
Abstract. Mantle cell lymphoma (MCL) is a B cell malignancy
that is resistant to conventional therapies. High-dose therapy
(HDT) followed by stem cell transplantation is effective in
inducing remission. However, residual lymphoma cells are
eventually responsible for the subsequent relapse. Effective
therapeutic strategies to eliminate the residual lymphoma is
required. In this study, we have examined the in vitro and
in vivo anti-lymphoma effects of MCL-specific cytotoxic T
lymphocytes (CTLs) that were generated using dendritic cells
(DCs) fused with MCL cells for immunostimulation.
Dendritic cells were generated in vitro using dendritic cell-
specific medium, cytomorphology, immunophenotypes and
functional capabilities of the generated DCs were studied.
Such DCs were then used for the preparation of DC-MCL
hybrids and the DC-MCL hybrids were used to generate
CTLs against MCL cells and tested for their MCL-specific
cytotoxicity in vitro and in vivo. The CTLs demonstrated
MCL-specific cytotoxicity in vitro against GRANT-519, a
human MCL cell line. These CTLs did not show significant
effect against an irrelevant target. To test the in vivo
therapeutic effect of DC-MCL hybrid-stimulated CTLs, a
preclinical model consisting of NOD-SCID mice bearing
Granta 519 was developed. The NOD-SCID mice bearing
Granta-519 MCL tumors were treated with DC-MCL hybrids
and the same donor T lymphocytes. There was an increase
in survival (60% in mice treated with DC-MCL hybrid
approach compared to 20% in the untreated group).
Histological analysis of liver from control and treated mice
displayed a decrease in the number of the tumor nodules in the
treatment group. These results indicate the potential of DC-
based therapy for the treatment of MCL.

Introduction

Mantle cell lymphoma (MCL) is a B cell malignancy that
represents approximately 6% of all non-Hodgkin's lymphomas.

The malignant cells are believed to originate from a subset of
B cells in the mantle zone of secondary follicles. MCL-specific
B cells display CD5, CD19, CD20, CD22, CD43, Bcl-2, and
CD1 (2). In the majority of the MCL patients, a typical chromo-
somal translocation t(11;14)(q13;q32) resulting in fusion of
BCL1 locus on chromosome 11q13 and the IgH heavy chain
joining-region on chromosome 14q32 (4) is seen. This genomic
aberration results in the upregulation of Bcl-1/PRAD-1 and
increased expression of cyclin D1 in the majority of MCL cases
(3-5). The aggressive nature of MCL coupled with a typically
short remission period, presents a significant challenge for the
development of effective therapeutic options. Patients with
MCL typically present with advanced disease and extranodal
involvement is common in tissue such as bone marrow, liver,
spleen, and GI tract (1).

Current combinatorial treatment modalities for MCL
generally include induction therapy, followed by mobilization
chemotherapy, and ending with high-dose therapy in
conjunction with stem cell transplantation (SCT) (6-12).
Combination therapy is effective at inducing remission, yet
therapy-resistant residual lymphoma cells are eventually
responsible for relapse and subsequent decrease in overall
survival. Since MCL is resistant to most conventional
therapies, new and novel treatments are needed.

Dendritic cell (DC)-based immunotherapy might be a
promising strategy for treating residual MCL. Dendritic
cells are effective antigen presenting cells that are capable
of processing exogenous and endogenous antigens for
presentation via both MHC class I and class II pathways
(13-15). Taking advantage of dendritic cell biology, DCs
can be loaded with tumor cell-specific antigens for the
development of tumor-specific cytotoxic T lymphocytes.
Specifically, DCs can be fused with MCL cells to produce
immunostimulatory heterokaryons (DC-MCL hybrids) (16-22).
In many ways, heterokaryons may be better compared to using
specific antigenic peptides due to the sheer number of tumor-
specific molecules available for the DCs to sample. The use
of DC-MCL hybrids may involve multiple antigenic peptides
that may stimulate the activation and production of numerous
cytotoxic T cell clones against multiple tumor-specific antigens
which can improve the overall cytotoxic response against
MCL. In addition, DC-MCL fusion may also provide access
to sequestered proteins previously inaccessible to DC uptake
(23-25).

In this study, we investigated the generation of DC-MCL
hybrids for immunostimulation of MCL-specific CTLs in
vitro. In addition, we developed a NOD-SCID preclinical
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model for human MCL and demonstrated the therapeutic
effects of DC-MCL hybrids and the same donor-effector T
cells against MCL grown in NOD-SCID mice.

Materials and methods

Cell lines. The Granta 519 mantle cell lymphoma cell line was
purchased from Deutsche Sammlung von Mikroorganismen
und Zellkulturen (DSMZ, Germany). Granta 519 cells were
maintained in DMEM (4.5 g/l glucose) containing 10% fetal
bovine serum (FBS), 2 mM L-Glutamine, and 100 units/ml
penicillin, and 100 μg/ml streptomycin. 

Mice. Female NOD/SCID mice (6-8-week-old) were purchased
from Jackson Laboratories (Bar Harbor, Maine). All mice were
housed and maintained in the animal care facility, with each
experiment done using a protocol approved by the University
of Nebraska Medical Center Institutional Animal Care and Use
Committee (IACUC) guidelines.

Normal donor peripheral blood mononuclear cells. Generation
of DCs from peripheral blood mononuclear cells (PBMC)
was done using a modified version of the method outlined by
Grunebach et al (26). Briefly, PBMCs from normal donors
were harvested using a Cobe Spectra aphaeresis machine.
Isolated PBCs were further purified using lymphocyte
separation media with subsequent centrifugation. The mono-
nuclear cells at the interphase were collected, washed twice
in DPBS, and counted for use as a source of DCs and cytotoxic
effector cells. Plastic adherence was subsequently used to
separate DC precursors from the bulk mononuclear cells.
Briefly, PBCs were incubated for 2.5 h in adherent tissue
culture flasks to promote DC precursor cell adhesion. The
non-adherent fraction containing predominantly T cells was
cultured in medium containing IL-2 (50 U/ml) and used as
effector cells.

Dendritic cell preparation. To generate DCs, the adherent
mononuclear cells were cultured in AIM V serum-free media
(Gibco) supplemented with 800 U/ml human recombinant
GM-CSF (Immunex Corporation, Seattle, WA) and 300 U/ml
IL-4 (BD Pharmingen, San Diego, CA) for 6 days. Half of the
media was replaced on day three. After 6 days in culture, the
immature DCs were placed into a maturation media
consisting of serum-free AIM V supplemented with the
following components: GM-CSF (800 U/ml), human IL-4
(300 U/ml), and TNF-· (50 ng/ml) (R&D; Minneapolis, MN).
The mature DCs were harvested on day eight for use in CTL
generation.

Immunophenotypic analysis of dendritic cells. The surface
phenotype of the mature DCs was assayed using a Becton
Dickinson FASCStar Plus flow cytometer using the method
described by Wang et al (27). Briefly, 200,000 cells were
suspended in 100 μl of 1X PBS containing 2% FBS in a
96-well round-bottom plate. The cells were incubated on
ice for 30 min with 5 μl of phycoerythrin (PE)-labeled
antibody-specific for the following cell surface markers:
CD1a, CD3, CD40, CD80, and CD86 (BD Pharmingen).
After the incubation, the cells were washed 3 times with

100 μl PBS and resuspended in 350 μl of 4% formalin PBS
for analysis.

Functional properties of dendritic cells. The DCs were assayed
for their ability to stimulate an immune response using an
allogenic mixed lymphocyte reaction (allo-MLR) as described
previously (27). Mononuclear cells isolated from two different
normal donors were combined and plated in a 96-well flat-
bottom plate at a 1:1 ratio with a concentration of 105 cells/
well. Dendritic cells were added into the culture at 5% of the
total cell concentration. Control wells contained 105 cells from
each normal sample in addition to a mixture of the donor
cells without DCs. The cells were incubated for 5 days at
37˚C in 5% CO2. On the fifth day of the incubation, 1 μCi of
radiolabeled 3H-thymidine was added to each well and the
cells were incubated an additional 18 h. The cells were then
harvested onto glass fiber disks using a PHD cell harvester
(Cambridge Technologies, Watertown, MA). The filter disks
were allowed to dry and were placed into scintillation vials
containing 1 ml of scintillation fluid. A liquid scintillation
counter (TRI-CARB 2100 TR, Packard Instruments, Chicago,
IL) was used to measure the 3H-thymidine incorporation.

Effector cell preparation. The non-adherent T cell rich mono-
nuclear cells were cultured in serum-free AIM V media
supplemented with 50 units/ml of recombinant human IL-2
(Chiron, Emeryville, CA). Every three days, half of the
media was replaced with a subsequent addition of fresh IL-2
(50 U/ml). On day seven, the cells were harvested for use in
CTL generation.

DC-MCL fusion. Dendritic and Granta 519 cells were fused via
electrofusion using a BioRad GenePulser II from a modified
protocol outlined by Scott-Taylor et al (19). Briefly, the cells
were washed in DPBS and mixed at a ratio of 1:5 in fusion
media (5% glucose, DPBS), with a final cell count totaling
5x107 cells/ml. The cell mixture was placed into a 0.4 cm
electroporation cuvette (BioRad) and the cells were aligned
with a 4 sec alignment pulse at 20 V. Immediately following
the alignment pulse, the cells were fused with a single pulse
of 300 V and 24 μF with the gene pulser apparatus. The fusion
products were left at room temperature for 5 min, followed
by a wash in DPBS and subsequent incubation in DC
maturation media. To determine fusion efficiency, a portion of
the DCs and Granta 519 cells were stained red and green
(Molecular Probes, Eugene, OR) respectively, prior to fusion.
Following the fusion process, the hybrid cells were examined
using confocal microscopy. Due to the presence of both red
and green dyes, hybrid DC/MCL cells appear yellow under
confocal microscopy.

Generation of MCL-specific CTLs. To generate MCL-specific
CTLs, the IL-2 stimulated T-cell-enriched mononuclear cells
were plated with DC-MCL primed DCs at a ratio of 1:10. The
cultures were re-stimulated weekly (3 total) with DC-MCL
hybrids with fresh media and IL-2 (50 U/ml) added every 2
days. The MCL-specific cytotoxicity was measured 7 days
after the last restimulation. The antigen-specific CTLs and
51Cr-labeled Granta 519 or similarly labeled MDA 231 human
breast cancer cells were mixed to obtain effector-to-target
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ratios (E:T) of 5:1, 12.5:1, 25:1, and 50:1 in 200 μl/well. The
96-well plate was incubated at 37˚C for 4 h. After the
incubation, the plate was centrifuged for 8 min at 900 rpm,
followed by the removal of 140 μl from each well to be
assayed for radioactivity using a Beckman 5500 gamma
counter. The percentage of lysed target cells was calculated
using the following formula:

% cytotoxicity = experimental cpm - spontaneous cpm_____________________________
total cpm - spontaneous cpm

where the experimental cpm is effector + target cells,
spontaneous cpm is target cells + media, and total release is
target cells +1% Triton X-100.

Establishment of MCL animal model. Prior to initiating in vivo
studies using DC DC-MCL heterokaryon-based immuno-
therapy, MCL tumor growth was established in NOD/SCID
mice. In order to effectively establish MCL growth in the
mice, 10x106 Granta 519 cells were transplanted intra-
venously. Three weeks post tumor transplantation, the mice
were sacrificed and autopsied to examine for the presence of
tumor growth using histological sections of different organs
and tumor tissue from the tumor-bearing animals. Initially
hematoxylin and eosin staining was also used to determine
the presence of MCL cells in histological sections from organs.
Immunohistochemistry, using peroxidase-conjugated anti-
CD45 and anti-CD19 antibodies, was used to determine the
human origin of tumors within the mouse organs.

In vivo therapeutic studies. NOD/SCID mice were injected
intravenously with 2x105 Granta 519 cells. Twenty-four
hours prior to injection, the mice were exposed to 400 rads to
sufficiently eliminate any systemic immune cells present
within the mice. The mice were split into two groups (control
and treatment), each consisting of five mice. Approximately
48 h after tumor challenge, the treatment group was treated
intravenously with irradiated (1700 rads) DC/MCL hybrids
along with autologous T cells at a concentration of 5x106 T
cells and 5x104 hybrids per mouse. Treatment was administered
weekly. After 4 weeks, the mice were sacrificed and spleen,
liver, lung, and kidneys were removed and preserved in 10%
formalin for use in histological analysis. The human origin of
the tumor was confirmed as described above. Number of
tumor nodules in liver was enumerated.

Results

Generation and characterization of functional and phenotypic
dendritic cells. For use in the in vitro and in vivo aspects of the
experiment, dendritic cells were generated and matured as
previously outlined in Materials and methods. The cyto-
morphology, immunophenotype and functional capabilities of
these DCs are shown in Fig. 1. Cytomorphological analysis
of day seven DCs revealed a significant number of dendritic
cells, each displaying typical DC cytomorphology (Fig. 1A).
The phenotypes of the DCs were determined with flow cyto-
metry using antibodies to DC-specific cell surface markers.
The results indicated a typical mature dendritic cell phenotype,
with elevated expression of CD80, CD83, and CD86 as shown

in Fig. 1B. The overall expression level of the DC markers can
be seen in Fig. 1B. The functional capabilities of the dendritic
cells were determined using an allo-MLR assay as demon-
strated in Fig. 1C. The addition of 5% DCs produced a
proliferative increase in the allogenic mixed lymphocyte
reaction reflecting the potent immunostimulatory properties
of the DCs produced and used in these experiments. These
results also demonstrated that the DCs from day 7 culture are
the best for immunostimulatory effects. The results are
presented as fold increase compared to control without DCs.
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Figure 1. Characterization of DCs for their cytomorphology, immuno-
phenotype and immunostimulatory functions. (A) The cytomorphology of
dendritic cells grown in ex vivo 10 supplemented media for 7 days. The light
purple, larger cells are the dendritic cells and the dark purple cells are T cells
(magnification x500). (B) Phenotypic analysis of in vitro generated dendritic
cells. Cells were stained with flurochrome-labeled-specific antibodies and
the percent positive cells for each marker was determined using flow
cytometry. The figure represents the mean ± standard error of the mean
percent positive cells for each phenotypic marker. (C) Immunostimulatory
properties of cultured dendritic cells as determined using allogenic-MLR.
Mononuclear cells from two different donors were cultured in vitro for 5 days
with or without 5% dendritic cells. The proliferation of cells in the mixture
was determined using radioactive thymidine.
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DC/MCL fusion efficiency. It has been demonstrated that
certain cell types can be more or less amenable to cell fusion;
thus, it was necessary to calculate the fusion efficiency to
determine if sufficient DC/MCL heterokaryons were being
produced for use in the in vitro and in vivo experiments. To
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Figure 2. Determination of fusion efficiency by confocal microscopy. Each individual type of cells were stained with a particular intracellular dye prior to the
fusion process: (A) dendritic cells (red), (B) Granta 519 MCL (green), and (C) DC/MCL heterokaryons (yellow, result of fusion between DC and MCL cells).

Figure 3. In vitro cytotoxicity levels of MCL-specific cytotoxic T
lymphocytes at various effector cell-target cell ratios against Granta 519,
MCL target cells. CTLs were generated using T cells stimulated with DC-
MCL hybrids and tested for their MCL-specific cytotoxicity using in vitro
cytotoxicity assay. MDA-231 human breast cancer cells were used as an
irrelevant control target for the CTL assay. The values were derived from 4
different experiments.

Figure 4. In vivo growth and dissemination of Granta-519 in NOD-SCID
mice. Mice were transplanted with ten million Granta-519 MCL cells
intravenously and sacrificed after 4 weeks. At the time of necropsy, liver,
kidney, spleen and lungs were removed and examined for gross tumor
nodules and then processed for histological analyses. Numerous tumor
nodules in the livers of the transplanted mice at the time of sacrifice 4 weeks
after tumor transplantation was observed, the control livers from mice not
transplanted with MCL did not show liver nodules.

Figure 5. Histological analysis of tissues isolated from NOD-SCID mice
transplanted with MCL, (A) liver, (B) lung and (C) spleen.
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determine the fusion efficiency of PEG mediated fusion, DCs
(red) and Granta 519 (green) cells were stained prior to fusion
using CellTracker Orange (CMTMR) and CellTracker Green
(CMFDA) dyes as previously described. The fusion efficiency
was determined by calculating the percentage of double-stained
cells when examined using FACS analysis and confocal micro-
scopy (Fig. 2). The median fusion efficiency was calculated
to be in the range of 5-20%. To eliminate the possibility of
the double positive cells being the result of dye leakage and
subsequent uptake by the DCs, co-cultures of stained DCs
and tumor cells were analyzed as well. The percentages of
double-positive cells in the non-fused co-cultures were not
significant (data not shown).

In vitro cytotoxicity of MCL-specific CTLs against human
mantle cell lymphoma. An objective of this study was to
compare the immunostimulatory effects among DC-MCL
hybrids, for generating MCL-specific CTLs. CTLs were
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Figure 6. Determination of human origin of the tumors grown in NOD-
SCID mice. Histological section from NOD-SCID mice transplanted with
Granta 519 were stained with anti-human CD19 antibody using immuno-
histochemistry. Tumors in all the organs were positive for anti-human CD19
antibody. A representative micrograph of the liver from one of the tumor
bearing-mice is shown.

Figure 7. In vivo therapeutic efficacy of DC-MCL-based therapy against
MCL Granta 519. (A) Percent survival in the control and treatment groups
after 4 weeks of dendritic cell-based immunotherapy (n=5). (B) Average
number of tumor nodules per liver in the control and treatment groups.
Livers from mice in the treatment group did not contain a noticeable
presence of tumor cells.

Figure 8. Histological analysis of hepatic tissue from the control and treated mice. (A and B) Tumor-bearing control mice showed tumor nodules in the liver
with low and high magnification. (C and D) The tumor nodules were absent in the treated group (right).
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generated using MCL/DC hybrids, with Granta 519 cells as the
target cell. The results indicate that DC-MCL-generated CTLs
specifically killed Granta-519, but not the irrelevant tumor
target IMR-32. Although the lower ET:ratios provided low
cytotoxicity, the higher ET:ratios provided >60% killing
compared to only 20% for the irrelevant target cells.

Growth of MCL in NOD/SCID mice. For the in vivo studies
initially the in vivo model for human MCL cells grown in
NOD/SCID mice was developed by transplanting 10x106

Granta 519 cells per mouse intravenously. At 3 weeks, the
mice were sacrificed and autopsied to examine for the
presence of tumor growth and dissemination. Upon visual
examination, numerous gross tumor nodules were present on
the liver as shown in Fig. 4. Histological analysis of the liver
and other tissues revealed tumor infiltration in the spleen,
lung, and kidney. Fig. 5 demonstrates the tumor infiltration
in liver, lungs and spleen. Immunohistochemical analysis
using anti-human CD19 antibody (Fig. 5) was performed to
confirm the human origin of the tumor in these organs (Fig. 6).
Thus, these results clearly demonstrate that the tumors were
of human origin, indicated by the positive staining with
human-specific antibody and the Granta-519 grown in NOD-
SCID mouse can be a good preclinical model for in vivo
therapeutic studies.

In vivo therapeutic efficacy of DC/MCL hybrid cells. To test the
therapeutic immunostimulatory capabilities of DC/MCL hybrid
cells against the growth of MCL, NOD/SCID mice bearing
MCL were treated once weekly for 4 weeks with DC/MCL
hybrids plus IL-2 stimulated cytotoxic T cells. To prevent
growth and subsequent GVHD, the effector cells were
irradiated prior to administration. Unlike the previous
experiment to develop an in vivo model, a low dose (2x105)
of MCL was transplanted into the mice to better examine the
effects of the DC-MCl-based strategy, as the tumor burden
would not be as pronounced. After 4 weeks, there was a
significant increase in survival of the treated mice as compared
to the untreated control mice (Fig. 7). In groups of five mice,
three mice in the treatment group remained alive at 4 weeks,
as opposed to one mouse in the control group. Histological
analysis of liver tissue revealed an average of 9 tumor nodules
per liver in the control group, while livers from the surviving
mice within the treatment group were free of tumor cells
(Figs. 7B and 8). Thus, the in vivo studies demonstrate a
therapeutic effect of a DC-based approach against MCL
growth in NOD/SCID mice using DC-MCL hybrid cells as
immunostimulator for CTL generation.

Discussion

Relapse in patients with mantle cell lymphoma is caused by
the presence of therapy-resistant residual MCL cells. The
conventional therapies and host defense mechanism fail to
eliminate the residual cells, possibly because the MCL cells
may be weakly immunogenic, or the level of immuno-
suppression within the host prevents the establishment of an
effective immune response. To increase the immune response
within the host, it may be necessary to introduce antigen-pulsed
DCs into the host. This strategy would make use of the antigen
presenting capabilities of the DCs to present many MCL

associated antigens to the host effector cells in order to
stimulate an effective immune response. 

The main focus of this study was to determine the immuno-
stimulatory properties possessed by DC/MCL heterokaryons
in increasing the effector cell-mediated cytotoxicity toward
MCL in vitro and in vivo. Using in vitro CTL cytotoxicity
assays, it was found that DC/MCL heterokaryons stimulated
CTLs with significant cytotoxicity against Granta 519 cells.

The in vivo arm of this study involved introducing
irradiated DC/MCL hybrid cells and T cell-enriched mono-
nuclear cells into NOD/SCID mice transplanted with a low
dose of Granta 519 cells. After 4 weekly cellular therapies,
60% of the mice from the treatment group were alive versus
20% of the control group. Histological analysis of liver tissue
from control and treated groups indicated a significant
decrease in the number of tumor nodules within the treatment
group. Similar in vivo anti-tumor effects of DC/tumor cell
hybrids in mice have been previously reported (28-30). The
data clearly demonstrate the therapeutic potential of
DC/MCL hybrids to elicit cytotoxic responses in tumor-
bearing mice. However, it is possible that the observed
effects may be due to allo-reactivity against MCL. While this
is a possibility, it is likely the observed cytotoxicities,
particularly in the mice, are a combination of allogeneic and
MCL-specific responses given the data obtained for the in vitro
cytotoxicity experiments. The significantly lower cytotoxicity
toward the irrelevant neuroblastoma (IMR-32) tumor cells
demonstrates the least allogeneic cytotoxicity of this system.

An aim of this study was to develop an immune-based
therapy to eliminate residual MCL remaining after initial
frontline therapies such as Rituximab and/or combination
chemotherapy regimens. Allogenic stem cell transplantation
is one such strategy. Allogenic transplantation has been used
successfully to induce an immune-mediated graft-versus-
leukemia (GVL) effect in patients with hematological
malignancies. Although the donor T cells possess the desired
GVL effect, unfortunately, these same cells can initiate the
potentially lethal graft-versus-host (GVHD) effect as well.
For the in vivo portion of this study, irradiation of the
effector cells prior to injection was necessary to prevent
effector cell proliferation and GVHD within the NOD-SCID
mice. While the effector cells will have significantly
decreased proliferative potential post irradiation, research
suggests these cells still retain CTL capabilities (epitope
recognition-cytoxicity) (31). Due to the irradiation, signs of
GVHD were not observed in the transplanted NOD/SCID
mice.

The data presented here have clearly shown the ability of
dendritic cell therapy to increase cytotoxicity toward MCL
in vitro and in vivo. The clinical applications for DC therapy
are evident, particularly for the treatment of residual
lymphoma. It is crucial for the overall survival of patients
that residual MCL cells are eliminated. Thus, the antigen
presenting properties of dendritic cells make DC therapy a
powerful tool to treat patients following cyto-reductive
chemotherapy to eliminate residual tumor cells that are
resistant to initial or maintenance therapy. It would have been
beneficial to have used primary tumor cells isolated from MCL
patients in addition to MCL cell line, such as Granta 519.
However, recent research indicates that Granta 519 was indeed
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derived from a primary MCL tumor, and continues to express
similar genetic and phenotypic characteristics as compared to
a primary tumor (32). Such studies using DC-MCL hybrids
against primary MCL grown in NOD-SCID mice are in
progress. In conclusion, this study details preliminary evidence
for the use of DC-based immunotherapy for the effective
treatment of mantle cell lymphoma, and lays the foundation to
begin additional pre-clinical and clinical studies to evaluate the
feasibility and efficacy of this approach in the treatment of
MCL patients.
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