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Cytotoxic T lymphocytes (CTLs) play a major role in
the rejection of immunogenic tumors [1]. Classically, CTLs
target tumors through recognition of a ligand consisting of
the self major histocompatiblity complex (MHC) class I
molecule and a peptide antigen generally derived from
tumor antigens synthesized within the tumor cells [1, 2].
However, effective immune responses against tumor an-
tigens are rarely observed. Several mechanisms have
been proposed to explain the failure to develop effective
endogenous immunity against tumors. These include the
generation of antigen-loss tumor variants, loss of MHC
expression, and down-regulation of antigen processing
machinery [3, 4]. To augment the host immune response
against tumors, gene-modified tumor vaccines using tu-
mor cells engineered to express immunogenes have been
conducted to enhance their immunogenicity and poten-
tial antigen-presenting ability. These strategies include
introduction of genes encoding MHC antigens [5, 6], co-
stimulating molecules [3], cytokines and chemokines [7]
into tumor cells. The vaccines using these engineered
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tumor cells have been shown to be capable of stimulating
T cell-mediated antitumor immune responses in animal
tumor models. Tumor cells engineered to express immu-
nogenes have also been used for cancer vaccines to in-
duce the antitumor immunity [8–9].

Dendritic cells (DCs) are the most potent stimulators
of primary immune responses known thus far [10], and
have been recognized as potential tools for immuno-
therapy and vaccine strategies, especially for the thera-
py of tumors [11–14]. The receptor for CD40 ligand
(CD40L) is CD40, a member of the tumor necrosis fac-
tor (TNF) receptor family, which is expressed on antigen
presenting cells (APCs) including DCs. The CD40-
CD40L interaction was initially identified in relation to
T and B cell interactions relevant to humoral immune
responses [15]. It has recently been reported that stimuli
from CD4+ T helper (Th) cells via the CD40-CD40L in-
teraction is also essential for activation of DC maturation
with up-regulation of co-stimulatory B7-1 molecule and
intercellular adhesion molecule (ICAM-1), which can then
autonomously trigger the CD8+ cytotoxic T cells respons-
es (15–16). In addition, the CD40-CD40L interaction also
induces the production of cytokines that favor the de-
velopment of Th1 type immune response [17]. It has been
recently reported that (i) ligation of CD40 on dendritic
cells, by incubation with tumor cells engineered to ex-
press CD40L, triggered DC activation with interleukin-
12 (IL-12) secretion [17], and (ii) the Th-mediated CD40
triggering endowed the activated DCs to autonomously
stimulate cytotoxic T cell responses [18].

Another promising alternative for DC-based vac-
cines is the conventional fusion of DCs with tumor cells
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[19]. This approach is based on the idea that multiple
tumor associated antigens (TAAs) are endogenously
processed and presented by MHC class I molecules,
thereby stimulating tumor-specific CTLs. In several
mouse models, vaccination studies have shown regres-
sion of established tumors after hybrid cell application
[20–23]. The advantage of this novel approach include
its ability to (i) correct defects in co-stimulatory signal-
ing, (ii) provide both MHC class I and II epitopes, and
(iii) not require the identification of tumor antigens.

Recently, we have cloned a cDNA gene coding for
the mouse CD40L molecule, and have engineered a
CD40L-gene-modified tumor cell line J558CD40L. Our pre-
vious studies have shown that the engineered J558CD40L

tumor cells expressing the transgene CD40L have lost
their tumorigenicity in syngeneic mice, and inoculation of
these engineered tumor cells further induced protective
immunity against the wild-type J558 tumors [24]. We hy-
pothesized that DCs fused with these engineered J558CD40L

tumor cells could more efficiently present TAA from fused
tumor cells to the host immune systems, leading to en-
hanced antitumor immunity. In this study, we investigated
(i) the efficiency of our fusion protocol using polyethylene
glycol (PEG)/dimethyl sulphoxide (DMSO), and (ii) the
tumor-specific CTL responses and antitumor immunity
derived from vaccination of a novel fusion hybrid between
DCs and engineered J558CD40L myeloma cells expressing
CD40L in comparison with a conventional fusion hybrid
DC/J558 between DCs and J558 tumor cells.

MATERIALS AND METHODS
Cell lines, antibodies, chemokines, peptides and

animals. J558 and A20 are myeloma and B cell lym-
phoma cell lines of BALB/c mouse origin, respectively.
Cell lines were maintained in Dulbecco’s modified me-
dium (DMEM) (GIBCO, USA) plus 10% fetal calf serum
(FCS). J558CD40L is a CD40L-gene engineered J558 tu-
mor cell line and was maintained in Dulbecco’s modified
medium containing 0.5 mg/ml G418. Monoclonal anti-
bodies including the biotin-labeled anti-mouse H-2Kd,
Iad, CD11c, CD40, CD54 and CD80 antibodies, fluo-
renscein isothiocyanate (FITC)-conjugated avidin, and
anti-CD11c antibody, and R-phycoerythrin (PE)-con-
jugated anti-CD40L antibody were obtained from
PharMingen (San Diego, USA). Rat monoclonal anti-
CD4 (GK1.5), anti-CD8 (3.155) and anti-NK (PK136)
antibodies were purified from the ascites of the respec-
tive hybridoma cell lines obtained from the American
Type Culture Collection (ATCC, Rockville, USA). Re-
combinant mouse interleukin-4 (IL-4) and granulocyte-
macrophage colony-stimulating factor (GM-CSF) were
purchased from Endogene (USA). Female BALB/c (H-
2Kd) mice were obtained from the Animal Resources
Center of the University of Saskatchewan and housed
in the animal facility of the Saskatoon Cancer Center.
Animal experiments were carried out according to the
guidelines of the Canadian Council for Animal Care.

DC culture. BM cells prepared from femora and
tibias of normal BALB/c mice were depleted of red cells
with ammonium chloride and plated in DMEM plus 10%

FCS, GM-CSF (10 ng/ml) and IL-4 (10 ng/ml) for gene-
ration of DCs on day 1. On day 3, nonadherent granu-
locytes, and T and B cells were gently removed and
the above fresh media were added. On day 5, loosely
adherent proliferating DC aggregates were dislodged
and replated in the respective fresh media. On day 7 of
culture, released, nonadherent DCs were harvested.

Fusion of DCs with J558CD40L. DCs derived from BM
were fused with J558CD40L cells at a 6 : 1 (DC : tumor)
ratio using 50% PEG (molecular weight 1450)/DMSO
solution (Sigma, USA). Briefly, 6 × 106 DCs were mixed
with 1 × 106 tumor cells and washed with serum-free
DMEM. After removing the medium, 1 ml of PEG/DMSO
was added to the cells pellet while resuspending the cells
by stirring for 2 min. An additional 10 ml of DMEM was
added to the cell suspension over the next 3 min with
constant stirring. The cells were centrifuged at 400 × g
for 5 min to remove the PEG, and further washed 3 times
with phosphate buffered saline (PBS), and then resus-
pended in PBS for immunization of mice or flow cyto-
metric analysis. Fusion of DCs with J558 or J558CD40L

cells was termed DC/J558 and DC/J558CD40L fusion hy-
brids, respectively.

Immunofluorescence analysis. For phenotypic
analysis of tumor cells, J558 and J558CD40L tumor cells
were stained with biotin-labeled anti-mouse H-2Kd and
CD40L antibodies (2 µg/ml) followed by incubation with
FITC-avidin. For phenotypic analysis of DCs, DCs were
stained with biotin-labeled anti-mouse Iad, CD11c, CD40
or CD80 antibodies. For phenotypic analysis of DC hy-
brids, the mixture of DCs and J558CD40L tumor cells after
fusion was stained with FITC-conjugated anti-CD11c and
PE-labeled anti-CD40L antibodies. After 3 washes with
PBS, cells were analyzed by flow cytometry. Isotype-
matched monoclonal antibodies were used as controls.

To visualize fusion hybrids, tumor cells were resus-
pended in DMEM at 1 × 106 cells/ml and incubated with
TRITC (0.5 µg/ml) at 37 oC for 45 min as previously
described [20]. The labeled cells were washed 3 times
with PBS. To evaluate the fusion efficiency, DCs were
fused with these tetramethyl rhodamine (TRITC)-la-
beled tumor cells as described above. Fusion prepa-
rations were further stained with FITC-conjugated anti-
CD11c antibody. As a control, DCs alone were also
stained with FITC-conjugated anti-CD11c antibody.
The above cell suspensions were then checked by con-
focal fluorescence microscopy.

T cell cytotoxicity. In T cell cytotoxicity assays,
mouse spleens were removed from the mice immu-
nized with DC/J558CD40L, DC/J558 or a mixture of DCs
and J558CD40L cells, for preparation of single cell sus-
pensions by pressing against a fine nylon mesh, and
then washed with PBS. Red cells were lysed by using
0.84% ammonium chloride. Spleen lymphocytes
(5 × 106) were co-cultured with irradiated (6000 Rad)
J558 cells (1 × 105) in 2 ml of DMEM plus 10% FCS in
each well of a 24-well plate (Costar, USA). Three days
subsequently, activated T cells were harvested. These
T cells were used as effector (E) cells in the chromium
release assay. Target T cells included 51Cr-labeled J558
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and irrelevant A20 tumor cells. Ten thousand labeled
target cells per well were mixed with effector cells at
various E/T cell ratios in triplicate and were incubated
for 6 h the percentage of specific lysis was calculated
as: 100 × [(experimental CPM–spontaneous CPM)/
(maximum CPM– spontaneous CPM)]. The maximal
counts per min (CPM) released was determined by
adding 1% Triton X-100 to the wells.

Animal studies. To examine the protective antitu-
mor immunity, naive BALB/c mice (10 per group) were
s.c. vaccinated with: 0.2 × 106 irradiated (6000 Rad)
J558 cells (as control group); 0.2 × 106 irradiated
J558CD40L cells; a mixture of irradiated (1.2 × 106 DCs
and 0.2 × 106 J558CD40L) cells; 1.4 × 106 irradiated hy-
brid DC/J558 and 1.4 × 106 irradiated DC/J558CD40L cell
preparations. Ten days after immunization, mice were
then s.c. challenged with 1 × 106 J558 tumor cells. In
general, J558 tumors in control group grew up to 1 cm
in diameter two weeks following the tumor cell chal-
lenge. Any mice bearing tumors with 1 cm in diameter
were sacrificed, according to the guidelines of the Ca-
nadian Council for Animal Care. All remaining mice were
sacrificed 4 weeks following the tumor cell challenge.
Tumors were carefully removed and weighed. The tu-
mor growth was confirmed by histologic analysis.

To study the mechanisms involved in the induced an-
titumor immunity, depletion of the T cell subset in vivo
was performed as previously described [24]. Briefly,
BALB/c mice (8 per group) immunized with 1.4 × 106 hy-
brid DC/J558CD40L cell preparations were injected twice i.p.
with either anti-CD4, anti-CD8 or anti-NK antibodies at
0.5 mg per mouse 3 days prior to, on the day of and 3 days
subsequent to the inoculation of 1 × 106 J558 tumor cells.
As a control, one group of mice was injected with the same
amount of normal rat IgG. Mice were monitored for tumor
progression or regression as described above.

RESULTS AND DISCUSSION
With different vaccine designs and protocols in clini-

cal trials, therapeutic vaccination is emerging as a prom-
ising treatment option for cancer [25, 26]. This develop-
ment is supported and expedited by the increasing num-
ber of tumor-associated antigens and T cell epitopes
identified for different cancers [27] and the evidence for
tumor-specific T cells in cancer patients [28]. However,
the response rates reported so far from cancer vacci-
nation trials are less than satisfactory and progression
during therapy testifies to the insufficient immune de-
fenses generated. These deficiencies have been attrib-
uted, among other causes such as disease-related im-
mune suppression [29] and immune evasion [30] to poor
immunogenicity of the tumors [31]. The fusion of tumor
cells with APCs such as DC [32] is meant to enhance
the immunogenicity of antigenic tumors for induction of
tumor-specific CTLs [33, 34].

The conventional fusion hybrids between DCs and
tumor cells have been found to be effective in the treat-
ment of carcinomas, lymphomas, and melanomas in mice
[19, 35–37]. As an approach to exploit both known and
unidentified tumor epitopes, DCs have been fused to can-

cer cells to generate heterokaryons that combine the ex-
pression of molecules needed for immune stimulation with
the presentation of a potential repertoire of tumor anti-
gens [38]. This approach has also been extended to the
fusion of human tumor cells with autologous and alloge-
neic DCs [38–39]. The human fusions were effective in
stimulating CTL responses against autologous tumors
[38–40]. Moreover, this hybrid cell vaccination concept
was also tested in clinical studies for renal cell carcinoma,
melanoma and glioblastoma [41–47]. Recently, it has been
reported that vaccination with conventional hybrids of DCs
and tumor cells induces tumor-specific T cell responses
and clinical responses in melanoma stage III and IV pa-
tients [48]. However, the frequency of objective respons-
es to hybrid cell vaccine is still low, with 1 complete and
1 mixed response among the17 melanoma patients in the
study, indicating that the conventional protocol of simply
fusing DCs and tumor cells needs further improvement to
enhance its antitumor efficiency.

This prompted us to investigate the antitumor im-
munity of a novel fusion hybrid (DC/J558CD40L) derived
from the fusion of DCs and engineered tumor (J558CD40L)
cells expressing the transgene CD40L compared to the
conventional fusion hybrid between DCs and J558 tu-
mor cells. Our data demonstrated that CD40L gene-
transfected J558CD40L tumor cells displayed CD40L
transgene expression and a similar expression level of
MHC class I antigen (Fig. 1, a), indicating that the im-
munogenicity of the wild-type J558 and engineered
J558CD40L tumor cells were similar. As shown in Fig. 1, b,
BM-derived DCs expressed the DC marker (CD11c),
MHC class II (Iad), CD40, CD54 and CD80 molecules,
indicating that they are mature DCs.

DCs derived from BM were then fused with J558CD40L

cells at a 6 : 1 (DC : tumor cell) ratio using PEG/DMSO
solution. The fusion hybrids of DC with J558 or J558CD40L

cells were termed DC/J558 and DC/J558CD40L, respec-
tively. To evaluate the fusion efficiency, DCs were fused
with these TRITC-labeled tumor cells according to the
protocol described above. Fusion preparations were
further stained with FITC-conjugated anti-mouse
CD11c antibody. The cell suspensions were then
checked by confocal fluorescence microscopy. The sin-
gle tumor cell and DC showed red fluorescence TRITC
in its cytoplasm (Fig. 2, a) and green fluorescence FITC
on its cell surface (Fig. 2, b), respectively, whereas the
fusion hybrid cell simultaneously displayed red and
green fluorescence in its cytoplasm and on its cell sur-
face membrane (Fig. 2, c). After randomly picking up
12 high power fields (400 x) for counting fused versus
unfused cells in three independent experiments, the
fusion efficiency of DC hybrids was around 20%.

We vaccinated mice with irradiated fusion hybrids
DC/J558 or DC/J558CD40L, or a mixture of DCs and
558CD40L cells. As shown in Fig. 3, CTLs from the mice
immunized with irradiated DC/J558 or a mixture of DCs
and J558CD40L cells displayed similar cytotoxicity (around
25% specific killing; E : T ratio, 25). However, CTLs
from mice vaccinated with irradiated DC/J558CD40L ex-
hibited the most potent of enhancing CTL activity to
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J558 tumor cells (38% specific killing; E : T ratio, 25),
which was significantly higher than that for both the con-
ventional fusion hybrid DC/J558 and DCs plus J558CD40L

vaccines (Student’s t-test, p < 0.05). Interestingly, CTLs
derived from DC/J558CD40L immunization did not show
any killing activity of irrelevant A20 tumor cells, indi-
cating that the CTL activity was J558 tumor specific.

To determine whether the DC/J558CD40L cells are more
effective in inducing antitumor immunity in vivo, we immu-
nized mice with irradiated fusion hybrids DC/J558 or
DC/J558CD40L, or a mixture of DCs and J558CD40L cells. As
controls, the mice were also vaccinated with irradiated J558
and J558CD40L cells. Ten days later, the mice were chal-
lenged with J558 tumor cells, and tumor growth was mon-
itored. As shown in Table 1, mice in control groups did not
exhibit significant immune protection, since 70% and 100%
of immunized mice still had tumor growth following the J558
tumor challenge. However, the fraction (20%) of mice with
tumor growth in the DC/J558CD40L-immunized mice was
significantly lower than those in the DC/J558-immunized
(70%) and DC plus J558CD40L-immunized (50%) mice, re-
spectively (Student’s t-test, p < 0.05), indicating that the vac-
cination of mice with the novel fusion hybrid DC/J558CD40L

induced more efficient protective immunity against the sec-
ond challenge of J558 tumor cells than the conventional
fusion hybrid.

To further study the immune mechanisms involved
in the DC/J558CD40L-induced antitumor immunity, in
DC/J558CD40L-immunized mice, which were also depleted
with T cell subset or NK cells were challenged with J558

tumor cells. As shown in Table 2, the protective immune
protections were decreased from 88% to 25% and 12% in
CD4+ and CD8+ T cell-depleted mice, respectively, whereas

Fig. 2. Fluorescence photomicrographs of fusion hybrids.
(a) J558CD40L cells were stained with red TRITC. (b) DCs were
stained with anti-CD11c and green FITC-goat anti-rat IgG anti-
body. (c) After fusion, the fusion hybrids DC/J558CD40L displayed
both red and green fluorescence in its cytoplasm and on its cell
surface membrane (arrows)

a

b

c

Fig. 1. Flow cytometric analysis. (a) J558 and J558CD40L tumor
cells were stained with anti-H-2Kd or anti-CD40L antibodies (sol-
id lines). (b) BM-derived DCs were stained with a panel of anti-
bodies specific for Iad, CD11c, CD40, CD54 or CD80 (solid lines).
These cells were then analyzed by flow cytometry. Irrelevant iso-
type-matched antibodies were used as controls (dotted lines)

a

b
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the protection remained the same in NK cell-depleted mice
(88%), indicating that the antitumor immunity derived from
DC/ J558CD40L immunization was mainly mediated by both
CD4+ and CD8+ T cells, but not NK cells.

Taken together, these results show that we have de-
veloped a novel fusion hybrid DC/J558CD40L derived from
the fusion between DCs and engineered J558CD40L tumor
cells expressing the transgene CD40 ligand. We have
demonstrated that vaccination of mice with this novel fu-
sion hybrid DC/J558CD40L induced a stronger J558 tumor-
specific CTL cytotoxicity in vitro and resulted in a more
efficient immune protection in vivo against a second chal-
lenge of J558 tumor cells than did the conventional fusion
hybrid DC/J558 between DCs and wild-type tumor cells.
Therefore, this novel fusion hybrid vaccine which com-
bines gene-modified tumor and DC vaccines may be an
attractive strategy for cancer immunotherapy.
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ÏÎÂÛØÅÍÈÅ ÏÐÎÒÈÂÎÎÏÓÕÎËÅÂÎÃÎ ÈÌÌÓÍÈÒÅÒÀ
ÏÐÈ ÏÐÈÌÅÍÅÍÈÈ ÂÀÊÖÈÍÛ, ÏÎËÓ×ÅÍÍÎÉ ÏÐÈ ÑËÈßÍÈÈ

ÄÅÍÄÐÈÒÍÛÕ ÊËÅÒÎÊ Ñ ÌÎÄÈÔÈÖÈÐÎÂÀÍÍÛÌÈ
ÊËÅÒÊÀÌÈ ÌÈÅËÎÌÛ

Ãèáðèäíûå âàêöèíû, ïîëó÷åííûå íà îñíîâå ñëèÿíèÿ äåíäðèòíûõ è îïóõîëåâûõ êëåòîê, ðàññìàòðèâàþòñÿ â êà÷åñòâå
íîâîé ýôôåêòèâíîé ñòðàòåãèè ïðîòèâîîïóõîëåâîé èììóíîòåðàïèè. Ýôôåêòèâíîñòü ïðèìåíåíèÿ òðàäèöèîííûõ
ãèáðèäíûõ âàêöèí â êëèíèêå ïîêà íåäîñòàòî÷íî âûñîêà. Ñòàíäàðòíûé ïðîòîêîë ãèáðèäèçàöèè äåíäðèòíûõ (ÄÊ) è
îïóõîëåâûõ êëåòîê íóæäàåòñÿ â óñîâåðøåíñòâîâàíèè äëÿ óñèëåíèÿ ïðîòèâîîïóõîëåâîé ýôôåêòèâíîñòè âàêöèíû.
Ïîëó÷åíà íîâàÿ ãèáðèäîìà DC/J558

CD40L
 ïóòåì ñëèÿíèÿ ÄÊ è ìîäèôèöèðîâàííûõ êëåòîê ìèåëîìû J558

CD40L
,

ýêñïðåññèðóþùèõ ëèãàíä CD40 (CD40L), ñ èñïîëüçîâàíèåì ïîëèýòèëåíãëèêîëÿ (PEG). Èññëåäîâàëè ðåàêöèè
ïðîòèâîîïóõîëåâîãî èììóíèòåòà â ðåçóëüòàòå âàêöèíàöèè ïîëó÷åííîé ãèáðèäîìîé DC/J558

CD40L
. Óñòàíîâëåíî, ÷òî

îíà ïðèâîäèò ê èíäóêöèè áîëåå ýôôåêòèâíîãî îòâåòà öèòîòîêñè÷åñêèõ Ò-ëèìôîöèòîâ (CTL) è èììóíèòåòà ïðîòèâ
îïóõîëåâûõ êëåòîê J558 ïî ñðàâíåíèþ ñ òàêîâûì ñòàíäàðòíîé âàêöèíû íà îñíîâå ñëèÿíèÿ êëåòîê DC/J558.
Ïðîòèâîîïóõîëåâûé îòâåò, ïîëó÷åííûé âñëåäñòâèå âàêöèíàöèè DC/J558

CD40L
, áûë â îñíîâíîì îïîñðåäîâàí êëåòêàìè

CD4+ è CD8+cT, à íå åñòåñòâåííûìè êèëëåðàìè (NK). Íîâàÿ âàêöèíà, îáúåäèíÿþùàÿ ãåíåòè÷åñêè ìîäèôèöèðîâàííûå
áëàñòíûå êëåòêè è ÄÊ, ìîæåò áûòü ýôôåêòèâíûì ñðåäñòâîì èììóíîòåðàïèè îïóõîëåé.
Êëþ÷åâûå ñëîâà: äåíäðèòíûå êëåòêè, ñêîíñòðóèðîâàííûå îïóõîëåâûå êëåòêè, CD40L, ñëèÿíèå êëåòîê,
ïðîòèâîîïóõîëåâûé èììóíèòåò.
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