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ABSTRACT 

Interleukin-6 (IL-6) is a major survival factor for malignant plasma cells. In 

patients with multiple myeloma (MM), cell lines whose survival and proliferation 

are dependent on addition of exogenous IL-6 have been obtained. We show 

that tumor necrosis factor α (TNF-α) is also a survival factor for myeloma cell 

lines, although less potent than IL-6. The survival activity of TNF-α is not 

affected by anti-IL-6 or anti-gp130 monoclonal antibodies (mAbs). TNF-α also 

induces myeloma cells into the cell cycle and promotes the long-term growth of 

malignant plasma cell lines. As TNF-α is produced in patients with MM and 

associated with a poor prognosis, these results suggest that anti-TNF-α 

therapies could be useful in this disease. 
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INTRODUCTION 

IL-6 and more generally the gp130 IL-6 transducer-activating cytokines 

have been shown to be the major survival and proliferation factors for malignant 

human plasma cells (1-5). In particular, cell lines whose survival and 

proliferation are dependent on the addition of IL-6 can be reproducibly obtained 

from patients with multiple myeloma (6-8). 

In an attempt to identify further tumoral survival and growth factors in this 

disease, we studied the effect of TNF-α. Indeed, preliminary reports indicated 

that this cytokine might promote the proliferation of some myeloma cell lines (7-

9). It is important to clarify the role of TNF-α in multiple myeloma because this 

cytokine may have either an apoptotic or a survival activity. The mechanisms 

leading to these two opposite activities are being better and better understood. 

The TNF-dependent trimerization of TNF receptors (TNF-R) may lead to the 

recruitment of adapter proteins TRADD (TNF-R1 associated death domain 

protein) and FADD (Fas-associated death domain protein) or RIP (receptor 

interacting protein) resulting in activation of the caspase cascade (10,11) and 

further to apoptosis. On the opposite, the recruitment of TRADD, RIP and 

TRAF2 (TNFR associated factor 2) leads to the activation of NF-kappa B (12) 

which has been shown to play an essential role in preventing apoptosis (13-15). 

 We report here that TNF-α is not an apoptotic factor but a survival and 

proliferation factor of cytokine-dependent myeloma cell lines by a mechanism 

that is not related to the gp130-IL-6 transducer. These results suggest that this 

cytokine might be involved in the survival and proliferation of myeloma cells in 

vivo. 
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MATERIALS AND METHODS 

 

Cytokines and antibodies 

Purified Escherichia coli-expressed human rIL-6 was kindly provided by Dr 

Vita and Dr Ferrara (Sanofi, Elf biorecherches, Labège, France). Human 

purified rTNF-α and neutralizing anti-TNF-α mAb (mouse IgG3) were purchased 

from Boehringer Mannheim (Meylan, France) and phycoerythrin-conjugated 

anti-TNF-R1 (anti-TNF-R1-PE) and anti-TNF-R2-PE mAbs (both mouse IgG1) 

from R & D Systems (Minneapolis, Minnesota, USA). The endotoxin content of 

recombinant IL-6 and TNF-α was less than 2 ng/mg of protein. The B-E8 mAb 

to IL-6 (mouse IgG1) was kindly provided by Dr Wijdenes (Diaclone, Besançon, 

France). The A1 neutralizing anti-gp130 mAb (mouse IgG1) was obtained in our 

laboratory (16). The G4 non neutralizing anti-gp130 mAb (mouse IgG1) was 

used as control mAb (16). 

 

Human myeloma-cell lines. 

XG-1, XG-2, XG-4 and XG-6 human myeloma cell lines (HMCL) were 

obtained from freshly-isolated myeloma cells from four patients with terminal 

disease as described (6). These HMCL have the same phenotype and the 

same immunoglobulin gene rearrangements as patients' freshly-isolated 

myeloma cells (6). The survival and growth of these cell lines are completely 

dependent upon addition of exogenous IL-6. The cell lines were cultured in the 

presence of 1 ng of recombinant human IL-6 in RPMI 1640 supplemented with 

10% fetal calf serum (FCS) and 5 x 10-5 M 2-mercaptoethanol (2-ME). Cells 

were free of  mycoplasma contamination. 

 

Assays for detection of apoptotic cells. 

Two assays were used for detection of apoptotic cells : DNA staining with 

propidium iodide (PI) or annexin V staining. PI-DNA staining was realized as 
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described by Collins et al. (17). Cells (106 per sample) were washed in PBS, 

resuspended in 1 ml of 75 % ethanol / 25 % water at room temperature for 2 

minutes and washed again. Five hundred µl of PBS containing PI (40 µg/ml) 

and RNAse (100 µg/ml) (both from Sigma Chemical Co.) were added per 

sample. Cells were incubated for 30 minutes at 37°C and stored at 4°C in the 

dark before analysis with a FACScan flow cytometer using Cell Quest software 

(Beckton Dickinson, Moutain View, CA). The cell cycle was analysed with the 

ModFit LT software (Verity Software House, Topsham, ME). The apoptotic cell 

fraction appeared in the sub-G1 peak (17). Apoptotic cells were also detected 

by using fluorescein isothiocyanate-labelled annexin V (FITC-annexin-V, 

Boehringer Mannheim). Annexin V has a high affinity for phosphatidylserine 

present on the outer cytoplasmic membrane of apoptotic cells (18). Cells were 

washed, labelled with Annexin-V-Fluos according the manufacturer's 

recommendations and analysed by flow cytometry. 

 

Immunofluorescence staining. 

Myeloma cells were labelled with either anti-TNF-R1-PE or anti-TNF-R2-

PE mAbs and immunofluorescence was analyzed with a FACScan flow 

cytometer using Cell Quest software (Beckton Dickinson). PE-conjugated 

mouse IgG1 (Immunotech, Marseilles, France) was used as negative control. 

 

Proliferation assay of HMCL  

The cells were washed twice, incubated in RPMI 1640 with 10% FCS for 4 

hours at 37°C and washed again. Cells were then cultured for 5 days in 96-well 

flat-bottomed microtiter plates at 104 cells/well in 200 µl of RPMI 1640 and 10% 

FCS, with various concentrations of the recombinant cytokines to be tested. 

Cultures were made in sextuplet. Eight hours before ending the culture, 0.5 µCi 

per well of [3H]-thymidine (specific activity : 25 Ci/mM, ICN France, Orsay, 
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France) was added and the [3H]-thymidine incorporation determined as 

previously described (19). 

 

Measurement of IL-6. 

The HMCL were cultured for 48 hours at a concentration of 106 ceIls per 

ml in RPMI1640, 10% FCS in the presence or not of 100 U/ml of TNF-α. 

Supernatants were harvested and IL-6 was assayed using the IL-6-dependent 

B9 hybridoma as described (3,20) or using a commercially available IL-6 ELISA 

(Innotest, Besançon, France). The sensitivities of the bioassay or the ELISA test 

were similar (about 2 pg/ml). 

 

Statistical analysis 

For each culture group, data were mean ± SD of the [3H]-thymidine 

incorporation determined in six replicate cultures. The statistical significance of 

these results was determined by using a Student's t-test for small samples. The 

statistical significance of the variation of the percentages of apoptotic cells was 

evaluated by using Student's t-test for pairs. 
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RESULTS 

 

TNF-α is a survival factor for cytokine-dependent myeloma cell lines. 

To investigate the effect of TNF-α on myeloma cell survival, we used cell 

lines whose survival and proliferation are dependent on addition of exogenous 

IL-6. As we have previously described (21), upon removal of IL-6, myeloma 

cells from HMCL rapidly ceased to proliferate and underwent apoptosis. A 

maximum apoptosis with a limited necrosis was found on day 3 after IL-6 

starvation. Thus, in the following experiments, apoptosis was studied on day 3 

after IL-6 removal as illustrated in Figure 1 for the XG-6 cell line. Apoptosis was 

evaluated by quantification of DNA content with PI labelling (less than in G1 

phase) or by annexin V staining. The second methodology makes it possible to 

label apoptotic cells earlier, in agreement with a previous report (18). Upon 

removal of IL-6, 49 % of the XG-6 cells died by apoptosis within 3 days (mean 

of 8 separate experiments, Table 1) and TNF-α significantly reduced by 30 % 

the maximum of apoptosis (Table 1 and Figure 1), although the survival activity 

of TNF-α was weaker than that of IL-6. This effect was specific to TNF-α as it 

was inhibited by neutralizing antibodies to TNF-α (results not shown). Similar 

results were found for 3 out of 4 IL-6-dependent HMCL in at least 5 separate 

experiments as illustrated in Table 2. The XG-2 HMCL was insensitive to 

TNF-α. However, this lack of sensitivity was not due to a defect in TNF-R 

expression because XG-2 cells, as the others XG-cells, expressed marked 

levels of TNF-R2 on cell surface but no detectable TNF-R1 (results not shown). 

In what follows, only XG-1, XG-4 and XG-6 will be studied. A maximal survival 

activity was obtained with 100 U/ml of TNF-α (data not shown). As IL-6, and, 

more generally the gp130-activating cytokines, are major myeloma cell survival 

factors, we wanted to see whether the TNF-α survival activity could be mediated 

by an autocrine gp130 activation. Neutralizing antibodies to gp130 IL-6 

transducer or to IL-6 failed to affect TNF-α-induced survival whereas the same 
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antibodies completely inhibited the survival activity of IL-6 (Figure 2). Moreover 

by using the IL-6-dependent B9 hybridoma as a bioassay (3,20) or an IL-6 

ELISA with a sensitivity of 1 pg/ml, we failed to detect any induction of IL-6 

production by TNF-α in culture supernatants of HMCL (results not shown). 

These results indicate that the myeloma cell survival activity of TNF-α was 

independent of IL-6 or gp130 transducer activation. 

 

TNF-α is a proliferation and growth factor for cytokine-dependent 

myeloma cell lines. 

Upon removal of IL-6, the XG myeloma cells progressively died and the 

remaining viable cells were partially blocked in the G1 phase of the cell cycle. 

This is illustrated in Figure 3 for the XG-1 cell line. Addition of TNF-α not only 

reduced apoptosis but also increased the percentage of viable cells in the S and 

G2/M phases of the cell cycle for the 3 XG cell lines. Results for XG-1 cells are 

shown in Figure 3. This finding was confirmed for the 3 XG HMCL by using 

tritiated thymidine incorporation (Figure 4). As for the survival activity, the 

maximal proliferation was obtained with 100 U/ml of TNF-α (Figure 4), and it 

was blocked by an anti-TNF-α mAb but was not affected by an anti-IL-6 mAb 

(Figure 5). Although the survival and proliferation activities of TNF-α were 

weaker compared with those of IL-6, TNF-α supported the long-term growth of 

the XG-1 cytokine-dependent cell line. This is illustrated in Figure 6. Upon 

removal of IL-6, XG-1 cells progressively died whereas in the presence of IL-6, 

an exponential growth occurred. TNF-α was able to promote the survival of 

IL-6-deprived myeloma cells and the long-term growth of these cells in 

agreement with its survival and proliferation factor activities (Figure 6). 
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DISCUSSION 

The current data indicate that TNF-α is not an apoptotic but a survival 

factor of malignant plasma cell lines. TNF-α is also able to induce myeloma 

cells in the cell cycle. As TNF-α is an inducer of IL-6 production in various cell 

types (22-24), we looked to see whether this activity was mediated through a 

gp130 cytokine. Our results indicated that it was not the case. First, we failed to 

find any IL-6 production induced by TNF-α in myeloma cell lines. Secondly, the 

survival and proliferation activities induced by TNF-α were not affected by the 

anti-IL-6 and anti-gp130 mAb that completely inhibited the activity of gp130 

cytokines (16). It would be interesting to identify whether TNF-α and IL-6 might 

share some signalling pathways leading to myeloma cell survival and 

proliferation. As indicated above, the anti-apoptotic activity of TNF-α is related 

to NF-kappa B activation (13-15). The transduction pathways involved in IL-6 

survival activity has not yet been identified whereas the IL-6 proliferation activity 

involves the Ras/MAP kinase pathway (25). TNF was recently shown to activate 

the JAK/STAT pathway as IL-6 (26) and IL-6 activates various signalling 

pathways but, in particular, STAT3 that may be involved in NF-kappa B 

activation (27) and eventually, in the antiapoptotic activity. 

Several reports have shown that TNF-α is produced in tumoral samples of 

patients with multiple myeloma (28,29) and that this cytokine could contribute to 

the endogenous IL-6 production by the tumoral environment (28,30). In 

addition, serum levels of TNF-α have been shown to be increased in patients 

with active MM compared with normal controls (31) and to be associated with a 

poor prognosis (32). In this disease, IL-6 is the major survival and proliferation 

factor (4). Thus, these two activities of TNF-α, i.e. induction of IL-6 production 

by the tumoral environment and survival activity of tumoral plasma cells suggest 

that TNF antagonists, that are already available at a clinical level, might be 

useful for treating patients with MM, possibly in association with other anti-

inflammatory agents such as corticosteroids. 
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Table 1. TNF-α is a survival factor for XG-6 HMCL 

  
                 APOPTOSIS (%)a 

Experiments no cytokine TNF-alpha IL-6 
    

Exp.1 60 39 2 
Exp.2 44 33 2 
Exp.3 53 46 2 
Exp.4 46 23 3 
Exp.5 44 32 3 
Exp.6 31 23 2 
Exp.7 56 40 2 
Exp.8 60 33 5 

    
Mean ± SD 49.3 ± 9.9 34.6 ± 8.0 2.6 ± 1.1 

             I_______________I  
                       p=0.0005 b 
           I____________________________I 
          p<0.0001 b 

 

a) XG-6 cells were cultured for 3 days without cytokine, with 100 U/ml of TNF-α or 

with 1 ng/ml of IL-6 and apoptosis was assayed by staining DNA with PI. 

b) Apoptosis percentages in each group were compared using a Student's t-test for pairs 

and were found to be statistically significant. 
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Table 2. TNF-α is a survival factor for 3 out of 4 HMCL 
 

 DNA  APOPTOTIC   %a  

HMCL No Cytokine TNF-α IL-6 nb pc 
XG-1 22.2  ± 5.5 14.1 ± 5.3 3.5 ± 1.1 10 0,0001 
XG-4 73.3  ± 20.2 61.0 ± 21.7 7.7 ± 0.6 5 0,0051 
XG-6 49.3  ± 9.9 33.6 ± 8.0 2.6 ± 1.1 8 0,0005 

 
XG-2 

 
12.3 ± 7.5 

 
11.7 ± 6.3 

 
3.3 ± 1.1 

 
5 

 
nsd 

 
a) HMCL were cultured for 3 days with no cytokine, with 100 U/ml of TNF-α or with 1 

ng/ml of IL-6 and apoptosis was assayed by staining DNA with PI. 

b) n is the number of experiments. 

c) Apoptosis percentages without cytokines versus TNF-α were compared using a 

Student's t-test for pairs and were found to be statistically significant. 

d) not significant. 
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LEGENDS OF FIGURES 

 

Figure 1: TNF-α  is a survival factor for human myeloma cells. 

XG-6 cells were extensively washed and cultured at 105 cells per ml for 3 days 

with either 1 ng/ml of IL-6 (A, D), no cytokine (B, E) or 100 U/ml of TNF-α (C, 

F). At the end of culture, cells were either stained for DNA with PI (A,B,C) or 

labelled with FITC-annexin V (D,E,F). The percentage of apoptotic cells (DNA 

content less than G1 or annexin V positive cells) is indicated in the panels. The 

fluorescence was analysed with a FACScan apparatus. 

 

Figure 2: The survival activity of TNF-α. was not affected by anti-IL-6 or anti-

gp130 neutralizing mAbs. 

The HMCL XG-6 was cultured for 72 hours at a concentration of 105 cells/ml in 

culture medium supplemented with 10% of FCS either with IL-6 (1 ng/ml) or 

TNF-α (100 U/ml) or without exogenous cytokines. Each group was cultured in 

the presence of either the non-neutralizing anti-gp130 mAb G4 as control (150 

µg/ml), or the anti-IL-6 mAb B-E8 (10 µg/ml), or the neutralizing anti-gp130 

mAb A1 (150 µg/ml). Apoptosis was assessed by PI DNA staining and analysed 

by flow cytometry. Results are those of one experiment representative of four 

separate experiments. 

 

Figure 3: TNF-α is a growth factor for human myeloma cells. 

XG-1 cells were extensively washed and cultured at 105 cells per ml for 3 days 

with either 1 ng/ml of IL-6, or no cytokine or 100 U/ml of TNF-α. At the end of 

culture, cells were stained for DNA with PI. The percentages of apoptotic cells 

(DNA content less than G1) and viable cells in the different phases of the cell 

cycle were determinated using the ModFitLT software. The fluorescence was 

analysed with a FACScan apparatus. Results are those of one experiment 

representative of four separate experiments. 
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Figure 4: TNF-α stimulates the proliferation of IL–6-dependent HMCL.  

Proliferative response to TNF-α of the HMCL. Results are the mean [3H]-

thymidine incorporation ± SD determined on sextuplet culture wells of a 

representative experiment. These mean values were compared by using a 

Student's t test for small samples. For the 3 HMCL (XG-1, XG-4, XG-6), TNF-α 

induced a significant increase in the mean [3H]-thymidine incorporation (p < 

0.001). 

 

Figure 5: The stimulatory effect of TNF-α is specific and is not affected by an 

anti-IL-6 mAb. 

The proliferation of the HMCL was measured by [3H]-thymidine incorporation as 

described in Materials and Methods. TNF-α was incubated for 2 hours at room 

temperature with an anti-TNF-α mAb (10 µg/ml) before being added to the 

cultures. The stimulation indexes are the ratios between the mean 

[3H]-thymidine incorporation obtained with rTNF-α (100 U/ml), in the presence 

or not of antibodies, and the mean [3H]-thymidine incorporation obtained with 

the control medium (1858 ±120 cpm for XG-1, 2226 ± 298 cpm for XG-4 and 

808 ± 56 cpm for XG-6). The anti-IL-6 mAb B-E8 was used at a final 

concentration of 10 µg/ml. Cultures were made in sextuplet and significance of 

the results was studied by a Student's t test for small samples. 

 

Figure 6: TNF-α makes possible the long-term growth of the XG-1 cells without 

adding exogenous IL-6. 

XG–1 cells were extensively washed in order to remove exogenous IL–6 and 

were cultured at a concentration of 2 x 105 cells/ml in culture medium 

supplemented with 10% FCS either with IL-6 (1 ng/ml) or TNF–α (100 U/ml) or 

without exogenous cytokines. Every 4 days, XG–1 cells were reseeded at the 

initial cell concentration with the respective fresh cytokine combinations. 
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Results are the calculated total number of cells generated from the initial cell 

input (3 x 105 cells/ml). 
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Figure 2 
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Figure 3 
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Figure 5 
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Figure 6 
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