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ABSTRACT
Dickkopf-1 (DKK1) is an ideal target for the immunotherapy of multiple myeloma.
Heat Shock protein70 (HSP70) is a class of important molecular chaperone to promote
antigen presentation. Homologous xenogeneic antigens can enhance immunogenicity
and induce stronger anti-tumor immune response than that of allogeneic ones.
Therefore, we constructed human DKK1 and human HSP70 DNA fusion vaccine (hDKK1hHSP70), and then determined its anti-tumor immuno- genicity and anti-tumor effects
on immunizing BALB/c mice already inoculated with NS-1 murine multiple myeloma
cells in prophylactic and therapeutic models using cytotoxic T lymphocytes, enzymelined immunosorbent assay, flow cytometry, immunohistochemistry and Hochest
staining. The side effects of vaccines were also monitored. We found that hDKK1hHSP70 fusion vaccine could significantly inhibit tumor growth and prolonged the
survival of the mice, whether prophylactic or therapeutic immunotherapy in vivo, by
eliciting both humoral and cellular tumor-specific immune responses. A significant
decrease of proliferation and increase of apoptosis were also observed in the tumor
tissues injected with hDKK1-hHSP70 vaccine. These findings showed the xenogeneic
homologous vaccination had stronger immunogenicity and minimal toxicity. Our study
may provide an effective and safety immonutheraphy strategy for multiple myeloma.

INTRODUCTION

the significant and valuable research areas in the antitumor immunotherapy.
The critical step of preparation of tumor vaccines
is to identify tumor specific antigens (TSAs). Dickkopf-1
(DKK1), a secreted antagonist for Wnt signaling pathway,
can inhibit osteoblasts and activate osteoclasts. Therefore,
it plays an important role in regulating myeloma bone
disease (MBD). Almost all MM cells, not normal
tissues, express DKK1 specifically [10, 11]. As a result,
DKK1 is regarded as one of the TSAs for MM and a
potentially important antigenic target for anti-myeloma
immunotherapy [11]. Qian et al’ studies showed that active
DKK1 vaccination could protect and treat murine multiple
myeloma [12].
However, it is key to overcome immune tolerance

Multiple myeloma (MM) is a second prevalent
hematopoietic malignancy [1]. In the United States, there
are about 20,000 new cases and 10,000 deaths of MM
annually [2-4]. MM is still an incurable disease, although
the medical conditions are constantly improving [3, 5, 6].
The important cause of treatment failure comes from
poor tolerability and drug resistance [3, 7]. Therefore,
some novel therapeutic intervention should be developed.
Anti-tumor immunotherapy may be a useful and effective
treatment for long-lasting control of minimal residual
disease (MRD) because of well-tolerated and unlikely
cross-resistant with current drugs [3, 6, 8, 9]. Anti-tumor
vaccine for prevention and treatment of tumors is one of
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DKK1 was expressed in NS-1 murine myeloma
cells

for effective immunogenicity against cancer. Some
experiments have demonstrated that the homologous
xenogeneic immunity can enhance immunogenicity and
induce stronger anti-tumor immune response because
xenogeneic vaccines can effectively break the nature
immune tolerance to self-tumor antigens [13-16].
Moreover, the gene adjuvant is considered as an
effective way because of enhance immunogenicity of
genetic vaccine. Heat shock protein70 (HSP70), especially
human HSP70 (hHSP70), is regarded as one of very useful
and valuable immune adjuvants because it can induce
the maturation of dendritic cells (DCs) and activation of
helper T cells (Th1) by combining to CD40 [17-21].
In the present study, we constructed the mice DKK1
(mDKK1), human DKK1 (hDKK1), mDKK1-hHSP70,
hDKK1-hHSP70 DNA vaccines. Compared with others
vaccine groups, the results showed that hDKK1-hHSP70
DNA fusion vaccine could markedly inhibit tumor growth
and prolong the survival against murine multiple myeloma
models through inducing humoral and cellular tumorspecific immune responses. The results may provide an
effective immonutheraphy strategy for multiple myeloma.

The expression of DKK1 in NS-1 mouse myeloma
cells was analyzed by western blot. DKK1 protein was
determinated in a 28KD protein band (Figure 3).

Xenogeneic hDKK1-hHSP70 fusion DNA vaccine
significantly suppresses tumor growth of murine
multiple myeloma
In the prophylactic model (Figure 4A and 4B),
mean tumor volume of inoculated NS-1 mouse multiple
myeloma was approximately 1423 ± 150 mm3 in NS
groups and 1501 ± 109 mm3 in vector groups on day 18.
However, the mean tumor volume was only 397 ± 69
mm3 in the hDKK1-hHSP70 fusion vaccine group (P <
0.01 versus control), which suggested that the tumor was
significantly inhibited in this group. Furthermore, the
survival fraction of tumor-bearing mice was significantly
prolonged in the hDKK1-hHSP70 group, in which eight of
ten mice still survived on day 90 (P < 0.05 versus control).
These results suggested that vaccination of mice with the
hDKK1-hHSP70 vaccine inhibited the tumorigenesis and
growth of inoculated NS-1 mouse multiple myeloma.
In the therapeutic model (Figure 4C and 4D), by
day 21 after NS-1 mouse myeloma cells were inoculated
into mice, the mean volumes of in NS group, the Vector
group, the HSP70 group, the mDKK1 group, the hDKK1
group, the mDKK1- hHSP70 group, the hDKK1-hHSP70
group were 1926 ± 215 mm3, 1855 ± 157 mm3, 1506 ±
71.5 mm3, 1193 ± 152 mm3, 1008 ± 84.5 mm3, 796 ±
73.4 mm3 and 498 ± 95.2 mm3, respectively. In the NS or
vector groups, the growth of tumor was fast, however, it
was significantly suppressed in hDKK1-hHSP70 group (P
< 0.01 versus control). Furthermore, seven of ten tumorbearing mice still survived in hDKK1-hHSP70 fusion
DNA vaccine groups on day 90. However, all of the
tumor-bearing mice in NS and vector groups died within
40 days.
During the entire immunization process, there was

RESULTS
Identification of vaccines and western blot assay
Five recombinant plasmids of pcDNA3.1-mDKK1,
pcDNA3.1-hDKK1, pcDNA 3.1-hHSP70, pcDNA3.1mDKK1-hHSP70, pcDNA3.1-hDKK1-hHSP70, were
succe- ssfully constructed as confirmed by diagnostic
digestions and DNA sequencing. After transfection
of HEK293T cells, Western blot assay showed that
pcDNA3.1-mDKK1, pcDNA3.1-hDKK1 could express
a 28KD protein band respectively, while pcDNA3.1mDKK1-hHSP70,
pcDNA3.1-hDKK1-hHSP70
respectively express a 98KD protein band that could
specifically react with anti-DKK1 antibody (Figure 1). The
pcDNA3.1-hHSP70 could expressed a 70KD protein band
reacted specifically with anti-HSP70 antibody (Figure 2).

Figure 1: Identification of DKK1 by Western blot. H1. The expression of HEK293T cells were transiently transfected with
pcDNA3.1-hDKK1; M1. The expression of HEK293T cells were transiently transfected with pcDNA3.1-mDKK1; H2. The expression of
HEK293T cells were transiently transfected with pcDNA3.1-hDKK1 -hHSP70; M2. The expression of HEK293T cells were transiently
transfected with pcDNA3.1-mDKK1-hHSP70.
www.impactjournals.com/oncotarget
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Figure 2: Identification of HSP70 by Western blot.

Figure 3: Identification of DKK1 in NS-1 myeloma cells by Western blot.

Figure 4: Tumor volumes and survival fractions of tumor-bearing mice. A. The tumor volume of mice in prophylactic model;
B. The survival time of tumor-bearing mice in prophylactic model; C. The tumor volume of mice in therapeutic model; D. The survival of
bearing-tumor mice in therapeutic model.
www.impactjournals.com/oncotarget

180

Oncotarget

Cytotoxic T lymphocytes responses plays a critical
role in anti-cancer activity of hDKK1-hHSP70
vaccine

no detectable the toxicity including weight loss, ruffed
fur, diarrhea, and anorexia. Hematoxylin-eosin staining
(HE staining) was performed in order to assess the the
potential toxic effects on internal organs. We haven’t
detected obvious pathological changes in the heart, liver,
spleen, lung and kidney of the treated mice (Figure 5) by
HE staining.

CTL activity was carried out using the standards
lactate dehydrogenase (LDH) method in order to evaluate
the cell-mediated immune response stimulated by the

Figure 5: HE staining in tissues of heart, liver, spleen, lung and kidney (×400) . A. NS; B.Vector; C. hHSP70; D. mDKK1; E.
hDKK1; F. mDKK1-hHSP70; G. hDKK1- hHSP70
www.impactjournals.com/oncotarget
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hDKK1-hHSP70 vaccine. The ratio of effector cells: target
cells were 12.5:1, 25:1, and 50:1. The effector-to-target (E:
T) ratio of 50:1 reached 50.1±1.2% in hDKK1-hHSP70
group. However, there were 45.2±0.9%, 39.74±1.0%,
35.1±0.8%, 11.5±0.6%, 4.9±0.5%, 5.1±0.4% in mDKK1hHSP70, hDKK1, mDKK1, hHSP70, Vector, NS groups
respectively (Figure 6, P < 0.01).

(4.01%, 4.09%, 6.05%, 9.19%, 10.6%, 11.3%,
respectively. P < 0.05), (Figures 7-8). In addition, we
further performed the percentage of CD4+CD25+FoxP3+
by flow cytometry to understand the molecular
mechanisms of regulatory T cells for tumor growth. The
levels of CD4+CD25+Foxp3+ regulatory T cells were the
highest in the splenocytes from the NS and Vector groups
and dramatically decreased in hDKK1-hHSP70 group,
there were statistically significant (p < 0.05).(Figure 9).

Xenogeneic hDKK1-hHSP70 fusion vaccine
increased the frequencies of CD4+ INF-γ+ T
cells, CD8+INF-γ+ T cells and decreased the
frequencies of CD4+ CD25+FoxP3+ regulatory T
cells in spleen

Xenogeneic hDKK1-hHSP70 fusion vaccine
increased expression of IL-4 and INF-γ in vivo
We were detected the INF-γ (Th1) and IL-4 (Th2)
levels in spleen lymphocytes by ELISA assay in order
to further determined cell-mediated immune responses
against mice multiple myeloma inoculated NS-1. The
mean number of INF-γ/IL-4-secreting cells was lower
levels in NS, vector and hHSP70 vaccine groups. In
contrast, mice vaccination with mDKK1, hDKK1,
mDKK1-hHSP70, hDKK1-hHSP70 groups had elevated
levels of INF-γ/IL-4 secreting cells. Of these four, the
mice vaccination with hDKK1-hHSP70 fusion DNA

We isolated T lymphocytes and preformed
CD4+IFN-γ+ and CD8+ IFN-γ+ double staining for
exploring more possible mechanism of anti-tumor
activity in mice immunized with hDKK1-hHSP70
fusion vaccine. There was a significant increase in the
percentage of CD4+IFN-γ+ (7.19%), compared with
other groups (2.52%, 2.49%, 3.19%, 4.32%, 5.14%,
6.01%, respectively. P < 0.05), and in the percentage
of CD8+IFN-γ+ (12.7%) compared with other groups

Figure 6: Killing activity of cytotoxic T lymphocyte. The cytotoxicity of splenocytes against NS-1 cells was examined by LDH
assay. The CTL effect of mice in hDKK1-hHSP70 fusion vaccine was highest among the groups (P < 0.05). * P < 0.05, ** P < 0.01.
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Figure 7: IFN-γ intracellular staining in CD4+ T cells by flow cytometry. A. NS; B. Vector; C. hHSP70; D. mDKK1; E.
hDKK1; F. mDKK1-hHSP70; G. hDKK1-hHSP70.

Figure 8: IFN-γ intracellular staining in CD8+ T cells by flow cytometry. A. NS; B. Vector; C. hHSP70; D. mDKK1; E.
hDKK1; F. mDKK1-hHSP70; G. hDKK1-hHSP70.
www.impactjournals.com/oncotarget
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Figure 9: CD4+CD25+Foxp3+ regulatory T cells staining by flow cytometry. Firstly, we analyzed the CD4+ cells, and then

analyzed the CD25+ and Foxp3+ cells from CD4+ cells. A. NS; B.Vector; C. hHSP70; D. mDKK1; E. hDKK1; F. mDKK1-hHSP70; G.
hDKK1- hHSP70.

Figure 10: Detection of secreting IFN-γ / IL-4 of the splenocytes by ELISA. A. in figure 10 is the levels of INF-γ; B. in figure
10 stand for the levels of IL-4.
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vaccine produced the highest levels of INF-γ/IL-4 levels.
(Figure 10A and 10B).

one week after the third immunization. There were low
or undetectable levels of DKK1 antibody in sera of NS,
vector, hHSP70 groups. However, DKK1-immunized mice
developed significantly higher levels of DKK1 antibody
than control groups (P < 0.05) (Figure 11). DKK1
antibody titers in the hDKK1-hHSP70 group were the
highest among the groups (P < 0.05), (Figure 11). These
results suggested that xenogeneic hDKK1-hHSP70 fusion
vaccine resulted in an elevated humoral immune response
against DKK1 in murine multiple myeloma models.

Xenogeneic hDKK1-hHSP70 fusion vaccine
increases antigen-specific antibody immune
response
We analyzed sera from naive or treated mice
using ELISA for assessing the level of DKK1 antibody

Figure 11: Detection of DKK1 antibody in murine serum. The DKK1 antibody levels were detected by ELISA in the serum of
mice one week after the third immunization. The levels of including four including DKK1 vaccine groups were higher than that of NS,
Vector and hHSP70 groups (P < 0.05), and hDKK1-hHSP70 fusion vaccine group was highest (P < 0.05).*P < 0.05, ** P < 0.01.

Figure 12: Ki-67 expression detected in tumor tissues by immunohistochemical staining (×400). The expression of Ki-67
was in cell nucleus. A. NS; B.Vector; C. hHSP70; D. mDKK1; E. hDKK1; F. mDKK1-hHSP70; G. hDKK1- hHSP70.
www.impactjournals.com/oncotarget
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Xenogeneic DKK1-HSP70 fusion vaccine
effectively decreased proliferation and increased
apoptosis in vivo

specific antigens (TSAs) broadly expressed in myeloma
cells but highly restricted in normal tissues. In the perform
study, Qian et al demonstrated that DKK1 gene and
protein were expressed in most myeloma cell lines and
primary myeloma cells not in normal cells, suggesting that
DKK1 might be an excellent candidate as a TSA in MM
[11]. In our study, we determinated that DKK1 protein was
expressed in NS-1 mouse multiple myeloma.
DKK1 plays an important roles in osteolytic bone
disease of MM [24]. Qian et al showed that DKK1 vaccine
could protect and treat murine multiple myeloma [12].
However, generally, the induced immune response was
increased after the immune adjuvants was added [25].
HSP70 has been regarded as the useful and effective antitumor immunoadjuvant, and a series of studies have shown
that fusion vaccine including HSP70 could improve antitumor immune responses [11-22]. In addition, whether
in prophylactic settings or therapeutic settings against
cancer in rodent models, xenogeneic vaccination has
stronger immunological activity than that of vaccination
with ‘self’ antigens [26]. Phase I/II human clinical trials of
several xenogeneic vaccines have proved that they could
induce detectable immune responses against human tumor
antigens and they were safe, reliable, well tolerated [26].
Based on the theoretical basis, in the present
study, we constructed the mDKK1, hDKK1, mDKK1hHSP70, hDKK1-hHSP70 DNA vaccines. We found that
immunized mice with including DKK1 vaccine groups
were longer median survival and was slower tumor growth

The proliferation and apoptosis of tumors was
analyzed after the last tumor volume measurement. Tumor
cell proliferation was evaluated using Ki-67 staining. The
expression of Ki-67 on the xenogeneic hDKK1-hHSP70
fusion vaccine-treated group was lowest (Figure 12, P
< 0.05, n = 10). We also detected the apoptosis in tumor
tissues by hochest staining. An apparent increase in the
number of apoptotic cells was observed within the tumors
from hDKK1-hHSP70 vaccine group, compared with
other groups (Figure 13, P < 0.05, n = 10).

DISCUSSION
MM remains still an incurable malignancy. As a
result, we need to explore novel therapeutics to improve
the outcome of patients with MM [3]. In general, MM
is one of the diseases appropriated for immunotherapy
because the proliferation of its cells are relatively
slower compared to other hematologic malignancies
such as leukemic cells [22]. Anti-tumor vaccines are
considered to be one of important immunotherapeutic
approaches that can overcome chemotherapy resistance
and eliminate selectively malignant cells [23]. It is crucial
for preparation of anti-tumor vaccines to identify tumor

Figure 13: Apoptosis in tumor tissues detected by Hochest staining (×400). The density of the bright blue fluorescence was
positive. A. NS; B. Vector; C. hHSP70; D. mDKK1; E. hDKK1; F. mDKK1-hHSP70; G. hDKK1- hHSP70.
www.impactjournals.com/oncotarget
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than that of control groups (NS, vector, hHSP70 groups).
Moreover, the survival fraction of tumor-bearing mice
was the longest and the tumor growth was the slowest
in hDKK1-hHSP70 fusion DNA vaccine group. These
results suggested that xenogeneic hDKK1-hHSP70 fusion
vaccine may effectively inhibit tumor cells in vivo.
To investigate the humoral immune responses, we
analyzed the DKK1 antibody levels by ELISA in serum
from immunized mice. In control groups, DKK1 antibody
levels were low or undetectable. However, DKK1immunized mice developed significantly higher levels of
DKK1 antibody than that of control groups. In addition,
DKK1 antibody titers in the hDKK1-hHSP70 group
were the highest among the groups. It suggested that that
xenogeneic hDKK1-hHSP70 fusion vaccine stimulated
the elevated humoral immune responses against murine
multiple myeloma.
The cellular immune responses were confirmed
by NS-1-DKK1-specific CTLs from splenocytes of
immunized mice, the percentage of CD4+IFN-γ+
and CD8+ IFN-γ+ cells and the percentage of
CD4+CD25+Foxp3+ regulatory T cells. Compared
with control groups, vaccination with including DKK1
vaccines groups (mDKK1, hDKK1, mDKK1-hHSP70,
hDKK1-hHSP70) increased CTL cytotoxicity and DKK1specific IFN-γ production in CD4+ cells and CD8+ cells.
Moreover, hDKK1-hHSP70 fusion vaccine induced a more
dramatic response than that of others DKK1 vaccines.
Our experiment results also showed that hDKK1-hHSP70
vaccination could significantly decrease the percentage of
CD4+CD25+Foxp3+ regulatory T cells in tumor-bearing
mice. The results suggested that xenogeneic hDKK1hHSP70 fusion vaccine initiated the cellular immune
responses against murine multiple myeloma.
Our study also showed that the hDKK1-hHSP70
fusion vaccine could decrease the expression of Ki-67,
increase the number of apoptosis cells. Tian et al also
observed that anti-tumor vaccine of co-expressing GMCSF and IL-18 significantly reduced the proliferation and
promoted the apoptosis [27]. However, the mechanisms
of anti-tumor cells proliferation and apoptosis remain
unknown and need to be confirmed.
The theoretical advantages involved in this strong
effect of hDKK1-hHSP70 fusion vaccine over that of
others DKK1 vaccines may be mainly due to the following
reasons. First, the hHSP70 fusion vaccination can
significantly enhance the integrated immune response of
professional antigen-presenting cells (APCs), and activate
cross-present chaperoned antigenic peptides to MHC class
I molecules to generate specific cytotoxic T-lymphocytes
[25, 28]. Second, it can regulates the activity of DC,
stimulates DC maturation and improves cross-priming of
T cells mediated by DCs [29]. Third, fusion vaccination
leads to the presentation of epitopes that can be presented
by a variety of HLA alleles, and therefore this type of
vaccine should be applicable to any patient regardless
www.impactjournals.com/oncotarget

of HLA restriction [25]. In addition, the hHSP70 fusion
vaccine could continuously increase the number of tumor
antigens and effectively activate the immune response
of specific T cells. It is more likely that build a bridge
between autoimmunity and acquired immunity, which
mobilize fully the body’s immune system to attack the
tumor cells [30, 31].
Most of all, the antigen-specific cross-reactivity
from xenogeneic homologous protein could induce
stronger anti-tumor cellular responses mediated by T
lymphocytes [32-34]. It is difficult for self-antigens
to stimulate the immune response because of immune
tolerance acquired during the development of immune
system [34-36]. Therefore, the studies demonstrated
that xenogeneic vaccination was more efficient than
vaccination with ‘self’ antigens in rodent models in
prophylactic and therapeutic settings against cancer [34].
Phase I/II human clinical trials of several xenogeneic
vaccines have shown that they were safe, effective, well
tolerated [26]. Consistent with these, our finding indicated
that xenogeneic hDKK1-hHSP70 fusion vaccine have
more stronger than immune response that of mDKK1hHSP70 vaccine.
Meanwhile, the safety of vaccines is another
important consideration in the preparation of tumor
vaccines. Therefore, we also detected whether the
induction of DKK1-specific immune responses was
accompanied by toxicity in this study. This results
suggested that no marked side effects of autoimmunity
were observed in the immunized mice.
In conclusion, our experiment showed that
hDKK1-hHSP70 fusion vaccine was more proficient
at inhibiting tumorigenesis and progression in murine
multiple myeloma. The results in this study suggested that
xenogeneic hDKK1-hHSP70 vaccination may provide an
effective and safety immonutheraphy strategy for multiple
myeloma.

MATERIALS AND METHODS
Cell lines
NS-1 murine multiple myeloma cells and HEK293T
cells were purchased from American Type Culture
Collection (ATCC), cultured in DMEM medium with 10%
FBS, and incubated in a 37oC incubator with a humidified
5% CO2 atmosphere.

Mice
Animal studies were approved by the Ethics Review
Committee for Animal Experimentation of Sichuan
University. Female Balb/c mice (6-8 weeks old) were
purchased from WeiTongLiHua Biological Technology
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Company (Beijing, China) and maintained at the Animal
Center of State Key Laboratory of Biotherapy of Sichuan
University.

the mice were injected the plasmid DNAs (50 μg) by IM
before NS-1 murine MM cells (2×106 cells suspended in
100 μl of PBS / per mouse) subcutaneous injection, while
in the therapeutic murine model the injection sequence
was just reversed.

Vaccines preparing

Detection of DKK1 antibody

The mDKK1, hDKK1, hHSP70, mDKK1-hHSP70,
hDKK1-hHSP70 were synthesized through GenScript
Corporation (Shanghai, China) based on the database. The
mDKK1- hHSP70 and hDKK1-hHSP70 fusion cDNAs
were synthesized through a linker (T2A sequence) after
elimination of the stop codon of the first cDNA. All the
above five cDNAs (mDKK1, hDKK1, hHSP70, mDKK1hHSP70 and hDKK1- hHSP70) were cloned into the
expression Vector, pcDNA3.1 (+), which were named as
pcDNA3.1-mDKK1, pcDNA3.1-hDKK1, pcDNA3.1hHSP70, pcDNA3.1-mDKK1-hHSP70 and pcDNA3.1hDKK1-hHSP70, respectively. All of these plasmids were
confirmed correct by diagnostic digestion and sequencing.
And then, HEK293T cells were transfected with the five
recombinant plasmids by liposome (Lipofectamine 2000).
The cells were lysed and total cellular proteins were
prepared by RIPA solution. The expression of the genes
was confirmed by Western blot.

Seven days after the third immunization, serum of
mice was collected, and then DKK1 specific antibody was
detected using ELISA according to the manufacturer’s
instructions (FangChen Corporation, Beijing, China).
The absorbance of each well at 450 nm was read by
the microplate reader (iMark, Bio-Rad, American). All
experiments were done in triplicates.

Cytotoxicity assays
NS-1-specific cytotoxicity mediated by cytotoxic
T lymphocytes (CTLs) were assessed using the standards
lactate dehydrogenase (LDH) method according to the
protocal (GMS 10073 V. A, GENMED, American). The
mice, seven days after the final immunization, were
sacrificed and splenocytes were isolated as effector cells,
and the NS-1 mouse myeloma cells were regarded as the
target cells. NS-1 target cells were plated at 1×104 cells /
well on 96-well U-bottomed plates, and the splenocytes
(effectors) were added to a final volume of 100 μl in
ratios of 1:12.5, 1:25, and 1:50 (target to effector). The
plates were then incubated for 4 hours in a humidified
5% CO2 chamber at 37°C and centrifuged at 250 g for
10 min. Half of volume (50 μl) were moved from all
wells to fresh 96-well flat-bottom plates, and an equal
volume of reconstituted substrate mix was added per
well. The plates were then incubated in the dark at room
temperature for 30 min, then added the 50 μl stop solution,
and finally measured the absorbance at 490 nm. The cell
death percentages at each effector-to-target cell ratio
were calculated using the following formula: (A490nm
(experimental) − A490nm (effector spontaneous) −
A490nm (target spontaneous)) / (A490nm (target
maximum) - A490nm (effector spontaneous) − A490nm
(target spontaneous)) × 100.

Western blot analysis
DKK1 protein expression in NS-1 mice myeloma
cells were detected by western blot analysis. Total cellular
proteins were extracted from the NS-1 cells lysates and
subjected to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis analysis. After transfer to nitrocellulose
membrane and subsequent blocking, the membranes were
immunoblotted with rabbit anti-mice DKK1 antibody
(Santa Cruz Biotechnology, SantaCruz, CA, USA) and
visualized with horseradish peroxidase (HRP)-conjugated
goat anti-rabbit IgG antibody (Santa Cruz Biotechnology,
SantaCruz, CA, USA), followed by enhanced
chemiluminescence (Pierce Biotechnology, Rockford, IL,
USA) and auto-radiography.

Vaccination of mice
The pure plasmid DNAs were used to immunize
animals by muscular injection (IM) that were divided
into the prophylactic and therapeutic murine models.
Each model was composed of seven groups as follows:
normal saline (NS), pcDNA3.1 (Vector), pcDNA3.1hHSP70 (hHSP70), pcDNA3.1-mDKK1 (mDKK1),
pcDNA3.1- hDKK1 (hDKK1), pcDNA3.1-mDKK1hHSP70 (mDKK1-hHSP70), pcDNA3.1- hDKK1hHSP70 (hDKK1-hHSP70). 140 female BALB/c mice
of 6-8 weeks old were randomly assigned to each group
(10 mice / per group). In the prophylactic murine model,
www.impactjournals.com/oncotarget

Flow cytometry
The level of CD4+IFN-γ+ and CD8+ IFN-γ+ cells
and the level of CD4+ CD25+ Foxp3+ regulatory T
cells were detected by flow cytometry using anti-mouse
antibodies of IFN-γ-PE, CD8-FITC, CD4-APC, CD25PE, Foxp3-FITC (BD Bioscience Pharmingen, USA)
according to the manufacturer’s instructions. Briefly,
splenocytes were isolated and suspended in PBS one week
after the last immunization, and then they were incubated
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with above mentioned antibodies at room temperature for
30 min. At last, the cells were analyzed by a BD FACS
Calibur (Becton Dickinson, Franklin Lakes, NJ, USA ).

5μm and stained with 33258, and observed under the
fluorescence microscope (Olympus, Tokyo, Japan). The
cells with highly condensed and brightly staining nuclei
were regarded as apoptosis cells. The apoptotic index was
defined as the ratio of the apoptotic cell number to total
cell number.

ELISA
One week after the final immunization, the
immunized mice were sacrificed and the splenocytes
were collected, and then ELISA assays were carried
out using the mouse IFN-γ /IL-4 ELISA kit (Dakewe
Biotech Company, Shenzheng, China) according to the
manufacturer’s instructions. Briefly, 5×105 splenocytes
were isolated and then stimulated with NS-1 cell lysis
buffer including DKK1 protein in 100 μl / well RPMI
1640 supplemented with 10% FBS at 37°C for 48 h. The
supernatants were collected and serial diluted standards
and samples were seeded into 96-well plate. After adding
reagents, washing, chromogenic development and
quenching as described in the manual instruction of test
kit. The absorbance value at 450 nm was measured for
each well. A linear regression was performed based on the
standards for further deducing the concentration of test
samples.

Tumor burdens
Tumor burdens were monitored by length and
width when they became palpable. The tumor volume
(in mm3) was calculated by the following formula: 0.5
x length (mm) x width (mm 2). At the same time, the
murine survival was monitored and plotted as KaplanMeier curves.

Monitoring the side effects of vaccines
The heart, liver, spleen, lung, and kidney of mice
were collected, embedded and sectioned for histological
examinations when the animals sacrificed. The body
weight, appetite, hair and activity of mice were also
observed.

HE staining and immunohistochemistry

Statistical analysis

All samples including tumor specimens, as well
as heart, liver, spleen lung and kidney tissues were
fixed in 4% paraformaldehyde at room temperature and
subsequently dehydrated in graded ethanol, embedded in
paraffin and then cut into 5μm sections for HE staining
and IHC.
The sections were deparaffinized with xylene and
rehydrated through graded alcohol solutions. Antigen
retrieval was performed for 2 min at 120oC in citrate buffer
(10mmol / L,PH 6.0) in a pressure cooker. The sections
were incubated at room temperature in 0.2% hydrogen
peroxide for 20 min to block the action of endogenous
peroxidase, and then were separately incubated with
anti-Ki-67 mAbs (1:100 dilution; Abcam, Cambridge,
MA) overnight at 4oC. Subsequently, the sections were
incubated with biotinylated anti-mouse antibody and
streptavidin-biotinylated peroxidase complex. Finally,
all sections were developed color with DAB chromogen,
counterstained with hematoxylin, dehydrated, hyalinized,
sealed with neutral gun, and observed under a light
microscope. For each site, three pathologists performed a
blind read of the glass slides.

One-way analysis of variance (ANOVA) followed
by Tukey’s multiple-range testing were carried out to
compare the data from multiple groups using using the
Graphpad Prism6 statistical software (Corporation). All
values are expressed as the means ± SD. P < 0.05 was
considered to indicate a statistically significant difference.
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