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Summary:
Interleukin-6 (IL-6) is a major survival factor for malignant plasma cells involved in
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multiple myeloma. Using an RNase protection assay, we looked for gene expression
of 10 anti- and pro-apoptotic Bcl-2-family proteins in 12 IL-6-dependent human
myeloma cell lines (HMCL). A high Mcl-1 gene expression was found in all HMCLs
and the other genes were variably expressed. Out of the 10 Bcl-2-family members,
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only the Mcl-1 gene was regulated by IL-6. Upon starvation of IL-6, Mcl-1 gene
expression decreased in association with myeloma cell apoptosis and was upregulated after adding IL-6 again in association with myeloma cell survival. A
constitutive Mcl-1 expression was induced with an Mcl-1-GFP retrovirus in two IL-6dependent HMCLs. The Mcl-1 HMCLs have a marked reduced apoptosis upon IL-6
starvation compared to HMCLs transduced with control GFP retrovirus and may grow
without adding IL-6. These data emphasize the major role of Mcl-1 anti-apoptotic
protein in the IL-6-induced survival of human myeloma cells.
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Introduction
Human myeloma cells survive and proliferate in close contact with bone marrow stromal
cells (Klein et al., 1989; Uchiyama et al., 1993; Lokhorst et al., 1994). Interleukin-6 (IL-6)
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is one of the survival factors delivered by stromal cells. In particular, myeloma cell lines,
whose growth is strictly dependent on addition of exogenous IL-6, can be obtained from
patients with extramedullary proliferation (Shimizu et al., 1989; Zhang et al., 1994;
Westendorf et al., 1996). These IL-6-dependent myeloma cell lines are a model of

inserm-00130855, version 1

choice to study the mechanisms of IL-6-induced survival and proliferation. After a long
period of culture in vitro, IL-6-dependent cell lines may grow autonomously, probably
due to additional mutations, as illustrated for the U266 cell line (Spets et al., 1997).
Myeloma cells have been shown to express several anti-apoptotic proteins, namely Bcl2, Bcl-xL and more recently Mcl-1 (Hamilton et al., 1991; Pettersson et al., 1992;
Harada et al., 1998; Puthier et al., 1999b; Jourdan et al., 2000). IL-6 activates the
JAK/Stat pathway (De Vos et al., 2000), in particular Stat3, and Stat3-binding motifs are
present in the promoter region of Bcl-xL (Catlett-Falcone et al., 1999) and Mcl-1 (EplingBurnette et al., 2001a). Using dominant-negative Stat3 protein, Catlett-Falcone et al.
have shown that Bcl-xL was regulated by Stat3 in the U266 cell line (Catlett-Falcone et
al., 1999). In other studies, Puthier et al. have shown that Bcl-xL was also regulated by
IL-6 in the MDSN cell line through activation of the JAK/Stat pathway, unlike the MAP
kinase pathway (Puthier et al., 1999a). With a large panel of 10 human myeloma cell
lines, we also found that Bcl-2, Bcl-xL and Mcl-1 proteins were expressed in most cell
lines (Jourdan et al., 2000). However, we found that only Mcl-1 expression was
regulated by IL-6 or IFN-alpha in association with their anti-apoptotic effect. Our data
suggest that Mcl-1 was the major mediator of the survival activity of IL-6 or IFN-alpha.
Mcl-1 was recently shown to have a role in myeloma survival for three autonomously
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growing cell lines (Derenne et al., 2002). In this study, oligonucleotide antisenses to
Mcl-1 were able to induce the apoptosis of these three cell lines. Oligonucleotide
antisenses to Bcl-xL or Bcl-2 had no effect. These data are emphasized by the recent
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demonstration that Mcl-1 was involved in the actinomycin D-induced apoptosis of
myeloma cells (Zhang et al., 2002). This contribution of Mcl-1 in myeloma cell survival
was shown with autonomously growing myeloma cell lines because they can be easily
transfected with oligonucleotide antisenses or vectors. Thus a role for Mcl-1 in the
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survival of myeloma cells that is strictly dependent on the addition of exogenous IL-6,
similar to primary myeloma cells, still remains to be demonstrated.
In the present study, we have shown by RNase protection assay that, among 10 genes
coding for anti- or pro-apoptotic proteins, only the Mcl-1 gene was regulated by IL-6 in
cytokine-dependent myeloma cell lines. In addition, we show that a constitutive Mcl-1
expression makes survival of myeloma cells possible in the absence of IL-6. These data
demonstrate that Mcl-1 is one of the major anti-apoptotic mediator induced by IL-6 in
myeloma cells.
Results
Expression of Bcl-2 family genes in myeloma cells.
In order to identify which member of the Bcl-2-family proteins are involved in
myeloma cell survival, we used a sensitive RNase protection assay (RPA). This assay
makes it possible to detect genes coding for five anti-apoptotic proteins (Bcl-w, Bcl-xL,
Bfl-1/A1, Bcl-2 and Mcl-1) and five pro-apoptotic proteins (Bcl-xS, Bid, Bik, Bak and
Bax). The RPA was performed in 12 IL-6-dependent HMCLs (XG-1-XG-16), two
autonomously growing HMCLs (U266 and RPMI8226) and two EBV-transformed
lymphoblastoid cell lines (LCL-TR and LCL-BR). The Mcl-1 gene was expressed in
14/14 HMCLs and in the two LCLs (Figure 1). Bcl-xL and Bcl-w were also expressed in

4

a majority of HMCLs. A1 was not expressed in HMCLs (0/14), contrary to LCLs. These
data fit our recent observation of a loss of A1 gene expression during differentiation of B
cells into plasma cells detected with the Affymetrix microarray (Tarte et al., 2002). Bcl-2
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was weakly expressed in the majority of HMCLs, unlike XG-5. This is in full agreement
with our previous data showing a high level of Bcl-2 protein in XG-5 cells (Jourdan et al.,
2000). Concerning the pro-apoptotic genes, an expression of Bax, Bak and Bid genes
was found in a majority of HMCLs. The expression of Bcl-xS and Bik genes was weaker
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and detected in few HMCLs.
Regulation of Bcl-2 family genes by IL-6.
We looked for a regulation of the 10 Bcl-2 family genes in two IL-6-dependent
HMCLs. These two HMCLs rapidly apoptosed after removal of IL-6 (Jourdan et al.,
2000). They were starved of IL-6 and IL-6 was added again for 6 hours. Figure 2 shows
an RPA of one representative experiment and Figure 3 the scanned results of three
different experiments performed with the two HMCLs. Results show that only the Mcl-1
gene was significantly up-regulated upon IL-6 stimulation (P = 0.03). In particular, we
found no regulation of the Bcl-xL gene (P = 1.0), in agreement with our previous data
obtained by Western blot (Jourdan et al., 2000). We also found no regulation of the
genes coding for the eight other Bcl-2 family-member genes (Figures 2 and 3).
Constitutive expression of Mcl-1 in myeloma cells transduced with an Mcl-1 retrovirus.
The IL-6-dependent HMCLs are a choice model to study the biology of
myeloma cells. In order to look for a biological role of Mcl-1 in their survival, we
transduced two strictly IL-6-dependent HMCLs with a control green fluorescent protein
(GFP) retrovirus or an Mcl-1-GFP retrovirus. We used retroviruses because these cell
lines cannot be efficiently transfected with expression vectors or oligonucleotide
antisenses. After selection with G418, both HMCLs highly expressed GFP as indicated
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by FACS analysis (Figure 4A). All cells, when cultured with exogenous IL-6, expressed
Mcl-1 protein but XG-1Mcl-1 and XG-6Mcl-1 cells expressed a higher level of Mcl-1
whereas Bcl-xL levels were similar (Figure 4B). In order to show the reproducibility of
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obtaining Mcl-1 transfectants, five independent transductions were performed with XG-6
cells. After selection with G418, we obtained five XG-6 HMCLs transduced with the GFP
control retrovirus and five XG-6 HMCLs transduced with the Mcl-1-GFP retrovirus. The
10 XG-6GFP and XG-6Mcl-1 HMCLs expressed GFP and the five XG-6Mcl-1 cell lines
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overexpressed Mcl-1 similar to the XG-6Mcl-1 HMCL shown in Figure 4A and 4B
(results not shown).
Constitutive expression of Mcl-1 reduced apoptosis in IL-6-deprived myeloma cell lines
and induced IL-6-independent growth.
We then conducted experiments to determine the effects of a constitutive
Mcl-1 expression in the survival of XG-1 and XG-6 HMCLs. As shown in Figure 5,
removal of IL-6 led to a rapid loss of Mcl-1 protein in the XG-6GFP and parental XG-6
cell lines. No down-regulation of Mcl-1 was found in XG-6Mcl-1 cells. In agreement with
our previous data, no down-regulation of Bcl-xL was observed in the parental XG-6, XG6GFP and XG-6Mcl-1 cells after IL-6 starvation. Similar results were found for XG-1GFP
and XG-1Mcl-1 cells (results not shown). Removal of IL-6 resulted in the induction of
maximum apoptosis in parental XG-6 and XG-1 cells or XG-6GFP and XG-1GFP cells.
Detailed data from one experiment with XG-6 cells are shown in Figure 6A and the
mean values +/- SD of 5 separate experiments with XG-6 and XG-1 cells in Figure 6B.
Addition of IL-6 induced a strong survival of XG-6 and XG-1 or XG-6GFP and XG-1GFP
myeloma cells. Apoptosis was 61 % lower in XG-6Mcl-1 cells (P = .0022) and 65 %
lower in XG-1Mcl-1 cells (P = .0001) after 3 days of IL-6 removal (Figure 6B). Addition
of IL-6 increased this survival. We then performed the same experiments with the
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various XG-6GFP or XG-6Mcl-1 cell lines obtained in five separate transduction
experiments (Figure 7A). Results show that a strong apoptosis occurred in the five XG6GFP HMCLs starved of IL-6 for 3 days. Transduction of Mcl1 made it possible to
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reduce this apoptosis by 47% (P = 0.0079).
Finally, we looked for the possibility of growing the XG-6Mcl-1 cell line
without IL-6 (Figure 7B). As expected, the XG-6GFP cell line did not grow without
adding IL-6 and all cells were dead within 4 days. Addition of IL-6 prevented cell death
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and induced exponential growth, with a 1.2-day doubling time. Interestingly, the XG6Mcl-1 was able to grow without adding IL-6. The growth rate was slower than that
observed with the XG-6GFP cultured with IL-6 (1.7 day). Addition of IL-6 accelerated
the growth rate that was close to that obtained with XG-6GFP.
The myeloma cell survival induced by up-regulated Mcl-1 expression was not abrogated
by a neutralizing anti-gp130 antibody.
As illustrated in Figure 8, virtually all XG-6GFP cells underwent apoptosis
when starved of IL-6 for 3 days. Addition of IL-6 together with the control G4 nonneutralizing anti-gp130 monoclonal antibody (mAb) prevented this apoptosis. The
survival effect of IL-6 was abrogated with the A1 neutralizing anti-gp130 mAb.
Interestingly, the survival mediated by the constitutive Mcl-1 expression in XG-6Mcl-1
cells was not abrogated by the A1 neutralizing anti-gp130 mAb. IL-6 further reduced the
apoptosis in XG-6Mcl-1, in agreement with above data and this effect was abrogated by
the A1 anti-gp130 mAb.
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Discussion
In the present study, we demonstrate that a constitutive expression of the
Mcl-1 anti-apoptotic protein makes it possible to reduce the IL-6 requirement for
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malignant plasma cell survival. We used cell lines whose survival is completely
dependent upon addition of exogenous IL-6. After starvation of IL-6, virtually all cells
underwent apoptosis within several days. Thus, these cell lines have kept the major
characteristic of primary myeloma cells whose survival is strictly dependent on the
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addition of exogenous IL-6 (Klein et al., 1989; Gu et al., 2000). In patients with MM, IL-6
is largely produced by bone marrow stromal cells, indicating a paracrine stimulation of
tumor cell survival by their environment (Portier et al., 1991; Uchiyama et al., 1993;
Lokhorst et al., 1994).
A major role of Mcl-1 in IL-6-induced survival is supported by two
observations. Firstly, among 10 genes coding for anti- or pro-apoptotic proteins of the
Bcl-2 family, only the Mcl-1 gene was down-regulated upon IL-6 starvation and induced
upon IL-6 stimulation. We initially reported that Mcl-1 protein was rapidly lost after
starvation of IL-6, unlike Bcl-2 or Bcl-xL proteins (Jourdan et al., 2000). However, we did
not know whether this Mcl-1 regulation occurred at a transcriptional level or posttranscriptional and translational levels since Mcl-1 expression is tightly regulated at
these various levels. The present results indicate that IL-6 regulates primarily Mcl-1
gene expression in myeloma cells. Secondly, we demonstrated that a constitutive
expression of Mcl-1 reduced the apoptosis induced by IL-6 starvation. This effect was
not abrogated by neutralizing anti-gp130 IL-6 transducer antibodies. Accordingly, the
myeloma cell lines transduced with a Mcl-1-GFP retrovirus expressed a high level of
Mcl-1 that was unaffected by IL-6 starvation. On the contrary, IL-6 withdrawal resulted in
Mcl-1 disappearance in cell lines transduced with the control GFP retrovirus. In addition,
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a constitutive Mcl-1 expression makes possible autonomous growth of myeloma cell
lines whose growth has remained strictly dependent on IL-6 for 10 years. Altogether,
these data indicate that an Mcl-1 constitutive expression can promote the survival of
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myeloma cells independently of gp130 IL-6 transducer activation and strongly argue
that Mcl-1 is one of the major anti-apoptotic proteins involved in IL-6-induced myeloma
cell survival.
To date, the mechanism of Mcl-1 anti-apoptotic activity has not been precisely
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established. Mcl-1 is able to form heterodimers with several pro-apoptotic proteins such
as Bax, Bak, Bok, Bod, Bik and the unphosphorylated form of Bad (Hsu et al., 1997;
Hsu et al., 1998; Bae et al., 2001; Epling-Burnette et al., 2001a; Epling-Burnette et al.,
2001b). Thus, by forming heterodimers with these pro-apoptotic proteins, an excess of
Mcl-1 induced by IL-6 could neutralize their activity and prevent apoptosis in myeloma
cells. In the absence of IL-6, Mcl-1 disappears allowing the pro-apoptotic proteins to
exercise their activity. The other anti-apoptotic proteins (Bcl-2, Bcl-xL and Bcl-w) that
are also expressed by myeloma cells and are not donwnregulated after IL-6 starvation
are not sufficient to promote alone myeloma cell survival. This may be explained by a
too weak level of expression and/or by a different intracellular localization of these antiapoptotic proteins. Bcl-2 and Bcl-xL are predominantly expressed to the outer
mitochondrial membrane, unlike Mcl-1 which principally localizes to endoplasmic
reticulum and nuclear envelope (Yang et al., 1995). This may also be explained by a
different affinity with pro-apoptotic members. In particular, only Mcl-1, unlike Bcl-2, BclxL or Bcl-w, is able to heterodimerize with the pro-apoptotic protein Bok (Hsu et al.,
1997).
Our data suggest that other factors, besides Mcl-1, are involved in the IL-6induced myeloma cell survival. Indeed, the survival induced by a constitutive Mcl-1
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expression in myeloma cells is weaker than that induced by IL-6 and addition of IL-6
can further increase the survival of Mcl-1 transduced myeloma cells. Other members of
the bcl-2 family (Boo/Diva, Bok, Bod, Hrk...) that were not presently studied might be
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regulated by IL-6. Beside the JAK/STAT pathway, IL-6 also activates the MAP kinase
and PI3-kinase/AKT pathways in myeloma cells (reviewed in Klein et al., 2003). The two
pathways are involved in myeloma cells survival through Mcl-1 unrelated mechanisms
(Puthier et al., 1999a; Jourdan et al., 2000). The PI3-K/AKT pathway induces
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phosphorylation of Bad and Forkhead pro-apoptotic proteins and their sequestration by
14-3-3 protein (reviewed in Klein et al., 2003). The PI3-K/AKT pathway may also induce
NF-KB activation and induction of inhibitor of apoptosis proteins (IAP) in myeloma cells.
These IAP family members or their antagonist Smac/Diablo could be also involved,
working downstream members of the Bcl-2 family as that was shown for the MM-1S
myeloma cell line (Chauhan et al., 2001; Mitsiades et al., 2002).
Does Mcl-1 play a role in the emergence of myeloma disease? Mcl-1 is
expressed by many cells but its expression is tightly regulated at the transcriptional and
post-transcriptional levels and the protein has a short half-life. Mcl-1 is viewed as an
early and transient survival factor that allows a cell to decide either to undergo survival
by subsequently activating other anti-apoptotic genes or apoptosis (Craig, 2002).
Overexpression of the Mcl-1 gene may result in long-term tumorigenesis. This is shown
using Mcl-1 transgenic mice where the transgene is driven by the Mcl-1 promoter,
yielding a high Mcl-1 expression in cells which naturally express Mcl-1 (Zhou et al.,
2001). In these mice, overexpression of Mcl-1 results in the emergence of long-term
lymphoma, in agreement with its expression at this stage of B cell differentiation. Mcl-1
expression in normal plasma cells has not been documented. It is noteworthy that no
polyclonal plasmacytosis or plasma cell tumors were found in Mcl-1 transgenic mice
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whereas IL-6 transgenic mice develop massive polyclonal plasmacytosis (Suematsu et
al., 1989) or plasmacytomas when crossed with Balb/c mice (Suematsu et al., 1992).
Presently, no mutations or translocations involving the Mcl-1 gene have been
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reported in myeloma disease. The Mcl-1 gene is located on chromosome 1q21 (Craig et
al., 1994), a region frequently involved in cancer gene abnormalities and in particular in
MM (Keung et al., 1998; Le Baccon et al., 2001), and close to recently identified
myeloma genes (IRTA1 and IRTA2) (Hatzivassiliou et al., 2001). Given its major role in
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IL-6-induced myeloma survival, the Mcl-1 gene abnormalities should be closely
evaluated using Fish analysis or microarrays. An increase in Mcl-1 protein may also
occur without gene abnormalities, due to post-transcriptional or translational
abnormalities. This should also be investigated using immunostaining of Mcl-1 protein in
patients with MM at diagnosis. As an example, Mcl-1 protein overexpression was
recently associated with poor prognosis in ovarian cancers and diffuse large cell
lymphomas (Rassidakis et al., 2002; Shigemasa et al., 2002).
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Materials and methods
Cytokines and antibodies.
Purified human recombinant IL-6 was kindly

provided by Sandoz
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Forschunginstitut (Vienna, Austria) and human recombinant IFN-α-2b by Schering
Plough (Dardilly, France). Monoclonal anti-Bcl-2 antibody was purchased from Dako
(Copenhagen, Denmark), anti-Stat3 from Transduction Laboratories (Lexington, KY,
USA). Rabbit or goat polyclonal antibodies specific for Bcl-x and Mcl-1 were obtained
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from Santa Cruz Biotechnology (Santa Cruz, CA, USA), and phospho-Stat3 from New
England Biolabs (Beverly, MA, USA.). The neutralizing A1 anti-gp130 mAb and the G4
nonneutralizing anti-gp130 mAb, used as control mAb, were obtained in our laboratory
(both are mouse IgG1) (Liautard et al., 1997).
Human myeloma cell lines (HMCL).
XG-1, XG-2, XG-3, XG-4, XG-5, XG-6, XG-7, XG-10, XG-12, XG-13, XG-14
and XG-16 myeloma cell lines were obtained from 12 patients with terminal disease as
described previously (Zhang et al., 1994). These HMCLs are true myeloma cell lines:
CD19–, CD20–, CD138+, CD38++, cytoplasmic immunoglobulin++. They were not infected
with EBV. Their growth is dependent upon addition of exogenous IL-6, as does the
growth of primary cells. U266 and RPMI8226 were obtained from ATCC (Rockville, MD,
USA). Cells were free of mycoplasma contamination as assayed using the Boehringer
Mannheim detection kit (Mannheim, Germany).
Culture of myeloma cells
The HMCLs, except U266 and RPMI8226, were routinely cultured with 2
ng/mL of IL-6 in RPMI 1640 supplemented with 10% fetal calf serum (FCS) and 5 x 10–
5 M 2-mercaptoethanol. U266 and RPMI8226 were cultured without IL-6. For apoptosis
analysis, the HMCLs were starved of IL-6. Therefore, the cells were washed twice,
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cultured for 1 hour in RPMI1640 with FCS and washed once again. Cells were then
cultured at a concentration of 2 x 105 cells/mL in RPMI1640, 10% FCS with either no
cytokine or IL-6 (2 ng/mL) for 72 hours. For Western blot analysis, myeloma cells were
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starved of IL-6 for 1 hour in RPMI1640 supplemented with 1% bovine serum albumin
(BSA, Sigma, St Louis, MO, USA), washed once again, then cultured with 1% BSA with
or without IL-6 (2 ng/mL) for 3, 6, or 24 hours at a concentration of 2 x 105 cells/mL.
Assays for detection of apoptotic cells.
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As cell lines transduced with GFP retroviral vectors expressed GFP,
apoptotic cells were detected by using biotin-conjugated annexin V (annexin-V-biotin,
Boehringer Mannheim) and streptavidin-phycoerythrin. Annexin V has a high affinity for
phosphatidylserine present on the outer cytoplasmic membrane of apoptotic cells. Cells
were washed and incubated for 20 minutes with annexin-V-biotin according to the
manufacturer's recommendations. The cells were washed once and incubated for 15
minutes with streptavidin-phycoerythrin. Two-color immunofluorescence was analyzed
with a FACScan flow cytometer using Cell Quest software (Becton Dickinson, Mountain
View, CA, USA).
Western blot analysis
Cells were lysed in 10 mM Tris-HCl (pH 7.05), 50 mM NaCl, 50 mM NaF, 30
mM sodium pyrophosphate (NaPPi), 1% Triton X-100, 5 µM ZnCl2, 100 µM Na3VO4, 1
mM DTT, 20 mM β-glycerophosphate, 20 mM p-nitrophenolphosphate (PNPP), 2.5
µg/mL aprotinin, 2.5 µg/mL leupeptin, 0.5 mM PMSF, 0.5 mM benzamidine, 5 µg/mL
pepstatin and 50 nM okadaik acid. The protein content of each lysate was quantified
using the bicinchoninic acid mM NaCl, 3 mM KCl, 25 mM Tris-HCl (pH 7.4), 0.1%
tween 20 (TBS-T), 5% non-fat milk), then incubated for 1 hour at room temperature with
primary antibodies. The primary antibodies were visualized with goat anti-rabbit (Sigma)
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or goat anti-mouse (Biorad SA, Yvry Sur Seine, France) peroxidase-conjugated
antibodies (at 1:10 000 dilution in TBS-T) using an enhanced chemiluminescence
detection system. The membranes were stripped twice with 100 mM Glycin, pH 2.2 ,
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0.1% NP 40 and 1% SDS for 30 minutes at room temperature. Blots were quantified by
densitometry using acquisition into Adobe Photo Shop (Apple, Cupertino, CA, USA) and
analyzing with the NIH Image software (National Institutes of Health, Bethesda, MD,
USA).
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RNA preparation and RNase protection analysis
Cell lines were harvested during the exponential growth phase (5–7 x 105
cells/mL) or after stimulation with or without cytokines, washed in cold phosphatebuffered saline (PBS), and lysed immediately in 5 M thiocyanate guanidium for RNA
extraction. DNA was sheared with a 21-gauge needle and LiCl was added to a final
concentration of 3 M. RNA was allowed to precipitate overnight at 4°C and then
centrifuged at 10,000 g for 10 minutes. RNA was dissolved in TES (10 mM Tris HCl,
pH7.5; 5 mM EDTA, 0.2% sodium dodecyl sulfate (SDS) and then subjected to
phenol/chloroform extraction. The RNA quality was verified by electrophoresis on a
formaldehyde 1.2% agarose gel. Total RNA (10 µg) was used in RiboQuant Multiprobe
RNase Protection Assay System (Pharmingen, San Diego, CA, USA) with the hAPO-2b
Human Apoptosis Multi-Probe Template Set (Pharmingen)

according to the

manufacturer's instructions.
Retrovirus production and infection
Full-length Mcl-1 cDNA, kindly provided by Dr. Bingle (Bingle et al., 2000)
(The University of Sheffield Medical School, Sheffield, UK), was subcloned in
pBluescriptIISK+ vector (Stratagene, La Jolla, CA, USA) at the Sma I site. The Mcl-1
containing an EcoR I- BamH I fragment was then cloned in pEGN-MCS vector (a gift
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from Dr. Berberich (Kuss et al., 1999)) and transfected into the HEK293E17 packaging
cell line (Transgene, Strasbourg, France). The packaging cell line was also transfected
with the empty retroviral vector pEGN-MCS.
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Supernatants derived from transfected HEK293E17 packaging cell line were
cocultivated with target cells (XG-1 and XG-6 cell lines) in presence of Lipofectamine
(Invitrogen-Life Technologies, Paisley, UK) for 18 hours. The cells were then washed
twice and cultured with 0.7 mg/mL of G418 (Invitrogen-Life Technologies) to select
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transduced cells. Resistant clones obtained with the Mcl-1 retrovirus (named XG-1Mcl-1
and XG-6Mcl-1) or the empty retroviral vector (XG-1GFP and XG-6GFP) were analyzed
for GFP expression and sorted using a Vantage cell sorter (Becton Dickinson). The
stable transfected HMCLs obtained were subsequently maintained with 0.7 mg/mL of
G418.
Statistical analysis
The variations in the levels of expression of the various Bcl-2 family genes in
IL-6-stimulated or -starved myeloma cells were compared with a non-parametric
Wilcoxon test for pairs. The mean percentages of apoptotic cells in the culture groups
with IL-6 were compared to corresponding control groups and the statistical significance
was evaluated with a Student t test for pairs.
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Legends of Figures

Figure 1: Expression of genes coding for anti- and pro-apoptotic proteins in myeloma
HAL author manuscript

cell lines and lymphoblastoid cell lines.
RNA was obtained from 12 IL-6-dependent myeloma cell lines (XG-1–XG-16), two
autonomously growing myeloma cell lines (U266 and RPMI8226) and two EBV
transformed lymphoblastoid cell lines (TR and BR). Cells were harvested during the
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exponential growth phase and the RNA extracted and probed for Bcl-2 family gene
expression using a RNase protection assay. Results are those of one experiment
representative of four.
Figure 2: Regulation of Bcl-2 family gene expression by IL-6.
XG-6 and XG-13 myeloma cells were starved of IL-6 for 1 hour and cultured again
with IL-6 for 6 hours. RNA was extracted and assayed for the Bcl-2 family gene
expression using RPA. Results are those of one experiment representative of 3.
Figure 3: Reproducible up-regulation of Mcl-1 gene expression by IL-6
The blots of three independent RPA experiments were scanned and the values were
normalized using the L32-band intensities as internal standards. Results are the values
for the six main Bcl-2 family members expressed in XG-6 and XG-13 HMCLs starved of
IL-6 and cultured for 6 hours with no cytokine (blank column) or with 2 ng/mL IL-6
(hatched column). Statistical analysis was performed with a Wilcoxon test for pairs,
grouping data obtained with XG-6 and XG-13 cells.
Figure 4: Transduction of myeloma cells with Mcl-1-GFP retrovirus or control GFP
retrovirus.
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A: XG-1 and XG-6 myeloma cells were transduced with Mcl-1-GFP or GFP retroviruses
and were selected with 700 µg/mL G418 and 2 ng/mL IL-6. All selected myeloma cells
highly expressed GFP after 15 days of culture.
HAL author manuscript

B: Parental XG cells, XG cells transduced with Mcl-1-GFP or GFP retroviruses were
cultured with IL-6 and harvested for Western blot analysis. Blots were probed with antiMcl-1, anti-Bcl-xL or anti-β actin antibodies. Western blots are for one representative
experiment out of three.
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Figure 5: IL-6-independent Mcl-1 expression in XG-6Mcl-1 myeloma cell line.
Parental XG-6 cells, XG-6GFP or XG6Mcl-1 cells were starved of IL-6 for 1 hour and
stimulated without cytokine or with IL-6 for various times. Cells were harvested for
Western blot analysis and blots were probed for Mcl-1, Bcl-xL and β actin. Western blots
are for one representative experiment out of three.
Figure 6: Constitutive Mcl-1 expression prevents from apoptosis induced by IL-6
starvation.
A: Parental XG-6 cells, XG-6GFP or XG6Mcl-1 cells were starved of IL-6 for 1 hour and
cultured without cytokine or with 2 ng/mL IL-6. At various days of culture, cells were
harvested and apoptotic cells were detected with annexin-V staining. Results are those
of one experiment representative of five.
B: The experiment described in A was performed on five occasions with XG-1 and XG-6
cells. Results are the mean values ± SD of apoptotic cells (expressed as the percentage
of the maximum observed with XG-6 or XG-1 cells cultured without IL-6) on day 3 of
culture. The statistical significance was determined using a Student t test for pairs.
Figure 7: Transduction with Mcl-1 retrovirus obtains reproducible myeloma cell lines
surviving IL-6 starvation.

21

A: The 5 XG-6GFP and XG-6Mcl-1 clones were obtained in five separate transduction
experiments with GFP or Mcl-1-GFP retroviruses starved of IL-6 for 1 hour and cultured
for 3 days without cytokine. At day 3 of culture, the percentage of apoptotic cells were
HAL author manuscript

determined by staining with annexin V. Statistical analysis was performed with a
Wilcoxon test.
B: XG-6 cells transduced with GFP or Mcl-1-GFP retroviruses were cultured at 105
cells/mL with or without 2 ng/mL of recombinant IL-6. Every 3-4 days, cells were
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counted and diluted at 105 cells/mL with fresh culture medium containing the initial
cytokine concentration. Results are the cumulative cell numbers obtained from 18 days
of culture. They are those of one experiment representative of two.
Figure 8: The myeloma cell survival induced by constitutive Mcl-1 expression is not
abrogated by a neutralizing anti-gp130 IL-6 transducer antibody.
XG-6 cells or XG-6Mcl-1 cells were starved of IL-6 and cultured with or without 2 ng/µL
IL-6 for 3 days in the presence of 150 µg/mL of the A1 neutralizing or the G4 nonneutralizing anti-gp130 mAb. The apoptosis was evaluated by annexin-V binding and
FACS analysis. Results are means ± SD of the percentages of apoptotic cells
determined in three separate experiments.
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