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The aim of this study was to evaluate whether tumor cells from patients with multiple myeloma activate allogeneic and autologous
T cells. Results showed that myeloma cells expressed few B7-2 and no B7-1 in six cell lines and primary cells from 11 patients. They
expressed substantial levels of HLA class |, CD40, and a set of adhesion molecules. In accordance with the low density of B7
molecules on these cells, they were poor allogeneic CDa cell stimulators. Neither IFN-y plus TNF-a nor CD40 stimulation
significantly induced B7-1 or up-regulated B7-2 on human myeloma cell line or primary myeloma cells from six of seven patients.
However, such induction was found on autologous bone-marrow nontumoral cells and on autologous dendritic cells following
CD40 stimulation. High B7-1 expression was stably obtained on human myeloma cell line using transduction with a B7-1 retro-
virus, enabling these cells to stimulate allogeneic CD8 though not CD4*, T cell proliferation. For one patient with advanced
disease, B7-1 gene transfer made it possible to amplify autologous cytotoxic T cells that killed autologous myeloma cells in an HLA
class I-restricted manner, but not autologous PHA blasts. These results suggest that B7-1 gene transfer could be a promising
immunotherapeutic approach in multiple myeloma. The Journal of Immunology,1999, 163: 514-524.

the late stage of B cell differentiation. Tumor plasma the same tumor peptides as those presented by the tumor cells.
clones expand following a multistep transformation  Alternatively, anti-tumoral CTL can be obtained by using tumor
process (1) in close contact with the bone-marrow stromal cellgells themselves as APC. The in vitro or in vivo stimulation of
expressing adhesion molecules and producing cytokines, espeTL requires TCR activation by a peptide/MHC complex com-
cially IL-6, which sustains survival and growth of myeloma pined with costimulatory signals, in particular CD28 activation by
cells (2, 3). B7 molecules present on APC (15-17). A high density of B7 mol-
Although high-dose chemotherapy and autologous stem celbcules is needed to trigger a full T cell response (18, 19). B7-1
transplantation have improved the rate of complete remission(CDgo) and B7-2 (CD86) are generally absent or only marginally
some myeloma cells escape treatment and all MM patients relapqﬁesem on tumor cells but they could be induced upon CD40 li-
(4-6). The development of immunotherapy approaches designeéiation or by cytokines such as IFXin some hemopoietic malig-
to get CTL might help to eradicate or control residual tumor cells.5ncies (20-22). In B cell lymphoma and pre-B acute lympho-
The use of professional APC such as dendritic cells (DC) t0 genpaqtic |eukemia, CD40-mediated B7 induction on tumor cells
erate anti-tumoral response is a promising strategy (7, 8). Vactig,yqs it possible to obtain autologous specific anti-tumoral CTL

nation of patients with DC pulsed with monoclonal Ig as tumor Ag (23, 24). In contrast, in acute myeloid leukemia, CD40 stimulation
has already begun in MM (9, 10). DC pulsed with tumor RNA _. ' '

(11-13) or cell lysates (14) may prove to be useful in obtaining
CTL clones against various unidentified Ag. However, this ap-

M ultiple myeloma (MM¥ is a B cell neoplasia affecting proach is limited in that there is no guarantee that DC will present

fails to induce B7-1 and does not increase allogeneic T cell pro-
liferation (20). Myeloma cells express a set of adhesion molecules
as well as CD40 and CD28 (25-27). The myeloma CD28 is able
to bind B7 and to activate the phosphatidylinositol 3 kinase (26).
] ) i ] , , Most studies have shown that only a small number of tumor
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B7 genes using adeno-associated virus vectors in two HMCL enused nontransfected L cells ¢ 10°/ml). After 4 days of culture in these

able them to activate and be lysed by a mixture of allogeneic Nkdifferent conditions (IL-6, IL-6 plus IFNy plus TNF, IL-6 plus L cells,

and T cells (35). These effects were due in part to NK cells adL-6 plus CD4OL-transfectant), cells were harvested and simple (HMCL
. v d '.b d for the in vi iecti f B7 and purified primary plasma cells) or double (BMMC) stainings were done

previously described for the in vivo rejection of some B7-express-¢ jescribed above.

ing animal tumors (36, 37).

To date, no study has demonstrated that B7adyeloma cells
can be used to obtain anti-tumoral autologous T cells in vitro. WeObtention of HMCL transfected with B7-1 cDNA (B7-1 HMCL)

show here, using an anti-syndecan-1 mAb that recognizes all V4he full-length human B7-1 cDNA was subcloned into the neomycin-se-

able tumor cells in bone-marrow samples (38—40), that myelomgectable 5192 retroviral vector witEcoRl/Xhd cloning sites and trans-

cells express no B7-1 and only a few B7-2 molecules. This lowfected into the E293 packaging cell line using Lipofectamine (Life Tech-
B7-2 density was responsible for a weak stimulation of highly nologies, Paisley, U.K.). The packaging cell line was also transfected with
purified allogeneic T cells by HMCL. B7-1 was not significantly the empty retroviral vector. The 5192 retroviral vector and the E293 pack-

- ! aging cell line were a gift from Dr. Mehtali (Transgene, Strasbourg,
up-regulated on primary myeloma cells activated by CD40 Ol’France). Transfected cells were selected by outgrowth with gfthl of

IFN-vy plus TNF« for a majority of patients. In contrast, B7-1 was 418 (Life Technologies) for 10 days. Resistant cells expressing the B7-1
induced by CD40 ligation on autologous nontumoral bone-marrowmolecule were sorted using a Vantage cell sorter (Becton Dickinson), cul-
cells and on autologous DC. Finally, the transduction of B7-1 ontured at a high cell density, and the supernatant was filtered and stored at
HMCL with a B7-1 retrovirus increased their ability to activate —70°C. Culture supernatant of G418 resistant clones of E293 packaging

. - : cells transfected with the empty vector was also collected, filtered, stored
allogeneic CD8 T lymphocytes. For one patient with advanced at —70°C, and used as a source of control retrovirus. HMCL were plated

disease, obtaining B7-1IHMCL made it possible to get specific 4t 16 cells/well in six-well dishes and exposed to control or B7-1 retroviral

autologous anti-tumoral CTL. supernatant fio2 h in thepresence of §.g/ml of polybrene (Sigma, St.
Louis, MO). After two cycles of infection, cells were selected with 1200
Materials and Methods rg/ml of G418 over a period of 10 days. Resistant clones obtained with the

B7-1 retrovirus were analyzed for surface expression of B7-1 and sorted as
described above. The stable transfected HMCL obtained with the B7-1
Eleven patients with MM (median age, 66.5 years) were included in this'etrovirus (named B7-1 XG-1, B7-1 XG-6, and B7-1 XG-14) and with the
study. There were four g five IgGk, one IgA«, and one Bence-Jonas control retrovirus (named Neo XG-1, Neo XG-6 and Neo XG-14) were
Bone-marrow aspirates were collected for the determination of plasma cefubsequently maintained with 5Q@/ml of G418.

labeling index, a marker of disease activity (41), and exceeding cells were

used for this study after informed consent. Bone-marrow mononuclear cells

(BMMC) were isolated by Ficoll-Hypaque centrifugation (BioWhittaker, Allogeneic MLR (allo-MLR)

Walkersville, MD) and either stained with appropriate mAbs or plated in o )

culture for 4 daysl For two patients‘ puriﬁcation of syndecémlrnor Heparlnlzed venous perlphel’al blood from healthy volunteers was col-
plasma cells was performed with the MI15 anti-syndecan-1 mAb (40) andected after written informed consent. T lymphocytes were purified by de-
magnetic cell separation system anti-murine IgG microbeads (Tebu, L@letion of non-T cells with mAbs (Immunotech) and magnetic beads (Dy-
Perray-en-Yvelines, France) as previously described (42). Purified cell§al, Oslo, Norway) as described (44). Briefly, monocytes and B cells were

Preparation of primary samples

contained>92% plasma cells. first depleted using CD14- and CD19-coated beads. Then, non-T cells were
] removed by incubating with a mixture of CD16, CD56, and HLA-DR
Cell lines mAbs and then goat anti-mouse Ig beads. After two rounds of purification,

- the purity of resting CD3 cells was always>98%. CD4 and CD8 T
Five IL-6-dependent (XG-1, XG-2, XG-6, XG-13, and XG-14) and one e - " ) -
autonomous (RPMI 8226) HMCL were used in this study. These cell IinesceIIS were further purified by removing CDfr CD4" cells using ant

; ; ~CD8 and anti-CD4 mAbs and magnetic beads. The purity of the T cell
\(')eréectref nrg):—ﬁg;aaﬁj”rl:gﬁﬁf\ggt?oﬁ &iimEaB(i/e”ng_ean)t(yg_ez, n)?é_)éprgﬁzlOrgubpopulations was98%. Cells were frozen in 50% FCS-10% DMSO at

XG-13 had been previously established in our laboratory (29, 43), andzo. X 10° cells per vial. To evaluate_HMC_L-induped T <_:e|| proliferation,
RPMI 8226 was purchased from American Type Culture Collection (Ma_prlmary allo-MLR was performed using mitomycin C (Slgma)-t_reated (50
nassas, VA). They were cultured in RPMI 1640 supplemented with 100¢9/Ml) HMCL or B7-1 HMCL cocultured at 5¢ 10° cellsiwell with 16

FCS, 2 mML-glutamine, and 5 10~ M 2-ME, and with 3 ng/ml of aIIog(_enelc'T cells in 96-well round-bottom _pla_tes in RPMI 1640 and 5%
human IL-6 for XG-1, XG-2, XG-6, and XG-13. XG-14 was cultured in €atinactivated human AB serum. When indicated, antagonist (CD28.6)
X-VIVO 20 serum-free medium (BioWhittaker) supplemented with 3 &nti-CD28 (provided by Daniel Olive, Marseille, France), anti-HLA-ABC,
ng/ml of human IL-6. L cells stably transfected with CD40 ligand (CD40L) ©F @nti-B7-2 mAbs or their isotypic controls were added ajgml. After

were kindly provided by Sem Saeland (Schering-Plough, Dardilly, France)2 days of coculture, cells were pulsed withuCi of [*HITAR (sp. act. 25
Ci/ml; Amersham, Buckingham, U.K.) for 12 h, harvested, and counted.

Phenotypic analysis All microculture tests were conducted in triplicate and stimulation indexes

. (SI) were calculated as follows: St CpM ceis + HMcL)/CPMYT cells) T
Expression of cell surface molecules on HMCL and B7-1 HMCL was CPMypmcyy- TO quantify T cell amplification and activation, bulk cocultures
determined using FITC-conjugated anti-CD28, anti-CD54, anti-CD58, anti-y¢ mitomycin-treated HMCL, neo HMCL, or B7-1 HMCL and purified T
CD1la, anti-CD18, anti-HLA-ABC, anti-HLA-DR (Immunotech, Mar- cq|is were performed at a responder:stimulator cell ratio of 3:1. Cells were
seille, France), and anti-B7-2 (PharMingen, San Diego, CA) and PE-CONgeeged at 1.5 10° cells/ml in RPMI 1640 and 5% AB serum in 6-well
jugated anti-B7-1, anti-Fas, and anti-CD40 mAbs (Immunotech). Fory aies At days 2 and 5 of culture, cells were counted and used for phe-
primary BMMC, double staining of maIlgr_1ar_1t plas_ma cells was performed otypic analysis with FITC-anti-CD25 and FITC-anti-HLA-DR mAbs (Im-
using the same mAbs and FITC- or biotin-conjugated anti-syndecan-,,,qtech). “At the same time, culture supernatants were collected and

mAb (MI15). All fluorescence analyses were conducted on a FACSCary, o a1~ 20°C for IL-2 measurement using a commercially available
apparatus (Becton Dickinson, San Jose, CA). Negative controls were dorEQLISA test (Genzyme)

with corresponding irrelevant isotype-matched murine mAbs.

Induction of costimulatory molecules on myeloma cells

HMCL were cultured at 2< 10°ml and BMMC and purified syndecant1

plasma cells at X 10°/ml in RPMI 1640 supplemented with 10% FCS, 2 For two patients, DC were generated from adherent apheresis cells as de-
mM L-glutamine, and 5< 10~ ° M 2-ME, except for the XG-14 cell line, ~ scribed (44). Briefly, apheresis cells were collected after mobilization of
which was cultured in X-VIVO 20 medium. All cultures were performed hemopoietic precursors with high dose cyclophosphamide (£)gamd

in the presence of 3 ng/ml of human IL-6. Cells were stimulated with eitherrecombinant human G-CSF (rhG-CSF, filgrastim, Neupogen; Amgen-
IFN-y (100 U/ml; Genzyme, Cambridge, MA) plus TNF<{20 ng/ml; Roche, Neuilly-sur-Seine, France; daily injection of.§/kg) and plated

R&D Systems, Minneapolis, MN) or cocultured with CD40L-transfected L for 2 h at37°C. Nonadherent cells were discarded and adherent cells were
cells (1 10°/ml). As a control of the specificity of CD40 stimulation, we then cultured for 7 days in X-VIVO 15 medium (BioWhittaker) with 2%

Generation of DC
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Table I. Expression of adhesion and costimulatory molecules on HMCL

HMCL CD54 CD58 CD11la CD18 HLA-ABC HLA-DR B7-1 B7-2 CD28 CD40
XG-1 100 (158)  100(30) <0.5 <05 100 (416) <05 <05 30(22) 100 (120) 0.5
XG-2 100 (710) 100 (49) 100 (42) 100(53) 100(964) <05 <05 35(25) 100(60) 100 (7504)
XG-6 100 (293) 100(31) <05 <0.5 100 (1213) <05 <05 32(25) 86 (45) 85 (44)
XG-13 100 (165) 100 (21) <0.5 <05 100 (1100) <05 <05 25(26) 100 (66) 70 (55)
XG-14 100 (210) 100 (54) <05 <05 100 (812) <05 <05 92(62)  25(23) 75 (71)

RPMI 8226 100 (431) 100 (31) 15 (18) 16 (19) 100(602) <05 <05 20(34) 100(153) 52 (60)

2HMCL were harvested during the exponential growth phase, stained with corresponding mAbs, and fluorescence was analyzed on a FACScan appasashewt he d
the percentage of cells expressing Ag and the MFI in parentheses. The MFI obtained with irrelevant matched mAbs were set between 4 and 6. A peositviage 0/5%
was considered as negative.

human albumin, 1000 U/ml of rhGM-CSF (Leucomax; Sandoz, Basel,were then cultured at 7.8 10°ml and restimulated on days 6, 12, 18, and
Switzerland) and 500 U/ml of rhiL-4 (Genzyme). Cells harvested at day 724 with mitomycin-treated HMCL, Neo HMCL, or B7-1 HMCL at an E:T
exhibited the typical morphological features of DC and expressed HLAratio of 2:1 in the presence of IL-2 (30 U/ml) and IL-12 (1 ng/ml) (R&D
class I, HLA class Il, B7-1, B7-2, CD4, CD40, and no CD14 as reportedSystems). Cytokines were added on days 7, 13, 19, and 25 of culture. When
(44). They were cultured at % 10°ml in the presence of &4 10* non- indicated, IL-7 was added at 5 ng/ml. Cell-mediated toxicity was deter-
transfected L cells or CD40L-transfected L cells/ml. After 3 days of cul- mined on day 28 using a standard 4*8r release (Amersham) assay using
ture, cells were stained with FITC-anti-B7-1 or control murine mAbs.  E:T ratios of 3:1, 10:1, and 30:1. XG-14 (autologous HMCL), XG-2 (al-
logeneic HMCL), PHA-blasts (autologous nontumoral cells), and K562
were used as target cells at 5000 cells/well in 96-well plates. All experi-

For one patient with plasma cell leukemia (PCL), PBMC (comprising 30% Ments were performed in triplicate. To determine whether the cytolysis was
CD3" T cells, 40% syndecan®ltumor cells, and 15% CDI6NK cells) restricted by HLA class |, target cells were preincubated withugml of

were frozen at diagnosis and an autologous HMCL was established (XGanti-HLA class | mAb. After a 4-h incubation at 37°C, supernatants were
14) and transduced with control vector (Neo XG-14) and B7-1 retrovirusharvested and radioactivity was measured withcaunter. The percentage
(B7-1 XG-14). PBMC (1.5x 10°/ml) were stimulated with mitomycin-  of specific lysis was determined as: (experimeAt@lr release- sponta-
treated (5Qug/ml) HMCL, Neo HMCL, or B7-1 HMCL at an E:T ratio of ~ neous’’Cr release)/(maximur'Cr release- spontaneous'Cr release)<

2:1 in RPMI 1640 supplemented with 5% human AB serum for 6 days.100. The ratio (spontaneous release/maximum release) was always
Dead cells were eliminated by Ficoll-Hypaque centrifugation. Viable cellsbelow 30%.

Generation of autologous anti-tumoral T cells
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FIGURE 1. Expression of adhesion and costimulatory molecules on primary myeloma cells. BMMC from patient 4 were double-stained either with
biotin-MI15 plus PE-streptavidin (FL-2) and FITC-conjugated anti-CD54, CD58, CD11a, CD18, HLA-ABC, HLA-DR, B7-2, CD28 mAbs or with
FITC-MI15 (FL-1) and PE-conjugated anti-B7-1, CD40 mAbs. Irrelevant mouse Ig were used as negative controls as shown on the last two plots. On each
dot plot, the percentages of syndecanahd syndecan-1cells expressing the cell-surface markers were indicated ingher rightandlower right panels
respectively.



The Journal of Immunology 517

Table Il. Expression of adhesion and costimulatory molecules by primary myeloma cells

Syndecan-1

Patient Stage Cells (%) CD54 CD58 CD11la CD18 HLA-ABC HLA-DR B7-1 B7-2 CD28 CD40
1 A 10 95 (83) 37(39)  7.5(137) 8(245) 99 (778) 25(62) <0.5 20 (150) 10 (43) 100 (129)
2 A 39 82 (45) 20(37) <05 <05 100 (980) 14 (131) <05 25 (53) 10(23) 100 (97)
3 B 60 76 (56) 53(27) 2.5(188)  3.4(205) 100 (2518) 12 (54)<0.5 80 (46) 6(37) 90 (157)
4 nA 17 68 (78) 7.6 (57) 6(144) 3.5(217) 99(554)  12.6(334x<0.5 7.8(186) 27(41) 99 (371)
5 PCL 88 100 (174)  77(21) <05 <05 100 (1353)  1.5(267) <0.5 100 (68) 89(34)  91(122)
6 A 60 100 (68) 96 (20) 3.2(77) 2.6(94) 100 (928) 2.3(98) <05 5.3(97) <05 100 (179)
7 A 52 36 (49) 30(52) <05 <0.5 100 (1049) 4.6 (42) <05 2.7(196) 76(35) 86 (70)
8 A 20 100 (103) 62(32) 7.5(182) 8.5(328) 100(1291)  21(203x0.5 59.5(76)  100(70) 99 (263)
9 B 29 95(152)  20(19) <05 <05 100 (702) 6(195) <0.5 28 (69) 25(42) 75 (124)
10 nB 72 94 (46) 23(34) 11.4(86) 14.5(131) 100 (692) 3.1(431x05 52(38)  7.6(37) 100 (128)
11 B 85 70(112) 91(52) <05 <05 100 (816) 1(65) <05 91(198) 15(45) 86 (60)
Mean % 48.4 83.3 47 3.5 3.7 99.8 94 <0.5 38.6 35.1 93.3
+ SD *27.4 +19.9 +30.8 *4 *4.8 +0.4 +8.2 +37.1 +38.1 *+8.4

2BMMC were stained with FITC- or biotin-conjugated MI15 anti-syndecan-1 mAb and with the appropriate FITC- or PE-conjugated antiadhesion lategstimlecule
mAbs. When necessary, PE-streptavidin was added. The data show the percentage of syhdetiaredpressing Ag. The MFI are indicated in parentheses. A percentage of
positivity <0.5% was considered as negative.

Results (mean percentage of positive cells, 948.2%). In addition, in
Expression of adhesion and costimulatory molecules on HMCL keeping with results obtained with HMCL, primary tumor cells
and primary myeloma cells expressed no detectable B7-1 and a variable level of B7-2 (mean

é)sercentage of positive cells, 38:637.1%). It should be noted, as
previously reported (25, 27), that the CD28 molecule was present
on all cell lines and on 10 of 11 patient tumor samples. CD40

investigated it on six HMCL (Table 1) and on bone-marrow plasma ) :
expression was heterogeneous in HMCL but was always present

cells from 11 MM patients. To label patient tumor cells, we used | ¢ L I %:
an anti-syndecan-1 mAb that stains all viable myeloma cells 2N tumor samples (mean percentage of positive cells, 8B31%;

tumor samples (38—40). The phenotype obtained with patient 4'§"€an MFI, 155& 90). Thus the phenotype of HMCL and patients’
cells is outlined on Fig. 1, and data obtained for the 11 patients argvéloma cells was very similar. In particular, myeloma cells ex-
summarized in Table Il. Concerning adhesion molecules, CD54Téssed CD54 and CDS8, HLA class I, CD40, no B7-1, and
was expressed at a high level and CD58 at an intermediate level Hﬁw B7-2.

all HMCL (percentage of positive cells, 100%; mean fluorescence

intensity (MFI), 158-710 for CD54 and 21-54 for CD58) and
primary tumor samples (mean percentage of positive cells,83.3
19.9% for CD54 and 47 30.8% for CD58). CD11a and CD18 When XG-1, XG-6, and XG-14 were used as stimulator cells in
were expressed on 2 of 6 HMCL, an20% of tumor cells in 6 of  primary allo-MLR, a small but significant T cell proliferation was
11 fresh samples, and were virtually absent in other samples. HLAnduced with a mean Sl of 9 for XG-1 (range, 3—20+ 7), 5 for
class | was largely present on all plasma cells. HLA-DR was ab-XG-6 (range, 4—8n = 4), and 8 for XG-14 (range, 7-1h;= 3),
sent on HMCL and marginally present on patient tumor cellsdepending on the various donors of allogeneic T cells (not shown).

Because the expression of adhesion and costimulatory molecul
on APC plays a major role in the activation of T cells, we first

B7-1-negative HMCL were poor allogeneic T cell stimulators
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FIGURE 2. Stimulation of allogeneic CD3, CD8", and CD4 T cell proliferation in response to XG-1 and B7-1 XG-1. A total ok5L0* mitomycin-
treated XG-1 and B7-1 XG-1 were used as stimulator cells féhighly purified allogeneic CD3, CD8", or CD4" T cells. When indicated, 1Qg/ml

of anti-HLA-ABC, antagonist anti-CD28 (anti-CD28N), or anti B7-2 mAbs were added. Cell proliferation was evaluated by a 12-h pul3d]RtR [
after 5-day cocultures. No inhibition was found with control mouse mAbs. Data are thean88nof the fH]TdR incorporations determined on sextuplate
culture wells. In most groupsHi]TdR incorporation and SD were too small to be visible on the graph.
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Table Ill. Induction of B7-1, HLA-DR, Fas, and CD54 on HMCL by IRNand TNF« or by the CD40L transfectaft
B7-1 HLA-DR Fas CD54
HMCL Medium IFN+ TNF CD40L Medium IFN+ TNF CD40L Medium IFN+ TNF® CD40L  Medium  IFN+ TNF' CD40L
XG-1 <0.5 <0.5 <05 <05 <0.5 <0.5 <0.5 100 (40) <0.5 100(158) 100 (295) 100 (155)
XG-2 <0.5 <0.5 <0.5 <05 <0.5 <0.5 60(23) 100(36) 58(25) 100(710) 100 (720) 100 (802)
XG-6 <0.5 <0.5 <05 <05 <0.5 <0.5 75(26) 100(32) 72(22) 100(293) 100 (351) 100 (299)
XG-14 <0.5 <0.5 <0.5 <05 <0.5 <0.5 90(38) 92 (45) 96 (44) 100 (210) 100 (296) 100 (198)
RPMI 8226 <0.5 46(35) <05 <05 100(730) <0.5 10(13) 100 (98) 9(11) 100 (431) 100 (956) 100 (388)

2HMCL were cultured in medium alone, with nontransfected L cells, with =00 U/ml) and TNFe (20 ng/ml), or with CD40L-transfected L cells. Because CD40
stimulation produced no effect on adhesion and costimulatory molecule expression, the data obtained with control L cells, which were sin@labtaitieaswith medium
alone, are not indicated in this table. After 48 h, cells were harvested, stained with corresponding mAbs, and analysed on a FACScan. Resultsrtagtsegidabeled cells
and, in parentheses, the MFI. The MFI with irrelevant control mAbs was set between 4 and 6. A percentage of poBifiditywas considered as negative.

*, Significant up-regulation of the percentage and/or of the MFI as evaluated with a nonparametric Wilcoxon test for pairs.

This activation was inhibited by an anti-HLA-ABC mADb, indicat- B7-1 and a high level of HLA-DR on the RPMI 8226 cell line.
ing that it was mediated through allopeptide presentation by MHCHowever, these molecules remained undetectable on the other cell
class | molecules. In addition, it was also inhibited by antagonistines stimulated by these cytokines. As a control, Fas was up-
anti-CD28 or anti-B7-2 mAbs, suggesting that it was mediated inregulated on HMCL upon IFNsplus TNF« stimulation, and this
part through the activation of T cell CD28 by the myeloma B7-2 was associated with an increased sensitivity to Fas-mediated apo-
(Fig. 2). ptosis for XG-1 and XG-2 cell lines (Table Ill and data not shown).
The density of CD54 was also significantly up-regulated on four of
B7-1 was not induced on HMCL nor on primary tumor samples the five HMCL tested, as can be seen in Table Ill. B7-2, CD11a,
in a majority of MM patients CD18, and CD58 were not modulated by IRNslus TNF« stim-
Stimulation of CD40 is known to induce B7-1 expression on nor-ulation (data not shown). Independent of their level of CD40 ex-
mal B cells and DC as well as in several tumor cells from patients?ression, it was impossible to induce B7-1, HLA-DR, or adhesion
with B cell lymphoma or B cell leukemia (21, 22). IFj-and ~ Molecules on HMCL by coculture with CD40L-transfected cells
TNF-a may also increase costimulatory molecule expression (20(Table Ill and data not shown).
31). To enhance the Ag-presenting capacity of myeloma cells, we We then tested CD40 and IFjMplus TNF« stimulations on
looked for the effect of IFNy plus TNF« and CD40 stimulation ~ seven nonfractioned bone-marrow samples (patients 2, 3, 5, 6, 9,
on the expression of costimulatory molecules. As outlined in TablelO, and 11). All the cultures were performed in the presence of
I, the association of IFNy and TNFe« induced a low level of IL-6, a survival factor for myeloma cells (2). B7-1 was clearly
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FIGURE 3. Neither IFN+y plus TNF« nor CD40 stimulation could induce B7-1 on nonpurified primary myeloma cells. BMMC were culturef/atl 10

in RPMI 1640-10% FCS supplemented with IL-6 (medium) and were stimulated withylplNs TNF« or CD40L-transfected L cells. Results obtained

with nontransfected L cells were identical with those obtained in medium alone and are not shown. After 4 days, cells were harvested and dibuble-staine
as described in Fig. 1. The percentages of B7sgndecan-1 and B7-1" syndecan-1 cells are indicated in thepper rightand thelower right quadrant
respectively.
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Table IV. Induction of costimulatory molecules on nonpurified myelomatells

% of Syndecan-1 B7-1* Cells MFI of Syndecan-1 CD54" Cells MFI of Syndecan-1 Fas™ Cells
Patients Control IFN + TNF CD40 Control IFN+ TNF CD40 Control IFN+ TNF CD40
2 <0.5 <0.5 3.9 131 211 513 3 9 15
3 1.5 1.1 3.6 125 132 116 20 18 21
5 <0.5 <0.5 1 121 289 374 15 38 25
6 <0.5 <0.5 <0.5 172 232 552 7 29 12
9 1 0.9 1.2 151 168 160 7 15 21
10 <0.5 <0.5 <0.5 63 190 225 49 177 185
11 <0.5 <0.5 12.3 125 459 1940 5 19 33
Mean= SD <0.5 <0.5 3.1£43 127+ 34 240+ 108 554+ 633 15+ 16 44+ 60 45+ 62

aBMMC were cultured for 4 days at X 10°/ml in the presence of IL-6 alone, with nontransfected L cells, with H-N- TNF-«, or with CD40L-transfected cells and
double-stained as described in Table Il. There was no difference between IL-6 alone and nontransfected L cells, and the control column coatagedtitened with IL-6
alone. The molecules up-regulated by the different stimulation systems are shown in bold.

up-regulated by CD40 stimulation on syndecan-diontumoral vate CD4" T cells, in agreement with the absence of HLA class I
cells, from 3.7+ 2.9% in the presence of nontransfected cells toexpression, but it induced a high level of proliferation of purified
21.3 + 9.2% with CD4O0L-transfectant (representative results ob-CD8" T cells, a proliferation inhibited by an anti-HLA-ABC
tained for two patients are shown in Fig. 3). However, this wasmAb. The level of CD8 T cell proliferation induced by B7-1
only marginally the case for syndecan-inyeloma cells in the  XG-1 was not different from that induced by PHA. In addition,
same samples (percentage of positive cells alwa4%) for sixof  B7.1 XG-1 induced purified CD8T cells but not purified CD#
seven patients (Fig. 3 and Table 1V). For patient 11, a low induc-t ¢elis to express HLA-DR and CD25 (data not shown) and to
tion of B7-1 and HLA-DR was detected in 12% of myeloma cells produce IL-2 (Table V). In contrast, parental XG-1 and Neo XG-1
(Table IV and data not shown). As for HMCL, the density of CD54 ;4 ,ced only a weak expression of CD25 and HLA-DR on CD8
was up-regulated for five of seven patients, and the Fas density fof cells with no measurable IL-2 production (data not shown and
six of seven patients, by IFN-plus TNF. However, in contrast Table V). Similar data were obtained with XG-6, Neo XG-6, and

to cell lines, their expression was also increased by CD40 ligatio
(Table IV). B7-2, CD11a, CD18, and CD58 were not up-regulatedrt37 1 XG-6 as well as XG-14, Neo XG-14, and B7-1 XG-14
HMCL (data not shown).

by either method of stimulation. Of note, the association of fN-
plus TNF« induced some tumor cell death as previously described

(45, 46) so that the percentage of syndecércélls was 10-20%

lower in the presence of these cytokines than with IL-6 alone (datd7-1 HMCL activated autologous anti-tumoral cytotoxic T cells

not shown). To further investigate the effect of CD40 stimulation For one patient with a PCL at diagnosis, PBMC containing 30%

ey boents LUMGr SO, e SAMECD3" T cells (15% CDA and 15% CDB T cell) and 4D
fients 2 and 5. B7-1 and B7-2 were not induced either by 4N- syndecan-I myeloma cells were harvested and cultured with

plus TNF« or by CD40 stimulation on purified myeloma cells. lLi-r?.dAnn(Ith-rG-:e;enddewitstiaolog?lisr |-t|rM\(/:|:_ (X§7-114)Xévals40b;]d
B7-1 results with tumor cells from patient 5 are shown in Fig. 4 2 ned and transauce e B7-1 retrovirus (B7- -14)a

In addition, these CD40L-stimulated purified myeloma cells wereWIth the empty retrovirus (Neo XG-14). XG-14 cells expressed the

poor stimulators of purified allogeneic T cells (results not shown).Sarne adhesion and costimulatory molecules as the prlma.lry patl_ent
As shown in Fig. 8, B7-1 was up-regulated on DC obtained from Myeloma cells (Table I and data not shown). As mentioned in
patient 5, as described for healthy subjects’ DC, indicating that thd able I, neither IFNy plus TNF« nor CD40 stimulation induced
CD40 pathway was selectively nonfunctional for the induction of B7-1 on XG-14 HMCL but transduction with B7-1 retrovirus in-
B7 molecules in myeloma cells from a majority of patients. duced high B7-1 expression and strong alloreactivity. We then
tested to see whether the transduction of the B7-1 molecule made
B7-1-transduced HMCL were potent allogeneic CDB cell it possible to generate specific anti-tumoral T cells. Twenty million
stimulators nonpurified PBMC (containing 6 million CD3 T cells) were

& ducti ¢ q ith th cocultured with 10 million irradiated XG-14, Neo XG-14, and
After transduction of XG-1, XG-6, and XG-14 HMCL with the g7 1 v 14 Cells were restimulated on days 6, 12, 18, and 24

B7-1 retrovirus, selection, and sorting, we obtained B7-1 HMCL, ... XG-14, Neo XG-14, or B7-1 XG-14. IL-2 and IL-12 were

Fhat gxpr_essed high levels of the .B7'1 molecule W'thO.Ut any mOOI_added only after the second stimulation on days 7, 13, 19, and 25.
ification in the pattern of expression of the other costimulatory or

adhesion molecules (CD54, CD58, CD11a, CD18, B7-2 CI:)40,Neither parental XG-14 nor Neo XG-14 supporte_d the growth of
data not shown). Neo HMCL transduced with an empty Controlau.tologous T lymphocytes because all the cells died before ng 12
retrovirus did not express B7-1 and had a similar phenotype as th4f9- ©)- On the co+ntrary, B7'+1 XG-14 allowed a great amplifica-
described in Table | for parental cells (data not shown). B7-1tion of CD3" CD8" TCR ™ CD16  cells (Fig. 6). After 28
HMCL were four to five times more potent for stimulating allo- days of culture, CD8 T cells had expanded by 15-fold. When

geneic CD3 T cells than parental HMCL with a mean Sl of 41 for these cells were used in a standaf@r release assay, they effi-
B7-1 XG-1 (range, 10-99n = 7); 26 for B7-1 XG-6 (range, ciently killed autologous HMCL (XG-14) but not the NK-sensitive

10-31;n = 5), and 13 for B7-1 XG-14 (range, 9-20= 4) (data K562 cell line nor autologous PHA blasts. The allogeneic XG-2
not shown). As detailed in Fig. 2, B7-1 XG-1 was unable to acti-cell line was only marginally killed, and the lysis of XG-14 was
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FIGURE 4. Neither IFN-y plus TNF«
nor CD40 stimulation induced B7-1 on pu-
rified primary myeloma cells, unlike autolo-
gous DC.A, Syndecan-1 purified myeloma
cells (patient 5) were cultured at Ml in
medium alone or in the presence of IFN-
plus TNF«, nontransfected L cells, or
CD40L-transfected L cellsB, Autologous
DC (patient 5) obtained after 7 days of cul-
ture of adherent apheresis cells in X-VIVO
15 medium supplemented with 2% human
albumin, GM-CSF, and IL-4, were cultured
at 4 X 10°ml with nontransfected or
CD40L-transfected L cells. Myeloma cells
and DC were harvested after 3—4 days of
stimulation and were stained with anti-B7-1
mADbs (bold lines) or isotype-matched con-
trol murine mAbs (dotted lines). The same
data were obtained with patient 2's cells.
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blocked by anti-HLA-ABC mAb (Fig. 7), indicating that we have tions, i.e., nonpurified T cells with a great tumoral (40% syndecan-
obtained HLA-restricted anti-tumoral cytotoxic T cells for this pa- 1*) and NK (15% CD16) cell contamination, the addition of
tient suffering from a very aggressive disease. After 35 days otytokines at the beginning of the culture or the use of IL-7 led to
culture, CD8 T cells could not be further expanded and they a proliferation of CD16 NK cells and TCRy8™ T cells (data not
progressively died within 15 days. Of note, in our culture condi- shown).
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Table V. Allogeneic CD8 T lymphocytes proliferate and produce IL-2 when cocultured with B7-1 XG-1

CD3* T Cells CD4" T Cells CD8" T Cells
HMCL No. of cells IL-2 (pg/ml) No. of cells IL-2 (pg/ml) No. of cells IL-2 (pg/ml)
XG-1 Day 2 3% 10° <4 2.3x 10° <4 4.2% 10° <4
Day 5 3.3x 10° <4 1.9% 10° <4 3x10° <4
Neo XG-1 Day 2 2.6¢ 10° <4 2.8%x 10° <4 4.4% 10° <4
Day 5 3.1x 10° <4 2.3x 10° <4 3.7x 10° <4
B7-1 XG-1 Day 2 4.2} 10° 310 2.6X 10° <4 4.8% 10° 340
Day 5 7.2X 10° 160 2.6X 10° <4 11x 1¢° 190

aCD3", CD4*, and CD8 T cells (4.5x 10° in 3 ml) were cultured with mitomycin-treated XG-1, Neo XG-1, or B7-1 XG-1 (¥.20° in 3 ml). On days 2 and 5, viable
T cells were counted and IL-2 was assayed in the culture supernatants by ELISA.

Discussion can-I" cells were not myeloma cells; consequently, results below
The aim of this studv was to determine whether mveloma cell 5% must be considered cautiously. The low-level expression of
y Y B7-2 and the lack of B7-1 may explain the poor ability of HMCL

could function as APC and whether it was possible to improve o . . .
. o : and purified primary myeloma cells to induce CD8&llogeneic T
their immunogenicity to generate autologous anti-tumoral T cells.

We first analvzed 6 HMCL and 11 bone-marrow tumoral Sam_ceII activation, IL-2 production, and proliferation. Similar results
Analy - ) : were reported for pre-B acute lymphoblastic leukemia cells (21)
ples for their expression of adhesion and costimulatory molecules. d ¢ loid leukemi s (20 d in i ith th
As previously described (25-32), myeloma cells expressed cp2gNd acute myeoid leukemia ce S.(. ) and are in line wi ) the
HLA class |, CD54. CD58, and CD40, and some of them eX_demonstratlon that B_7 density is critical to promote an effective T
pressed low levels of CD1la and CD18. In addition, primaryce" response, especially for CDET lymphocytes (18, 19).

plasma cells expressed few HLA-DR molecules. With regards to To up-regulat_e 8_7 expression on myeloma cells, we t_ested two
B7 molecules, we found a variable expression of B7-2 (38.6 strategies of activation: by IFN-plus TNF« and by CD40 ligand.

37.1%) but no detectable B7-1. However, Yi et al. recently re-'"d€€d. IFNy and TNFa increase B7-1 expression on normal

ported that 3.5% of patient myeloma cells expressed B7-1 (31)gglls as well as on acute myeloid Igukemia cells (20). In addit.ion,
This study was conducted using CD38 Ag as a tumor markerYi et al. reported that B7-1 was induced on 14.3% of patient
CD38 is highly expressed on primary myeloma cells (47—49) bufCP38" " bone-marrow cells by IL-6 and on 13.3% by IFNS1).
it is also expressed on a large proportion of normal BMMC (50)_In the present study’s_ culture_ conditions, i.e., in the presence of
Thus, it cannot be excluded that a minority of the bone-marrowdL-6 N0 B7-1 expression was induced by IFNplus TNF« stim-
nontumoral cells might express a high level of CD38, especiallylation on HMCL, except for the RPMI 8226 cell line on which
after 3 days of culture with various activation signals, and there HLA-DR was induced as well. This result suggests that B7-1 is
fore account for the very weak B7-1 positivity found by Yi et al. induced by cytokines in only rare cases. We found that §N-
on myeloma cells€<5%). To study the phenotype of primary my- induced apoptosis of primary myeloma cells as previously reported
eloma cells, we used an anti-syndecan-1 mAb. Indeed, we antfS; 46), despite the presence of IL-6 and ThiFboth survival
others have shown that syndecan-1 is present only on viable myactors for myeloma cells (2, 52). In addition, no B7-1 induction
eloma cells, unlike nontumor cells (38 —40). We have recently connor B7-2 up-regulation was observed after culture with Hrslus
firmed that all syndecan®lcells had a plasma-cell morphology TNF-a on the remaining syndecan-Yiable cells. Thus, the use of
using serial histological sections of decalcified bone of MM pa-!FN-y plus TNF« is not an effective strategy for inducing high
tients (51). However, as with the study conducted by Yi et al.levels of B7 molecules on the majority of myeloma cells. Of fur-
mentioned above, we could not exclude that a minority of syndether interest, Fas and CD54 were induced by H-plus TNF« on
some HMCL and primary tumor samples, as recently
reported (53).
We then used CD40 stimulation, known to increase B7-1 ex-
pression on several B cell neoplasia (21, 22) as well as on normal
B cells (54) and DC (55). As with data reported for the XG-2 cell
line (28), we showed that B7 molecules were not significantly
o induced by CD40 stimulation on myeloma cells from five of five
A cell lines and primary myeloma cells from six of seven patients.
—A—Neo XG-14 Investigation is needed into whether additional costimulatory sig-
nals (provided by cytokines or activation molecules) could overlap
the defect of B7-1 induction by CD40 activation. For only one
patient, 12% of myeloma cells expressed B7-1 and HLA-DR fol-
04 ¢ = = = = lowing CDA40 stimulation. In contrast, B7-1 was induced by CD40
0 5 10 15 20 25 30 . . _ .
Days of culture stimulation on syndecan-1nontumoral cells cultured with tumor
FIGURE 5. B7-1 gene transfer allows the expansion of autologous _I_cells. For two patllents, €D40 stlmulatlon. glso up-regulated B7-1
cells. PBMC (1.5X 10°ml) were cultured at an E:T ratio of 2:1 with on Dc_’ whereas I_t had no eflect on purified myeloma cells. No
autologous mitomycin-treated HMCL (XG-14), Neo HMCL (Neo XG-14), adhesion nor costimulatory molecule could be induced on HMCL
or B7-1 HMCL (B7-1 XG-14) in RPMI 1640-5% AB serum. Every 6 Dy CD40 stimulation. However, CD54 and Fas molecules were
days, cells were harvested, counted, and restimulated with the appropriatéd-regulated by CD40 ligation on most primary plasma cells. It is
cell line. IL-2 and IL-12 were added after the second boost. not possible to conclude presently whether this induction of Fas

50 T

Cumulative number of CD3" cells (x 10%)
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FIGURE 6. Phenotype of autologous T cell line. After 28 days of coculture with B7-1 XG-14 (five stimulations), T cells were stained with anti-CD3,
-CD4, -CD8, -CD16, -TCRp, and -TCRyd mAbs (bold lines). Controls (dotted lines) were isotype-matched irrelevant Abs.

and CD54 is due to a direct activation of myeloma CD40 or to anregimen and corticoid treatments that most likely delete anti-
indirect activation of CD40 nonmyeloma cells and a secondary tumoral T cells. For patients with chronic disease, we have devel-
secretion of inflammatory mediators, especially TNFE56, 57). oped a method to purify large numbers of syndecanplasma
Transferring the B7-1 gene is an alternative way to obtain my-cells from bone-marrow using B-B4 or MI15 anti-syndecan-1
eloma cells expressing a high density of the B7-1 molecule. BymAbs (42). In addition, several studies have reported the efficiency
using a B7-1 retrovirus, myeloma cell lines with a stable and highof adenovirus-mediated gene transfer in primary myeloma cells
expression of B7-1 were obtained. B7-1 myeloma cells efficiently(58, 59). If the early harvesting of large bone-marrow samples
activated allogeneic CD8 cells but failed to activate CD4 T soon after diagnosis for purifying myeloma cells is deemed as
cells because they lacked expression of HLA class Il molecules. Ethical, the development of T cell activation by modified primary
cell activation was evidenced by an early induction of activationmyeloma cells will be possible.
markers (CD25 and HLA-DR), production of IL-2, and prolifera-  Another strategy would be to use DC, which are phenotypically
tion that was inhibited by anti-CD28 mAb. The production of IL-2 and functionally identical both in MM patients and in healthy in-
was transient, as previously reported for the activation of C08  dividuals (44, 60), and to pulse them with identified tumor Ags (9,
cells (18). In a recent study, Wendtner et al. showed that the transt0, 61), cell lysates, or tumor RNA. Even if DC are undoubtedly
fer of B7 genes in two HMCL using adeno-associated viral vectorghe best APC, there is no guarantee that they will present the same
made it possible to activate allogeneic PBMC containing nonputumor peptides through MHC class | as those presented by tumor
rified preactivated NK and T cells (35). The authors state that thicells. Thus, it is not yet possible to predict which of these two
effect was due not only to a specific activation of TCR throughstrategies will be the most promising for generating specific anti-
allo-peptide presentation by MHC molecules on myeloma cells butumor CTL in MM patients.
also to the activation of allogeneic NK cells. Contrary to this study,
we used highly purified resting T cells and showed that their ac-

tivation was mediated through HLA class I/TCR interaction. 100 ~
Of major interest in getting B7-1 myeloma cells is the genera- 9o ! ‘ i
tion of anti-tumoral autologous T cells. For one patient, we were 8o} | O XG-14+ Anti HLA ABC mAb
able to get T cells at diagnosis and a myeloma cell line (XG-14) at , 70 - — A~ -XG-2
] —O— Autologous PHA blasts

the terminal stage of the disease. XG-14 could be then transduced® o
with the B7-1 retrovirus (B7-1 XG-14). CD8 TCRaS™ cells
could be expanded by coculture with B7-1 XG-14 in the presence
of both IL-2 and IL-12 added after the second stimulation. No T
cell amplification occurred with parental XG-14 or Neo XG-14 as

% Specific
N
<

stimulator cells. The resulting T cells were able to lyse XG-14 but 1. = "= ====we_ e

neither allogeneic HMCL nor autologous PHA T cell blasts. How- Oe\b ______ 3
ever, these data need to be confirmed with other patient primary ~ 30:1 10:1 3
cells before concluding that primary myeloma cells transduced EIT ratio

with B7-1 are efficient autologous APC. Such experiments are S€RIGURE 7. Cytotoxicity of CTL expanded by stimulation with autolo-

riously limited by the difficulty in obtaining large numbers of pri- gous B7-1 HMCL. Cytotoxicity was measured at day 28 using a standard
mary myeloma cells. Indeed, myeloma cell lines can only be ob.p sicr release assay. Autologous XG-14 HMCL, allogeneic XG-2
tained from patients with terminal plasma cell leukemia. ThisHMCL, and autologous nontumoral PHA-blasts were used as target. When
difficulty is further compounded by the multiple chemotherapy indicated, cells were preincubated with anti-HLA-ABC mAb atdg/ml.
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