonal anti
bodies were used: Bl, B4 (Coulter Diagnostics, Hialeah, FL), and BL13
(gift from Dr. Brochier, Montpellier, France) to detect the antigens of
the cluster of differentiation 20, 19, and 21 present on all the B-cells
but not the plasma cells; PCA-1 (Coulter Diagnostics) and PCI (gift
from Dr. Nadler, Boston, MA) to detect antigens present on plasma
cells but not on B-cells (10, 11).
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contrarily, was not stimulated by any of the B-cell lines but was
a potent producer of BMCSF. The Burkitt's cell lines, Daudi

and Raji, were stimulated by the myeloma cell lines but poorly
stimulated the B-cell lines. These results indicate that the three
myeloma cell lines studied are good BMCSF producers whereas
the two Burkitt's cell lines are not. Moreover some cell lines

were effectively stimulated (RPMI 8226, IM9, and Daudi)
whereas the U266 myeloma cell line was not. In order to
understand this phenomenon better, we looked to see whether
myeloma cell lines produced a BCGF activity.

BCGF Production by Myeloma Cell Lines. As indicated in
Fig. 1, the supernatant from the RPMI 8226 cell cultures
contained a BCGF activity that induced the proliferation of
anti-/i-activated B-cells. The BCGF activity detected in the three
supernatants from RPMI 8226 cultures prepared on separate
occasions was of the same order of magnitude (12.5, 9.5, 3.3
U/ml) as the BCGF activity present in supernatants of PHA-
activated PBMC (19.9 U/ml). The two other myeloma cell lines
(IM9 and U266) also produced BCGF (4.7 U/ml for IM9 and
17.2 U/ml for U226) (Fig. 1). The BCGF activity present in
RPMI 8226 CM was removed by adsorption on extensively
washed RPMI 8226 cells (Fig. 1) together with the AGF.

Characteristics of the BCGF Produced by RPMI 8226 Cells.
The BCGF produced by RPMI 8226 required costimulation
with anti-M in order to induce the proliferation of purified B-
cells from peripheral blood (Table 3), whereas PHA-activated
T-cells produced two BCGF activities: one inducing B-cell
proliferation without anti-^ activation and one inducing prolif
eration after anti-^ activation (Table 3 and Ref. 23). These two
activities have recently been attributed to two different proteins
with molecular weights of 12,000 and 50,000, respectively (23).
The BCGF produced by RPMI 8226 has biological properties
similar to those of the M, 50,000 BCGF, as it does not induce
any proliferation of B-cells without prior anti-ji stimulation
(Table 3). As outlined in Fig. 2, the BCGF and AGF activities

Table 3 BCGF production by RPMI 8226
IO5 purified B-cells from peripheral blood were cultured for 3 days in the

presence or absence of anti-ji, of 10% BCGF, or of 20% RPMI 8226 CM. The
sources of BCGF were supernatants of PHA-stimulated PBMC. Each experiment
was done with B-cells from different donors, and with different batches of BCGF
and RPMI 8226 CM. Results are means of ['HjdThd incorporation for triplicate

cultures and are expressed in cpm.

Factor used for
stimulatingB-cellsB-Cells

+ control medium

B-Cells + BCGF

B-Cells + RPMI 8226 CM[3H]dThd

incorporation(cpm)Anti-i<

Exp1200+

800
1,900

+ 6,300
350

+ 4,400Exp

2120

1,200
4,900
5,700

410
6,200Exp

3260

2,300
3,500

11,600
740

9,300

ÃŽ5000

u_ u_ 2500
CDCD
CJ <;

1000

BSA OVA
I I

MEq CyTc
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FRACTION NUMBER

Fig. 2. Gel filtration of RPMI 8226 CM. RPMI 8226 CM were precipitated
in ammonium sulphate, concentrated 200-fold, and loaded onto an ACA 54
Ultrogel column. Proteins were eluted with PBS + 0.1% PEG 6,000, and 8.5-ml
fractions were collected. The column was calibrated with blue dextran (BD, M, 2
x 10*), bovine serum albumin (BSA, M, 68,000), ovalbumin (OVA, M, 45,000),

myoglobine equine (MEq, M, 17,800) and cytochrome c (CyTc, M, 12,300). Each
fraction was assayed at a concentration of 5% for AGF and BCGF activities.

DILUTIONS
Fig. 1. BCGF production by RPMI 8226 cells. BCGF activity was assayed

using IO5purified B-cells stimulated by anti-p. Three different batches of RPMI
8226 CM were assayed (A, O, *). CM prepared with the IM9 (x) and U266 (D)
myeloma cell lines were also assayed for their BCGF activity as well as a
supernatant of PHA-activated T-lymphocytes (â€¢).In one experiment, the batch
of RPMI 8226 CM (O) was adsorbed on RPMI 8226 cells and its BCGF activity
determined (â€¢).Results are mean [3H]dThd incorporation determined on tripli
cate culture wells and expressed in cpm. Ãœ,background of |3H]dThd incorporation
of B-cclls stimulated by anti-n alone.

present in RPMI 8226 CM were coeluted in a peak with an
apparent molecular weight of 70,000 by gel filtration.

Production of Other Lymphokines by Myeloma Cell Lines.
We assayed whether myeloma cell lines produced other lym-
phokines known to activate B-cells. We detected no ILI activity
in CM from the three myeloma cell lines (RPMI 8226, RPMI
U266, and IM9). No detectable ILI activity nor inhibitor of
ILI activity was equally found in the fractions of different
molecular weights obtained after gel filtration of RPMI 8226
CM (Fig. 3). We also found no detectable IL2, a- or 7-interferon
in CM of myeloma cell lines (results not shown).

Response of RPMI 8226 to BCGF, ILI, and 7-IFN. We
assayed the response of RPMI 8226 to the two species of BCGF
mentioned above. As shown in Table 4, a mean 3-fold increase
(range, 2.8-3.7) in RPMI 8226 proliferation was observed with
M, 50,000 BCGF. BCGF (A/r 12,000) induced a weak increase
in RPMI 8226 proliferation (xl.4). Purified ILI or recombi
nant 7-interferon did not increase RPMI 8226 proliferation
and did not synergize with RPMI 8226 AGF (results not
shown).

DISCUSSION

The aim of this report was to study the growth factors
involved in human MM. MM is characterized by the accumu
lation in bone marrow of malignant nondividing plasma cells,
arising from a tumor stem cell population. The number of
myeloma stem cells, present in bone marrow, is very weak,
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20 30 40 50

FRACTION NUMBER

Fig. 3. Absence oflLl or inhibitor of ILI activity in the fractions of different
MW obtained after gel filtration of RPMI 8226 CM. RPMI 8226 CM was
purified as described in Fig. 2. Each fraction was assayed at a 10% concentration
for ILI activity on PHA-stimulated thymocytes (â€¢).These fractions were also
assayed for an ILI activity inhibitor on PHA and ILl-stimulated thymocytes (O).
0, limits of the control values of the thymocyte proliferation stimulated either by
PHA alone (bottom histogram), or by PHA and 5 U/ml of purified ILI (top
histogram).

Table 4 Response of RPMI 8226 lo BCCF
RPMI 8226 cells were cultured at 1000 cells/culture well in ISO pi of culture

medium for 24 h, and proliferation was assayed using | 'I I|d I In! incorporation.

When indicated, M, 50,000 BCGF or M, \ 2,000 BCGF was added at the initiation
of the culture. The two BCGF preparations were diluted in order to get the same
BCGF activity. Results are means of ['HJdThd incorporation determined for six

replicate wells and expressed in cpm.

Factor used for
stimulating RPMI

8226cellsControl

medium
BCGF50K"BCGF

20KÂ°I'HJdThd

Incorporation(cpm)Exp

19002550

(2.8)*

1250
(1.4)Exp

22500

7000
(2.8)
3450
(1.4)Exp

31600

5900
(3.7)
2100

(1.31)Exp

41350

3950
(2.9)
2250
(1.7)

* Significantly different from the control group: P < 0.05.
b Numbers in parentheses, stimulation indexes. Statistical comparisons were

made using the Fischer-Yates-Terry nonparametric test.

which makes studies on the growth factors controlling the
proliferation of these stem cells very difficult. As the stem cells
can generate, in patients in relapse, in v/iro-growing myeloma
cell lines, we have used these cell lines and particularly the
RPMI 8226 myeloma cell line as a model of myeloma tumor
stem cells. The RPMI 8226 cell line was derived 20 years ago
from a patient with multiple myeloma and is the best-docu
mented myeloma cell line (7, 8). It is EBV-negative and bears
no classic B-cell-associated antigens but does bear the antigen
PCI, which is present on normal and malignant plasma cells
as well as in several myeloma cell lines and is absent from B-
cells and Burkitt's cell lines (9, 12).

Our results have shown that the three myeloma cell lines
studied produce an autostimulatory growth factor (AGF), a B-
cell line-stimulating activity, and a BCGF, and that they do not
produce detectable ILI, IL2, 7-interferon, or a-interferon. The
AGF produced by RPMI 8226 cells induced equally a mean 4-
fold increase of the cell number recovered after 4 days of culture
when the cells were initially plated at a low cell density (IO4
cells/ml). EBV-transformed lymphoblastoid cell lines are
known to produce ILI in association with an inhibitor; the ILI
activity is detectable in the crude culture supernatants or for
some cell lines only after the removal of the inhibitor by gel
filtration (31). In the case of RPMI 8226, no detectable ILI

activity or inhibitor of ILI activity was found in the fractions
of various molecular weights obtained after gel filtration of
concentrated supernatant from RPMI 8226 cultures, nor in cell
extracts of RPMI 8226 (data not shown). These results dem
onstrated the absence of detectable ILI production by RPMI
8226, which is further corroborated by a recent report indicating
the absence of detectable ILI mRNA in this cell line (40). The
production of 7- and Â«-interfÃ©ronswas assayed using radioim-
munoassays, which eliminated the problems of inhibitors and
lymphokine cascade encountered with bioassays. It is not sur
prising that the myeloma cell lines do not produce 7-interferon,
since this lymphokine, like IL2, is known to be produced by T-
and NK-cells but not by B-cells. The absence of detectable Â«-
interferon production is more striking since the same results
were found for 12 other myeloma cell lines,4 in contrast with
EBV-positive lymphoblastoid cell lines, which produce signifi
cant amounts of a-interferon (41).4

We also assayed the response of RPMI 8226 to lymphokines
and found that RPMI 8226 responded to an AGF produced by
itself, to BCGF II (efficiently) and to BCGF I (less efficiently).
The cell line did not respond to purified ILI (whether in the
presence of AGF or not), or to recombinant 7-interferon.
Among the lymphokines produced by EBV-positive lympho
blastoid cell lines, two behave like AGF: ILI and BCGF (42).
In the case of the RPMI 8226 line, the absence of detectable
ILI production and of responsiveness to ILI ruled out ILI as
the AGF. Morever, three observations suggested strongly that
the AGF and the BCGF produced by RPMI 8226 are identical:
that the BCGF produced by RPMI 8226 was adsorbed on
RPMI 8226 cells; that RPMI 8226 responded to M, 50,000
BCGF; that the AGF and the BCGF present in RPMI 8226
CM were coeluted in a peak with an apparent molecular weight
of 70,000 by gel filtration. An apparent molecular weight of
70,000 for the BCGF produced by RPMI 8226 is in accordance
with recent reports indicating that EBV-positive Burkitt cell
lines (33) as well as leukemia cells from patients with hairy cell
leukemia were producing a BCGF of high molecular weight,
which might be a precursor of BCGF I (43). This is also in
agreement with our results showing that the RPMI 8226 BCGF
has biological properties similar to those of M, 50,000 BCGF
produced by activated T-cells (23). This BCGF induces the
proliferation of peripheral blood B-cells only after anti-M acti
vation (23), but may induce the proliferation of tonsil B-cells
without such activation.5

Our results raise questions about the mechanisms leading to
the uncontrolled production and to the response to BCGF. The
two recent reports about BCGF production by B-cell lines
concerned either EBV-transformed cell lines (29) or an EBV-
positive malignant cell line (33). In these cases, the uncontrolled
BCGF production might be interpreted as a consequence of the
viral infection; such production hypothesized to explain why
EBV renders B-lymphocytes immortal (29). In the case of
RPMI 8226, other hypotheses might be considered, in partic
ular the activation of specific oncogenes coding for proteins
with BCGF or BCGF receptor-like properties. Such mecha
nisms have recently been demonstrated in some tumor models
(44). Cytogenetic studies have shown numerous chromosomal
abnormalities in MM (45), but no specific major translocations.
Recent reports have shown an amplification ofc-myc in plasma
cell leukemia, but not in MM (46), and expression of c-K-ras
increased in MM (47). The future knowledge of the genes
coding for the different BCGFs and their receptors should be

4 B. Klein, unpublished results.
' A. Vazquez, personal communication.
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very important for the understanding of the oncogenic events
involved in MM.
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