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ABSTRACT

Interleukin 6 (IL-6) serves as a growth factor for mouse plasmacyto-
mas. As a model for IL-6-mediated growth of plasmacytomas, we study
IL-6-dependent B-cell hybridomas, which can be generated through fu

sion of B lymphocytes with a plasmacytoma cell line, e.g., SP2/0. In the
present report, we have investigated the peculiar behavior of B-cell hy
bridomas with respect to IL-6 dependence. We demonstrate that although
newly generated hybridomas are IL-6 dependent, many hybridomas lose

this dependency at frequencies as high as 50%, shortly after fusion. We
speculated that the loss of IL-6-dependent growth is due to the well-known
chromosomal instability of B-cell hybridomas. Consequently, loss of IL-6

dependence is the result of loss of a specific chromosome(s). This model
implies the existence of an "IL-6 dependency" gene, the loss of which

makes hybridomas capable of proliferating in the absence of IL-6. Because
SP2/0 is IL-6 independent, the IL-6-dependent phenotype of B-cell hybri
domas, and hence the IL-6 dependency gene, must be derived from the B

lymphocyte.
We have tested this model by generating human/mouse B-cell hybrido

mas through fusion of human B lymphocytes with SP2/0. We then ana
lyzed the human chromosome content of 10 IL-6-dependent and 14 IL-6-

independent subclones. From that analysis we concluded that the presence
of human chromosome 21 correlated with IL-6 dependence. This corre

lation was confirmed by microcell fusion experiments in which a single
copy of chromosome 21 was introduced into IL-6-independent hybrido
mas, resulting in reconstitution of the IL-6-dependent phenotype. We
therefore conclude that chromosome 21 carries an IL-6 dependency gene.

IL-6-dependent phenotype of B-cell hybridomas must be derived from
the splenic B cells. Furthermore, the IL-6-dependent phenotype of the
normal B cell is genetically dominant over the IL-6-independent
phenotype of SP2/0. We speculate that the rapid loss of IL-6-depend-

ent growth is due to chromosomal instability (9). Thus, we propose
that the loss of a specific chromosome(s) leads to loss of IL-6-

dependent growth and that this chromosome must be derived from the
normal B cell. If true, this model implies the existence of a specific
gene (product), which confers IL-6 dependence upon a B-cell hybri-
doma, whereas its absence allows B-cell hybridomas to proliferate in
the absence of IL-6.

In the present report, this model was tested by analyzing human/
mouse B-cell hybridomas, which were generated through fusion of

human splenic B cells with SP2/0. We show that, similar to mouse
B-cell hybridomas, these human/mouse B-cell hybridomas are IL-6
dependent initially but become IL-6 independent shortly after fusion.
Analysis of the human chromosome content of both IL-6-dependent
and -independent subclones indicated a strong association between
IL-6-dependent growth and the presence of human chromosome 21.
Definite proof of a causal relationship between IL-6 dependence and

chromosome 21 was derived from microcell fusion experiments in
which a single copy of chromosome 21 was introduced into IL-6-
independent cells, resulting in restoration of IL-6-dependent growth.
We conclude that the IL-6 dependency gene maps to chromosome 21.

INTRODUCTION

The pleiotropic cytokine IL-64 serves as a growth factor for mouse

plasmacytomas (reviewed in Ref. l ). B-cell hybridomas, generated by

fusion of splenic B cells with a plasmacytoma cell line, e.g., SP2/0,
are also IL-6 dependent (2-8). However, these cells show a unusual
behavior with respect to their requirement of IL-6. Although they are
IL-6 dependent initially, IL-6 can generally be omitted from the
culture medium upon further expansion, and IL-6-independent cells
can easily be obtained. The ease with which B-cell hybridomas can be
made IL-6 independent suggests that loss of IL-6 dependence occurs

at high frequency.
To explain the initial IL-6 dependence of B-cell hybridomas and

subsequent rapid conversion to IL-6 independence, we propose the
following model. Because SP2/0 grows independently of IL-6, the
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MATERIALS AND METHODS

Generation of Human/Mouse B-Cell Hybridomas. Human female sple
nic cells were stored in liquid nitrogen until fusion. Cells (3 x IO8) were
thawed, washed, and mixed with IO8 SP2/0 cells (6) that had been cultured in
Iscove's modified Eagle's medium, 5% PCS, 5 X 10~5 M ÃŸ-mercapto-ethanol,

100 lU penicillin, and 100 ;u,g/ml streptomycin (culture medium). Fusion was
performed as described elsewhere (10). After fusion, cells were plated in
culture medium at IO5, 3 X IO4, and IO4 cells/well. Selection was started the

following day by adding hypoxanthine, aminopterin, and thymidine to final
concentrations of 10~4 M, 4 X 10~7 M, and 1.6 X 10~5 M, respectively. Five

hundred pg/ml recombinant human IL-6 were added to the culture (5). To
determine the frequency at which IL-6-independent variants arise in cultures of
the parental cells, individual clones were expanded to ~106 cells in the

presence of IL-6. Subsequently, cells were cultured in 96-well. flat-bottomed
microtiter plates at 500, 100, 20, and 4 cells/well in the absence of IL-6. For

correction of cell counting errors and/or loss of cell viability, additional
cultures were set up in the presence of IL-6 at 9, 3, 1, and 0.3 cells/well. After

2 weeks, wells with growing cells were scored. For the establishment of both
IL-6-independent and IL-6-dependent daughter cells, parental clones were
selected that exhibited a frequency of IL-6-independent subclones arbitrarily
set at <10%. The IL-6-independent clones obtained in this manner were
designated I (for independent) and named after their IL-6-dependent parental
clone, followed by a hyphen and a number (e.g., 1.2-1 is an IL-6-independent
daughter cell of clone 2, 1.18-2 is derived from clone 18, etc.). Similarly,
IL-6-dependent (D.) subclones were also named after their parental clones,

followed by a slash and number (D.2/6 derived from clone 2. D.I8/2 from
clone 18 etc.).
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Reverse Chromosome Painting. The reverse chromosome painting exper
iments were performed following the protocol described by Liu et al (11).
Hybridized and stained slides were examined using a Zeiss fluorescence
microscope and Macprobe software (Apple Macintosh). For each probe, five
metaphase spreads were scored.

RT-PCR. For analysis of expression of various genes, RT-PCR reactions

were performed. Total RNA was isolated using the RNeasy kit (Qiagen,
Hilden, Germany) according to the manufacturer's instruction. First-strand

cDNA was synthesized from 10 jug of RNA with a random primer in a total
volume of 50 fi\ and stored at 4Â°Cuntil use. Twenty-five Â¡uof PCR reactions

were done with 1 /j.1of cDNA as template in the presence of 2 mM MgCl2 and
primers at concentrations of 0.5-1.0 /J.M. Primers used were: human p53
(forward, S'-ATGGAGGAGCCGCAGTCAGA-S'; reverse, 'AAACCGTAG-
CTGCCCTGGTAGG-3'; 548 bp); Boxa (forward, 5'-TGAGCGAGTGTCT-
CAAGCGC-3'; reverse, 5'-CAATGTCCAGCCCATGATGG-3'; 247 bp); Bak
(forward, 5'-AAGGCTACATCCAGATGCCG-3'; reverse, 5'-GAACCA-
CACCCAGAACCACC: 772 bp); TRAIL (forward, 5'-AGGAAGGGCT-
TCAGTGACCG-3'; reverse, 5'-CCTCAAGTGCAAGTTGCTCAG-3'; 549
bp); BAG! (forward. 5'-AGGCATTCCTAGCCGAGTG; reverse, 5'-AATTC-
CGATCCAGAGACGG; 162 bp); SODI (forward, 5'-ATAATACGGCAG-
GCTGTACCAG-3'; reverse, 5'-ATGAGTTAAGGGGCCTCAGACT-3'; 399
bp); and mouse p53 (forward, 5'-TCACTGCATGGACGATCTGTTGC-3';
reverse, 5'-GATGATGGTAAGGATAGGTCGGCG-3'; 539 bp). Five fu of

PCR-product were analyzed on a 1.5% agarose gel. PCR-fragment sizes were
determined using a 100-bp DNA ladder as marker.

Microcell-mediated Chromosome Transfer. Transfer of a single human
chromosome 21 was done by microcell-mediated chromosome transfer fol

lowing the protocol described by McNeill Killary and Fournier (12) with some
modifications. Mouse A9 donor cells containing one copy of human chromo
some 21 tagged with a hygromycin B-resistance gene fused to a retroviral
thymidine kinase gene (Hytk-21 cells) were used as donor cells (13). The

microcells were resuspended and filtered through 8, 5 (twice), and 3 firn filters.
They were then pelleted at 1400 rpm and resuspended in Iscove's medium.
Recipient cells (2 X IO7) were washed three times in Iscove's medium, mixed

with the microcells, and pelleted at 1400 rpm. The pellet was resuspended in
200 /Â¿Iof 42% polyethylene glycol 4000 and fused for 45 s at room temper
ature and 45 s at 37Â°C.Cells were plated in 24-well tissue culture plates in
culture medium in the presence of 10 ng of IL-6/ml at 2 X IO5cells/well. After

24 h, selection was started by the addition of hygromycin B to a final
concentration of 1200 units/ml. Hygromycin B-resistant clones were main
tained in culture medium containing 10 ng of IL-6/ml and 400 units of

hygromycin B/ml.

RESULTS

Frequency of Loss of IL-6 Independence. We first determined
the frequency at which IL-6-independent subclones originate in cul
tures of newly generated conventional mouse B-cell hybridomas. A
l.d. analysis in the absence of IL-6 was performed on 10 randomly
picked clones. This frequency ranged from 8-50% in this experiment

(data not shown). These data confirmed our previous notion with
respect to the incidence of loss of IL-6 dependence and the mecha
nism underlying this phenomenon, i.e., loss of an IL-6 dependency

gene.
Generation of Interspecific Human/Mouse B-Cell Hybridomas.

As a first step toward identification of the IL-6 dependency gene, we

wished to determine its chromosomal localization through comparison
of the karyotypes of IL-6-dependent and -independent subclones.

However, such an analysis may not provide a conclusive answer,
because SP2/0 is aneuploid and may therefore obscure such an anal
ysis (8). To circumvent this problem, human/mouse B-cell hybrido

mas were generated through fusion of human splenic B lymphocytes
with SP2/0. To determine whether these interspecific hybridomas
behaved similarly to mouse hybridomas with respect to their IL-6
dependence (i.e., initial IL-6 dependence and rapid conversion to IL-6

independence), two independent experiments were performed. In each
experiment, human splenic lymphocytes were fused with SP2/0. After

fusion, samples were split in two, and one-half was cultured in the
presence of IL-6 and the other half without IL-6. The number of
clones obtained in the presence of IL-6 was increased 8- and 19-fold,

respectively, compared with cultures established in the absence of
IL-6 (data not shown). These relative numbers are similar to those
obtained with mouse B-cell hybridomas (data not shown) and lead to
the conclusion that by far the majority of human/mouse B-cell hybri
domas are IL-6 dependent. To determine the frequency at which
IL-6-independent subclones arise in these cultures, they were sub

jected to a l.d. analysis. Table 1 illustrates that this frequency ranged
from 0.1-100% and was of the same order of magnitude as that

observed for mouse hybridomas.
Because our model implies that the IL-6-dependent phenotype of

these human/mouse B-cell hybridomas is derived from the human B
lymphocyte, loss of IL-6 dependence must be due to loss of a human
chromosome. Hence we established from parental IL-6-dependent
clones both IL-6-dependent and -independent subclones to compare

their human chromosome content. However, the presence or absence
of the IL-6 dependency gene will not be the only chromosomal

difference between these two sets. Also other chromosomes, irrele
vant to the IL-6-dependent phenotype, will be lost. To increase the
likelihood that related IL-6-dependent and -independent subclones

would have the smallest difference in chromosome content as possi
ble, parental clones were selected for analysis that exhibited the
lowest frequency of loss of IL-6 dependence (arbitrarily set at <10%).
The rationale behind this approach is that in these clones the IL-6

dependency gene is lost in a relatively late stage of culture (reflected
by the low frequency of IL-6-independent subclones). Thus, chromo
somes irrelevant for the IL-6-dependent phenotype are lost prior to the
chromosome carrying the IL-6 dependency gene and will be absent
from both IL-6-dependent and -independent subclones. In this way,

they will not obscure the analysis.
Hypothetically, IL-6 independence could have originated from an

alteration leading to the autocrine production of IL-6. However,
culture supernatant from the IL-6-independent clones was repeatedly
negative in a sensitive IL-6 bioassay (Ref. 8 and data not shown).

Table 1 Frequency of IL-6-independent subclones in newly generated human/mouse
B-cell hybridomas

IL-6-dependent human/mouse B-cell hybridomas were expanded in the presence of
IL-6 until each clone reached a size of IO6 ceils. These were then subcloned under l.d.

conditions both in the presence and absence of IL-6. The frequency of clones growing
under each condition was calculated after 2 weeks.

Clone no."
Frequency*

Clone no.
Frequency

Clone no.
Frequency

1234567g91011121314151617Ig1922241000.51433501002070.110060.71430.50.5100.6171762526272g2930313233343537383940444546475051632517500.5100510035050350209500.93145053555758626364666g697071727374757679go81220414253315020100240.575050503394

a Name of the clone.

Incidence of IL-6-independent clones relative to the numbers of clones growing in
the presence of IL-6.
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Reverse Chromosome Painting Analysis. We analyzed the hu
man chromosome content of both IL-6-dependent and -independent

subclones by reverse chromosome painting (11). Fig. 1 shows repre
sentative examples of such experiments. Table 2 summarizes the

results and illustrates the human chromosome content of 14 IL-6-
independent and 10 IL-6-dependent human/mouse B-cell hybridomas.
From those data, we conclude that all human/mouse B-cell hybrido

mas have lost part of their human DNA complement, corroborating
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Fig. 1. Reverse chromosome paintings of human/mouse B-cell hybridomas. Representative examples of reverse elimmnsotne painting experiments ot human/mouse B-cell
hybridomas. Genomic DNA was isolated from the human/mouse B-cell hybridomas, and the human DNA was specifically amplified in a PCR-reaction using primers specific for human
Alu-repeat sequences. After labeling with biolin, these PCR products were used as probes in in situ hybridization experiments on metaphase spreads of normal human male cells.
Hybridized probes were visualized with FITC-labeled biotin. After hybridization, the chromosomes were counterstained with 4',6-diamidino-2-phenylindole to permit identification.

Total human placenta DNA was included as a control probe to verify that DNA from all chromosomes was amplified evenly. A second control was derived from the hybrid cell line
WEGROTH-B3, which contains chromosome 14 as its sole human constituent (Ref. 27 and data not shown). A, clone D.2/8; B. clone D.30/5; C. clone D.34/3; D. clone D.46/9. Left
panel, digital images of hybridization signal; muidle panel, inverse 4',6-diamidino-2-phenylindole-stainings of the same melaphases; right panel, karyograms of these clones.
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Table 2 Human chromosome contenÃof human/mouse B-cell Inbriaiimtis

Chromosome

1 10 13 15 16 17 18 19 20 21 22 X Y

IL-6-independent clones
1.2-1" +

1.8-1
1.12-1 +
1.14-1 + +
1.15-2 +
1.18-2 + +
1.24-1
1.25-1
1.30-4 +
1.32-1
1.34-1
1.44-1 +
1.46-2 +
1.47-1

IL-6-dependent clones
D.2/6
D.2/8
D.9/1 +
D.18/2 + +
D.18/4 + +
D.30/2 +
D.30/5 +
D.34/3 +
D.46/4 +
D.46/9 +

11, IL-6 independent; D. IL-6 dependent: +, presence of a specific chromosome species in a given clone as detected by reverse chromosome painting.

our premise and confirming previous observations (14). Because
reverse chromosome painting does not discriminate between the pres
ence of either one or two copies of a particular chromosome, it is not
possible to determine the absolute number of chromosomes retained
in each clone. With that restriction taken into account, however, the
human chromosome content of these clones appears to differ consid
erably. The two most striking examples are clone 1.8-1, which had lost
all human chromosomes, and clone 1.18-2, which had only lost chro

mosomes 21 and 22 (Table 2).
Interestingly, among these clones, there were five sets of related

clones, i.e., IL-6-dependent and -independent subclones derived from

the same parental clone. Comparison of the chromosome content of
three of these sets is illustrated in Table 3. The common denominator
in these sets is the presence of chromosome 21 in the IL-6-dependent
clones and its absence from the IL-6-independent clones.

Confirmation of the Reverse Chromosome Painting Results by
RT-PCR. To verify the reverse painting results, the same set of
clones was analyzed for expression of six human genes by RT-PCR,

i.e., TRAIL (chromosome 3), Bak (chromosome 6), BAG! (chromo
some 9), p53 (chromosome 17), Box (chromosome 19), and SOD!
(chromosome 21 ). The choice of these genes was based on their
ubiquitous expression pattern and known chromosomal localization.

Table 4 summarizes the results and illustrates that virtually all RT-

PCR results were consistent with the reverse painting results. Only 8
of 132 RT-PCR data were in conflict with the reverse painting results.

In three cases, a given chromosome was present, but no expression of
the corresponding gene was observed (chromosome VITRAILin 1.30-4
and chromosome \llp53 in 1.47-1 and D.2/8). We speculate that the

loci for these genes may have been deleted from these clones. The
reverse painting experiments also suggested evidence for occasional
deletions, because in some cases, chromosomes were not entirely
covered by the hybridization signal (e.g., chromosomes 4 and 7 in Fig.
1C). In contrast, in five instances, a chromosome was undetectable by
reverse chromosome painting, but expression of the corresponding
gene could be detected by RT-PCR (chromosome 6/Bak in 1.30-4,
chromosome 9/BAG1 in 1.2-1 and 1.44-1. chromosome \9/Bax in
D.30/5, and chromosome 21ISOD1 in 1.34-1). We suspect that these

chromosomes are present in only a fraction of the cells, below the
detection limit of the reverse chromosome painting.

Reconstitution of IL-6 Dependence by Chromosome 21. To
prove unequivocally that chromosome 21 specifies IL-6 dependence,
it was introduced into IL-6-independent cells (SP2/0 and 1.18-2)
through microcell-mediated monochromosome transfer (12). Three
hygromycin B-resistant clones were obtained from SP2/0 (S/21.1,

Table 3 Comparison of the human chromosome content of the subclones derived from clone 2. clone IH. and clone 46

Chromosome

10 11 12 13 14 15 16 17 18 19 20 21

Clone 2
D.2/6"

D.2/8
1.2-1

Clone 18
D.18/2
D.18/4
1.18-2

Clone 46
D.46/4
D.46/9
1.46-2

a D, IL-6 dependent; /, IL-6 independent; +, presence of a chromosome as assayed by reverse chromosome painting; +*, absence of a chromosome as determined by reverse

chromosome painting but positivity as determined by RT-PCR; ?, very weak hybridization signal in the reverse chromosome paint.
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Table 4 Comparison of reverse painting and RT-PCR results

Results are compared between the presence of a particular chromosome as determined in the reverse chromosome painting experiments and expression of individual genes, which
have been mapped to these chromosomes, as assessed by RT-PCR.

Chromosome

IL6-independent clones
1.2-1"

1.8-1
1.12-1
1.14-1
1.15-2
1.18-2
1.24-1
1.25-1
1.30-4
1.32-1
1.34-1
1.44-1
1.47-1

IL-6-dependent clones

D.2/6
D.2/8
D.9/1
D.I 8/2
D.I 8/4
D.30/5
D.34/3
D.46/4
D.46/93

6 9 17 1921Reverse

PCR Reverse PCR Reverse PCR Reverse PCR Reverse PCR Reverse PCR
paint TRAIL paint Bak paint BACI paint p53 paint Box paintSODI+

+ + + + + + + + + ? +

a I, IL-6 independent; D, IL-6 dependent; +, presence of a chromosome as determined by reverse chromosome painting or expression of a particular gene as tested by RT-PCR;

, negative result in either of these experiments.

S/21.2, and S/21.3) and two from 1.18-2 (18/21.1 and 18/21.2), which
were tested for IL-6 dependence by assaying cell viability after IL-6
removal. Fig. 2 illustrates that all five hygromycin B-resistant clones
died within three days after IL-6 withdrawal, at a rate comparable to

that of IL-6-dependent clones (e.g., clone D.I8/4). As a control for

this procedure, ruling out the involvement of mouse chromosomes,
another human chromosome was introduced into SP2/0 by microcell-

mediated transfer. In that experiment, chromosome 18 was randomly
chosen, and three clones were obtained, which did not die without
IL-6.

1 2

days without IL6

abed

human SODI

mouse p53

Fig. 2. Introduction of chromosome 21 into IL-6-independent hybridomas leads to recon
stitution of the IL-6-dependent phenotype. A survival curve of hygromycin B-resistant clones
after withdrawal of IL-6. The percentage of viable cells was measured using FDA/ethidium
bromide staining and is represented as percentages of control cultures of these clones grown
in the presence of IL-6. Clone S/18.1 is a representative of three clones derived from
introduction of chromosome 18 into SP2/0. B, detection of chromosome 21 by RT-PCR of
SODI (upper panel) or control mouse p53 (lowerpane!), a, Hytk-21; b, SP2/0; e, I.I8-2; d,

S/21.1; e, S/21.2;/ S/21.3; g, I8/21.1; h, 18/21.2; /, water control.

DISCUSSION

The Role of IL-6 in the Development of Plasmacytomas. The
role of IL-6 in the development of mouse plasmacytomas has been well

established. Many data on this issue have been obtained from the model
system developed by Potter and Wiener (1), in which plasmacytomas can
be induced in BALB/cAn mice by the i.p. administration of mineral oil.
In short, in this model high levels of serum IL-6 and deregulated expres
sion of the c-myc oncogene synergize in the development of plasmacy

tomas. For a long time, this synergy has remained elusive. Recent reports
have shed light on this issue, however, because it was realized that
deregulated c-myc expression leads to the induction of apoptosis (15-17).

In these studies, cytokines were shown to be capable of blocking this
c-myc-induced apoptosis in a cell type-restricted fashion (15, 18). Ap

plying these data to the plasmacytoma model, it follows that the high
levels of IL-6 may rescue the occasional plasma cell that is bound to
perish due to a deregulated c-myc expression. Thus, IL-6 supposedly
inhibits c-myc-induced apoptosis in plasmacytomas.

B-cell hybridomas can be studied as a model for IL-6-mediated

proliferation of plasma cells. In the present report, we have addressed
the peculiar behavior of B-cell hybridomas with regard to their initial
IL-6 requirement and rapid loss of this phenotype. The SP2/0 cell line
used for the generation of B-cell hybridomas is derived from the
plasmacytoma model and thus carries a deregulated c-myc gene,
which explains the initial IL-6 dependence of B-cell hybridomas. We
speculated that the subsequent conversion to IL-6 independence was
the result of removal of a proposed IL-6 dependency gene, derived
from the splenic B cell. SP2/0 itself is also an IL-6-independent B-cell
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hybridoma, because it is the result of the fusion of a plasmacytoma
cell line with a splenic B cell (6). We suspect that it also lost IL-6
dependence through chromosomal instability, which explains the re-
cessiveness of its phenotype, when fused to normal IL-6-dependent
B-cells. The dominance of the IL-6-dependent phenotype in this
system led us to propose the existence of an IL-6 dependency gene.

The IL-6 Dependency Gene Maps to Human Chromosome 21.
The present analysis has demonstrated that the IL-6 dependency gene

maps to human chromosomes 21. The observation that restoration of
IL-6 dependence by introduction of chromosome 21 can also be

achieved with SP2/0 demonstrates that no other human chromosomes
are required for reconstitution of IL-6-dependent growth. In fact, we

believe that this approach essentially identifies the human counterpart
of the gene that has been removed from SP2/0 (see above).

Nonetheless, we have identified four IL-6-independent hybridomas,

which still contain chromosome 21 (Table 2). As discussed in the
previous section, deletions may have occurred in these clones, result
ing in the loss of the putative IL-6 dependency locus. Analysis of

sequence tagged site content of these clones did not reveal any such
deletions (data not shown). Alternatively and more likely, IL-6 de
pendence may be due to the co-operated action of genes located on

different chromosomes. Accordingly, loss of either chromosome 21 or
any of these other chromosomes would then lead to loss of IL-6

dependence. No single human chromosome meets this criterion (Table
2). Thus, if this model is true, this chromosome must be of mouse
origin. This is in line with the observation that chromosome 21 is
sufficient to restore IL-6 dependence in SP2/0.

The Nature of the IL-6 Dependency Gene. We can only speculate
on the nature of the IL-6 dependency gene. As discussed above, it is
likely that in this model, IL-6 inhibits c-myr-induced apoptosis. These

data are consistent with the observed inhibition of apoptosis in hybrido
mas by IL-6 (19, 20).5 This may suggest that the IL-6 dependency gene

is an inducer of apoptosis, activatable by c-myc. Recently, c-myc-medi-

ated apoptosis was shown to act by sensitizing cells to killing by CD95L
and to require members of the cell death proteases (21, 22). Alternatively,
this gene may encode a negative regulator of the IL-6 signal transduction

pathway. Loss of such a negative regulator would lead to constitutive
activation of IL-6 signaling, making exogenous IL-6 dispensable. A
novel family of cytokine-inducible signaling inhibitors has been identi
fied recently (23-26). These molecules are attractive candidates as IL-6
dependency genes. No genes involved in apoptosis or inhibiting cytokine-
signaling have yet been mapped to chromosome 21 (e.g., http://ww-

w.ncbi.nlm.nih.gov/SCIENCE96/).
Because IL-6-dependent hybridomas, in contrast to IL-6-independ-

ent hybridomas, do not give rise to tumor development when injected
into healthy mice (unless IL-6 is provided), the IL-6 dependency gene

may be regarded as a tumor suppressor (7).
Our model provides the tools not only to identify the IL-6 dependency

gene but also to characterize the molecular sequence of events through
which the activity of this gene is regulated by IL-6. This will aid in

understanding the delicate balance between proliferation and apoptosis
and the way this balance may be disturbed in malignant cells.
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