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Summary

Dendritic cells (DCs) are the most potent antigen-presenting cells and are the
mediators of T cell immunity. Many investigators have explored the potential
of using DCs as a vaccine for tumour-derived antigens in immunotherapy of
B cell malignancies, and the results have been disappointing. To search for
better tumour antigens to improve the efficacy of DC-based immunotherapy
in myeloma, we evaluated and compared the efficacy of the vaccination of
DCs pulsed with idiotype (Id) or tumour lysate in the 5TGM1 myeloma
mouse model. Our results showed that Id- or tumour lysate-pulsed DC vac-
cines protected mice efficiently against developing myeloma, retarded tumour
growth, induced tumour regression against established tumour and protected
surviving mice from tumour rechallenge. The therapeutic responses were
associated with an induction of strong humoral immune responses, including
anti-Id or anti-lysate antibodies, and cellular immune responses including
myeloma-specific CD8+ cytotoxic T lymphocytes, CD4+ type 1 T helper cells
and memory T cells in mice receiving Id- or tumour lysate-pulsed DC
vaccines. In addition, our studies showed that tumour lysate-pulsed DCs were
more potent vaccines than the Id-pulsed DC vaccines to promote anti-tumour
immunity in the model. This information will be important for improving the
strategies of DC-based immunotherapy for patients with myeloma and other
B cell tumours.
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Introduction

Despite progress in the treatment of multiple myeloma
(MM) by using conventional chemotherapies and support-
ive therapeutics in combination with stem cell transplanta-
tion, this disease still remains fatal in the majority of
patients. MM is characterized by the clonally expansion of
malignant plasma cells within the bone marrow [1,2]. Thus,
new treatments are required to eradicate minimal residual
myeloma cells. Tumour-specific, antigen-based immuno-
therapy holds great promise for this purpose in patients with
MM as well as other B cell tumours [3–5].

Dendritic cells (DCs) are the most potent antigen-
presenting cells (APCs) and the most potent mediator of
immunity to prime naive T cells into effector cells by capture
and processing of antigens, expression of co-stimulatory
molecules, migration to lymphoid organs and secretion of
cytokines to initiate immune responses [6,7]. Thus far, many
investigators have developed and optimized the methods to

use DCs as APCs for tumour-derived antigens in vaccination
and immunotherapy for various cancers [8–10].

In MM, recent studies have shown that DCs pulsed with
idiotype (Id) protein, which is a tumour-specific antigen
because of the unique antigenic structure in its variable
regions, generated Id-specific cytotoxic T lymphocytes
(CTLs). The CTLs recognized and lysed the myeloma cells
[11,12]. In addition, recent clinical studies have shown that
Id-pulsed DC vaccination enhanced Id-specific humoral and
cellular immune responses to treat tumour in patients with
MM [13–16]. On the other hand, myeloma cells by them-
selves may contain a multitude of tumour antigens that can
stimulate an increase of T cell responses against tumour and
can lead to an induction of stronger anti-myeloma responses
[5]. A recent study has shown that DCs pulsed with myeloma
cell lysate generated myeloma-specific CTLs, and these T
cells were efficient in killing primary myeloma cells [17].
Moreover, DCs fused with myeloma cells not only induced
anti-tumour humoral and cellular immune responses but
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also extended the survival of tumour-established mice
[18–20]. Thus far, many investigators have examined various
DC-based immunotherapies, such as Id- or myeloma cell-
based DC vaccines, for the treatment of patients with MM as
well as other B cell malignancies. However, whether the dif-
ferent forms of DC-based vaccines have the same efficacy in
MM has not been determined.

Therefore, in this study we compared and evaluated the
effects of Id-pulsed DC vaccine and myeloma tumour cell
lysate-pulsed DC vaccine at preventing or treating myeloma
and priming myeloma-specific immune responses in the
5TGM1 myeloma mouse model, derived originally from
5T33 myeloma cells [21,22]. Such a study is important for
the selection and use of a more potent DC-based vaccination
for further clinical immunotherapeutic strategies in patients.

Materials and methods

Mice and cell lines

C57BL/KaLwRij mice were purchased from Harlan CPB
(Zeist, the Netherlands) and maintained in an American
Association of Laboratory Animal Care-accredited animal
facility. This study was approved by the Institutional Animal
Care and Use Committee of the University of Texas MD
Anderson Cancer Center. All mice were 6–8 weeks old at
the beginning of each experiment. The 5TGM1 murine
myeloma cell line was cultured in Iscove’s modified Dulbec-
co’s media (IMDM; Invitrogen, Grand Island, NY, USA)
supplemented with 10% heat-inactivated fetal bovine serum
(FBS; Thermo Scientific, Rockford, IL, USA), 100 U/ml
penicillin–streptomycin and 2 mM L-glutamine (both from
Invitrogen). The B16 melanoma cell line, originated from
C57BL/6 mice, was purchased from American Type Culture
Collection (ATCC; Rockville, MD, USA) and cultured in
IMDM.

Preparation of idiotype protein and tumour lysate

The 5TGM1 myeloma cells were cultured in hybridoma
serum-free medium (Invitrogen) and mouse immunoglobu-
lin (Ig)G2b Id protein, secreted by the 5TGM1 myeloma cells,
was purified from cell culture supernatant using Hi-Trap
Protein-A affinity chromatography (GE Healthcare, Piscat-
away, NJ, USA), as described previously [23]. Id protein and
keyhole limpet haemocyanin (KLH; EMD Biosciences, La
Jolla, CA, USA) conjugate was made using glutaraldehyde
(Sigma, St Louis, MO, USA) to enhance the immunogenicity
of the Id protein, as described previously [24]. Briefly, con-
jugation was performed at room temperature using a 1:1
mixture (w/w) of Id protein and KLH in 0·1% glutaralde-
hyde, followed by dialysis against phosphate-buffered saline
(PBS; Mediatech, Manassas, VA, USA) for 24 h.

Tumour lysate was prepared by five rounds of freezing and
thawing to disrupt the 5TGM1 myeloma cells. Cell debris

was removed by centrifugation, and cell lysate was filtered by
using a 0·2-mm syringe filter. The total proteins were quan-
tified and conjugated with KLH using 0·1% glutaraldehyde.

Generation of dendritic cells

DCs were generated from bone marrow stem cells of synge-
neic mice, as described previously [25,26]. Briefly, bone
marrow mononuclear cells were cultured at a density of
1 ¥ 106 cells/ml in RPMI-1640 complete medium with
20 ng/ml granulocyte–monocyte colony-stimulating factor
(GM-CSF; R&D Systems, Minneapolis, MN, USA) and 10%
heat-inactivated FBS at 37°C in 5% CO2. At day 4, medium
was replaced with fresh medium containing GM-CSF, and at
day 8, immature DCs were pulsed for 8 h with Id-KLH or
5TGM1 myeloma cell lysate-KLH proteins at a concentra-
tion of 100 mg/ml, followed by the addition of tumour
necrosis factor (TNF)-a (10 ng/ml) and interleukin (IL)-1b
(10 ng/ml; both from R&D Systems) for 48 h to induce
DC maturation. Mature DCs were collected and used to
vaccinate the mice.

Vaccination of mice

Each experiment included four groups of mice and was
repeated twice. In prophylaxis studies, mice were vaccinated
subcutaneously into the flank by a weekly injection of
1 ¥ 106/100 ml/mouse of Id-KLH-pulsed DCs or tumour
lysate-KLH-pulsed DCs for a total of three injections. Fol-
lowing each vaccination, GM-CSF (200 ng/day per mouse)
was injected subcutaneously adjacent to the vaccination
sites for 3 consecutive days. Control mice received injec-
tions of PBS or 1 ¥ 106/mouse of unpulsed DCs. One week
after the final vaccination, mice were challenged intrave-
nously with 1 ¥ 106 5TGM1 myeloma cells and tumour
burden was monitored by measuring serum IgG2b Id
protein. In therapeutic studies, mice were injected intrave-
nously with 1 ¥ 106 5TGM1 myeloma cells. Ten days later,
when myeloma growth was established, mice were treated
with Id-KLH-pulsed DC vaccine or tumour lysate-KLH-
pulsed DC vaccine, as described previously. Mice were
killed humanely when moribund or hind-leg paralysis
developed.

Detection of IgG2b idiotype protein, anti-idiotype,
anti-lysate or anti-KLH antibodies

Enzyme-linked immunoabsorbent assay (ELISA) was used
to measure titres of anti-Id, anti-lysate or anti-KLH antibod-
ies, as described previously [24]. When detecting anti-Id
antibodies, horseradish peroxidase (HRP)-conjugated goat
anti-mouse IgG (Southern Biotech, Birmingham, AL, USA)
was pre-absorbed against Id protein to reduce unspecific
binding. The same assay was also used to measure the serum
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IgG2b Id protein for the monitoring of tumour burden, as
described previously [27].

Immunophenotyping

Fluorescent isothiocyanate (FITC)-, phycoerythrin (PE)- or
allophycocyanin (APC)-conjugated monoclonal antibodies
(mAbs) against CD11c, CD40, CD80, CD86 and major his-
tocompatibility complex (MHC) class II for DCs or CD4,
CD8, and CD44 for T cells (all from eBioscience, San
Diego, CA, USA) were added to splenocytes, incubated for
30 min at 4°C, washed twice and analysed using a FACS-
Calibur flow cytometer (BD Biosciences, San Jose, CA,
USA).

Detection of cytokine production

Intracellular staining of IFN-g was performed using a
Cytofix/Cytoperm kit (BD Biosciences), according to the
manufacturer’s instructions. Mice were vaccinated subcuta-
neously three times every week with Id-KLH-pulsed DCs
or tumour lysate-KLH-pulsed DCs, and PBS or unpulsed
DCs were injected as controls. One week later, splenocytes
were isolated from the mice, cultured with Id protein,
tumour lysate or irradiated (80 Gy) 5TGM1 myeloma cells
for 24 h, and GolgiPlug (BD Biosciences) was added for the
final 6 h before staining to inhibit cytokine secretion. T
cells were stained with FITC-conjugated anti-CD8 or -CD4
mAbs, followed by fixation and permeabilization, staining
with APC-conjugated anti-IFN-g mAbs (eBiosciences), and
after washing were analysed using a FACSCalibur flow
cytometer.

In some experiments, ELISA was used to measure secreted
IFN-g from T cells. Splenocytes were restimulated for 3 days
with irradiated 5TGM1 myeloma cells. Supernatants were
collected and the cytokine amounts were quantified, using
commercially available ELISA kits (eBioscience), according
to the manufacturer’s instructions. All assays were per-
formed in duplicate.

Antigen-specific T cell proliferation assay

Splenocytes were prelabelled with 5 mM of 5(6)-
carboxyfluorescein diacetate succinimidyl ester (CFSE; Invit-
rogen) for 10 min at 37°C. After washing, labelled cells were
seeded and restimulated with Id protein, tumour lysate or
irradiated 5TGM1 myeloma cells for 5 days. After that, the
cells were stained with APC-conjugated anti-CD8 or -CD4
mAbs for 30 min, washed and analysed by flow cytometer to
detect dilution of CFSE.

Cytotoxicity assay

The standard 51Cr-release assay was performed to measure
the cytotoxicity of the T cells against 5TGM1 myeloma

cells [28]. As no myeloma cell lines from C57BL mice are
available, B16 melanoma cells were used as control target
cells. Target cells were labelled with 50 mCi of 51Cr-sodium
chromate (PerkinElmer, Waltham, MA, USA) for 1 h and
incubated with various numbers of T cells in 96-well
U-bottomed tissue culture plates in RPMI-1640 complete
medium. After 4 h, 50% of the supernatants were collected,
and radioactivity was measured by a gamma-counter. All
assays were performed in triplicate. Results are shown as
mean percentage 51Cr-release calculated as follows: [(sample
counts – spontaneous counts)/(maximum counts – sponta-
neous counts)] ¥ 100.

Statistical analysis

Student’s t-test was used to compare various experimental
groups. P < 0·05 was considered statistically significant. Sur-
vival was evaluated from the day of tumour injection until
death, and the Kaplan–Meier test was used to compare
mouse survival between the groups. All data are shown as
mean � standard deviation.

Results

Tumour lysate-pulsed DC vaccine or idiotype-
pulsed DC vaccine protected mice from
developing myeloma

In the prophylactic study, mice received three weekly sub-
cutaneous vaccinations with 1 ¥ 106/mouse of Id-KLH-
pulsed DCs or tumour lysate-KLH-pulsed DCs. Control
mice received injections of PBS or unpulsed DCs. One
week after the final vaccination, 1 ¥ 106 5TGM1 myeloma
cells were challenged intravenously, and tumour burden
was monitored by measuring circulating IgG2b Id protein.
As shown in Fig. 1a, two of 10 mice receiving Id-KLH-
pulsed DC vaccine (P < 0·05, compared with mice receiving
PBS or unpulsed DCs) and three of 10 mice receiving
tumour lysate-KLH-pulsed DC vaccine (P < 0·01, com-
pared with mice receiving PBS or unpulsed DCs) displayed
no increase in serum IgG2b Id protein and showed no sign
of myeloma. In contrast, all mice receiving injections of
PBS or unpulsed DCs developed myeloma. Mouse survival
data, summarizing all 10 mice per group, are shown in
Fig. 1b. All mice receiving PBS or unpulsed DCs died
within 60 days after tumour injection, whereas 20 and 30%
of mice receiving Id-KLH-pulsed DCs and tumour lysate-
KLH-pulsed DCs, respectively, survived without detectable
tumours. The Kaplan–Meier test showed that mice receiv-
ing tumour lysate-KLH-pulsed DCs had better survival
than those treated with Id-KLH-pulsed DCs (P < 0·05).
These results show that tumour lysate-pulsed DC vaccine
provides better protection than Id-pulsed DC vaccine in
mice against developing myeloma.
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Tumour lysate-pulsed DC vaccine or idiotype-
pulsed DC vaccine was therapeutic against
established myeloma

To examine and compare the efficacy of tumour lysate-
pulsed DC vaccine or Id-pulsed DC vaccine in treating
established myeloma, mice were first challenged intrave-
nously with 5TGM1 myeloma cells. Ten days later, vaccina-
tions were given to tumour-bearing mice. As shown in
Fig. 2a, myeloma-bearing mice receiving injections of PBS or
unpulsed DCs all died of myeloma with large tumour
burdens, whereas one of 10 mice receiving Id-KLH-pulsed
DC vaccine (P < 0·05, compared with mice receiving PBS or
unpulsed DCs) and one of 10 mice receiving tumour lysate-
KLH-pulsed DC vaccine (P < 0·01, compared with mice
receiving PBS or unpulsed DCs) displayed no increase in
serum IgG2b Id protein and showed no sign of myeloma.
Based on the survival curve (Fig. 2b) from all 10 mice per
each group, mice receiving PBS and unpulsed DCs all
died within 53 days, respectively, after tumour injection,
while 10% of mice receiving Id-KLH-pulsed DC vaccine
and tumour lysate-KLH-pulsed DC vaccine, respec-
tively, survived without detectable tumours. These results

demonstrate that tumour lysate-pulsed DC vaccine or
Id-pulsed DC vaccine retarded tumour growth efficiently
and induced tumour regression in some treated mice.

Tumour lysate-pulsed DC vaccine or idiotype-pulsed
DC vaccine was potent at inducing tumour
antigen-specific antibody responses in vivo

To elucidate the immunological mechanisms underlying
these phenomena, we first examined vaccine-induced
humoral immune responses. Serum samples were collected
from mice after the third vaccination, and titres of anti-Id,
anti-lysate and anti-KLH antibodies were measured by
ELISA. Id-KLH-pulsed DC vaccine induced significantly
higher titres of anti-Id (Fig. 3a) and anti-KLH (Fig. 3c) anti-
bodies than PBS or unpulsed DCs controls in treated
tumour-free mice (P < 0·01, compared with mice receiving
PBS or unpulsed DCs). However, compared with tumour-
free mice, the titres of anti-Id antibodies (Fig. 3d) in
tumour-bearing mice were not significantly different
between PBS or unpulsed DCs controls, while the titres of
anti-KLH antibodies in tumour-bearing mice (Fig. 3f) were
comparable to those found in tumour-free mice. Mice

Fig. 1. In-vivo protective effect of dendritic cell

(DC) vaccines. (a) Tumour burden measured

as levels of serum immunoglobulin (Ig)G2b

idiotype (Id) protein in mice (10 per group)

receiving phosphate-buffered saline (PBS),

unpulsed DCs (DCs), idiotype-keyhole limpet

haemocyanin (Id-KLH)-pulsed DC vaccine

(Id-DCs) or tumour lysate-KLH-pulsed DC

vaccine (lysate-DCs). Pooled results of two

experiments performed are shown. (b) Survival

data of mice (10 per group, summarized from

two experiments) receiving PBS, unpulsed

DCs, Id-KLH-pulsed DC vaccine or tumour

lysate-KLH-pulsed DC vaccine. C57BL/KaLwRij

mice received three weekly subcutaneous

injections of Id-KLH-pulsed DC vaccine or

tumour lysate-KLH-pulsed DC vaccine. PBS

and unpulsed DCs served as controls. One

week after the third vaccination, all mice were

challenged intravenously with 1 ¥ 106 5TGM1

myeloma cells. Serum samples were collected

weekly, and tumour burden was monitored

by measuring circulating IgG2b Id protein.

*P < 0·05; **P < 0·01.

(a)

(b)

PBS15

10

5

0
0 20 40 60 80 100

S
er

um
 lg

G
2b

 (
m

g/
m

l)

Days after tumour injection

Id-DCs15

10

5

0
0 20 40 60 80 100

S
er

um
 lg

G
2b

 (
m

g/
m

l)

Days after tumour injection

Days after tumour injection

DCs15

10

5

0
0 20 40 60 80 100

S
er

um
 lg

G
2b

 (
m

g/
m

l)

Days after tumour injection

Lysate-DCs15

10

5

0
0 20 40 60 80 100

S
er

um
 lg

G
2b

 (
m

g/
m

l)

Days after tumour injection

100

80

60

40

20

0
0 20 40 60 80 100

P
er

ce
nt

ag
e 

su
rv

iv
al

PBS
DCs
Id-DCs
Lysate-DCs *

*

*

*

S. Hong et al.

170 © 2012 British Society for Immunology, Clinical and Experimental Immunology, 170: 167–177



receiving tumour lysate-KLH-pulsed DC vaccine had signifi-
cantly higher titres of anti-lysate (Fig. 3b) and anti-KLH
(Fig. 3c) antibodies than PBS or unpulsed DCs controls in
treated tumour-free mice (P < 0·01, compared with mice
receiving PBS or unpulsed DCs) as well as in tumour-
bearing mice (Fig. 3e,f; P < 0·01, compared with mice receiv-
ing PBS or unpulsed DCs). These results suggest a role for
the humoral immune responses in protecting mice from
developing myeloma induced by the tumour lysate-pulsed
DC vaccine or Id-pulsed DC vaccine. Moreover, the lower
titres of anti-Id antibodies in tumour-bearing mice than
tumour-free mice may be the result of binding and neutral-
izing of the antibodies by the large amounts of circulating
IgG2b Id protein, rather than the inability of the mice to
mount humoral immune responses against the antigens.

Tumour lysate-pulsed DC vaccine or idiotype-pulsed
DC vaccine induced strong IFN-g T cell immune
responses against myeloma cells

To examine the vaccine-induced cellular immune responses,
we analysed the type of T cell responses induced by the

vaccines in tumour-free mice after vaccination with tumour
lysate-KLH-pulsed DCs or Id-KLH-pulsed DCs. Splenocytes
were collected and restimulated in vitro with Id protein,
tumour lysate or irradiated 5TGM1 myeloma cells for 24 h.
Intracellular cytokine staining showed that Id-KLH-pulsed
DC vaccine or tumour lysate-KLH-pulsed DC vaccine, but
not PBS or unpulsed DCs, induced significantly increased
percentages of IFN-g-expressing CD4+ (Fig. 4a) and CD8+ T
cells (Fig. 4b) in response to Id protein (P < 0·01, compared
with mice receiving PBS or unpulsed DCs) or tumour lysate
(P < 0·01, compared with mice receiving PBS or unpulsed
DCs). IFN-g-expressing CD4+ and CD8+ T cells were induced
in mice receiving Id-KLH-pulsed DC vaccine (P < 0·01,
compared with mice receiving PBS or unpulsed DCs) or
tumour lysate-KLH-pulsed DC vaccine (P < 0·01, compared
with mice receiving PBS or unpulsed DCs) in response to
5TGM1 myeloma cells compared with PBS or unpulsed DCs
controls. In addition, the numbers of 5TGM1 myeloma cell-
stimulated IFN-g-secreting CD8+, but not CD4+ T cells in
mice receiving tumour lysate-KLH pulsed DC vaccine, was
significantly higher than in mice treated with Id-KLH-pulsed
DC vaccine (P < 0·05). The percentages of IFN-g-expressing

Fig. 2. In-vivo therapeutic effect of dendritic

cell (DC) vaccines in myeloma-bearing mice.

(a) Tumour burden measured as levels of serum

immunoglobulin (Ig)G2b idiotype (Id) protein

in mice (10 per group) receiving phosphate-

buffered saline (PBS), unpulsed DCs (DCs),

idiotype-keyhole limpet haemocyanin (Id-

KLH)-pulsed DC vaccine (Id-DCs) or tumour

lysate-KLH-pulsed DC vaccine (lysate-DCs).

Pooled results of two experiments performed are

shown. (b) Survival curve of mice (10 per group,

summarized from two experiments) receiving

PBS, unpulsed DCs, Id-KLH-pulsed DC vaccine

or tumour lysate-KLH-pulsed DC vaccine.

C57BL/KaLwRij mice were challenged with

1 ¥ 106 5TGM1 myeloma cells, and 10 days

following tumour injection, three weekly vacci-

nations with Id-KLH-pulsed DC vaccine or

tumour lysate-KLH-pulsed DC vaccine were

given. PBS and unpulsed DCs served as controls.

*P < 0·05; **P < 0·01.
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CD4+ (Fig. 4c) and CD8+ T cells (Fig. 4d) were summarized
from three independent experiments. Similar results were
obtained using ELISA assay, measuring the secretion
of IFN-g of splenocytes in response to 5TGM1 myeloma
cells from the four different groups of mice (Fig. 4e). These
findings demonstrate that tumour lysate-KLH-pulsed DC
vaccine or Id-KLH-pulsed DC vaccine induced predomi-
nantly tumour-specific IFN-g CD8+ and CD4+ T cell
responses. In addition, tumour lysate-pulsed DC vaccine
induced stronger IFN-g T cell immune responses than
Id-pulsed DC vaccine.

To examine the functional properties of T cells in mice
receiving tumour lysate-KLH-pulsed DC vaccine or
Id-KLH-pulsed DC vaccine, we examined T cell proliferative
responses induced in response to Id protein, tumour lysate
or irradiated 5TGM1 myeloma cells by using CFSE dilution
assay. Splenocytes from mice receiving Id-KLH-pulsed DC
vaccine or tumour lysate-KLH-pulsed DC vaccine were col-
lected, labelled with 5 mM CFSE and restimulated in vitro
with Id protein, tumour lysate or irradiated 5TGM1
myeloma cells for 5 days. CD4+ (Fig. 5a) or CD8+ (Fig. 5b) T
cell proliferative response was induced in mice receiving
Id-KLH-pulsed DC vaccine or tumour lysate-KLH-pulsed
DC vaccine in response to Id protein (P < 0·01, compared
with mice receiving PBS or unpulsed DCs) or tumour lysate

(P < 0·01, compared with mice receiving PBS or unpulsed
DCs) compared with PBS or unpulsed DCs controls.
In addition, culture of CD4+ and CD8+ T cells from mice
receiving Id-KLH-pulsed DC vaccine or tumour lysate-
KLH-pulsed DC vaccine resulted in high percentages of pro-
liferating T cells cultured with irradiated 5TGM1 myeloma
cells (P < 0·01, compared with mice receiving PBS or
unpulsed DCs). Moreover, the 5TGM1 myeloma cell-specific
CD8+ T cell proliferative responses but not CD4+ T cells in
mice receiving tumour lysate-KLH-pulsed DC vaccine was
significantly stronger than that induced by Id-KLH-pulsed
DC vaccine (P < 0·05). The percentages of proliferating
CD4+ (Fig. 5c) and CD8+ (Fig. 5d) T cells were summarized
from three independent experiments. These results confirm
that Id- and tumour-specific CD4+ or CD8+ T cells were
generated in mice receiving Id-KLH-pulsed DC vaccine or
tumour lysate-KLH-pulsed DC vaccine.

Interestingly, compared with PBS control mice, spleno-
cytes from mice vaccinated with DCs alone also showed T
cell activation, such as increased IFN-g secretion (Fig. 4) and
proliferation (Fig. 5), although they were significantly lower
compared with mice vaccinated with Id-KLH- or tumour
lysates-KLH-pulsed DCs. We believe that this was caused by
T cell responses to contaminated FBS in which murine DCs
were generated. As all mice except PBS controls received
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Fig. 3. Humoral immune responses in mice receiving dendritic cell (DC) vaccines. Titres of serum anti-idiotype (Id) (a), anti-lysate (b) and

anti-keyhole limpet haemocyanin (KLH) (c) antibodies in tumour-free mice; and titres of anti-Id (d), anti-lysate (e) and anti-KLH (f) antibodies in

tumour-bearing mice after three weekly subcutaneous injections of phosphate-buffered saline (PBS), unpulsed DCs, Id-KLH-pulsed DC vaccine or

tumour lysate-KLH-pulsed DC vaccine. Shown are the absorbance values of enzyme-linked immunosorbent assay (ELISA) results at 1 : 200 dilution

of serum from mice (five per group) 1 week after the third vaccination, and the bars represent the mean absorbance in each group. Representative

results from one of two independent experiments are shown. **P < 0·01, compared with PBS or unpulsed DC controls.
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injections of DCs cultured in FBS, these mice were also vac-
cinated against FBS. Therefore, FBS-specific T cell responses
were observed in all mice vaccinated with DCs.

To evaluate the induction of tumour-specific CTL
responses in vaccinated mice, the standard 51Cr-release assay
was used. Splenocytes from mice receiving the vaccines were
restimulated with irradiated 5TGM1 myeloma cells for 7
days and subjected to analysis. As shown in Fig. 5e, T cells
from mice receiving tumour lysate-KLH-pulsed DC vaccine
(P < 0·05, compared with mice receiving unpulsed DCs), but
not Id-KLH-pulsed DC vaccine, lysed 5TGM1 myeloma cells
efficiently and specifically compared with PBS or unpulsed
DCs controls. No killing was observed against B16 mela-
noma cells (Fig. 5f). These results indicate that the tumour
lysate-KLH-pulsed DC vaccine was able to induce therapeu-
tic myeloma-specific CTL responses rather than Id-pulsed
DC vaccine in vivo.

Tumour lysate-pulsed DC vaccine or idiotype-
pulsed DC vaccine protected surviving mice from
tumour rechallenge

Flow cytometric analysis showed that both CD4+ and CD8+

(CD44high) memory T cells were increased in mice receiving
either Id-KLH-pulsed DC vaccine or tumour lysate-KLH-
pulsed DC vaccine (P < 0·01, compared with mice receiving
PBS or unpulsed DCs; Fig. 6a). Moreover, tumour lysate-
KLH-pulsed DC vaccine induced significantly higher
percentages of CD4+ CD44high memory T cells than Id-KLH-
pulsed DC vaccine (P < 0·05). Quantitative expression of
these molecules was summarized from three independent
experiments in Fig. 6b.

To examine whether the vaccines promote an induction of
tumour-specific memory immunity, mice that survived
without tumour burden in the prophylactic and therapeutic

(a)

(c)

(e)

(d)

(b)
PBS DCs Id-DCs Ly-DCs PBS DCs Id-DCs Ly-DCs

IF
N

-γ

Id

Lysate

5TGM1

Id

Lysate

5TGM1

0·1 2·3 5·8 3·4 1·4 2·8 7·3 3·9

1·6 2·8 4·8 9·9

1·8 3·0 7·1 9·1

0·0 3·0 3·6 7·5

0·0 3·2 6·1 7·7

CD4

IF
N

-γ

CD8

10

8

6

4

2

0

IF
N

-γ
+
 c

el
ls

 (
%

)

IF
N

-γ
+
 c

el
ls

 (
%

)

Id Lysate 5TGM1

PBS
DCs
Id-DCs
Lysate-DCs

PBS
DCs
Id-DCs
Lysate-DCs

**

**
**

**

*

12

9

6

3

0
Id Lysate 5TGM1

**
**

**

**

*

*

8000

6000

4000

2000

0

IF
N

-γ
 (

pg
/m

l)

*

**

*

PBS DCs Id-DCs Lysate-
DCs

Fig. 4. Cellular immune responses in mice receiving dendritic cell (DC) vaccines. Flow cytometry analyses showing the expression of interferon

(IFN)-g in gated CD4+ (a) or CD8+ (b) T cells in response to idiotype (Id) protein, tumour lysate (lysate) or irradiated 5TGM1 myeloma cells

(5TGM1). Values in each dot-plot represent the percentages of CD4+ or CD8+ T cells expressing IFN-g. Summarized data for percentages of

IFN-g-expressing CD4+ (c) or CD8+ (d) T cells from three different experiments are shown. In these studies, tumour-free mice (three per group)

were vaccinated with three weekly subcutaneous injections of Id-keyhole limpet haemocyanin (KLH)-pulsed DC vaccine (Id-DCs) or tumour

lysate-KLH-pulsed DC vaccine (lysate-DCs). Phosphate-buffered saline (PBS) and unpulsed DCs (DCs) served as controls. One week later,

splenocytes were isolated, pooled and restimulated with Id protein, tumour lysate or irradiated 5TGM1 myeloma cells for 24 h. (e) Amount of

secreted IFN-g by tumour-specific T cells in splenocytes of mice that were restimulated with irradiated 5TGM1 myeloma cells for 3 days. Cytokine

in cell culture media was quantified by enzyme-linked immunosorbent assay (ELISA). Representative results from one of three independent

experiments are shown. The error bars represent stand deviations of three independent experiments. **P < 0·01, compared with PBS or unpulsed

DC controls.

Optimizing DC vaccine in myeloma

173© 2012 British Society for Immunology, Clinical and Experimental Immunology, 170: 167–177



experiments were rechallenged with the 5TGM1 myeloma
cells 4 months after the first tumour inoculation. As controls,
naive mice were also injected with the tumour cells. As
shown in Fig. 6c, all naive mice developed myeloma, whereas
all mice receiving Id-KLH-pulsed DC vaccine and tumour
lysate-KLH-pulsed DC vaccine (P < 0·01, compared with
naive mice) displayed no increase in serum IgG2b Id protein
and showed no sign of myeloma growth. Mouse survival
data are shown in Fig. 6d; all naive mice died within 52 days
from tumour injection, whereas 100% of mice receiving
either Id-KLH-pulsed DC vaccine or tumour lysate-KLH-
pulsed DC vaccine, respectively, survived without detectable
tumour burden after tumour rechallenge (P < 0·01, com-
pared with naive mice). These results demonstrate that
tumour lysate-KLH-pulsed DC vaccine or Id-KLH-pulsed
DC vaccine induced myeloma-specific memory immune

responses, which protected mice efficiently from tumour
rechallenge.

Discussion

DC-based vaccines require that the cells present one or
more tumour antigens to the T cells. A number of antigens
associated with various tumours have been explored for
immunotherapy. Id protein, secreted by myeloma cells, has
been the main target for immunotherapy in B cell malignan-
cies, including MM, as it is the best-defined tumour-specific
antigen [3,29]. Id-pulsed DC vaccine has been used for these
malignancies. Unfortunately, the results have been somewhat
disappointing, because Id protein has been weak in promot-
ing myeloma-specific immune responses and maintaining
tumour-specific responses with large amounts of tumour
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burden in vivo. Thus, it is necessary to search for other
tumour antigens for immunotherapy in MM. Tumour cells
can be a source of tumour-specific antigens for immuno-
therapy because it may contain a multitude of tumour
antigens. Although the target proteins were undefined, the
tumour-derived protein extracts may be used to increase
the anti-tumour immunity in response to more than one
tumour-associated antigen [30]. Tumour cell lysate-pulsed
DCs as antigen-presenting cells have been used for immu-
notherapy in numerous cancers, such as melanoma, T cell
lymphoma, leukaemia and renal cell carcinoma [31–34].

Although both types of vaccines, such as Id-pulsed DCs or
myeloma tumour cell lysate-pulsed DCs, have been shown
previously to be able to induce potent immunological and
clinical responses in both preclinical and clinical studies,
they have never been compared in terms of whether these
two vaccines are equally efficient at inducing anti-myeloma
immunity. Thus, in this study, we have used Id- and 5TGM1
myeloma cell lysate-pulsed DC vaccines to promote, acceler-
ate and prolong tumour-specific immune responses, and we
compared the capacity of these two DC vaccines to prevent
and treat myeloma in the 5TGM1 myeloma mouse model,
which manifests similarly to the human disease, including:

monoclonal gammopathy, marrow replacement, osteolytic
bone lesions and hypercalcaemia [35,36]. Our results
showed clearly that Id-pulsed DC vaccine or tumour lysate-
pulsed DC vaccine, but not unpulsed DCs, protected mice
efficiently against developing myeloma and protected sur-
viving mice from tumour rechallenge, and retarded tumour
growth and induced tumour regression against established
tumour. In prophylactic and therapeutic experiments of
the vaccination, 30 and 10%, respectively, of mice receiving
tumour lysate-pulsed DC vaccine survived myeloma,
whereas 20 and 10%, respectively, of mice receiving
Id-pulsed DC vaccine survived myeloma. These results
showed clearly that the tumour lysate-pulsed DC vaccine is
more effective than Id-pulsed DC vaccine for DC-based
immunotherapy in myeloma. Our mechanistic studies
showed that the tumour lysate-pulsed DC vaccine induced
a significantly stronger anti-myeloma immunity than
Id-pulsed DC vaccine. Id protein is a potential target for the
immunotherapy of B cell lymphoma as well as myeloma.
However, Id-based vaccination as a single antigen has disad-
vantages in MM, because Id-specific T cells can be tolerized
to the protein by elevated Id proteins in patients with MM
[37]. Conversely, tumour lysate-pulsed DCs may induce a
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polyclonal expansion of T cells, which contain multiple
known and unknown antigen-specific epitopes, including
both MHC class I-restricted CTLs and MHC class
II-restricted T helper type 1 (Th1). Thus, these various
myeloma-specific T cells resulted in a synergistic anti-
myeloma response.

We also demonstrated that tumour lysate-pulsed DC
vaccine induced significantly higher titres of tumour lysate-
and KLH-specific antibodies than PBS or unpulsed DCs
controls in tumour-free mice as well as in tumour-bearing
mice. However, in mice receiving Id-KLH-pulsed DC
vaccine, we noticed that the titres of anti-Id antibodies were
lower in tumour-bearing mice compared with vaccinated
tumour-free mice. This phenomenon can be explained by
the presence of a large amount of circulating Id proteins in
tumour-bearing mice that probably neutralize the antibod-
ies [27]. The circulating Id proteins may block the Id-specific
humoral immune responses against myeloma tumour cells,
which usually do not express or express low levels of surface
Id proteins. Therefore, the role of tumour antigen-specific
antibodies in controlling myeloma growth in vivo is unclear.
Nevertheless, the fact that we can still detect a large amount
of anti-lysate antibodies in tumour-bearing mice suggests
that these various tumour antigen-specific antibodies may
play a role in mediating the killing of myeloma cells in vivo,
directly or indirectly, with the help of killer cells and/or
complements. Moreover, we showed that the efficacy of
Id-KLH-pulsed DC vaccine or tumour lysate-KLH-pulsed
DC vaccine to eradicate established myeloma was associated
with an induction and expansion of potent tumour-specific
CD4+ and CD8+ T cell responses, increasing capacity of
tumour-specific CD8+ CTLs to lyse myeloma cells and gen-
eration of CD4+ and CD8+ memory T cells.

In conclusion, our study shows that tumour lysate-pulsed
DC vaccine protected mice efficiently and eradicated tumour
in the myeloma mouse model. The therapeutic immunity
against myeloma induced by the vaccines was associated
with an induction of humoral immune response, such as
tumour lysate-specific antibodies and cellular immune
responses, including myeloma-specific CTLs and Th1 cells.
In addition, the vaccines induced specific immune memory
responses that were able to protect surviving mice from
tumour rechallenge. Thus, this study shows clearly that
tumour lysate-pulsed DC vaccine is much better than
Id-pulsed DC vaccine for DC-based immunotherapy in
MM. This information is important for improving the effi-
cacy of DC-based immunotherapy for patients with MM,
and possibly other B cell tumours.
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