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Abstract

Objective: The aim of this study was to confer an antigen presenting cell (APC) ability on
multiple myeloma cell lines (HMCLSs) using B7-1 and/or 4-1BBL gene transfer.

Materials and methods: HMCLs were retrovirally transduced with B7-1 and/or 4-1BBL
cDNAs. Allogeneic or autologous T cells were stimulated by coculture with B7-1- and/or 4-
1BBL-transduced HMCLs in the presence of IL-2. T cell clones were obtained by limiting
dilution. T cell activation was assessed by IFNy Elispot assays and cytotoxicity by >'Cr
release assays.

Results: Neither primary multiple myeloma cells (MMC) nor HMCLs expressed B7-1 nor 4-
1BBL and these molecules could not be induced by CD40 triggering. HMCLs failed to
stimulate allogeneic or autologous T cells. Transduction of HMCLs with B7-1 and/or 4-
1BBL retroviruses induced a high expression of B7-1 and 4-1BBL molecules and a strong
T cell activation ability. Long-term cultured CD8" T cell lines could be obtained by
stimulation with the autologous B7-1/4-1BBL XG-19 HMCL. These cytotoxic T
lymphocytes (CTL) efficiently killed the autologous parental XG-19 HMCL as well as
autologous primary MMC and allogeneic HMCLs. They did not kill autologous CD34 cells
and autologous EBV cell line or NK target K562 cells. Cloned CTL could recognize
allogeneic HMCLs, demonstrating that a shared anti-MMC repertoire was expanded.
Conclusion: Transduction with B7-1 and 4-1BBL retroviruses turned HMCLs into efficient
APC. It permits the long-term expansion of autologous anti-tumor CTL with a shared anti-
MMC repertoire, for one HMCL. These data suggest developing an immunotherapy using

modified tumor cells in patients with multiple myeloma.



Introduction

A major goal of tumor immunotherapy is the induction of tumor-specific T lymphocytes that
will be effective in eradicating disseminated tumors. The full activation of antigen-specific T
cells requires a dialog between T cells and antigen presenting cells (APC) resulting in T
cell receptor (TCR) activation together with costimulatory molecules. First, the APC takes
up antigen and processes it into antigenic peptides that are presented through major
histocompatibility complex (MHC) class | or class Il molecules. Engagement of TCR by
peptide/MHC complexes yields a transient expression of CD40 ligand on T cells that
further activates CD40 molecules on the APC. CD40 activation induces or increases
costimulatory molecules on the APC. The prototypical costimulatory molecules are B7-1
and B7-2 which activate the CD28 T cell activation molecule [1,2]. Engagement of TCR by
peptide-MHC complexes without costimulatory molecules results in profoundly anergic T
cells which are unable to respond to further activation [3,4]. B7/CD28 T cell activation is
downregulated by CTLA-4 [2,5]. CTLA-4 is another B7 ligand that is expressed later by T
cells which results in T cell inactivation following activation by B7 molecules. The family of
B7-like costimulatory molecules is rapidly expanding as demonstrated by the recent
discoveries of B7h/B7RP-1, B7-H1/PDL-1, and B7-DC/PDL-2, which bind ICOS T cell
activating molecule and PD1 inhibitory molecule, respectively, and B7H3, which binds an
unknown activating receptor [6]. Another class of costimulatory molecules belongs to the
TNF/TNF receptor family. OX-40 ligand triggers OX-40" T cells and results in long-term
expansion of CD4" T cells [7]. LIGHT can stimulate the receptor HVEM present on CD4"
and CD8" T cells. The 4-1BB ligand (4-1BBL) binds to 4-1BB present on activated T cells
and induces NF-KB, c-jun, and P38 signaling pathways which sustain B-7/CD28-mediated
activation [8]. 4-1BBL prevents activation-induced apoptosis of CD8" T cells, increases T

cell effector function, and enhances clonal proliferation and survival of CD8" cytotoxic T



cells [9,10]. 4-1BBL is expressed on dendritic cells, monocytes, and other myeloid cells.
The 4-1BB molecule is expressed by activated CD4" and CD8" T cells but also by NK
cells, NK-T cells, and CD4"CD25" regulatory T cells [8].

Tumor cells are generally poor APC due to a defect in costimulatory molecules and/or
peptide presentation through MHC molecules [11,12]. 4-1BBL improves the efficacy of
antigen presentation in various tumor models [13]. In particular, administration of an
agonist anti-4-1BB monoclonal antibody induced a strong anti-tumor immunity in mice

[14,15].

Multiple myeloma (MM) is a B cell neoplasia affecting the late stage of B cell
differentiation. Although high-dose chemotherapy and autologous stem cell transplantation
have improved the rate of complete remission, some multiple myeloma cells (MMC)
escape treatment and all MM patients relapse [16]. The development of immunotherapy
designed to enhance cytotoxic T lymphocyte (CTL) eradication or control of residual tumor
cells may be one hopeful approach to improve MM treatment. However, MMC are poor
APC. They express CD40 molecules that are nonfunctional in terms of B7 induction after
triggering with CD40 ligand [17]. Interestingly, transduction of MMC with B7-1 retrovirus
can confer them immunogenicity [17]. However, no long-term expansion of anti-tumor CTL
could be obtained. Here, we demonstrate that transduction of B7-1 and 4-1BBL in human

myeloma cell lines (HMCLs) made it possible to stimulate long-term anti-myeloma CTL.



Patients, Materials and Methods

Patient and healthy donor samples

Seven newly-diagnosed patients with MM (median age: 64.5 years) were included in this
study. There were 3 IgGk, 2 IgGA, 1 IgAk, and 1 Bence-Jones A MM. Bone-marrow
aspirates were collected for the determination of plasma cell labeling index (PCLI), a
marker of disease activity, and excess cells were used for this study after written informed
consent. Bone marrow mononuclear cells (BMMC) were isolated by Ficoll-Hypaque
centrifugation (Biowhittaker, Walkersville, MD, USA). HMCLs have been obtained by
growing MMC from patients with extramedullary proliferation with IL-6 and GM-CSF, as
reported [18]. For 3 HMCLs (XG-5, XG-13, and XG-19), the autologous and nonmalignant
B-lymphoblastoid cell line (EBV-5, EBV-13 and EBV-19) were established by in vitro EBV
infection of peripheral blood B cells, as described [19]. Peripheral blood T cells from the
patient from whom XG-19 was derived were also collected and frozen. Peripheral blood
from 5 healthy donors was obtained after informed consent.

Antibodies and cytokines

Monoclonal antibodies (mAbs) conjugated to FITC or phycoerythrin (PE) were used for
staining of cells and phenotypic analyses. Anti-4-1BB (PE); anti-4-1BBL (PE); anti-CD27
(PE); anti-CD40 (FITC); anti-CD70 (PE); anti-OX40 (PE); anti-OX40L (PE) and anti-HLA-
A2 (FITC) were purchased from Pharmingen (San Diego, CA, USA). Anti-CD3 (PE); anti-
CD4 (PE); anti-CD8p (PE); anti-CD16 (PE); anti-CD28 (FITC); anti-CD40L (PE); anti-CD54
(PE); anti-CD56 (PE); anti-CD58 (PE); anti-CD80 (FITC/PE); anti-CD86 (FITC/PE); anti-
HLA-ABC (FITC); anti-HLA-DR (FITC) and isotype-matched mouse mAbs (FITC/PE) were
from BeckmanCoulter (Villepinte, France). Unconjugated anti-CD16, anti-CD56, and anti-

TCRy/5 were also from BeckmanCoulter. Anti-HLA-ABC (anti-MHC-I; w6.32) was from



Diaclone (Besancon, France). Interleukin (IL)-2, IL-6, and IL-12 were purchased from R&D
Systems (Abingdon, United Kingdom).

Cell lines

Fifteen IL-6-dependent HMCLs - XG-1, XG-2, XG-3, XG-4, XG-5, XG-6, XG-7, XG-10, XG-
11, XG-12, XG-13, XG-14, XG-16, XG-18, XG-19, and five autonomously- growing
HCMLs, RPMI 8226, LP1, L363, OPM-2 and U266, were used in this study. IL-6-
dependent cell lines had been previously established in our laboratory [18] and
autonomously-growing HMCLs and the K562 cell line were purchased from ATCC
(Rockville, MD, USA). They were cultured in RPMI 1640 supplemented with 10% FCS, 2
mM L-glutamine, and 2 ng/ml of human recombinant IL-6 for the IL-6- dependent cell lines.
Cell purification

Purification of syndecan-1* MMC was performed with anti-syndecan-1 Milteny microbeads
(Tebu, Le Perray-en-Yvelines, France) as reported previously [20]. Purified myeloma cells
contained >95% plasma cells. T lymphocytes were purified by depletion of non-T cells with
mAbs (Immunotech) and magnetic beads (Dynal, Oslo, Norway) according to the
manufacturer's instructions. Briefly, monocytes and B cells were first depleted using CD14-
and CD19-coated beads. Then, non-o/BT cells were removed by incubation with a cocktail
of anti-CD16 and anti-TCRy/d mAbs and goat anti-mouse Ig beads. After 2 rounds of
purification, the purity of resting CD3" cells was always higher than 98%. Cells were frozen
in 50% FCS, 10% DMSO at 20 x 10° cells per vial.

Phenotypic analysis

Expression of cell surface molecules on parental HMCLs, transduced HMCLs, and
lymphocytes was determined using immunofluorescence staining according to standard
procedures. For primary BMMC, double staining of MMC was performed using an anti-

syndecan-1 mAb (MI15) mAb conjugated to FITC or biotin. All fluorescence analyses were



carried out on a FACScan® apparatus (Becton Dickinson, San Jose, CA, USA). Negative
controls were done with corresponding isotype-matched mouse mAbs recognizing no
human antigens.

Generation of dendritic cells

Immature dendritic cells (DC) were generated from leukapheresis products of MM patients,
as previously described [21]. Briefly, 8 x 10° G-CSF-mobilized leukapheresis cells were
plated in 2 mL of X-VIVO15 medium (BioWittaker, Walkersville, MD) per well in six-well
flat-bottomed plates (Nunc, Roskilde, Denmark). Nonadherent cells were discarded by
gentle rinsing after a 2-h incubation at 37°C in 5% CO,. Adherent cells were cultured in X-
VIVO15 medium with 2% human albumin, 100 ng/mL of GM-CSF (LEUKINE®, Berlex,
Montville, NJ) and 25 ng/mL of IL-4 (Cellgenix, Freiburg, Germany) for 5 days.

Activation of myeloma cells

HMCLs were stimulated with CD40L-transduced L cells (1 x 10°/ml) with or without 10
U/ml IL-2 and with or without 2 ng/ml IL-12. As a control of the specificity of CD40
stimulation, we used non-transduced L cells (1 x 10°ml). After 2 days of culture,
expression of B7-1, B7-2 and 4-1BBL was determined on myeloma cells. Immature DC
were included as a positive control using the same stimulation protocol.

Obtaining HMCLs transduced with B7-1 and/or 4-1 BBL cDNA

The 5192 RV and the E293 packaging cell line were a gift from Dr. Methali (Transgene,
Strasbourg, France). The full length human B7-1 cDNA and 4-1BBL cDNA were subcloned
into the neomycin-selectable 5192 retroviral vector (RV) with EcoRI/Xhol cloning sites for
B7-1 and EcoRI/Bgl; sites for 4-1 BBL, then transduced into the E293 packaging cell line
using Lipofectamine® (Gibco BRL, Paisley, UK). The packaging cell lines transfected with
the empty RV (ERV), B7-1-RV, 4-1BBL-RV, or B7-1-RV and 4-1BBL-RV were cultured at a

high cell density and the supernatants were filtered and stored at -70°C. HMCL cells were



plated at 10° cells/well in 6-well dishes and exposed to retroviral supernatant for 2 hours in
the presence of 8 ug/ml of polybrene (Sigma, St Louis, MO, USA). After 2 cycles of
infection, transduced cells were selected by outgrowth with 600 pg/ml of G418 (Gibco
BRL) over a period of 10 days and resistant clones were analyzed for surface expression
of B7-1 and/or 4-1BBL and sorted using a Vantage® cell sorter apparatus (Becton
Dickinson). The stably-transduced HMCLs (named ERV XG, B7-1 XG, 4-1BBL XG, and
B7-1/4-1BBL XG) were subsequently maintained with 600 ug/ml of G418.

Mixed lymphocyte reaction (MLR)

To evaluate HMCL-induced T cell proliferation, allogeneic and autologous MLR were
performed using mitomycin C (Sigma)-treated (50 ug/ml) parental and transduced HMCLs
cocultured at 1 x 10°% 3 x 10% or 1 x 10* cells/well with 10° T cells/well in 96-well round
bottom plates in RPMI 1640 and 5% heat-inactivated human AB serum. When indicated,
anti-MHC-class | (w6.32) mAb was added at 10 ug/ml. After 5 days of coculture, cells were
pulsed with 1 uCi of tritiated thymidine (®H-TdR, specific activity 25 Ci/ml; Amersham,
Buckingham, UK) for 16 hours, harvested, and counted. All microculture tests were carried
out in triplicate.

Generation of autologous anti-tumor T cells

From one patient with plasma cell leukemia, peripheral blood mononuclear cells
comprising 21.5% CD3'T cells and 8.45% syndecan-1* tumor cells were frozen at
diagnosis. An HMCL (XG-19) and 4 transduced XG-19 subclones were obtained (ERV
XG-19, B7-1 XG-19, 4-1BBL XG-19, and B7-1/4-1BBL XG-19). Purified T lymphocytes
(CD3"; 5 x 10°/ml) were stimulated with mitomycin-treated (50 pg/ml) parental XG-19 or
transduced XG-19 cells at a 10:3 effector:target (E:T) ratio, in RPMI 1640 supplemented
with 5% human AB serum for 7 days. Dead cells were eliminated by Ficoll-Hypaque

centrifugation. Viable cells were then cultured at 5 x 10°/ml and restimulated every week



with mitomycin-treated XG-19 or transduced XG-19 cells in the presence of IL-2 (10 U/ml)
(R&D). IL-2 was added twice a week.

Cytotoxicity assay

Cell-mediated cytoxicity was determined using a standard 4-h >!Cr-release assay. Target
cells (from XG-19 HMCL, allogeneic HMCLs, autologous EBV-19, allogeneic EBV cell
lines, and K562) were incubated with 50 pCi Na,>'CrO4 (Amersham Biosciences Europe,
Orsay, France) for 1h30 at 37°C. After three washes, target cells (5000 cells/well) were
cocultured with CD8" T cells at various E:T ratios in 96-well V-bottom plates. All
experiments were performed in triplicate. After a 4h-incubation at 37°C, supernatants were
harvested and radioactivity was measured with a gamma counter. The percentage of
specific lysis was determined as: (Experimental >'Cr release - Spontaneous *'Cr release)/
(Maximum °'Cr release - Spontaneous °'Cr release) x 100. The ratio (Spontaneous
release/ Maximum release) was always below 10%.

T cell cloning

The responder T cells were seeded at different cell concentrations (10, 3, 1, 0.3 cells /
well) in 96-microwell round-bottom culture plates along with allogeneic PBMC (10 x 10° /
plate, 30 Gy irradiated), allogeneic EBV-infected cell line (10° cells/ plate, 80 Gy
irradiated), and autologous HMCL (XG-19, 10° cells/ plate, 50 Gy irradiated) in the
presence of rhiL-2 (10 IU / ml). The culture media were changed every week and T cells
were reboosted with allogeneic PBMC, EBV cell line, and autologous HMCL every 3-4
weeks. The T cell clones, taken 2 weeks after the last stimulation, were used in cytotoxicity
and Elispot assays.

T cell repertoire study

T cell clone total RNA was prepared by a modification of the Chomczyski and Sacchi

method [22] with the Trizol reagent (GIBCO-BRL). RT-PCR were performed with 24



different TCRBV subfamily-specific primers and one CB consensus primer, followed by a
runoff reaction with a fluorescent Cp primer, as described [23].

IFN-y Elispot assay

IFN-y production by activated T cells was evaluated using an IFN-y Elispot kit (Diaclone,
Besangon, France) according to the manufacturer's instructions. Briefly, 96-well
multiscreen plates were coated overnight with 100 pl/well of 10 ug/ml primary anti-IFN-y
mADb in PBS, then washed three times with PBS containing 0.25% Tween20 (Sigma) and
blocked with PBS containing 5% FCS for 2 h at 37°C. 10* T cells/well were incubated with
3 x 10° stimulating cells in a 200 pl reaction volume. Experiments were performed in
sextuplicate. To determine whether the IFN-y production was restricted by HLA class I,
target cells were preincubated with 10 ug/ml of anti-MHC class | mAb (w6.32) (Becton
Dickinson) for 30 min. Following a 48h incubation, the cells were removed from the plate
and a second biotinylated anti-IFN-y mAb was added to wells, at 1 pg/ml. Spots were
revealed with streptavidin alkaline phosphatase conjugate and were counted with a

computer controlled microscope (Zeiss-Vision, Eching, Germany).
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Results

Myeloma cells do not express 4-1BBL and 4-1BB molecules

We first looked for MMC expression of the 4-1BBL costimulatory molecule. As shown in
Table 1, 8 HMCLs lacked 4-1BBL and 8 HMCLs expressed it at a low level unlike EBV-
transformed cell lines. The 16 HMCLs did not express the 4-1BB T cell activation molecule
but did express CD28, a T cell activation molecule, in agreement with our previous report
[24]. We confirmed that these HMCLs fail to express B7-1 and express a low density of
B7-2. Most of the cell lines expressed CD70/CD27L but not the CD27 T and B cell
activation molecule. In addition, these cell lines failed to express HLA class Il but
expressed HLA class | molecules and adhesion molecules (CD54, CD58) known to be
important in T cell/APC interaction ([17] and unpublished results). We also investigated the
4-1BBL expression on purified MMC from 7 newly diagnosed patients. Results are shown
in Table 2. Patients’” MMC did not express 4-1BBL or B7-1. They expressed a low density
of B7-2. Contrary to HMCLs, primary MMC did not express CD70 but did express CD27.
Stimulation of myeloma CD40, with or without IL-2 and IL-12 did not induce B7-1 and 4-
1BBL on myeloma cells

MMC expressed CD40 molecules (Table 1 and 2) but a coactivation with a CD40L
transfectant in the presence of IL-2 or IL-2 and IL-12 did not induce B7-1 (Table 3),
contrary to a previous report [25]. In fact, in this report, the induction of B7-1 in MMC after
CD40L and IL-2 stimulation was found in only one out of 5 samples and at a marginal
level. As a control, CD40L transfectant can upregulate B7-1 and B7-2 on human dendritic
cells in 3 separate experiments (Table 3). The CD40L transfectant did not induce 4-1BBL
on HMCLs. This CD40L transfectant did not also induce 4-1BBL expression on human
dendritic cells. Such a 4-1BBL upregulation was previously shown for murine dendritic

cells [26] but we could not confirm these data.
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Obtaining HMCLs that expressed B7-1 and/or 4-1BBL by retroviral gene transfer

As indicated in Fig. 1, HMCLs expressing a large density of B7-1, 4-1BBL, or B7-1 and 4-
1BBL were obtained after retroviral transduction, G418 selection, and cell sorting.
Induction of B7-1 and/or 4-1BBL did not affect the growth of myeloma cells that expressed
CD28. It remained strictly dependent on the addition of exogenous IL-6 despite a
continuous triggering of CD28 in B7-1 transfectants (results not shown). This is in
agreement with the reported lack of growth stimulating activity of CD28 triggering in MMC
[24]. In addition, the expression of 13 main immune molecules was unaffected by 4-1BBL
or B7-1 transduction (Fig. 2). In particular, no change in the density of HLA class |, CD54,
or CD58 were found. We observed a decrease in CD28 density in B7-1 transfectant
probably due to a masking or downregulation of CD28 epitope.

4-1BBL and/or B7-1 HMCLs strongly stimulate allogeneic T cells

The 3 parental or ERV-transduced HMCLs (XG-1, XG-6 and XG-19) weakly stimulated the
proliferation of allogeneic purified CD3" cells. Data for the XG-1 HMCL are shown in
Fig.3A. This allogeneic stimulation was dramatically increased by transduction with 4-
1BBL and/or B7-1 RV (Fig. 3A). Although the XG-19 HMCL expressed 4-1BBL weakly, this
expression was likely too weak to promote an efficient allogeneic T cell proliferation (data
not shown). Altogether, the co-transduction with 4-1BBL and B7-1 RV yielded a greater
alloimmunogenicity in myeloma cells than with 4-1BBL or B7-1 RV (P < .05). The
stimulatory effect of 4-1BBL and/or B7-1 HMCLs was decreased by an anti-MHC class |
mADb indicating that it was mediated though MHC class | alloantigen presentation.

4-1BBL and B7-1 transduction made it possible to generate autologous anti-myeloma
cytotoxic T cell lines

Peripheral T cells were available from a patient with plasma cell leukemia from whom the

XG-19 HMCL and the nonmalignant EBV cell line (EBV-19) were obtained. Similarly to
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data obtained with allogeneic T cells, parental or ERV-XG-19 cells weakly stimulated
purified autologous CD3" T cells, despite the fact that these HMCLs expressed low levels
of B7-2 and 4-1BBL (Table 1). A significant (P < .05) increase in proliferation of autologous
T cells was obtained stimulating with 4-1BBL and/or B7-1 transduced XG-19 cells (Fig.
3B), emphasizing a need of a high costimulatory molecule concentration to get a maximum
T cell stimulation. This autologous T cell stimulation was inhibited by an anti-MHC class |
mADb that had no effect on the proliferation induced by anti-CD3 mAb and IL-2 (results not
shown). Actually, only autologous CD8" T cells, and no CD4" T cells, were stimulated
according to the lack of MHC class Il expression by XG-19 HMCL (results not shown). We
looked for the possibility of obtaining anti-myeloma cell T cell lines using either 4-1BBL/B7-
1, 4-1BBL, B7-1, ERV, or parental XG-19 cells. As shown in Fig. 4, starting from purified
CD3" T cells, the 4-1BBL/B7-1 XG-19 HMCL strongly stimulated purified autologous CD8"
T cells in the presence of exogenous IL-2. The B7-1- or the 4-1BBL-XG-19 HMCLs also
stimulated T cells but more weakly. No T cell growth was observed with the parental or
ERV XG-19 HMCLs. On day 30, CD8" T cells were able to efficiently kill the parental XG-
19 HMCL as well as the transduced XG-19 HMCLs at a low 1:1 effector:target ratio (data
not shown). They were unable to kill the EBV-19 autologous lymphoblastoid cell line and
the NK target K562 cells (Fig. 5) nor the autologous CD34" cells (data not shown).
Interestingly, these T cell lines killed HMCLs obtained from different patients indicating that
shared myeloma antigens were presented by these various HMCLs. Such T cell lines were
reproducibly obtained from the patient’s peripheral T cells on three separate occasions.
Anti-myeloma T cell clones

One of the three T cell lines was cloned in limiting dilution using B7-1/4-1BBL XG-19
HMCL, allogeneic EBV, and PBMC as feeder cells. After 3-4 weeks, 42 clones could be

amplified from culture microplates at 1 cell/well. All T cell clones were able to kill the
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parental XG-19 but not the EBV-19 autologous lymphoblastoid cell line nor the NK target
K562 cells. For 26 clones, we performed cytotoxicity assays including allogeneic HMCLs
as targets. We could distinguish 2 groups of T cell clones according to their cytotoxicity
profile: the first group, called “XG-19 restricted”, contained 16 clones which killed only the
autologous XG-19 HMCL but not the other HMCLs. Monoclonality of one of these clones
was checked with its immunoscope profile (data not shown) and its cytotoxic capacity is
shown in Fig. 6a. However, no blockage of the cytotoxicity activity was observed adding an
anti-MHC class | mAb. This could be explained by a high affinity of the TCR for peptide-
MHC class | complex. The second group of 10 clones, called “pan myeloma”, also killed
other HMCLs and the cytotoxic profile of one of these clones (I1I-1B/A-10) is shown in Fig.
6b. This clone displayed only a single peak using PCR amplification of TCRBV transcript
size pattern (data not shown). Clone II-1B/A-10 killed XG-19, XG-4, XG-7, XG-5, XG-13,
L363, and the patient’s primary MMC from whom the XG-19 HMCL was obtained (Fig. 6b).
Killing was not affected by adding unlabelled cold K562 cells (10 K562 cells for 1
chromium labeled target cell). Clone 111B/A10 did not kill EBV cell lines (EBV-5, EBV-13)
that were obtained from B cells of patients from whom XG-5 and XG-13 HMCLs were
obtained. It did not kill the Burkitt, Daudi, and Raji cell lines. The HLA class | typing of the
HMCLs and EBV cell lines together with their killing degree by the T cell clone are shown
in Table 4. No common HLA class | allele could be found among the 4 strongly killed
HMCLs (XG-4, XG-5, XG-7 and XG-13). However, a same MHC class | epitope can be
efficiently presented by different MHC class | alleles [27,28]. Another explanation is that
this 4h-killing is not triggered by TCR recognition of MHC/peptide complexes but induced
by other MHC independent mechanisms as NKG2D/MICA-B, in agreement with a lack of

blockage of the cytotoxic activity by an anti-MHC class | mAb. However, using gene
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expression profiling, no differences in the expression of MICA or MICB were found
between the 4 highly killed HMCLs and the other poorly killed HMCLs (data not shown).
In addition, these T cell clones produced IFN-y in response to stimulation by the parental

XG-19, unlike EBV-19 cell line, that was blocked by an anti-MHC class | mADb (Fig.7).
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Discussion

Tumors may escape immune surveillance through several mechanisms: a) absence of
recognizable tumor antigens; b) low level of MHC class | molecules; ¢) poor costimulatory
molecule expression; d) secretion of immunosuppressive substances. In patients with MM,
the tumor cells express normal levels of MHC class | molecules [17] and also express
identified tumor-associated antigens as MUC-1, HM-1.24, or cancer-testis antigens
[29,30]. In this work, we showed that 8/16 HMCLs and primary myeloma cells did not
express B7-1 nor 4-1BBL but express B7-2 at a low level. 8/16 HMCLs slightly expressed
4-1BBL at a level insufficient to induce strong T cell activation, as it is shown for XG-19.
CD40 is expressed by MMC but CD40 activation could not yield B7-1 or 4-1BBL in MMC,
extending our previous findings [17]. In addition, HMCLs transduced by both 4-1BBL and
B7-1 retroviruses were very efficient at stimulating allogeneic or autologous T
lymphocytes, unlike the parental HMCLs. Thus, the expression of B7-1 and 4-1BBL at a
high level is sufficient to confer on MMC a MHC class I-restricted and long-term capacity of
stimulating T cells.

The autologous cytotoxic T cell lines stimulated by the B7-1/4-1BBL-transduced XG-19
HMCL efficiently killed the parental XG-19 HMCL as well as the patient’s primary myeloma
cells from which XG-19 was derived. These cytotoxic T cell lines were highly specific to
myeloma cells since they did not kill the autologous lymphoblastoid cell line, the NK target
K562 cells, or Burkitt cell lines. The fact that cytotoxic T cell lines kill the parental HMCL
indicates that the T cells were not directed against retroviral proteins. The 4-1BBL/4-1BB
mediated signal has generally been defined as an amplifier of the B7/CD28 signal, but it is
not clear if it can initiate an immune response alone. Here, we found that the HMCLs
transduced with a 4-1BBL retrovirus only can stimulate allogeneic or autologous T cells,

but less efficiently than the B7-1/4-1BBL HMCLs. An optimal growth of T cell lines was
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obtained with the autologous HMCL transduced with both B7-1 and 4-1BBL retroviruses. A
synergistic action of the two molecules has already been demonstrated in studies with
anti-tumor vaccines in mice [31,32]. In particular, mice injected with a B cell lymphoma cell
line expressing B7-1 and B7-2 were not protected against a new tumor challenge whereas
the variant expressing both B7-1 and 4-1BBL conferred long-term anti-tumor immunity
[32].

Adoptive transfer of anti-tumor T cells, stimulated and amplified ex vivo using tumor cells
transduced with B7-1 and 4-1BBL, may be a potential approach for myeloma
immunotherapy. Major clinical responses have been observed after adoptive transfer of
antigen-specific CD8" T cell clones and tumor-infiltrating T cells in patients with melanoma,
demonstrating the interest of tumor-specific T cells in the treatment of cancer [33-35]. In
MM, Cignetti et al have shown that lentiviral transduction of primary myeloma cells with
B7-1 and CD40L was feasible and turned MMC into efficient APC able to activate specific
cytotoxic CD8" cells, in an autologous context [36]. The current data indicate that the
target of CD40L transduction was not the MM CD40 molecules since triggering of
myeloma CD40 molecules could not yield B7-1 or 4-1BBL molecules. The induction of 4-
1BBL in myeloma cells by gene transfer might enhance more efficiently memory cytotoxic
T cell responses, as demonstrated for anti-viral cytotoxic T cells [37]. A putative protocol to
obtain anti-myeloma cell T lymphocytes would be to perform one or two stimulations by the
B7-1/4-1BBL- transduced MMC followed by stimulations with MMC transduced with 4-
1BBL only in order to avoid a negative signal mediated by B7-1/CTLA-4 engagement.
Conversely, using myeloma cells as APC, expanded T cells will not contain CD4" T cells.
This may result in a lack of help and in an eventually weak immune reaction, once T cells
are infused [38]. One possibility could be to induce MHC class Il expression in MMC

through the MHC class Il transactivator (CIITA) transduction. Indeed, normal and
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malignant plasma cells do not express MHC class Il molecules because BLIMP 1 — a
plasma cell transcription factor — downregulates CIITA expression [39,40]. Of interest, this
downregulation can be reverted transducing CIITA in a plasmacytoma cell model [41]. But
we have no insurance that MHC class 1I" MMC could present exogenous tumor antigens
as do professional antigen presenting cells. This should be investigated in vitro. However,
we may expect that in vitro generated CD8 effectors will initiate killing of tumor cells in
vivo. This killing can make it possible tumor antigen release with “danger” signals, which
could recruit local dendritic cells capable of antigen cross-presentation, further activation of
CD4" T cells, and reactivation of TIL by overcoming the inhibitory tumor environment.
Such a mechanism was suggested in patients with melanoma, vaccinated with MAGE-
A1/3 antigens to explain that expansion of non MAGE-A1/3 T cell clones (anti-MAGE-C2)
were found in lymph nodes and metastasis [42].

However, major limitations in using MMC as APC are the obtaining of sufficient numbers of
primary myeloma cells and the difficulty of thawing them. In addition, obtaining tumor cell
lines from primary myeloma cells is very difficult, contrary to other cancers, in particular
melanoma. Here, we show the existence of shared tumor antigens in different HMCLSs that
could make it possible to bypass the difficulty of obtaining a large number of primary tumor
cells by using allogeneic myeloma cell lines. One well characterized T cell clone killed not
only the autologous XG-19 cells and patient’s primary myeloma cells, but 5 HLA-A2"
allogeneic HMCLs as well.

Alternatively, bone marrow memory T cells (likely enriched in anti-tumor T cells as
demonstrated by Feuerer et al [43] and because bone marrow is the tumor bed) could be
expanded using microbeads coated with anti-CD3, anti-CD28, and anti-4-1BBL agonistic
mADbs. Indeed, Li et al demonstrated that 4-1BB ligation resulted in high proliferation of

tumor-draining lymph node T cells and enhanced IFNy and GM-CSF release in response
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to tumor antigen, and that effector cells generated through 4-1BB and CD28 costimulation
mediated potent in vivo tumor regression in mice [44]. However, 4-1BB ligation may have
a dual role since administration of anti-4-1BB mAbs in mice has been shown to abrogate T
cell dependent humoral immunity [45] or to generate CD8" T cells with potent suppressive
function [46]. Finally, using several partially HLA-matched HMCLs transduced with
costimulatory molecules as a whole tumor vaccine could be envisaged in MM vaccination
strategies.

In summary, our results showed that a T cell repertoire recognizing tumor antigens
persisted in the peripheral blood of patients with multiple myeloma even at the terminal
stage, and that this T cell repertoire could be activated and amplified by autologous tumor

cells transduced with the costimulatory molecules B7-1 and 4-1BBL.
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Table 1. Expression of 4-1BBL/4-1BB, B7/CD28, and CD70/CD27 molecules on HMCLs

Percentage of labeled myeloma cells (mean fluorescence intensity)

HMCL

4-1BBL |4-1BB | B7-1 B7-2 CD28 CD70 CD27 CD40
XG-1 0 0 0 30 (22) | 100 (120) 0 0 0
XG-2 0 0 0 35(25) | 100(60) | 96 (384) 0 100 (2884)
XG-3 0 0 0 0 72 (29) 93 (87) 0 9 (21)
XG-4 0 0 0 0 96 (68) | 59 (175) 0 28 (53)
XG-5 29 (32) 0 0 0 98 (262) | 100 (237) 0 16 (29)
XG-6 0 0 0 32(25) | 86(45) 0 85(119) | 85(43)
XG-7 67 (51) 0 0 23(29) | 100 (461) | 100 (673) 0 30 (65)
XG-10 99 (123) 0 0 98(37) | 99(250) | 100(333) | 95(106) | 40 (23)
XG-11 0 0 0 50(34) | 51(51) | 54(391) 0 10 (19)
XG-12 88 (37) 0 0 22(23) |100(492) | 81(172) | 35(17) 0
XG-13 0 0 0 25(26) | 100(66) | 57 (36) 0 70 (55)
XG-14 37 (18) 0 0 92(62) | 25(23) 94 (75) | 17 (27) 70 (73)
XG-16 7 (25) 0 0 93(62) | 55(77) | 50 (108) 0 49 (39)
XG-18 0 0 0 54 (15) | 44(33) | 80 (149) 0 5 (15)
XG-19 72 (11) 0 0 68 (15) |100(538) | 51(29) | 93(191) | 100 (200)
RPMI 8226 | 56(19) 0 0 20 (34) | 100 (153) | 96 (75) 0 52 (60)
EBV-16 100 (76) 0 100 (140) | 100 (59) 0 100 (334) 20 100 (275)
EBV-19 100 (45) 0 100 (92) | 100 (93) 0 100 (151) | 245 100 (325)

Cells were harvested during the exponential growth phase and were stained with the

indicated PE-conjugated mAb or PE-conjugated control mAb and the fluorescence

analyzed with a FACSscan device. In brackets are the mean fluorescence intensities

obtained with the mADb for an intensity set between 4-6 with a control mADb.
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Table 2. Expression of costimulatory molecules on patients’ purified myeloma cells

Percentage of labeled myeloma cells
Patient N° | 4-1BBL | 4-1 BB B7-1 B7-2 CD28 | CD70 | CD27 | CD40
1 5.5 <0.5 <0.5 20 10 <0.5 79 100
2 <0.5 <0.5 <0.5 25 10 <0.5 86 100
3 <0.5 <0.5 <0.5 80 6 <0.5 34 90
4 <0.5 <0.5 <0.5 25 28 <0.5 55 75
5 <0.5 <0.5 <0.5 87 <0.5 90 100
6 <0.5 <0.5 <0.5 91 2 <0.5 100 100
7 <0.5 <0.5 <0.5 34 <0.5 <0.5 100

Patients’ myeloma cells were purified and stained with the indicated PE-conjugated mADb

or PE-conjugated control mAb. The fluorescence was analyzed with a FACSscan device.

Data are the percentages of labeled cells.
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Table 3. Lack of induction of 4-1BBL and B7-1 on myeloma cells activated by a CD40L

transfectant
Myeloma cells Stimulation Percentage of labeled cells
4-1 BBL | B7-1 B7-2
XG-2 No 0 0 32 (25)
CD40L 0 0 6 (60)
CD40L + IL-2 0 0 5 (102)
CD40L + IL-2 + 1L-12 0 0 9 (61)
XG-6 No 0 0 32 (25)
CD40L 0 0 26 (13)
CD40L + IL-2 0 0 19 (15)
CD40L + IL-2 + IL-12 0 0 14 (25)
XG-7 No 0 0 23 (29)
CD40L 0 0 22 (28)
CD40L + IL-2 0 0 15 (33)
CD40L + IL-2 + 1L-12 0 0 27 (23)
Purified primary No 0 0 23 (29)
myeloma cells CD40L 0 0 94 (42)
CD40L + IL-2 0 0 92 (44)
CD40L + IL-2 +1L-12 0 0 88 (32)
Dendritic cells No 0 82(45) |66(164)
CD40L 0 84(65) |79(273)
CD40L + IL-2 0 73(66) |86(293)
CD40L + IL-2 + 1L-12 0 80(83) [83(339)

Cells were stained with the indicated PE-conjugated mAb or PE-conjugated control mAb
and the fluorescence analyzed with a FACSscan device. In brackets are the mean
fluorescence intensities obtained with the mAb for an intensity set between 4-6 with a

control mAb. Data with dendritic cells are for one of 3 reproducible experiments.
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Table 4. HLA typing of cell lines

Cell line HLA-A HLA-B HLA-Cw % lysis (10:1)

XG-1 02-29 40-44 0201-0601 10%
XG-2 01-29 08-44 07-1601 10%
XG-3 02-32 35-44 03-04 3%
XG-4 02-32 15-50 03-04 48%
XG-5 02-02 44-49 05-07 25%
XG-6 02-02 15-37 0303-0602 14%
XG-7 02-24 07-40 20-07 60%
XG-10 01-24 14-51 08-14 10%
XG-11 02-26 18-38 02-12 14%
XG-13 32-68 08-40 02-07 32%
XG-16 02-29 40-49 02-07 10%
XG-19 01-02 08-27 01-07 46%
U266 02-03 70-40 0304-0701 16%
RPMI8226 30-68 15-15 02-03 or 03-1511 12%
LP1 26-30 18-35 04-07 16%
OPM2 24-24 07-40 04-07 9%
L363 02-31 07-40 03-07 29%
EBV-5 02-02 44-49 05-07 3%
EBV-13 32-68 08-40 02-07 32%

EBV-19 01-02 08-27 01-07 46%

For each cell line, alleles shared with XG-19 are in bold.



Figure legends:

Figure 1: High expression of B7-1 and 4-1BBL in HMCLs transduced with B7-1 or 4-1BBL
retroviruses.

XG-1, XG-6, and XG-19 cells were transduced by one or two retroviral vectors containing B7-1
or 4-1BBL cDNA, were FACS sorted, and expanded with G418. All transduced HMCLs
expressed highly B7-1 and/or 4-1BBL.

Figure 2: The expression of immune molecules was not affected by retroviral
transduction.

The histograms represent the expression levels of various costimulatory molecules indicated in
parental XG-1 and transduced XG-1 HMCLs: ERV- XG-1, B7-1 XG-1, 4-1BBL XG-1, and B7-
1/4-1BBL XG-1 HMCLs. Expression of the various costimulatory molecules (black histograms)
was monitored by FACS analysis. Isotype-matched control mAbs were used (open histograms).
Figure 3: Proliferation of lymphocytes to parental or gene modified HMCLSs.

10°/well allogeneic purified CD3" cells from healthy donors (A) or autologous purified CD3" cells
from a patient with plasma cell leukemia (B) were stimulated by mitomycin-treated parental,
empty retrovirus (ERV), B7-1, 4-1BBL, or B7-1/4-1BBL XG-1 (A) or XG-19 (B). HMCLs at
various responder-stimulator ratios ranging from 100:1 to 100:10 for 5 days. When indicated, 10
pg/ml of anti-MHC class | mAb were added. Cell proliferation was assayed by tritiated thymidine
incorporation and results are the mean + SD of the proliferation determined on sextuplicate
culture wells. * indicates that the mean value is significantly different (P < .05) for that obtained
with the parental or ERV HMCL. Results are representative of 3 independent experiments.
Figure 4. Growth of autologous lymphocytes stimulated by parental or B7-1 and/or 4-

1BBL XG-19 HMCLs.
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Purified T lymphocytes (CD3*; 5 x 10°/ml) from a patient with a plasma cell leukemia were
weekly stimulated with mitomycin-treated (50 pg/ml) parental XG-19 HMCL, or with B7-1 and/or
4-1BBL XG-19 HMCLs at a responder-stimulator ratio of 100:30 in RPMI 1640 supplemented
with 5% human AB serum. IL-2 (10 U/ml) was added after three days and then twice a week.
Results are the T cell number in culture wells of one experiment representative of 3.

Figure 5: Cytotoxic activity of CD8" T cells stimulated with the autologous B7-1/4-1BBL
XG-19 HMCL.

Cell-mediated toxicity was determined after a 4 hour stimulation using a standard *'Cr-release
assay at various E:T ratios. Allogeneic HMCLs, parental XG-19, K562, and EBV cell lines were
used as target cells. EBV-16 and EBV-19 nonmalignant lymphoblastoid cell lines were
autologous to XG-16 and XG-19 HMCLs, respectively.

Figure 6: Cytotoxic activity of CD8" T cell clones.

One T cell line stimulated with the autologous B7-1/4-1BBL XG-19 HMCL was cloned in limiting
dilution. (A) Cytotoxic profile of a representative “XG-19-restricted” T-cell clone. (B) Cytotoxic
profile of the “pan myeloma” T cell clone, named 11-1B/A10.

Figure 7: IFNy secretion of a CD8" T cell clone triggered by XG-19 cells is MHC class |
restricted.

The IFNy Elispot assay was performed with the clone whose cytotoxic profile is shown in Fig.6A.
10* T cells were cultured with 3x102 target cells for 48h. * indicates that the number of spots is

significantly reduced (P < .01) compared to that elicited by stimulation with XG-19 cells.
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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