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SUMMARY

IL-6 is a growth factor which interferes in the apoptosis of malignant plasma cells. Here we explore its
role in the spontaneous and Fas/FasL-regulated apoptosis of seven myeloma cell clones (MCC). MCC-2
and -7 were constitutively defective in Fas antigen in the presence of large membrane exposure of FasL,
and showed a high rate of cell proliferation irrespective of the presence of IL-6. Cytofluorimetric
analysis following propidium iodide (PI) staining revealed a minimal extent of spontaneous apoptosis,
as in other IL-6-insensitive, though Fas-positive MCC, namely MCC-3 and -5. By contrast, a regular
amplitude of apoptosis occurred in the remaining IL-6-dependent clones. Their propensity to cell death,
as well as their FasL membrane expression, were promptly down-modulated by the cytokine, whereas
no substantial effect was detected in IL-6-independent MCC. Furthermore, we investigated the
guantitative secretion of FasL. Both [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide]
(MTT) cytotoxicity assay and PI staining of WC8 lymphoblasts from a Fas-transfected mouse
lymphoma, incubated with supernatants from MCC, showed a variable cytocidal property, thus
confirming the cellular release of FasL. However, a significant elevation of FasL secretion occurred
in both Fas MCC, whereas molecular cloning and sequencing of Fas revealed the presence of a splicing
variant, namely Fas Exo4,6Del, in the cDNA from both MCC-3 and -5, which were previously
demonstrated to be unresponsive to Fas stimulation. Taken together, these data provide evidence that
concurrence of IL-6 insensitivity and deregulation of apoptosis in myeloma cells reflects a high
malignancy grade. It is suggested that the secretion of Fas splicing variants ipl&asia cells, as well

as the over-production of FasL in Fagiyelomas, are differential mechanisms by which myeloma cells
escape host immune surveillance.
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INTRODUCTION whose functional levels within the bone marrow are maintained by
either autocrine [13] or paracrine [14,15] secretion.

The proliferation of malignant plasma cells may also be regu-
lated by suppression of their apoptosis. This process is essential for
negative selection and homeostasis of lymphoid cells [16—18] and is
influenced by three cytokines involved in B cell replication, namely
IL-6, IL-10 and interferon-alpha (IFNY, whose regulation of both
mallgnan plasia cell Vit s suppessed by Monbs o eier SPTYIERLE S Serotinoes sooods e beer ceary
IL-6 or its cellular receptor [9,10], just as tumour progression is . e .

ptor [ b ] prog suggest that IFNe2, a recombinant drug successfully used in the

affectedin vivo by the experimental administration of anti-L-6 treatment of certain malignant haemopathies including multiple
antibodies [11,12]. In addition, the progressive bone resorption 9 P 9 P

. ; - myeloma [22], is able to down-modulate the susceptibility of
| of multipl I I I I IL- ) .
typical of multiple myeloma seems largely ascribable to IL-6, myeloma cells to Fas (Apo-1/CD95)-mediated apoptosis [23,24].

This cell activation marker is apparently over-expressed on imma-
Correspondence: Franco Dammacco MD, DIMO, University of Bari ture B Ce|_|5 and seve_ral malignant plﬁ}sma cell C|0n€_‘5x though the
Section of Internal Medicine, P.za G. Cesare 11, 70124 Bari, Italy. range of its responsiveness to agonist MoAbs varies greatly in

Myeloma cells have been shown to exhibit high sensitivity to IL-6
[1], a major B cell differentiation factor which promotes their
clonal expansion [2] and proliferation in bone marrow [3,4].
Although further cytokines, including IL«l [5], tumour necrosis
factor-alpha (TNFx) [6] and IL-3 [7], can also inducé vitro a
proliferative effect in synergy with IL-6 [8], the replication of
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myeloma cell lines as well as in native myeloma cells [25]. Althoughcomparing their cytoplasmic immunoglobulin (clg) content with
both lack of membrane Fas expression and high Bcl-2 content itheir membrane expression of CD38, Fas, FasL, and IL-6R. clg
these cells have been proposed as mechanisms of resistance to Raas detected by treating the cells with 0-25% paraformaldehyde
induced cell death [26], the presence of a soluble inhibitory factor okolution and subsequent permeabilization with cold methanol prior
Fas pathway has also been postulated, since a similar resistancetdstheir incubation with a polyclonal FITC-conjugated anti-human
displayed by mononuclear cells from bone marrow of myelomak- or A-chain antiserum (Jackson Immunoresearch, West Grove,
patients [24]. In addition, FasL, a type Il glycoprotein which PA). The relative gate of clgcells was adopted to identify the
activates Fas either in membrane-bound manner or in solublplasma cell population. In addition, phenotype analysis included
form [27], is variably expressed by myeloma cells. This deathboth single- and double-fluorescence techniques using the PE-
factor is perhaps constitutively committed to the autologous controtonjugated MoAb to CD38 (Becton Dickinson, Mountain View,
of proliferation. However, its over-expression on malignant plasmaCA), the FITC MoAb IgG1 to Fas from clone UB2 (Immunotech,
cells is in plain discordance with their proliferative rate. Marseille, France), the biotinylated Ig&to FasL from clone
The effect of IL-6 on apoptosis of myeloma cells is not NOK-1 (Pharmingen, San Diego, CA), and the Fluorokine Kit
completely understood. Recent studies support its ability to mod{R&D Systems, Minneapolis, MN) to detect the IL-6R. We also
ulate their apoptosis in Fas-sensitive cell lines induced by anti-Fameasured the intracellular expression of Bcl-2 by treating the MCC
agonist MoAb(s) [25]. This inhibitory effect is apparently induced with an FITC-conjugated MoAb, according to the procedure
by a peculiar effect of IL-6 on stress-activated protein kinasesuggested by the manufacturer (Dako, Glostrup, Denmark),
(SAPK) activity which, in association with p38 mitogen-activated which included permeabilization of both cell and nuclear mem-
protein kinase (MAPK), is postulated to play an essential role inbranes with methanol. Cytometric analysis was completed with the
the activation of transcription factors related to Fas-regulatedCell Quest Program in a FACScan (Becton Dickinson).
apoptosis [2,28]. The level of Fas, FasL and IL-6R expression per MCC was also
The present study explores the effect of IL-6 on spontaneougvaluated as a ratio of the mean fluorescence per antigen on MCC
and Fas-induced apoptosis in both IL-6-dependent and -indeperand their mean fluorescence at the cut-off point, at which a specific
dent myeloma cell cultures cloned from patients at differentsignal was considered to be positive.
clinical stages. Our data suggest that only IL-6-dependent mye- The extent of apoptosis in each MCC was measured by
loma cells are protected by the cytokine in their spontaneougpropidium iodide (PI) cell staining [35]. In particular, <10
apoptosis, and that the amplitude of Fas-induced cell deatleells from each sample were treated with 70% ethanof@tfdr
parallels their sensitivity to the cytokine. Since myeloma cells3h, then incubated overnight with 10@ Pl in the presence of
can regulate their own proliferation by both autocrine and para-RNase prior to flow cytometry. The extent of the subdiploid DNA
crine control through the Fas/FasL pathway, it is conceivable thapeak reflected the percentage of apoptotic cells. Fas- and doxo-
highly malignant Fas cells up-regulate FasL expression to escaperubicin (DOX)-induced apoptosis were also investigated. We incu-
immune suppression by cytotoxic cells, as reported in several Dated the cells with up to dg/ml of agonist anti-Fas IgM from
cell-derived neoplasms [29], solid tumours [30—32], and otherclone CH11 (Immunotech) for 20 h, whereas parallel experiments
myeloma cell lines [33]. evaluated the amplitude of apoptosis after treating MCC with
0-01-1Qug/ml of DOX (Sigma, St Louis, MO) for 30 h. Parallel
cell suspensions were incubated in the absence of the apoptogen
drug to provide proper controls, whereas apoptosis was also
Myeloma cells and clones estimated indirectly by performing the proliferative rate test in
Seven myeloma cell preparations were included in this study irboth apoptosis-prompted and control cultures.
parallel with the established U-266 myeloma cell line obtained from
the American Type Culture Collection (ATCC, Rockville, MD). Proliferation assay
Mononuclear cells were obtained from the bone marrow of myeloma&H-thymidine labelling was used to measure the proliferation of
patients at different clinical stages according to Durie & Salmon [34]MCC in relation to the presence of IL-6 and determine the
after Ficoll-Hypaque gradient centrifugation. The myeloma cellsinhibition of cell proliferation in Fas- and DOX-stimulated cell
were enriched by discontinuous density gradient, including thepreparations. Cells #10°) from each MCC were incubated
Percoll solution at 90-30%. Plasma cells collected at both 60%vernight in the presence 8H-thymidine (7400 Bg/well) and its
and 45% gradient concentrations were enriched 86%. uptake was evaluated indacounter (Beckman, Palo Alto, CA), as
Cell preparations were investigated by immunofluorescencelescribed [36]. The average of 19 000 ct/min uptake of the U-266
analysis, whereas parallel aliquots including 1I0° cells were  cell line served as the control of myeloma cell proliferation in the
cultured in complete medium (RPMI 1640 plus 10% fetal calf presence of IL-6. Proliferation following incubation with the
serum (FCS) and 2mL-glutamine) in the presence or absence of agonist anti-Fas IgM and with DOX was also evaluated. Its
IL-6 500 U/ml (Genzyme, Cambridge, MA). The cultures were inhibition reflected apoptosis and was calculated in relation to
then maintained in a COncubator for 3 additional weeks in order control cellular suspensions as follows: (ct/min of Fas- or DOX-
to establish continuous proliferation. The amplitude of myelomastimulated MCC/ct/min of unstimulated MC@®)100.
cell enrichment was monitored weekly by cytofluorimetric analy-  Fas stimulation by anti-Fas MoAb and DOX, in presence of
sis. Cultures including 90% or more plasma cells were consideredlL-6, was also evaluated by the bromodeoxyuridine (BrdU)/PI

MATERIALS AND METHODS

suitable for the study. technique, according to the procedure suggested by the manu-
facturer (Becton Dickinson). Since BrdU is a thymidine analogue,
Cellular analysis and measurement of apoptosis it can be incorporated specifically into DNA, thus allowing the

Both fresh plasma cells and established myeloma cell clone&entification of cells that undergo DNA synthesis. In addition,
(MCC) were phenotypically characterized cytofluorimetrically by cell proliferation and apoptosis were studied by cytofluorimetric
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Table 1. Patients and the phenotype of their myeloma cells

Phenotypic analysis (% of positive cells)

clg CD38 Fas FasL IL-6R Bcl-2
Myeloma stage Myeloma cell

Patient and typing clone a b a b a b a b a b a b
1 IIA-1gG« MCC-1 ND 95 63 90 61 94 5 10 60 98 64 96
2 1A-1gG « MCC-2 76 97 3 10 3 4 ND 99 ND 96 ND 91
3 IIA-1gA k MCC-3 40 99 4 7 37 86 10 21 38 91 38 92
4 IIA-1gG«k MCC-4 ND 98 58 95 71 98 ND 37 75 86 75 95
5 IIA-1gG« MCC-5 55 92 2 5 60 95 25 55 47 90 47 94
6 11B-IlgGA MCC-6 43 96 ND 93 48 95 ND 40 ND 96 ND 95
7 B-IgAN MCC-7 75 97 21 37 3 5 21 92 76 83 76 92

a, Freshly isolated plasma cells; b, myeloma cell clone.
ND, Not done.

analysis of BrdU incorporation and P! staining. Brieflyx 10° added to each well. After 4h at 37, the dark blue formazan
cells from each MCC were incubated for 2h in the presence otrystals were dissolved by adding 1f0of dimethyl sulfoxide
BrdU (15um; Sigma). Then cells were fixed with 70% cold (DMSO; Sigma) and finally the 96-well plates were read in a
ethanol and treated with\2 HCI to partially denature DNA. spectrophotometer (Titertek Flow, Irvine, UK) at both 560 nm and
After washing with 0- Na,B,O; to neutralize the acid, cell 630nm as measurement and reference wavelengths, respectively.
suspensions were incubated with FITC-conjugated MoAb toThe percentage of dead cells in each sample was calculated as:
BrdU. Finally, cells were resuspended im@&ml Pl solution (100 — (OD of target cel4- SN/OD of target cell+ control

and analysed by flow cytometer after 1 h. medium)) x 100. Parallel suspensions of both WC8 and WR19L
cells incubated with each SN were stained with Pl and the relative
Analysis of FasL secretion content of subdiploid DNA peak was measured by the FACScan, as

The cytofluorimetric detection of FasL on MCC was also investi- described [36].

gated in relation to its cytocidal property in the [3-(4,5-

dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide] (MTT) mRNA isolation from MCC, cDNA synthesis, cloning and

assay and by PI staining of target cells. The first procedure is aequencing of Fas

colorimetric method based on cleavage of yellow tetrazolium salmRNA was isolated from % 10° cells from each MCC according

(MTT; Sigma) by active mitochondria to form a dark blue to the guanidine thiocyanate-caesium chloride procedure (Invitro-

formazan product. It was used to measure the percentage 6f Fagen, Celbio Srl, Pero, Italy). Transcription of mRNA into first-

killed cells with the WCS8 cell line, namely a human Fas-trans-strand cDNA was performed with the Boehringer-Mannheim

fected mouse T cell ymphoma, and its negative mutant WR19L agMilan, Italy) cDNA kit. Fas wild-type-specific primers were

control (kindly provided by Dr S. Nagata, Osaka, Japan). The assagtesigned in relation to the described gene structure [23] as follows:

included a 40-h incubation of 410° target cells with each MCC 5-ATG CTG GGC ATC TGG ACC CT-3(FW: pos. 195) and’s

culture supernatant (SN) and, in parallel, in the presence of contraf CT AGA CCA AGC TTT GGA TTT C-3 (RV: pos. 1178) as

culture medium. Then 10d of MTT solution (2mg/ml) were  external primers, whereas-6GG AAG GAG TAC ACA GAC
AAA-3’ (FW: pos. 456) and’SGAC ACC ATT CTT TCG AAC
AAA GCC-3 (RV: pos. 935) were the internal primers. cDNA

Table 2.Level of Fas, FasL and IL-6R expression (100 ng) and 50 pmol of each primer were added to the polymerase

evaluated as ratio of the mean fluorescence per chain reaction (PCR) mixture (Perkin Elmer Cetus, Norwalk, CT)

antigen on each myeloma cell clone (MCC) and with subsequent amplification in a thermal cycler for 35 cycles
their fluorescence intensity at the cut-off point (2 min 94C/1 min 58C/1 min 72C), which in our system were

found to provide suitable amounts of PCR product. This was then
analysed on a 2% agarose gel, cloned in the PiRvector
(Invitrogen) and amplified in DH& bacterial strain (&co BRL,
Milan, ltaly) for sequencing by high-voltage electrophoresis on a

Intensity of expression

Fas Fast IL-6R 6% urea-bis-acrylamide gel with the Sequenase 2.0 kit (Amer-
MCC-1 18.0 3.4 15.3 sham, Aylesbury, UK).
MCC-2 1.4 24.0 12.4 This analysis included the amplification of Fas cDNA from U-
MCC-3 7-0 5.2 137 266 cell line as control.
MCC-4 23:0 7-5 17-4
MCC-5 8-0 9:3 14-2 Statistical analysis
MCC-6 15-0 77 10-9 Mean values of specific phenotype expression ianditro para-
MCC-7 1.8 181 16-8 meters were compared by Studerttest and, in several instances,

by the Wilcoxon test as a non-parametric method.
© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:179-188
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Fig. 1. Proliferative assay of seven myeloma cell clones (MCC) in the presence of increasing amounts of IL-6 compared with their relative
stimulation index (Sl). MCC-2 and -7 showed a high extent of spontaneous proliferation which was not influenced by the presence of IL-6. A
similar insensitivity was detected in MCC-3 and -5, whereas the remaining clones, including the control U-266 myeloma cell line, increased
their *H-thymidine uptake in response to IL-6, thus providing a positive=S8/(0).

RESULTS particular in MCC-1, -4 and -6 whose uptake was significantly
Unequal expression of CD38, Fas and FasL on myeloma cells '_Ir_}? re;si?mbyrsoo tU /kmlvc\J/f thre Cy:gkg?n((,agg |1n aélLLnsrt]angesz. i
Phenotypic analysis of freshly isolated plasma cells and MCC is € maximum uptake was recorde . anced proit-

; . ._eration in the presence of 500 or 1000 U/ml IL-6, however, was
shown in Table 1. clg, IL-6R and Bcl-2 expression was essentially ident in MGC-1. -4 and -6 and resembled U-266 cell arowth. but
uniform in all samples, whereas CD38 ranged from very highe\"t e MICC 5 3 5 ad 7 ah eset ke i .tce" 9 ? b ' Au
percentages te= 10% in MCC-2, -3 and -5. Fas expression was "o " "<, -3, > and -/, Whose uptake was virluatly stable. As

also minimal in MCC-2 and -7 5%), while the distribution of a result of this insensitivity, their stimulation index (SlI) was below

FasL ranged from 10% in MCC-1 to 99% in MCC-2. the significance limit 3-& 0-37.
In addition, to compare the levels of Fas, FasL and IL-6R
expression obtained from each MCC, a ratio of the mean fluoresSusceptibility of Fas in MCC parallels their IL-6 sensitivity
cence intensity (MFI) per antigen-expressing cell and the fluoresThe next experiments compared the sensitivity of IL-6-dependent
cence intensity at the cut-off point was calculated. As shown in Tablénd independent MCC to Fas stimulation, through evaluation of
2, the intensity of Fas and FasL expression was different on eactheir response to Fas ligation by the CH11 agonist MoAb and by
MCC. In particular, MCC-1, -4 and -6 showed the highest level ofincreasing concentrations of DOX, whose apoptogenic potential
Fas expression, whereas FasL was up-modulated on MCC-2 and 5. promoted by massive autocrine production of FasL [37].
Conversely, the intensity of IL-6R staining was similar in all samples.Depressed proliferation was considered as the effect of these
stimulations (Fig. 2). The expected effect of the anti-Fas MoAb
Proliferation of MCC is variably sensitive to IL-6 was only observed in MCC-1, -4 and -6, whose inhibition was
3H-thymidine uptake, calculated as the extent of the proliferativeparticularly evident with 0-g/ml, whereas MCC-2, -3, -5 and
rate of MCC in the absence or presence of IL-6, indicated a7, like U-266 [38], were totally insensitive (Fig. 2a). DOX
differential sensitivity of clones to IL-6 (Fig. 1). Proliferation produced a similar response (Fig. 2b), with the highest inhibition
paralleled the progressive increase of IL-6 concentration, invhen MCC-1, -4 and -6 were treated with 1—dg/ml.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:179-188
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FasL expression is variably down-modulated by IL-6
We also measured the variation of FasL expression in MCC treated

©

g Mgg:iBase”ne with IL-6 by incubating 2< 10° cells per clone with 500 U/ml IL-6
e Medss for 90 min before phenotypic analysis. Two profiles of response to
g Mce-3 IL-6 were evident: MCC-4, -5 and -6 showed an appreciable
= decrease of FasL expression, whereas the ligand disappeared on
= IL-6-treated MCC-1 and -3. Conversely, the magnitude of FasL
g population in MCC-2 and -7 remained apparently intact. The
E mcc-1 cytofluorimetric patterns of these responses are illustrated in Fig. 4.
- mec-a o _— o
@ Ll C ol " -6 sFasL secretion is prominent in IL-6-insensitive MCC
0 0-01 0-1 1 Further analysis explored the extent of FasL secretion by MCC by
Anti-Fas MoAb (ug/ml) measuring the cytocidal properties of their supernatants. Both
WC8 and WRI19L cells were used as Faand Fas cellular
(b) targets, respectively, and the assays included the MTT test.
Figure 5 illustrates the percentage of killing induced on WC8
100 ks 4 4 Ba?ﬂ%‘é@e cells after their incubation with the supernatants from MCC.

______ U-266 Parallel experiments used the DOX-conditioned supernatants
MCC3 from MCC as positive controls of FasL release in culture

medium. The variable cytotoxicity of these supernatants appar-
ently reflected the constitutive expression of FasL on their clones.

3H-thymidine uptake (%)
[e2]
o

40 Indeed, although the cytocidal effect on WC8 cells of supernatants
20 from MCC-1, -3 and -5 was arbitrarily considered as |e20% of
—— __wmcce killing), in contrast with moderate elevations (range 20—60% of
0 e e Mec killing) for supernatants from MCC-4 and -6, the highest extent
S 01 ! 10 (>60%) was induced by those from MCC-2 and -7. As expected,
Doxorubinin (ug/ml) cytotoxicity was comparably increased in all supernatants from

cultures using DOX to stimulate both production and release of the
1dealth factor. Finally, the effect was completely absent in all

Instances with WR19L (data not shown), thus confirming that the
ell death of WC8 cells occurred through Fas.

Fig. 2. Profiles of response to Fas ligation by the relative MoAb from clone
CH11 (a) and by autologous FasL induced in cultures by treatment o
myeloma cell clones (MCC) with doxorubicin (b). The assay measured
suppression of proliferation as the extent of Fas-induced apoptosis. In both

assays MCC-1, -4 and -6 were significantly suppressed in a dose-dependent ) )
fashion, whereas MCC-2, -3, -5 and -7 were slightly affected only at theMolecular cloning of Fas cDNA revealed derangements in IL-6-

highest concentrations. The control U-266 myeloma cell line provided ainsensitive MCC
similar pattern of Fas-insensitivity. Since MCC showed a variable susceptibility to apoptosis following
the ligation of Fas by either the relative MoAb or its ligand in
The susceptibility of MCC to Fas stimulation was also eval- DOX-conditioned cultures, we evaluated the genetic expression of
uated by BrdU/PI experiments. Figure 3 shows the results obtainethe receptor in these cell lines. The analysis included PCR
in two representative MCC, namely the IL-6-independent MCC-2amplification, cloning and sequencing of Fas cDNA from MCC.
and the strictly IL-6-dependent MCC-4 (SI13). The addition of ~We observed a pattern of dissimilarities in PCR products. Fas
anti-Fas MoAb (0-Lg/ml) induced cell apoptosis (52-3%) and CDNA from MCC-1, -4 and -6 was identical in structure to the
inhibited cell proliferation (4-1%) of MCC-4, whose growth was Wild-type molecule as a result of their complete homology to
promptly increased by IL-6 (500 U/ml) (61-8%). By contrast, no CDNA from U-266 cells. By contrast, in addition to the expected
effect was observed on MCC-2. Similar responses were obtained iffagment related to the full-length cDNA of 1008 bp, a product of
all IL-6-dependent and -independent MCC using CH11 or DOX asabout 836 bp was observed, particularly in MCC-3 and -5 (Fig. 6).

apoptotic stimuli (data not shown). Sequence analysis of both products revealed their complete iden-
tity to the previously reported Fas Exo4,6Del variant of Fas [39],
IL-6 and Fas-regulated apoptosis in MCC which is defined by the deletion of both exons 4 and 6. Sequence

Since IL-6 rescues cells from dexamethasone-induced apoptosifta were in line with the size of the amplified products and with
[21], we explored its influence on both Fas- and DOX-inducedthe known Fas sequence [40], with the exception of the described
apoptosis in IL-6-dependent and -independent MCC by cytofluoripolymorphisms at positions 529 (exon 4) and 700 (exon 6), which
metric analysis of DNA content following PI staining. The two are related to the defective extracytoplasmic region and the lack of
groups of MCC displayed different response patterns (Table 3)the transmembrane domain of the molecule, respectively.
Spontaneous apoptosis in MCC-1, -4 and -6 was significantly However, a major derangement of Fas occurred in both MCC-2
reduced P<0-05), whereas the amplitude of that induced byand -7, since PCR amplification repeatedly demonstrated the
either the anti-Fas MoAb or DOX was influenced only slightly. complete absence of the expected product(s) (data not shown).
The apoptotic populations of clones 2, 3, 5 and 7 wet®@%. As

expected, both anti-Fas and DOX failed to increase their amplitudélL-6 insensitivity and apoptosis disorders as related to the extent
and the presence of IL-6 did not alter spontaneous apoptosis. It wasf malignancy

clear that IL-6 can only rescue IL-6-sensitive myeloma cells fromSeveral parameters were considered to provide an arbitrary esti-
spontaneous apoptosis and has little effect on that induced by Fasation of malignancy in MCC. We reasoned that since IL-6

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:179-188
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Fig. 3. Profiles of response to Fas ligation by the relative MoAb from clone CH11 in presence of IL-6 in two representative myeloma cell
clones (MCC), evaluated by bromodeoxyuridine (BrdU)/propidium iodide (PI) cell incorporation. A, Percentage of proliferating cells; B,
percentage of apoptotic cells with subdiploid DNA content. The addition of anti-Fas MoAb induced cell apoptosis and inhibited cell
proliferation of the IL-6-dependent MCC-4; no effect was observed on MCC-2.

insensitivity, defective spontaneous apoptosis, resistance to Fd%as-induced apoptosis. Moreover, the defect of spontaneous apop-
ligation, FasL over-secretion, and deregulation of Fas expressiotosis was assessed as percentage of subdiploid cell population
were not regular events of differentiated plasma cells, theirc13-8%, which was the lower significance limit observed in
occurrence on myeloma cells could reflect malignancy. Thusprevious evaluations of spontaneous apoptosis in dthefitro
cellular derangements in MCC were arbitrarily related to theestablished lines, including WC8 [36,41] cells (Table 3). The
results of our functional tests. IL-6 insensitivity was attributed to amplitude of FasL secretion was defined by the MTT test in
MCC with the IL-6 SI<3-0 (Fig. 1), whereas those showing no relation to control experiments as high- ¢, killing >60%),
effect in their proliferative rate following treatment with agonist intermediate ¢ —, range of killing 20—60%), or low-{ —, killing
levels & 0-1pg/ml) of anti-Fas MoAb were considered resistant to < 20%). As illustrated in Table 4, the concurrency of the majority
of derangements was evident in four out of seven MCC (MCC-2,
-3, -5 and -7), whereas we failed to detect a similar combination in
Table 3. Effect of IL-6 on spontaneous and Fas-driven apoptosis ofclones 1, 4 and 6. This differentiation was used to form an arbitrary
myeloma cell clones (MCC) distinction between high-, intermediate- or low-malignancy MCC.

Subdiploid DNA cell population (%)

DISCUSSION

Base Anti-Fas MoAb Doxorubicin The present study focused the defective apoptosis, either sponta-

_IL6 L6 —IL6 L6 —IL6  +IL6 neous or mediated by Fas, in myeloma ceIL_% in relation to th_eir

proliferative response to IL-6, a cytokine which acts as a major

MCC-1 *36.3 13.1 74.7 85.6 635 74.0 9rowth factor for plasma cells [1,2,7,10] and rescues malignant
MCC-2 5.4 36 10-2 9.1 12.7 12.5 plasma cells from apoptosis induced by dexamethasone or starva-

MCC-3 86 5.8 10-9 11-8 109 14.6 tion [21]. We found that it also protects them from spontaneous
MCC-4 *47.3 82 86-8 838 76-1 81.-8 apoptosis, though this effect is confined to clones whose prolifera-

MCC-5 7-3 54 14-3 118 10-9 13-6 tion is fully dependent on adequate levels of IL-6 in culture and
MCC-6  *354 59 89-7 93-6 783 74-5 does not extend to their Fas-regulated apoptosis. By contrast,
MCcC-7 91 47 13-2 16-4 10-9 136 resistance to Fas-related apoptosis as a result of multiple derange-

ments of Fas pathway occurred in MCC whose proliferative rate

*P<0-05. was insensitive to IL-6. Therefore, we speculated that the high rate

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:179-188
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Fig. 4. Representative cytofluorimetric patterns of variation in FasL expression after IL-6 treatment of myeloma cell clones (MCC) (right

panels). IL-6-insensitive MCC-2 and -7 were not affected by IL-6 incubation, in contrast to the IL-6-sensitive MCC-4 and -6, which showed a

variable down-modulation of their FasL cellular expression.
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Fig. 5. [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl tetrazolium bromide] (MTT) test measuring the cytocidal effect of supernatants from
myeloma cell clones (MCC) as extent of spontaneous soluble FasL secretion. The assay usetl WEFaslls as target. A variable
cytotoxicity was observed in all supernatants, though MCC-2 and -7 showed significant elevRtiod®%). The doxorubicin (DOX)-
conditioned medium provided the positive control of FasL secretion by the corresponding cultures.

of IL-6-independent cell proliferation associated with relative myeloma cells produce IL-6 as an autocrine factor of proliferation
preservation from Fas-regulated apoptosis could reflect higtand differentiation [42]. We found that both proliferation and the
malignancy. In addition, the occurrence of abundant FasL secreS| of somen vitro established native MCC were mostly unchanged
tion in several Fas MCC argues for a cytotoxic mechanism in the presence of increasing levels of IL-6, suggesting that it was
capable of neutralizing the immune suppression, as described inot necessary for their autocrine or paracrine expansion. Since
other highly malignant tumours [32]. MCC-2, -3, -5 and -7, though they expressed IL-6R on their
The IL-6 receptor and its signal transducer, namely gp130, arsurface, showed no variations of théif-thymidine uptake in
expressed on most myeloma cells. It has been emphasized that ILtBe presence of IL-6, we speculated that their IL-6-independent
is essential for replication of myeloma cell lines [12,13] and nativereplication was related to high cellular immaturity. Their relative
MCC [19,20,24] and, although it is prevalently considered adefect of CD38 expression could support this interpretation.
paracrine growth factor [14], it seems likely that highly immature Another intriguing hypothesis could be related to N-ras oncogene

U-266 MCC-3 MCC-5

Fas

836
(Fas Exo4,6Del)

Fig. 6. Fas cDNA from MCC-3 and -5 showing a smaller polymerase chain reaction (PCR) product with respect to the full-length Fas (wild
type) detected in the control U-266 myeloma cell line.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$14:179-188



Fas/FasL-deregulated apoptosis in multiple myeloma 187

Table 4. Correlation of proliferative response to IL-6 with multiple deregulations of apoptosis in seven myeloma cell clones (MCC)

Fas-stimulation Defective spontaneous Deregulated Fas Proposed malignancy

IL-6 sensitivity resistance apoptosis FasL secretion expression* (high/intermediate/low)
MCC-1 + - - —— — (WT) L
MCC-2 — + + ++ + (A) H
MCC-3 - + + + - +(8V) |
MCC-4 + - - -— — (WT) L
MCC-5 - + + + = +(8V) |
MCC-6 + - — —— — (WT) L
MCC-7 - + + ++ +(A) H

*Sequencing of Fas cDNA revealed full identity to Fas wild-type (WT) and deregulations, including its complete absence (A) or a soluble splicing variant
(SV).

mutations in IL-6-independent MCC. Indeed, it has been showra state of immune privilege in those organs by eliminating*Fas

[43] that introduction of an activated N-ras oncogene results in annfiltrating leucocytes. Similarly, malignant tumours counterattack

IL-6-independent growth of the IL-6-dependent myeloma cell linethe tumour-infiltrating lymphocytes by delivering their FasL to

ANBL, suggesting that activated mutations of ras oncogene coulghrevent host immune suppression [32]. Since we have demon-

replace the IL-6 function and allow IL-6-independent MCC growth strated an identical event on a few Famyelomas, we believe that

[44]. Further studies to verify this hypothesis are in progress in ouonly highly malignant plasma cells can exert this mechanism of

laboratory. immune evasion, as recently described in certain myeloma cell
A second important aspect concerns the different susceptibilityines [33].

of our MCC to either spontaneous or Fas-triggered apoptosis. Our overall results suggest that deregulated Fas apoptosis

Contrary to the variable extent of subdiploid cell population reflects a malignant phenotype of myeloma cells apparently

occurring in IL-6-dependent myelomas, which was down-modu-activated to elude immune surveillance. In our myeloma clones,

lated by the cytokine, the IL-6-independent clones showed awe identified two mechanisms of immune escape. First, production

substantial defect of apoptosis. Indeed, this function was founaf a soluble splicing variant of Fas, as detected in MCC-3 and -5, to

to be suppressed both with and without the stimulation induced bylisable FasL of cytotoxic cells. The second mechanism occurred in

Fas ligation or DOX treatment of cells. Since this drug acts throughFas” myelomas (MCC-2 and -7) and resembled a recently defined

the Fas pathway by increasing the FasL mRNA expression for théunction in tumour cells which present FasL to immune-competent

autocrine induction of cell death [37], we concluded that thecells. Our attribution of high- or intermediate-grade malignancy to

defective or deregulated expression of Fas in IL-6-independenthese myelomas is indirectly supported by the rapidly progressing

clones could account for their resistance to Fas-induced apoptosislinical picture in three of the four corresponding patients, whereas

In this context, the demonstration of Fas Exo4,6Del variant onclones 1, 4 and 6 were evidently of low-grade malignancy, since

MCC-3 and -5, as well as the complete absence of Fas cDNA oboth their spontaneous and their Fas-regulated apoptosis were

MCC-2 and -7, could represent major genetic deregulations preapparently unaffected.

serving these tumour cells from their Fas-regulated control of

proliferation. On the other hand, both the variability of respon-

siveness and the constitutive defect of Fas in malignant plasma ACKNOWLEDGMENTS
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