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Summary

Multiple myeloma (MM) cells express certain tumour-associated antigens
(TAAs) that could serve as targets for active-specific immunotherapy. The
aim of the present study was to test the MM/dendritic cell (DC) fusion as a
vaccination strategy. We fused MM cells with DC to generate fusion cells
(FCs) and tested their antigen presenting cell (APC) function in mixed
lymphocyte reactions and cytotoxicity assays. First, the HS Sultan and SKO-
007 HAT sensitive human MM cell lines and DCs generated from peripheral
blood of normal donors were fused in the presence of 50% polyethylene
glycol to form FCs. Next, tumour cells freshly isolated from patients were
similarly fused with autologous DCs to generate FCs. The FCs demonstrated
a biphenotypic profile, confirmed both by flow-cytometry and dual
microscopy. These FCs induced MM-specific
cytotoxicity. FCs, but not MM cells or DCs alone, were potent stimulators
of autologous patient T cells. More importantly, FC-primed autologous
peripheral blood mononuclear cells demonstrated major histocompatibility
complex-restricted MM-specific  cytolysis. These
demonstrated that MM/DC FC can trigger an autologous immune
response to MM cells and formed the framework for a clinical trial
currently underway.

immunofluorescence

studies  therefore

Keywords: immunotherapy, autologous, dendritic cells, vaccines, cytotox-

kenneth_anderson@dfci.harvard.edu icity.

Multiple myeloma (MM) remains an incurable haematological
malignancy despite advances in the biology and therapeutics of
this disease. It affects more than 14 400 new individuals in the
United States annually and accounts for 2% of cancer-related
deaths (Jemal et al, 2003). The introduction of high-dose
chemotherapy in the early 1980s was a milestone in the
treatment of MM, as it resulted in higher rates of complete
remission (CR), based on clinical and laboratory criteria
(McElwain & Powles, 1983). A large volume of data has since
accumulated, both in the allogeneic and autologous transplant
setting (Attal et al, 1996; Schlossman & Anderson, 1999; Child
et al, 2003; Corradini et al, 2003). In a prospective randomized
trial, the Intergroupe Francais du Myeloma (Attal et al, 1996)
and more recently, the Medical Research Council Myeloma VII
trial (Child et al, 2003) have clearly demonstrated the benefits
of autologous peripheral blood (PB) stem cell transplantation
over conventional chemotherapy in previously untreated
patients. Exciting data have emerged with the use of novel
agents like Thalidomide, CC-5013 and Bortezomib (Raje &
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Anderson, 1999; Singhal et al, 1999; Richardson et al, 2002,
2003) in patients with relapsed and refractory MM, affording
more options of treatments to patients. However, most
responses are not durable, underlying the importance of
developing new therapeutic strategies for MM patients.

Most tumours evade immune surveillance due to the failure
of antigen presentation, related to their lack of major
histocompatibility complexes (MHCs) (Garrido et al, 1993)
or co-stimulatory molecule expression (Antonia et al, 1995), as
well as the presence of cytokines (Antonia et al, 1995; Qin
et al, 1997; Letterio & Roberts, 1998) that negatively modulate
the immune system. Current immunotherapy approaches in
cancer attempt to repair these defects and generate antigen-
specific immunity. Vaccination strategies mainly exploit the
presence of tumour-associated antigens (TAAs) to elicit
immune responses by various manipulations of the antigens
and/or the tumour cells. Dendritic cells (DCs) are the most
potent known professional antigen presenting cells (APCs)
capable of priming naive cytotoxic T lymphocytes (CTLs) and
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inducing antigen-specific CTLs in vivo (Szabolcs et al, 1995,
1997; Yi et al, 2002). In an effort to generate tumour-specific
immunity, DCs have been manipulated to present tumour
antigen by pulsing with whole tumour antigen (Hsu et al,
1996), naked DNA (Condon et al, 1996; Syrengelas et al, 1996;
King et al, 1998; Stevenson et al, 1999), or whole tumour RNA
(Condon et al, 1996; Lokhorst et al, 1997; Massaia et al, 1999),
fused with tumour cells (Gong et al, 1997, 1998, 2000, 2002),
or genetically modified prior to vaccination (Song et al, 1997;
Specht et al, 1997). These modified DCs have already induced
antigen-specific, MHC-restricted CTL responses in animal
studies, with associated anti-tumour activity in both prophy-
laxis and treatment models. MM would appear to be an ideal
tumour for such novel immune therapeutic strategies, as
in vitro, animal, and early clinical trials have demonstrated that
it may be possible to induce both allogeneic and autologous
immune responses to MM cells (Kwak et al, 1995; Lokhorst
et al, 1997; Alyea et al, 1998). More importantly, MM cells
express certain TAAs, like Mucin 1 (MUC1) (Treon et al,
1999) and the idiotype protein (Massaia et al, 1999; Reichardt
et al, 1999; Osterroth et al, 2000; Wen et al, 2002; Zeis et al,
2002), which could serve as targets for the generation of active-
specific immunity. We have also previously demonstrated the
induction of myeloma-specific CTLs using DCs primed with
apoptotic MM cells (Hayashi et al, 2003).

We (Raje et al, 1999) and others (Pfeiffer et al, 1997; Tarte
et al, 1998) have previously demonstrated that functional DCs
can be easily generated from either bone marrow (BM) or PB
of MM patients. In the present study, we have fused MM cells
with DC to generate fusion cells (FCs) and tested their APC
function in mixed lymphocyte reaction and CTL assays. The
objective was to generate antigen-specific immune responses to
both known and unknown TAAs. The FCs had a typical
biphenotypic profile (i.e. MM and DC), confirmed by dual
immunofluorescence microscopy and flow-cytometry. These
FCs induced tumour-specific lysis by CTLs. We also fused five
MM patients’ tumour cells with autologous DCs. These
patients’ FCs expressed a biphenotypic profile and stimulated
autologous patient T-cell proliferation, whereas either patient
MM cells or DCs alone failed to induce T-cell proliferation.
More importantly, autologous peripheral blood mononuclear
cells (PBMCs) primed with autologous FC-triggered, MHC-
restricted, MM-specific lysis. These studies are a demonstra-
tion of an autologous in vitro T-cell response to patient MM
cells triggered by FC. They form the framework for a clinical
trial to test whether FC vaccinations can achieve in vivo anti-
tumour immunity and related clinical response in patients
with MM.

Materials and methods

Cell lines

The HS Sultan (CRL-1484) and SK0-007(J3) (CRL-8033-2)
MM cell lines were obtained from American Type Culture

Collection (ATCC; Rockville, MD, USA). These two human
MM cell lines were used on the basis of HAT sensitivity. HS
Sultan cells were cultured in 90% Roswell Park Memorial
Institute (RPMI) 1640 medium with L-glutamine supplemen-
ted with 25 TU/ml penicillin, 25 pg/ml streptomycin, 5 mmol/l
L-glutamine (all from GIBCO BRL, Cheshire, UK), and 10%
fetal bovine serum (FBS; Sigma Diagnostics, St Louis, MO,
USA). SKO0-007(J3) cells were maintained in RPMI 1640
medium supplemented with 15% FBS, 1 mmol/l sodium
pyruvate (Sigma Diagnostics), and 2 mmol/l L-glutamine. To
prevent the outgrowth of HAT-resistant revertants, the media
routinely contained 20 pg/ml of 6-thioguanine (Burroughs
Wellcome, Research Triangle Park, NC, USA).

Patient cells

Bone marrow aspirate samples were obtained from six MM
patients after written informed consent was obtained accord-
ing to Institutional Guidelines. Bone marrow mononuclear
cells were isolated by centrifugation on Ficoll-Paque (Phar-
macia Biotech, Piscataway, NJ, USA). Tumour cells were
selected either by flow-cytometry or enriched by a negative
selection protocol using immunomagnetic beads, as previously
described (Tai et al, 2000). Purified tumour cells (>95%
CD38% CD45RA™ and/or CD138") were used for fusion with
autologous DCs.

Culture of DCs

Peripheral blood mononuclear cells were isolated by centrifu-
gation on Ficoll-Paque (Pharmacia Biotech) from PB of six
MM patients and from normal donors, as previously described
(Raje et al, 1999). Briefly, PBMCs were suspended in RPMI
1640 medium containing 10% heat-inactivated human AB
serum, 2 mmol/l rL-glutamine, 100 units/ml penicillin, and
100 pg/ml streptomycin (10% RPMI); plated on 6-well, flat-
bottomed tissue culture plates (Becton Dickinson, Franklin
Lakes, NJ, USA); and incubated for 2 h at 37°C in a humidified
5% CO, atmosphere. Non-adherent cells were harvested, and
fresh 10% RPMI medium containing granulocyte-macrophage
colony stimulating factor (GM-CSF; 1000 units/ml) and inter-
leukin (IL)-4 (800 units/ml) (Genzyme, Boston, MA, USA) was
added to the adherent layer. After 7 d, loosely adherent cells
were harvested and used for fusion and further studies.

Fusion of DC to MM cells

Cell lines. The HS Sultan and SK0-007 MM cells were fused
with normal donor-derived DCs in the presence of
polyethylene glycol (PEG) 1500 (Boehringer Mannheim,
Indianapolis, IN, USA) using the standard protocol for
production of hybridoma cells (Lane et al, 1986). Briefly,
DCs and MM cells were washed with plain RPMI 1640
prewarmed to 37°C, mixed in a ratio of 5:1, and centrifuged
for 5 min at 400 g. The supernatant was removed using a
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pipette, and the cell pellet was gently broken-up by tapping the
bottom of the Falcon tube. The tube was placed in a water bath
at 37°C and 1 ml of 50% PEG was slowly added to the pellet
over 1 min. The cell pellet was resuspended by stirring with the
end of the pipette for a further minute, followed by the
addition of 1 ml of plain RPMI 1640 over 1 min, and 9 ml
over 2 min, with continuous stirring. The cell suspension was
incubated for a further 5 min at 37°C, centrifuged and the
supernatant discarded. The fused cells were resuspended in
RPMI 1640 medium containing 10% human AB serum,
2 mmol/l r-glutamine, 1 mmol/l sodium pyruvate and 1X
HAT medium supplement (Boehringer Mannheim) to prevent
the overgrowth of tumour—tumour fusions.

Patient cells. Patient MM cells were similarly fused to
autologous DCs and resuspended in RPMI 1640 medium
containing 10% human AB serum, 2 mmol/l L-glutamine, and
1 mmol/l sodium pyruvate, without the addition of HAT
medium supplement.

In both cases, the FCs were plated in 24-well fibronectin-
coated plates (Becton Dickinson).

Characterization of FC phenotype

Dual immunofluorescence. Dual staining of cytospins of FCs,
DCs and MM cells was performed to assay for DC lineage
antigens (CD40, CD80, CD86 and HLA-DR; Pharmingen, San
Diego, CA, USA), MHC class I and CD83 (Beckman Coulter,
Fullertown, CA, USA) as well as MM-associated antigens
(CD38, CD19 and CD138; Beckman Coulter). Briefly, cytospins
were dried at room temperature, and cells were fixed with 5%
acetic acid/ethanol for 20 min at —20°C. Slides were washed
three times with phosphate-buffered saline (PBS) and placed in
a moist chamber. Cytospins were blocked with goat sera for
20 min, as the secondary antibody used was a goat anti-mouse
antibody. Slides were washed three times in PBS and incubated
with the first antibody for 1 h at room temperature. The slides
were then washed three times with PBS and incubated with the
second antibody at room temperature for 1 h. Slides were
washed three times with PBS and covered with Fluorsave
reagent (Calbiochem, La Jolla, CA, USA) and cover slips before
viewing under a fluorescent microscope (Olympus, Melville,
NY, USA); images were saved as Oncor images.

Flow cytometry. Indirect immunofluorescence flow-cytometry
using the Coulter Epics XL (Coulter Corp., Miami, FL, USA)
was performed to assay for the expression of DC lineage
antigens (CD40, CD80, CD86 and HLA-DR; Pharmingen),
MHC class I and CD83 (Beckman Coulter) as well as
MM -associated antigens (CD38, CD19 and CD138; Beckman
Coulter). Cells were washed in PBS and incubated in PBS with
20% human AB serum at room temperature for 20 min to
eliminate non-specific Fc receptor binding. After washing with
PBS, cells were incubated with primary murine monoclonal
antibodies reactive with the above antigens for 30 min on ice.

Myeloma/dendritic Cell Fusions as Myeloma Vaccines

After several washes, the cells were developed with goat anti-
murine antibody conjugated with fluorescein isothiocyanate.
Cells were then washed, fixed with 2% paraformaldehyde, and
evaluated by flow-cytometry.

Generation of CTL lines

Peripheral blood mononuclear cells from normal donors
(1 x 10”) and one MM patient were suspended in RPMI 1640
medium containing 10% heat-inactivated human AB serum,
2 mmol/l L-glutamine, 100 units/ml penicillin, and 100 pg/ml
streptomycin. PBMCs were stimulated weekly using 1 x 10°
irradiated (1-5 Gy) FCs. PBMCs were also stimulated with
either MM cells or DCs alone as controls. IL-2 (20 units/ml)
was added after the first 48 h of culture of the CTL lines. All cell
line experiments were repeated at least three times.

Cytotoxicity assays

Effector cells generated as above were tested in vitro for their
MM -specific cytotoxicity in a standard 4 h >'Cr-release assay
at weekly intervals. Briefly, 1 x 10° target cells (DC pulsed with
either HS Sultan or SKO 007 apoptotic MM cells in the case of
normal donors or autologous MM cells in patient studies)
were labelled with 3-7 GBq of SICr (New England Nuclear,
Boston, MA, USA) for 60 min at 37°C and washed three times
to remove unincorporated isotope. The labelled targets were
added to 96-well U-bottom plates (1 x 10* cells/well) and
incubated with varying ratios of effector cells for 4 h at 37°C in
a 5% CO, atmosphere. Assays were performed in triplicate.
The supernatants were assayed for >'Cr release in a gamma
counter. Spontaneous release of >'Cr was assessed by incuba-
tion of targets in the absence of effectors, and maximum
release of °'Cr was determined by incubation of targets in 0-1%
Triton X-100. The percentage of specific >'Cr release was
determined by the following equation:

Percentage-specific lysis

Experimental release — Spontaneous release 100
= § x 100.
Maximum release — Spontaneous release

To confirm whether the CTLs were class I and/or class II
restricted, anti-MHC class I (W6/32) and anti-class II [9—49
(I3)] blocking antibodies (Pharmingen) were added to the
target at a concentration of 20 pg/ml and incubated for 60 min
on ice prior to °>'Cr release assay.

Autologous T-cell proliferation assays

We next examined the function of FCs derived from MM
patients as APCs in autologous T-cell proliferation assays.
Graded numbers of irradiated (15 Gy) FCs were added to
2 x 10° autologous T cells in 96-well U-bottomed culture
plates for 5 d. T cells were obtained from PBMCs using T-cell
enrichment columns (R&D Systems, Minneapolis, MN, USA)
via high affinity negative selection. T-cell proliferation was
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determined by measuring the uptake of tritiated thymidine
(*[H]TdR) by cells pulsed with 3-7 kBq of >[H]TdR (925 GBq/
mmol; Du Pont-New England Nuclear, Wilmington, DE, USA)
for the last 12 h of 5 d cultures. Results were expressed as mean
counts per minute * standard deviation in triplicates. Patient-
derived DCs and MM cells served as control stimulator cells.

Results

FCs demonstrated a biphenotypic profile

Dual staining of cytospins of FCs, DCs and MM cells was
performed to assay the expression of DC lineage antigens
(CD40, CD80, CD86, HLA-DR, MHC class I and CD83) as
well as MM-associated antigens (CD38, CD19 and CD138) on
days 5, 15 and 20 following fusion. The MM/DC FC
demonstrated a typical biphenotypic profile, with cell surface
expression of both DC antigens and MM-associated antigens.
By days 5-7, fusions of either MM cell lines alone or of MM
patient cells alone were no longer viable. A count of 10-30%
cells expressed a DC phenotype and 70-90% a biphenotypic
(MM and DC) cell surface phenotype. By day 15, 70-90% of
FC expressed both MM- and DC-associated antigens, as shown
for SK0-007(J3) MM cell/DC FCs in Fig 1. Specifically,
immunofluorescence microscopy showed that the MM cells
expressed MHC class I and CD19, but lacked the CD40 and

CD83 DC lineage-specific antigens. Conversely, DCs expressed
CD40 and CD83 but lacked CDI19. Importantly, the FC
expressed MHC class I, CD19, CD40 and CD83 antigens,
confirming their biphenotypic profile. FCs of DCs with either
MM cell lines or MM patient cells were 60-90% homogenous
after 3 weeks of culture.

This biphenotypic profile of MM/DC FCs was further
confirmed by flow-cytometry. As shown in Fig 2A, the SKO-
007 expressed MHC class I and CD19, but lacked HLA-DR,
CD40, CD80, and CD86 staining. On the other hand, the DCs
expressed cell surface MHC class I, HLA-DR, CD40, CD80 and
CDB86, but lacked CD19 staining. The FCs expressed CD19, in
addition to DC-associated antigens and co-stimulatory mol-
ecules. Similar results were obtained with the HS Sultan FCs
(data not shown).

Before testing the function of patient-derived MM/DC FC,
their biphenotypic profile was confirmed by immunofluores-
cent microscopy and flow-cytometric staining for DC-associ-
ated antigens and CD38/138 MM-associated antigens. As
noted in MM cell line/DC FCs, 60-70% of the patient MM
cells/DC FCs expressed both DC lineage (CD80, CD86, MHC
class I, and MHC class IT and CD38) and/or 138 by day 15 of
culture. FCs of MM cells alone failed to proliferate in culture
and did not survive beyond 5-7 d. The remaining 30-40% of
cells mainly expressed a DC phenotype. Representative results
of one such patient are shown in Fig 2B.

SK0-007 MM cells Dendritic cells MM/DC fusion cells
MHC Class I MHC Class I MHC Class I
CD19 CD83 CD19 CD83 CD19 CD83

CD19 CD40 CD19 CD40 CD19 CD40

Fig 1. MM/DC FCs express a biphenotypic profile by immunofluorescence microscopy. Dual staining of cytospins of FCs, DCs and SKO-007 MM
cells was performed to assay for the expression of DC lineage antigens (CD40, CD80, CD86, HLA-DR, MHC class I and CD83) as well as
MM -associated antigens (CD38 and CD19). Immunofluorescence microscopy demonstrated the expression of MHC class I and CD19, but lack of
CD40 and CD83 on SKO-007 MM cells. In contrast, the DCs expressed CD40 and CD83 strongly but lacked CD19. The MM/DC FCs demonstrated a
biphenotypic profile with abundant expression of MHC class I, CD19, CD40 and CD83.
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Fig 2. FCs express a biphenotypic profile by flow-cytometry. Indirect immunofluorescence flow-cytometry was performed for FCs, DCs and SK0-007
(MM cells). MHC class I and CD19, but no HLA-DR, CD40, CD80 and CD86 were expressed on SK0-007 MM cells. The DCs expressed MHC class 1,
HLA-DR, CD40, CD80 and CD86, but lacked CD19. The MM/DC FCs expressed both MM-restricted (CD19) and DC-associated antigens and
co-stimulatory molecules (A). Similarly, patient-generated FC expressed DC-associated antigens (MHC class I, HLA-DR, CD80 and CD86) in

addition to the MM-associated antigen (CD138) (B).

FCs resulted in autologous T-cell proliferation and
MM-specific immunity

Patient MM cells/DC FCs were next tested as stimulators in
autologous T-cell proliferation assays. Patient-derived DCs or
MM cells alone served as control stimulator cells. As shown in
Fig 3, patient MM cell/DC FCs were potent stimulators of
autologous T cells, while either MM cells or DCs alone failed
to induce significant T-cell proliferation. These data suggest
that FCs resulted in immune recognition and MM-specific
T-cell proliferation, which was further confirmed in CTL assays.

FCs resulted in generation of MM-specific cytotoxicity

T-cell lines were generated from PBMCs of those donors
whose DCs were fused with either the SK0-007 or the HS
Sultan MM cell lines. PBMCs (1 x 107) were stimulated weekly
using 1 x 10° irradiated (15 Gy) FCs, and with either

MM cells or DCs alone as controls. DCs pulsed with either
SK0-007 or HS Sultan MM cell apoptotic bodies were used as
targets. PBMCs primed with FC, but not unprimed PBMCs or
PBMCs primed with either DC or MM cells alone resulted in
48% and 55% specific lysis, respectively, of MM cell line-
pulsed DC targets. Fig 4A shows the DCs before and after
pulsing with apoptotic MM cells, which were used as targets in
a >'Cr release assay. As shown in Fig 4B, PBMCs primed with
FCs induced a 55% MM-specific cell kill. The natural killer
(NK) cell target K562 was used as a cold target to control for
non-specific NK activity.

Similar results were observed with patient samples. Specif-
ically, 1 x 107 patient PBMCs were stimulated weekly using
1 x 10° irradiated (1:5 Gy) autologous FCs, and with either
MM cells or DCs alone as controls; autologous MM cells
served as targets. FC-primed patient PBMCs mediated a 46%
tumour-specific lysis (Fig 5A), while no significant killing was
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Fig 3. Patient MM/DC FCs stimulate autologous T-cell proliferation.
MM/DC FCs from six patients were used as stimulators in autologous
T-cell proliferation assays. MM patient/DC FC (M), but not MM cells
(N) or DCs () alone induced autologous T-cell proliferation.

triggered in unprimed PBMCs or PBMCs primed with either
MM cells or DCs alone in one representative patient. Blocking
experiments with MHC class I and with MHC class II
antibodies demonstrated a 58% and 45% inhibition of killing,
respectively, suggesting that the CTLs were MHC restricted
and that both MHC classes I and II contributed to tumour-
specific lysis (Fig 5B).

Discussion

Most vaccination approaches have focussed on generating
immunity to a specific tumour antigen (Condon et al, 1996;
Hsu et al, 1996; Syrengelas et al, 1996; King et al, 1998;
Stevenson et al, 1999; Zhou et al, 1999; Milazzo et al, 2003). A
major disadvantage to this approach is the possibility of
developing tolerance to other known and unknown antigens,
which may then contribute to the resurgence of disease. To
circumvent this problem, whole tumour cell vaccines are
currently under investigation. In this respect, irradiated
tumour cells have been transfected with cytokine genes or
co-stimulatory molecules using various vector systems or the
gene gun (Condon et al, 1996; Stewart et al, 1998; Turner et al,
1998; Tarte et al, 1999). Autologous tumour cells transduced
with immunomodulatory genes (i.e. IL-2, IL-12, B7-1) using
adenoviral vectors have resulted in both the eradication of
established malignancy and protection from rechallenge with
unmodified tumour cells in animal models (Addison et al,
1995; Putzer et al, 1997). MM cell lines, and to a lesser extent
primary plasma cells, have been infected with adenoviral
vectors carrying marker genes, including IL-2 (AdCAIL-2), or

Dendritic cells with
apoptotic MM cell

A Dendritic
cells alone

B

60

50

40

30 1

20 1

10 1 -

1 A —_—— S

401 201 101 511
Effector: target ratio

Fig 4. Cell line-generated FCs induce MM-specific cytolysis. A count
of 1 x 107 normal donor PBMCs were stimulated weekly using 1 x 10°
irradiated (1-5 Gy) FCs. PBMCs were also stimulated or not with MM
cells or DCs alone. (A) DCs from the same donor (green tracker)
pulsed with apoptotic MM cells (red tracker) were used as targets in
the *!Cr assay. (B) The FC-primed (4) but not the unprimed (x), MM-
primed (M), or DC-primed (&), T cells resulted in 55% MM-specific
cytolysis.

IL-12 and B7-1 (AdSH12.B7) (Stewart et al, 1998). Tarte et al
(1999) have shown high levels of B7-1 expression on human
myeloma cells using transduction with a B7-1 retrovirus,
resulting in stimulation of allogeneic CD8", but 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 MM cells in an HLA
class I-restricted manner, but not autologous phytohaemag-
glutinin (PHA)-stimulated blasts. Other approaches have
included the use of DCs pulsed with whole tumour cell lysates
(Nestle et al, 1998) and the use of apoptotic tumour cell bodies
incorporated into DCs (Hayashi et al, 2003), resulting in the
presentation of multiple TAA in a class I-restricted manner.
We have taken the approach of fusing whole tumour cells to
DC. In this way, hybridomas are constructed which express
both tumour-derived antigens and DC-derived co-stimulatory
molecules. The fusion of DC and malignant cells to produce a
tumour vaccine offers several distinct advantages over other
methods of immunization. Multiple TAA are presented by
both MHC classes I and II molecules, allowing stimulation of
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Fig 5. Patient-generated FCs induce MHC-restricted, MM-specific
CTLs. A count of 1x 107 PBMCs were stimulated weekly using
1 x 10° irradiated (15 Gy) FCs. PBMCs were also stimulated or not
with MM cells or DCs alone. (A) The FC primed (4) but not the
unprimed (X), MM primed (M), or DC primed (&), T cells resulted in
MM-specific cytolysis. PBMCs cells primed by the MM/DC FCs
mediated a 46% MM-specific lysis of autologous MM cells. (B)
Blocking experiments demonstrated a 58% and 45% inhibition of
killing with MHC class I and MHC class II antibodies (Ab), respect-
ively, suggesting that the CTLs were MHC-restricted and that both
MHC classes I and II contribute to tumour-specific lysis.

both CD8" and CD4" effector cells and thereby increasing the
probability of an effective cell-mediated anti-tumour response.
Fusion of DCs to tumour cells offers other advantages, as DCs
can be readily generated from either PB or BM. FCs have been
generated and have been successfully used as vaccines in the
prevention and treatment of breast carcinoma cells metastatic
to the lung (Gong et al, 1997). Subsequent vaccination studies
of fusion hybrids of DCs and MUCI have demonstrated their
ability to reverse tolerance to the MUCI antigen and induce
anti-tumour responses against human breast cancer (Gong

Myeloma/dendritic Cell Fusions as Myeloma Vaccines

et al, 1998, 2000). We have also used a similar strategy in a
mouse model using murine MM cells and demonstrated that
IL-12 potentiated anti-myeloma immunity with the use of
these FCs (Gong et al, 2002). In the present study, we have
successfully performed fusions of MM cells to DCs and have
induced MM-specific CTL responses. These CTLs were MHC
restricted, as confirmed by blocking studies using neutralizing
anti-MHC antibodies. Most recently, allogeneic DCs have been
fused to renal cell carcinoma and achieved remarkable
responses when used as vaccines to treat metastatic renal cell
carcinoma (Kufe, 2000; Kugler ef al, 2000).

The optimal timing of vaccination is currently unknown.
The rationale for adjuvant idiotypic vaccination after high-
dose therapy for MM has been discussed by Reichardt et al
(1997). In a similar adjuvant setting, Bendandi et al (1999)
recently used idiotypic vaccination in 20 patients with
follicular lymphoma to eradicate residual t(14;18)+ lymphoma
cells in chemotherapy-induced first clinical CR. The vaccine
consisted of whole immunoglobulin protein isolated from the
patient’s own tumour and conjugated to the immunogenic
carrier keyhole limpet haemocyanin. The antigen was mixed
with free GM-CSF, due to its ability to enhance CD8" effector
cell function. All 11 patients with detectable polymerase chain
reaction translocations in their primary tumours had detect-
able tumour in their blood both at diagnosis and after
chemotherapy, despite being in complete clinical remission.
Following vaccinations, eight of 11 patients converted to a
molecular remission. Tumour-specific cytotoxic CD8* and
CD4" T cells were uniformly found (19 of 20 patients),
whereas antibodies were detected but not required for
molecular remission. Vaccination was thus associated with
clearance of residual tumour cells from blood and long-term
disease-free survival. This is the first demonstration of
molecular remissions following a vaccination strategy and
provides the framework for the use of such immunotherapy
approaches in the treatment of minimal residual disease
(MRD). MM is a haematological malignancy where high CR
rates are documented after high-dose therapies and MRD can
be assessed using molecular techniques. MM patients who
achieve MRD post-transplant therefore appear to be the ideal
candidates in whom to test approaches, such as the FC
vaccination strategy amongst others.

The FC cell vaccination approach does not come without
limitations. The low proliferative capacity of our FCs demands
a high starting number of both MM cells and DCs for
generating FCs. In order to induce an in vivo immune
response, repeated vaccinations with FC may be required,
suggesting that repeated fusion procedures may be needed. To
circumvent some of these problems, we are evaluating several
strategies to enhance the APC function of FCs, i.e. the use of
cytokine combinations, such as IL-4 and IL-12, or CD40
activation.

An alternative strategy to circumvent the need for large
tumour and DC numbers in the FC vaccine strategy is to
generate and expand anti-MM-specific T cells ex vivo for

© 2004 Blackwell Publishing Ltd, British Journal of Haematology, 125, 343-352 349



N. Raje et al

autologous adoptive immunotherapy of MRD in the post-
transplant setting. Based upon our observations of enhanced
APC function of CD40-activated MM cells, evidenced by the
induction of autologous T-cell proliferation, we are using
CD40-activated irradiated MM cells to stimulate autologous
MM-specific T cells and then ex vivo expanding these T cells
for adoptive immunotherapy (Schultze et al, 2001).

In summary, preclinical studies, animal models and early
phase I studies in MM have demonstrated tremendous prom-
ise in the area of cancer immunotherapy. The aims of these
approaches are to eradicate residual tumour and prolong
disease-free survival. The present study demonstrates that an
MHC-restricted, MM-specific CTL response can be induced
using the FC approach. Importantly, we have also demonstra-
ted that FC can trigger an autologous anti-tumour-specific
response. These preclinical studies formed the framework for a
phase I study using patient MM/DC FCs in vaccination and
adoptive immunotherapy protocols in MM that are currently
ongoing.
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