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ABSTRACT

A new human myeloma cell line, ANBL-6, was established and charac

terized at the genotypic and phenotypic levels. The cells exhibit a clonally
rearranged immunoglobulin gene locus and resemble plasma cells mor
phologically. The ANBL-6 cells also exhibited an absolute dependence on

exogenous interleukin 6 For growth. Of interest, DNA ploidy analysis
suggested the existence of a near-diploid as well as a near-tetraploid

population in this cell line. Cytogenetic studies confirmed the existence of
two aneuploid karyotypes and further revealed a clonal relationship be
tween the two karyotypes, as evidenced by numerous shared structural
abnormalities. To determine whether the near-diploid cells functioned as
stem cells for the near-tetraploid population, the near-diploid population

was separated via flow cytometry and recultured prior to ploidy analysis.
This population was observed to remain predominantly near-diploid over

time, suggesting that these cells did not function as stem cells for the
near-tetraploid population. However, the near-tetraploid cells did exhibit

a growth advantage in vitro. Moreover, sequential ploidy analysis per
formed retrospectively on fresh bone marrow cells from the patient also
suggested that there was an expansion of the near-tetraploid population

during clinical relapse. These results suggest that both populations are
self-regenerating and reflect the consequences of clonal evolution in the

myeloma tumor. The coexistence of clonally related subclones with shared
chromosomal abnormalities, however, suggests that the near-tetraploid
subclone was derived from the near-diploid subclone at an unknown time

during tumorigenesis.

INTRODUCTION

Multiple myeloma is a B-cell neoplasia characterized by the clonal

expansion of malignant plasma cells. Although the cause of myeloma
remains unknown, important information regarding the biology of the
malignant plasma cell in this disease is beginning to accumulate. One
major advance in our understanding of myeloma was the demonstra
tion that IL-61 may function as a primary growth factor for myeloma

cells (1). Because IL-6 does not function as a growth factor for normal
B-cells, myeloma cell proliferation in response to IL-6 is viewed as

aberrant. Although the mechanisms by which myeloma cells gain the
ability to proliferate in response to IL-6 remain unknown, multiple

molecular abnormalities occur frequently in myeloma. Cytogenetic
studies of myeloma cells, however, suggest that there is no single
chromosomal change that occurs consistently and exclusively in this
disease (reviewed in Ref. 2). In addition, when structural and numeric
chromosomal changes are found in myeloma, several changes of each
type are often found in each abnormal karyotype.

Although the consequences and importance of chromosomal abnor
malities in the pathogenesis of this disease are uncertain, cellular DNA
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content has long been recognized as an important marker of human
multiple myeloma (3) with published reports of observed aneuploidy
ranging from 38 to 86% (3, 4). This wide range in incidence of
aneuploidy may, in part, result from the reported difficulty in detection
of pseudodiploid, 45-hypodiploid, and 47-hyperdiploid abnormalities

(5). Thus, it may be difficult to discriminate tumor cells from normal
cells when DNA content of the two populations is similar. The pres
ence of aneuploid tumor cells at the time of diagnosis or the devel
opment of aneuploidy during disease progression is significant, and it
has been suggested that tumor cell DNA index is of prognostic value
and can be correlated with survival times (6-8). However, the prog

nostic value of tumor cell DNA content has been disputed by other
investigators (9). Of further interest, there are reports that some pa
tients with myeloma present with bidonai DNA aneuploidy (3, 6,
8-11). Moreover, bidonai DNA aneuploidy has been associated with

resistance to chemotherapy and short survival (11). The relationship
between the two putative DNA stemlines, however, has yet to be
precisely determined.

The significance of the appearance of aneuploid cells in myeloma
has been the topic of several previous reports. Epstein et al. (12)
reported the presence of a diploid CALLA+/cytoplasmic immuno-
globulin-negative cell population in all aneuploid CALLA+

myelomas and suggested that this indicated the existence of a diploid
progenitor that served as a stem cell for the aneuploid tumor com
partment. Because of the presence of only one monoclonal protein in
this study, it was suggested that both populations had undergone
identical immunoglobulin gene rearrangement and, therefore, dif
fered only in DNA content; however, this was not directly tested in
that study. In another study, Bunn et al. (6) demonstrated that devel
opment of aneuploidy was a frequent occurrence at the time of clini
cal relapse. It was further suggested that relapse resulted from the
development of new aneuploid clones that had developed drug resis
tance. In contrast, Latreille et al. (7) performed serial studies of the
DNA content of 36 myeloma patients and demonstrated that the
DNA index remained stable in every patient. In summary, determina
tion of the precise relationship between apparent diploid and aneu
ploid tumor cells in myeloma and whether both populations are there
from the onset of disease has not been possible from studies carried
out to date.

In this paper, we report the establishment of a new human myeloma
cell line, ANBL-6, that provides important insight into the relationship

between myeloma cells with differing DNA content. The cell line was
shown to display absolute and strict dependence on IL-6 for cell

growth, is clonal at the level of immunoglobulin gene rearrangement,
displays a plasma cell-like morphology, and, importantly, could be
separated into genotypically stable, near-diploid and near-tetraploid

populations. Evidence is also presented that these two subclones ex
isted in vivo and that, during disease progression, the near-tetraploid
population became dominant over the near-diploid population. Estab
lishment of the ANBL-6 cell line permitted karyotypic analysis of the

two aneuploid subclones, and this analysis revealed numerous shared
chromosomal abnormalities, suggesting that the near-tetraploid popu
lation was indeed derived from the near-diploid population at some
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unknown time. It is suggested, therefore, that a similar mechanism
may be operative during the development of aneuploidy in myeloma.

MATERIALS AND METHODS

Case Report. Multiple myeloma was diagnosed in a 58-year-old white

female (A. N.) at the Mayo Clinic in May 1983. Serum protein electrophoresis
showed hypogammaglobulinemia (0.53 g/dl). Immunoelectrophoresis revealed
a monoclonal A protein (Bence Jones proteinemia). Ninety percent of this
consisted of a ÃŸspike, which represented a monoclonal A light chain. A
metastatic hone survey showed demineralization of the spine. A bone marrow
biopsy contained 60% plasma cells, which had a labeling index of 0.0%
(normal, <0.8%). She was treated with melphalan and prednisone, and her
urine protein decreased to 59 mg/24 h in October 1983. She relapsed in
October 1985, did not respond to melphalan-prednisone treatment, and, there
fore, was given vincristine, l,3-bis(2-chloroethyl)-l-nitrosourea (carmustine),

Adriamycin (doxorubicin), and prednisone. She again responded with a reduc
tion in her Bence Jones protein from 2000 to 181 mg/24 h. She subsequently
relapsed and was given radiation to her thoracic spine in February-March

1987, followed by vincristine, Adriamycin, and dexamethasone. She then
received o^-interferon (a2-IFN). She relapsed in February 1991 and was given

cyclophosphamide orally. She developed increased bone pain in January 1992
and received three courses of methylprednisolone, l g i.v. She returned in
March 1992, at which time peripheral blood was obtained and used to establish
the myeloma cell line described in this report. Her hemoglobin was 10.0 g, and
she had 17,300 X 10/pil leukocytes with 70.5% plasma cells. Serum protein
electrophoresis showed a ÃŸspike of 1.84 g/dl, which consisted of a monoclonal
\ protein (Bence Jones proteinemia). A metastatic bone survey showed gen
eralized osteopenia with compression of multiple vertebral bodies. A bone
marrow aspirate and biopsy specimen contained 90% plasma cells, which had
a labeling index of 4.0%. She was treated with methylprednisolone, 2 g i.V.,
every other day with a decrease in her leukocytes to 15,000 X 10//nl with a
reduction in plasma cells. She developed gastrointestinal bleeding and died in
April 1992. An autopsy was not performed.

Establishment of ANBL-6 Cell Line. Peripheral blood MNC were isolated

from heparinized venous blood by centrifugation over sodium diatrizoate/
Ficoll gradients (Isolymph; Gallard-Schlesinger, Carle Place, NY). MNC were
depleted of T-cells by one cycle of resetting with neuraminidase-treated sheep
RBCs (13). ANBL MNC were cultured in 24-well tissue culture plates (Costar,

Cambridge, MA) in medium RPMI 1640 (Gibco BRL, Gaithersburg, MD)
supplemented with penicillin G (50 units/ml), gentamicin (10 fig/ml), strep
tomycin (50 /xg/ml), i-glutamine (2 HIM), 10% heat-inactivated fetal bovine

serum (Intergen, Purchase, NY), and various cytokines (see below). After 10
days in culture with 1 ng/ml recombinant human IL-6 (R & D Systems,
Minneapolis, MN), ANBL cells were expanded into 25-cm2 tissue culture

flasks (Costar). The cell line was named ANBL-6 and was maintained there
after in culture medium supplemented with IL-6. Cultures were incubated at
37Â°Cin a humidified incubator with 5% CO2 and 95% ambient air and split

every 7 to 10 days. Serial passaging with regular freezing of aliquots has
been possible to this time. Bone marrow was also obtained from this patient
at the same time that blood was obtained. We also successfully established
the bone marrow-derived tumor cells in culture, and this cell line (ANBM-6)
is phenotypically indistinguishable from the ANBL-6 cell line and is also
IL-6 dependent.4

Reagents. Recombinant purified human IL-la, IL-IÃŸ,and IL-2 were ob

tained from the Biological Response Modifiers Program at the National Insti
tutes of Health and were used at concentrations of 250, 250, and 100 units/ml,
respectively. Baculovirus human IL-10 containing supernatants were gener

ously provided by Dr. Kevin W. Moore, DNAX, Palo Alto, CA, and were used
at a final concentration of 1% (v/v; approximately 36 units/ml as measured in
an MC/9 cell assay). Recombinant purified human IL-3 was purchased from
Gibco BRL and was used at 4 ng/ml. Rccombinant purified human IL-4, IL-6,
TGF-ÃŸ,TNF-a, and leukemia inhibitory factor were purchased from R & D

Systems and used at 100 units/ml, 1 ng/ml, 2 ng/ml. 1 ng/ml, and 2 ng/ml,
respectively. Recombinant purified human IFN-y and GM-CSF were pur

chased from Becton Dickinson (Collaborative BiomÃ©dicalProducts) and were
used at 250 units/ml and 1 ng/ml, respectively. Recombinant purified human

4 D. Jelinek, unpublished observations.

IFN-a subtype A was used at 200 units/ml and purchased from Biosource
(Camarille, CA). An IgGl monoclonal antibody to IL-6 with neutralizing

activity was also obtained from Biosource and was used at a final concentration
of 300 ng/ml.

Immunophenotype Analysis. Surface marker analysis with monoclonal
antibodies was performed by quantitative immunofluorescence utilizing a
FACSTAR PLUS or a FACS IV flow cytometer (Becton Dickinson, Mountain
View, CA). The monoclonal antibodies Leu-5b (CD2), Leu-4 (CD3), Leu-1
(CDS), CALLA (CD10), LFA-la (CDlla), LFA-lÃŸ(CD18), Leu-12 (CD19),
Leu-16 (CD20), Leu-14 (CD22), Leu-17 (CD38), Leu-44 (CD44), HLe-1
(CD45), LB-2 (CD54), and MY31 (CD56) were purchased from Becton Dick

inson. CDllb and CD32 were purchased from Serotec (distributed by HarÃan
Bioproducts, Indianapolis, IN), and CD21, CD23, and CD40 were purchased
from Biosource. VLA-4 (CDw49d) was purchased from AMAC (Westbrook,
ME), VLA-5 (CDw49e) was purchased from Biodesign International (Ken-

nebunkport, ME), and CD29 was purchased from Coulter (Hialeah, FL). Tac
(CD25) was generously provided by Dr. T. A. Waldmann, National Cancer
Institute, National Institutes of Health. Bethesda, MD. and CD73 was gener
ously provided by Dr. L. Thompson, Oklahoma Medical Research Foundation,
Oklahoma City, OK. Fluorescein-conjugated goat F(ab')2 fragments with

specificity for human K and A light chains and IgA, IgG, and IgM heavy chains
were purchased from Tago Immunologicals (Burlingame, CA). For those
monoclonal antibodies which were not conjugated with a fluorochrome. indi
rect immunofluorescence was accomplished utilizing a fluorescein-conjugated
goat F(ab')2 anti-mouse immunoglobulin (Tago).

Immunoglobulin Gene Rearrangement Analysis. High molecular weight
DNA was isolated and digested with either Bglll or BamHI prior to gel
electrophoresis as previously described (14). Rearrangements within the im
munoglobulin gene loci were identified with the following gene probes: a
2.0-kilobase Sad fragment containing the joining region of the K light chain,
and a 1.3-kilobase Â£coRI fragment and a 2.5-kilobase 5au3a fragment con

taining the constant and joining regions of the /x heavy chain genes, respec
tively (obtained from Dr. P. Leder, Harvard Medical School, Boston, MA).

Culture Conditions. For assessment of ANBL-6 responsiveness to cyto
kines, ANBL-6 cells were routinely washed 3 times with culture medium prior
to adding cells to a 96-well, round-bottom microtiter plate (Costar) at a density
of 2.0 X IO4 cells/well in a total volume of 200 p,l. Cytokines were added at

the indicated final concentration, and cultures were carried out in triplicate at
37Â°Cin a humidified atmosphere of 5% CO2 and 95% air.

Proliferation Assays. ANBL-6 cells were cultured for 3 days with 1 fid
of [%H]thymidine (5.0 Ci/mmol; Amersham, Arlington Heights, IL) present

for the last 18 h. The cells were harvested onto glass fiber filter paper,
and ['Hjthymidine incorporation was determined by liquid scintillation

spectroscopy.
Morphological and Ultrastructural Studies. Cytospin preparations of

ANBL-6 cells were used for Wright-Giemsa stainings (Sigma, St. Louis, MO),

which were performed by standard methods. For electron microscopy, cells
were fixed in 1% glutaraldehyde and 4% paraformaldehyde in 0.1 Mphosphate
buffer, postfixed in 1% osmium tetroxide, stained en bloc with 2% uranyl
acetate, and embedded in Spurr's low-viscosity epoxy resin.

Cytogenetic Studies. ANBL-6 cells growing in the presence of IL-6 were

cultured with 10 fig/ml colcimed (GIBCO, Lawrence, MA) for the last 1 h of
incubation. Cells were harvested by standard air-drying techniques and banded

by QFQ (Q bands by fluorescence using quinacrinc mustard). Guidelines
for cancer cytogenetics nomenclature (15) were used to describe the results.
a-Satellite probes, specific for chromosomes 4 and 12 (D4Z1 and D12Z3 from

Oncor, Gaithersburg, MD), were used for confirmation of the two populations
from interphase cells.

DNA Content. For initial analysis of DNA content of the cell line, cells
were fixed and stained with propidium iodide as previously described (12). In
all experiments, fluorescence intensity corresponding to a diploid number of
chromosomes was determined by simultaneous staining and analysis of normal
resting lymphocytes. For the sequential studies of the ploidy of patient A. N.
bone marrow, dual-parameter flow cytometry was carried out by reacting cells
with fluorescein-conjugated anti-A and counterstaining with propidium iodide.
For flow cytometric isolation of the near-diploid population, ANBL-6 cells
were suspended in IL-6-supplemented culture medium and stained for 90 min
at 37Â°Cwith 5 ng/ml DNA vital dye Hoechst 33342 (Calbiochem, Behring

Corp., LaJolla, CA). Cells staining with a fluorescence intensity equivalent to
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normal lymphocytes were selected. Following recovery, the near-diploid sorted
population was washed and cultured with 1 ng/ml IL-6 in culture medium.

Postsort analysis of the selected population indicated 99% purity (data not
shown). Following expansion of this population, cells were reanalyzed for
DNA content using the Hoechst 33342 dye as described above.

RESULTS

Immunoglobulin Gene Rearrangement of AM!I -6 Cells. Fol

lowing 2 months of propagation and expansion of peripheral blood
T-cell-depleted MNC from patient A. N. in IL-6, the ANBL-6 cell line

was assessed for clonality at the level of immunoglobulin gene rear
rangement. Fig. 1 displays the Southern blot analysis of the ANBL-6

cell line when probed for rearrangement using either a p.j probe or a
K probe. In contrast to the control cells (lanes 1 and 2), there was no
evidence of a germline band in the ANBL-6 cells (lane 3) when either

the Â¡j.,probe or the K probe was used. Furthermore, the equal intensity
of each band observed in lane 3 when the K probe was used suggests
that the population is clonally rearranged at the K locus and that both

K
1 2 3

Fig. 1. Southern blot analysis of ANBL-6 immunoglobulin gene rearrangement. Total
genomic DNA isolated from human neutrophils (lane ! ). an unrelated patient (lane 2), and
ANBL-6 cells (lane 3) was digested with ÃŸ#/lland analyzed for rearrangement using a fxj
probe (left) or digested with BamHl and analyzed for rearrangement using a K probe
(right). (1. band corresponding to the germline configuration; arrows, rearranged band(s)
observed in the ANBL-6 cell line.

KalÃeleshave undergone rearrangement. These results indicate that, at
the level of both heavy and light chain immunoglobulin gene rear
rangement, the ANBL-6 cell line is clonal.

Morphological Characterization of the ANBL-6 Cell Line. The
ANBL-6 cell line has essentially the same appearance under light

microscopy as did the peripheral blood fraction from the patient
immediately following isolation (Fig. 2). Wright-Giemsa staining re

vealed that both cell populations display a similar plasma cell mor
phology with eccentrically located nuclei, a deeply basophilic and
vacuolated cytoplasm, prominent nucleoli, and a perinuclear hof ap
parent in some of the cells. The cell population was primarily mono-
nuclear, but there was evidence of significant numbers of bi- and

multinucleated cells. The cells also exhibited a range in size from
small and compact to large and blastic in appearance. This polymor
phic appearance has remained constant with continued cell passage.

Transmission electron microscopy (Fig. 3) revealed prominent en-
doplasmic reticulum in both mononuclear ANBL-6 cells as well as
binucleated ANBL-6 cells. Numerous mitochondria were present as

well as Golgi complexes. Russell bodies were evident in some cells,
and the nuclei display relatively disperse chromatin with prominent
nucleoli.

Effect of Various Cytokines on IL-6-driven ANBL-6 Cell Line

Proliferation. A number of cytokines were tested for their ability to
support ANBL-6 proliferation, and results from representative experi

ments are shown in Table 1.Among the cytokines examined, however,
IL-6 was the only cytokine that supported DNA synthesis in the

absence of additional cytokines. Moreover, when each cytokine was
examined for its ability to synergize with IL-6, most had no effect on
the level of IL-6-supported proliferation. IL-3 and GM-CSF were
observed to augment IL-6-dependent proliferation in some experi

ments, but these effects were modest and somewhat variable (Table 1;
data not shown). By contrast, several cytokines were found to have an
inhibitory effect on IL-6-driven responsiveness (IFN-y, TGF-ÃŸ,
TNF-a, and IFN-a). IFN-a had the greatest inhibitory effect on IL-
6-driven proliferation. There are conflicting reports in the literature
regarding the effects of IFN-a on myeloma cells (16, 17), as well as
the suggestion that the effects of IFN-a are determined by the con
centration used (17). Therefore, a range of IFN-a concentrations
(10-500 units/ml) were examined for effects on ANBL-6 prolifera
tion. However, IFN-a was never stimulatory at any concentration
tested when added in the absence of IL-6 and exhibited a dose-
dependent inhibitory effect on IL-6-driven proliferation (data not

Fig. 2. Morphology of ANBL-6 cell line.
Wright-Giemsa staining shows Ihe typical plasma-
cytic features of the ANBL-6 cell line (B) and
the similarity of appearance with the peripheral
blood plasma cells of Ihe patient at the time of
isolation (A ).

B
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Fig. 3. Transmission electron micrographs of
the ANBL-o cell line. A, original magnification X
12,500; A original magnification X K).(KX).

shown). In summary, these data indicate that IL-6 is the only cytokine

that can serve as a growth factor for this cell line in the absence of
other cytokines.

To examine in greater detail the IL-6 responsiveness of the ANBL-6
cell line, a dose-response experiment was performed. As shown in Fig.
4, the ANBL-6 cells proliferated significantly in response to concen
trations of IL-6 as low as 25 pg/ml. Moreover, addition of a neutral
izing monoclonal anti-IL-6 antibody completely ablated the IL-6-
drivcn DNA synthesis, even when concentrations of IL-6 as high as

1000 pg/ml were used.
Immunophenotyping of ANBL-6 Cell Line. In an effort to gain a

more precise understanding of the state of maturation of this myeloma
cell line, the cells were analyzed for expression of a variety of mark
ers. These results are summarized in Table 2. Of importance for
functional studies, the cells were Epstein-Barr virus nuclear antigen
negative. The cells were also uniformly negative for T-cell markers
(CD2, CD3, CDS) as well as a number of pan-B-cell antigens (CD 19,

CD20, CD21, CD22, CD23). As expected, the cells were negative for
expression of both heavy and light chain determinants on the surface
of the cell but remained positive for cytoplasmic light chains (A).
CD38 and CD54 have often been found on myeloma cells by others,
and both markers were found to be expressed by this cell line, in
addition to CD10 (CALLA), CD32, and CD40. It is interesting to note
that, although the cells were positive for expression of the Tac antigen
(CD25), the cells failed to demonstrate a proliferative response to IL-2

(Table 1).
The ANBL-6 cells were also assessed for expression of a variety of

adhesion molecules. Consistent with normal plasma cells, the
ANBL-6 cells lacked expression of both LFA-la (CDlla) and
LFA-lÃŸ (CD 18). In addition, this cell line failed to express the
LFA-la chain found on normal cells of the monocytic lineage
(CDlib). Similarly, the cells also did not express VLA-5 (CD49e) or

the neural cell adhesion molecule, CD56. By contrast, adhesion mol
ecules that were expressed by the ANBL-6 cells included the lym
phocyte-homing receptor, CD44, intercellular adhesion molecule-1

(CD54), the common ÃŸchain of VLA adhesion molecules (CD29),
and the a chain for VLA-4 (CD49d).

Ploidy Analysis and Cytogenetic Studies. DNA aneuploidy is a
common tumor cell marker of myeloma cells. It was, therefore, of
interest to determine the ploidy of the ANBL-6 cell line. Ploidy
analysis of the ANBL-6 line was accomplished by flow cytometric
analysis of propidium iodide-stained cells, and it can be seen in Fig.

5 that there was evidence for both diploid and tetraploid cells. Con
sidering the clonality of the cells at the level of immunoglobulin gene
rearrangement, we were surprised to find evidence of two discrete cell
populations of different DNA content.

Table I Effect of various cytokint's on ll.-6-itriven ANBL-o prolift'ralion

Experiment Cytokine Nil 11.-ft

1 Nil
IL-la
IL-IÃŸ
IL-3
IL-4
IFN-y
Leukemia inhibitory factor
TGF-ÃŸ

2 Nil
IFN-a

3 Nil
GM-CSF
TNF-a

4 Nil
IL-2
IL-K)

[3]Thymidine Incorporation (cpm X 10 3)

0.2 Â±0.1" 21.2 Â±1.6

0.2 Â±0.1 21.8 Â±0.5
0.1 Â±0.1 24.5 Â±1.5
0.4 Â±0.1 22.2 Â±2.6
0.2 Â±0.1 23.6 Â±0.6
0.3 Â±0.1 14.9 Â±0.6
0.3 Â±0.1 24.7 Â±0.9
0.2 Â±0.1 8.3 Â±0.5
0.2 Â±0.1 28.3 Â±0.1
0.1 Â±0.1 2.8 Â±0.3
1.2 Â±0.2 35.7 Â±0.9
1.6 Â±0.2 41.2 Â±1.0
1.2 Â±0.1 27.4 Â±1.6
0.3 Â±0.1 46.0 Â±0.1
0.4 Â±0.1 47.5 Â±0.8
0.5 Â±0.1 44.3 Â±0.7

" Mean Â±SEM. |3H]Thymidine incorporation (cpm X 10 3).
ANBL-ft cells were washed three times prior to culturing 2 X IO4 cells/well (experi

ments 1-3) or 5 X IO4 cells/well (experiment 4) with various cytokines at concentrations
described in "Materials and Methods." [^Hlthymidine incorporation was assessed after a

3-day incubation.

Karyotypic analysis of the ANBL-6 cell line (Fig. 6, Table 3)

confirmed the existence of two distinct karyotypes with one display
ing a near-diploid modal chromosome number and the other display
ing a near-tetraploid modal chromosome count. A total of 10 meta-

phases were analyzed, and each cell had several numeric and
structural abnormalities. Of interest, several of the numeric and, in
particular, several of the structural changes were shared in both karyo
types (Table 3), thereby demonstrating a clonal relationship between
the two subclones.

Intraclonal Stability of the Near-Diploid Population. After we

discovered the existence of two subclones, experiments were next
performed to determine the stability of the DNA content of the near-

diploid population, i.e., whether this population could serve as a stem
cell for the tetraploid population. To accomplish this, a vital DNA dye
was used to stain the cells and allow for flow cytometric isolation of
the near-diploid population. The FACS-selected near-diploid popula
tion was propagated in IL-6 for 1 month before ploidy analysis. As can

be seen in Fig. 7, the profile of the DNA content of this population
dramatically differed from the profile of the parent ANBL-6 line (Fig.
5) in that the vast majority displayed a near-diploid DNA content. This
observation was confirmed by the preponderance of signals for near-

diploid interphase nuclei based on fluorescent in situ hybridization
analysis using a-satellite probes specific for chromosomes 4 and 12
(data not shown). These results support the conclusion that the near-
diploid cells do not function as stem cells for the near-tetraploid

population. Of interest, however, we have observed that the proportion
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200 400 600 800 1,000

IL6, pg/mL
Fig. 4. Dose-response curve of ANBL-6 cell line to IL-6. ANBL-6 cells were cultured

at 2 X IO4 cells/well with or without varying concentrations of IL-6 in the absence (O)
or presence of a neutralizing monoclonal antibody to IL-6 (â€¢).Point, mean; bar, SD.

Table 2 Phenolype of ANBL-6 cell line

Pattern of expression

NegativeCD2CD3CD5CDllaCDllbCD18CD19CD20CD21PositiveCD10CD25CD29CD38CD40CD44CD49Â«CD54Cytoplasmic

A
CD23
CD45
CD49e
CD56
CD73
Surface immunoglobulin
Epstein-Barr virus nuclear antigen

Epstein-Barr virus nuclear antigen was determined by immunofluorescence techniques
and scored as positive or negative. Surface antigen expression was determined by flow
cytometry using monoclonal antibodies described in the text.

of near-diploid cells in this cell line decreases with continued passage
(results not shown), suggesting that the near-tetraploid population has

a growth advantage. Nonetheless, after many passages, there is still
evidence of the near-diploid population, supporting the conclusion
that this population is IL-6 responsive and proliferates in culture,
albeit at a slower rate than the near-tetraploid population.

Correlation of the Clinical Course of Patient A. N. with Relative
Proportions of the Near-Diploid and Near-Tetraploid Subclones.
In a retrospective study designed to gain insight into the relationship
between the two subclones during disease progression, cryopreserved
aliquots of bone marrow aspirate from patient A. N. were analyzed for
DNA ploidy. The histograms shown in Fig. 8 depict the DNA content
of the cytoplasmic A-expressing tumor cells, thereby eliminating a

potential bias introduced by nonmyeloma cells. The first sample ana
lyzed in this series (Fig. 8A) was obtained at a time of relapse, and
there was clear evidence of an apparent 4 N myeloma cell population
(38%). The PCLI at this time was 3.3%. On the basis of the PCLI, it
is unlikely that the cells displaying a 4 N DNA content represent cells
with a diploid or near-diploid DNA content that are in the G2 + M

phase of the cell cycle. Instead, it is likely that the 4 N population
represents the in vivo correlate of the near-tetraploid population iden

tified in vitro. The patient was treated at this time, and the following
three bone marrow aspirates, obtained over a period of 2 years, indi
cated a lower percentage of apparent 4 N cells (Fig. 8: B, 19% 4 N,
1.0% PCLI; C, 23% 4 N, 1.2% PCLI, and D, 25% 4 N, 0.2% PCLI).
The patient subsequently relapsed again, with a dramatic shift noted in

the proportions of the 2 N and 4 N populations (Fig. 8Â£,81% 4 N,
0.8% PCLI). At the last time, the apparent 4 N population still pre
dominated (Fig.SF, 64%, 4% PCLI) over that of the 2 N population.
In addition, there was a notable increase in cells with an apparent 8 N
DNA content at this time. These results suggest that there was a
correlation between clinical relapse and the relative proportion of
myeloma cells with an apparent 4 N DNA content.

The gradual accumulation of near-tetraploid cells in the ANBL-6

cell line over time and the correlation observed between clinical
course and tumor cell DNA ploidy together suggested that the near-

tetraploid cells have a growth advantage. To test this hypothesis, the
vital DNA dye was used to separate the apparent 2 N, 4 N, and 8 N
populations observed in the March 31, 1992, bone marrow aspirate
(Fig. 8F). When these three sorted populations were placed in culture
in the presence or absence of IL-6 and assayed for DNA synthesis 3

days later, all 3 populations were observed to synthesize DNA in
response to IL-6. However, the greatest stimulation index in response
to IL-6 was displayed by the 4 N cells (54- versus 19-fold in the 2 N
cells and 31-fold in the 8 N cells; results not shown). These results
support the conclusion that both aneuploid subclones are IL-6 respon

sive; however, the tetraploid subclone displays a greater proliferative
response to IL-6.

DISCUSSION

In this paper, we describe the establishment of a new human my
eloma cell line, ANBL-6, and report the comprehensive characteriza

tion of this cell line at both the phenotypic and genotypic levels. Study
of the biology of the ANBL-6 cells demonstrated the absolute depen
dence of this cell line on IL-6 for sustained proliferation, thus making

this cell line a valuable tool for future studies. Of even greater interest,
establishment of this cell line was crucial in allowing the demonstra
tion of coexisting near-diploid and near-tetraploid subclones within an

otherwise clonal population. Furthermore, in retrospective studies,
we were able to document the coexistence of myeloma cells with
differing DNA contents in fresh patient material and to correlate the
growth advantage displayed by the near-tetraploid ANBL-6 sub-

clone in vitro with an apparent growth advantage of the 4 N tumor
population in vivo.

Human multiple myeloma cell lines have been established previ
ously by other investigators, and the reports are too numerous to cite
individually. However, there are examples of both IL-6-dependent

myeloma cell lines as well as lines that proliferate in an apparently
autonomous fashion. In this report, demonstration of the dependence
of the ANBL-6 cell line on IL-6 for continued growth is consistent
with the demonstration that IL-6 functions as a growth factor for
freshly isolated myeloma cells (1, 18-20). The response of the

2
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DNA content
Fig. 5. DNA ploidy analysis of the ANBL-6 cell line. ANBL-6 cells were stained with

propidium iodide as described in "Materials and Methods" and analyzed on the FACS for

DNA content.
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Fig. 6. Representative karyotypes of the near-diploid popu
lation M ) and the near-tetraploid population (B) in the
ANBL-6 cell line.

B

Table 3 Karyotypes of ANBL-6 cell line

No. of
spreads Mode Karyotypc

3/10 44 X,-X,-l,t(3;9Xp21;ql2),dcr(6)t(l:ft)(qll;ql3),der(?8)l
(8;?X?p 11.1:?).-9,der( 10)1(9;1OXq13:q26),-13.-14x2,der
( 15)t( 15;?Xq 1?5;?),-17,-22,+ 7mar[cp3]

7/10 87-88 XX,-Xx2,-lx2,-5,der(6)t(l;6Xql I;ql3)x2,dcr(?8)t(8;?)
(?pll.l;?)x2,-9x2.der(IO)t(9;IO)(ql3;q26)x2,-13x2,-14x3,-15,der(15)t(15;?Xql?5;?),-17x2,-22x2.+ 15-17mar[cp4]

ANBL-6 cell line to other cytokines also resembled the reported
responsiveness of freshly isolated myeloma cells. For example, IL-3
and GM-CSF have each been reported to augment IL-6-mediated

proliferation of myeloma cells (19, 20), and a similar effect was
observed in this study, albeit modest, at best. Also of interest was the
observed antagonistic effects of IFN-y, TNF-a, TGF-ÃŸ,and IFN-a on
IL-6-driven proliferation. All four of these cytokines have been re
ported to be capable of negative regulation of cell growth by mecha-

nism(s) that are not yet fully elucidated (21). The results obtained
with IFN-a, however, are in contrast with a recent study by Jourdan
et al. (16) demonstrating that IFN-a induced autocrine production of
IL-6 in 5 of 6 myeloma cell lines. It is possible that the ANBL-6 cell

line shares some characteristics with the nonresponsive line reported
in that study. The inhibitory effects of IFN-a were, however, similar

to other published studies analyzing in vitro myeloma cell respon
siveness (17) as well as in vivo studies utilizing IFN-a as therapy

(reviewed in Ref. 22).
An extensive characterization of the surface phenotype of this cell

line was also performed. The surface phenotype of myeloma cell lines

and freshly isolated myeloma cells has been the subject of an exten
sive number of previous studies. Because of the usual restricted lo
calization of myeloma cells to the bone marrow, it has been postulated
that expression of adhesion molecules may play a pivotal role in
retention of myeloma cells in this environment. Indeed, the ANBL-6

cell line was shown to express several adhesion molecules, including
the lymphocyte-homing receptor, CD44, the intercellular adhesion
molecule-1, CD54, and both the common ÃŸchain of VLA adhesion
molecules and the a chain specific for VLA-4, the adhesion molecule

0)
Â¿3

"55

Ãœ

DNA content

Fig. 7. DNA ploidy analysis of the sorted near-diploid population. ANBI.-ii cells were
stained with the vital Hoechst 33342 DNA dye as described in the texl. and the near-
diploid population was sorted using the flow cytometer. One month after propagation of
this population of cells in IL-h. DNA contenÃwas again analyzed using the Hoechst 33342
DNA dye.
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Relative Tumor Cell DNA Content
Fig. 8. Sequential ploidy analysis of eytoplasmic A-positive cells from patient A. N. bone marrow. Bone marrow cells were reacted with fluorescein-conjugaled anti-A and

counterstaineu with propidium iodide. Histograms reflect the DNA content of only the eytoplasmic A-expressing myeloma cells. The percenlage of plasma cells identified on smear
were: A, 27; B, 12; C, 25; D, 10; E, 26; and F, 90. Dates of relapse in patient A. N. during this sequential study were March 9, 1987, February 21, 1991, and March 31, 1992.

responsible for binding to fibronectin. Expression of these molecules
is consistent with several published studies (23-25). Despite this
consistency, the ANBL-6 cells failed to express N-CAM (CD56),

CD 11a, CD lib, or CD 18, all of which are adhesion molecules that
have been reported to be expressed on some myeloma cell lines (25).
Regarding this discrepancy, however, there is also ample evidence of
surface phenotype heterogeneity in myeloma cells (24). It is also of
interest to point out that the phenotype of the ANBL-6 cell line was

indistinguishable from the phenotype of the cell line that was estab
lished from the bone marrow of this same patient (ANBM-6).4 In

summary, it is not yet known which of these surface molecules, if any,
play a role in the pathogenesis of the disease.

The analysis of DNA content has been proven to be a useful marker
of malignancy when the tumor exhibits abnormal ploidy (3, 4, 10-12).

Coexisting myeloma cells with differing DNA contents have also been
previously reported to occur in a significant percentage of patients (3,
6, 8-11). The relationship between the diploid or near-diploid cells

and hyperdiploid cells in these patients has been suggested to be
Llon.il. however, this putative clonality has not been directly examined
at the molecular level before, primarily because of the difficulty
encountered at isolating sufficient quantities of both populations of
cells that would permit such analysis. The ANBL-6 cell line, however,

represents an in vitro correlate of myeloma tumors that display
biclonality at the DNA level.

In this study, we have demonstrated that coexisting near-diploid and
near-tetraploid cells in the ANBL-6 cell line have undergone identical
rearrangements at the level of both heavy and light chain immuno-

globulin gene loci. In addition, phenotypic analysis suggested that the
two populations express similar surface markers as there was no
evidence of subpopulations. The stability of the sorted near-diploid

cells over time suggests that the near-diploid cells do not serve as an

immediate stem cell for the tetraploid cells. Instead, because both
populations share similar cytogenetic abnormalities, it is postulated
that the two populations reflect the consequences of an event(s) that
occurred at some unknown point in the development of the tumor. It
has been suggested by Epstein et al. (12) that, in cases of aneuploid
myeloma, there is a diploid tumor progenitor cell compartment that
serves as stem cells for the aneuploid population. Although analysis of
the ANBL-6 cell line does not directly address the issue of a diploid
stem cell, it does raise the possibility that a putative diploid or near-

diploid stem cell may actually be a variant of the myeloma tumor it
self. DNA content was determined by flow cytometry in that study,
and it has also been reported that cells involving only a small
difference in DNA content may be difficult to discern from normal
diploid cells (5).

A retrospective study of the ploidy of the bone marrow of patient A.
N. prompted by the findings obtained with the cell line revealed an
interesting relationship between the number of tumor cells with an
apparent 4 N DNA content and clinical stage of the disease. Thus, at
an earlier stage in the clinical course, the patient responded to treat
ment, and this was accompanied by a decrease in the proportion of the
tumor cells that displayed a 4 N DNA content. A dramatic increase in
the proportion of cells with 4 N DNA content coincided with a
subsequent clinical relapse; treatment at this time was apparently
ineffective as judged by another clinical relapse within 1 year and by
the maintained presence of high numbers of tumor cells with a 4 N
DNA content. It was also notable that there was an increase in cells
with an apparent 8 N DNA content at the last time. It is possible that
this reflects a greater percentage of the near-tetraploid cells actively

traversing the cell cycle. It is not possible to directly compare the
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karyotypes of the two subclones in the ANBL-6 cell line with the

karyotypes of the 2 N and 4 N tumor populations observed in the
sequential study. However, it is important to emphasize that there was
clear evidence of the coexistence of two subclones in vivo as well.
Furthermore, preliminary results obtained when the March 31, 1992,
bone marrow aspirate was separated on the flow cytometer after
staining with a vital DNA dye suggested that the near-tetraploid
population displayed a greater proliferative response to IL-6 than the
near-diploid population. These results are consistent with the hypoth
esis that the near-tetraploid cells displayed a growth advantage

in vivo as well.
Potential mechanisms explaining clonal evolution that could ac

count for increased DNA content remain unknown at this time. How
ever, Laneuville et al. (26) recently demonstrated that transfection of
a murine IL-3-dependent myeloblastic cell line with cDNA for a
210-kDa protein (p2\()bcr/ab! ) with constitutive protein kinase ac

tivity afforded the cells a proliferative advantage in vitro. More im
portant, expression of this protein, which results from a chromosomal
translocation, also resulted in karyotypic instability. Thus, it is pos
sible that a similar, early genetic event occurs in myeloma with direct
consequences on the evolution of the myeloma cells into aneuploid
tumor cells. In this regard, it has recently been suggested that defects
in p53 may be responsible for the genomic instability of various
malignancies (27). The ANBL-6 cell line expresses p53 mRNA,4 and

this result is consistent with other studies demonstrating the overex-

pression of p53 in myeloma (28, 29). Of interest, the frequency of p53
mutations has been reported to be elevated in advanced stages of
disease (30). Abnormal p53 expression in myeloma may, therefore,
play a role in development of aneuploidy. We are currently investi
gating whether p53 expressed by the ANBL-6 cell line is normal or

has undergone mutation(s). Finally, the ras oncogene is frequently
mutated in myeloma (31), and it was shown that overexprcssion of
oncogenic p21 raÃin N1H 3T3 fibroblasts altered chromosomal move
ment, thereby increasing the chance of aneuploidy (32). Of further
interest concerning the ras oncogene, it has been reported that in
myeloma patients with both diploid and hyperdiploid plasma cells,
p21 ras expression was higher in the hyperdiploid population (10).
These results suggest that increases in p21 ras expression parallel the
progressively malignant behavior of myeloma cells.

In summary, we have described the establishment of a new human
myeloma cell line. The biclonality of the cell line at the level of DNA
content provides important insight into the relationship between dip
loid and aneuploid cells in an otherwise clonal tumor. The results
demonstrate the dynamics of these two subclones and furthermore
correlate the appearance of these two subclones with the clinical
course. The establishment of the cell line from the patient that was
studied in this report was crucial in demonstrating that the 2 N com
ponent of the tumor was not a normal diploid stem cell for the aneu
ploid (4 N) subclone but, instead, was also aneuploid. Moreover, the
two aneuploid subclones were directly shown to be clonally related.
Finally, the biological characteristics of this cell line suggest that this
cell line will prove useful in further studies probing the abnormali
ties associated with malignant plasma cells in multiple myeloma.
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