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Abstract—The ability of dendritic cells to efficiently present tumor-derived antigens when primed with tumor cell lysates
makes them attractive as an approach for cancer treatment. This study aimed to evaluate the effects of dendritic cell transfusion
dose on breast cancer tumor growth in a murine model. Dendritic cells were produced from allogeneic bone marrow-derived
mononuclear cells that were cultured in RPMI 1640 medium supplemented with 20 ng/mL GM-CSF and 20 ng/mL IL-4 for
7 days. These cells were checked for maturation before being primed with a cancer cell-derived antigen. Cancer cell antigens
were produced by a rapid freeze-thaw procedure using a 4T1 cell line. Immature dendritic cells were loaded with 4T1 cell-
derived antigens. Dendritic cells were transfused into mice bearing tumors at three different doses, included 5.10%, 10°, and
10° cells/mouse with a control consisting of RPMI 1640 media alone. The results showed that dendritic cell therapy inhibited
breast cancer tumors in a murine model; however, this effect depended on dendritic cell dose. After 17 days, in the treated
groups, tumor size decreased by 43%, 50%, and 87.5% for the doses of 5 X 10*, 10°, and 10° dendritic cells, respectively,
while tumor size in the control group decreased by 44%. This result demonstrated that dendritic cell therapy is a promising
therapy for breast cancer treatment.
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INTRODUCTION

antigen primed DCs in the patient. Both tumor antigens
(tumor associated antigen-TAA) and DCs play key roles in
this process. DCs are known as professional antigen-
presenting cells (APCs) that work efficiently and precisely
within the body. DCs primed with a variety of effective
TAAs have shown tumor response both in vitro and vivo.
There are many kinds of tumor-derived antigens commonly
used in the treatment of cancer, included tumor antigen,

Cancer immunotherapy is a promising therapy for cancer
treatment that uses the body's immune system to fight can-
cer. There are several strategies that employ immune-cell
based therapies in cancer treatment. The first strategy is to
create a new immune system that can recognize and kill
tumors after hematopoietic stem cell transplantation. In the
second, immune cells such as dendritic cells (DCs) are used
to activate effector cells (e.g. T cells) of the patient's body to
kill tumor cells. The third strategy employs transplanted T
cells and NK (natural killer) cells or CIK cells (cytokine-
induced killer) to find, identify and kill cancer cells (Palucka
and Banchereau, 2012).

lysates, apoptotic bodies, heat shock proteins, and peptides
from TAA (Alaniz et al.,, 2014; Benencia, 2014; Gao et al.,
2014; Lee et al., 2014; Milano and Krishnadath, 2014).

Dendritic cells are antigen presenting cells that capture and
process antigens in vivo, converting proteins to peptides that
are presented on major histo-compatibility complex (MHC)
molecules and recognized by T cells (Steinman RM, 2007).
They play a significant role in initiating the adaptive im-

DC-based immunotherapy is one approach that holds tre-
mendous potential in the treatment of cancer. To date, sever-
al DC-based immunotherapeutic clinical trials have been
reported (Coosemans et al., 2013; Schuler et al.,, 2014). The
fundamental principle of this therapy is generation of an
antigen-specific cytotoxic T lymphocyte (CTL) response by

mune response to eliminate bacteria and other pathogens, as
well as conditioning the body against autoimmune diseases,
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and aiding in tumor removal. As the main cell involved in
initialization and promotion of the body's immune system,
these cells have become an interesting tool for immunother-
apy in the treatment of disease, especially in cancer treat-
ment. Various tissues have been used to promote the crea-
tion of the DC vaccines in clinical trials, including bone mar-
row cells, umbilical cord blood, and menstrual blood (Koga
et al., 2008; Phuc et al., 2011). The ex vivo manipulation of
these cells has two main advantages: first, it allows for the
ability to control DC quality, including DC type and desired
marker expression; and second, it allows for the ability to
choose the method of reintroduction into the body, for ex-
ample via injection into a vein or directly into the tumor or
lymph nodes.

The cell culture techniques and the availability of cytokines
have allowed a considerable amount of DCs to be manipu-
lated ex vivo. Thus, DC-based cancer immunotherapy is used
in clinical studies to stimulate a tumor-specific immune re-
sponse and gain effects in some clinical trials (Hobo et al.,
2013; Vik-Mo et al., 2013). This strategy includes priming
DCs with tumor antigens such as peptides or proteins, DNA
or RNA, or whole cancerous cells. Some other studies have
shown that peptide-pulsed DCs enhanced peptide-specific
cytotoxic T-lymphocytes (CTLs) in melanoma, renal cell car-
cinoma, breast carcinoma, and ovarian carcinoma in some
clinical trials (Bohnenkamp et al.,, 2004; Nakai et al., 2009;
Nestle et al., 1998). However, peptide-pulsed DCs are lim-
ited because they are restricted to selected peptides and are
only effective for those patients who express HLA. Moreo-
ver, some studies show that cancer patients relapsed after
treatment with several peptides based on peptide-pulsed
DCs. In contrast to using peptides, using tumor cell lysates
to induce dendritic cells permits exposure of the entire range
of tumor antigens, including non-specific TAAs and anti-
gens with point mutations. Moreover, the epitope of HLA
class I and II can be presented by DCs, and activated both
CDS8 +and CD4 T cells (Gao et al., 2014; Steinman RM, 2007).
Limitations of the method using tumor antigen lysate are
that it may cause autoimmune disease by DCs representing
non tumor-antigens (Sharma et al., 2013). Some problems
about the effectiveness of the tumor cell lysate in stimulating
DCs as well as activating an immune response still remain
controversial. However, clinical trials show that patients in
metastatic cancer stages have been treated with cancer cell
antigens treated with freeze-thaw cycles or necrosis prior to
DCs pulsing (Chang et al., 2002; Gitlitz et al., 2003).

Breast cancer is the most common type of cancer in women.
The percentage of breast cancer cases has rapidly increased
in both developed and developing countries in recent years.
More importantly, the ratio of cases exhibiting anti-tumor
drug resistance has strongly increased. Although some nov-
el therapies based on chemicals, antibodies, surgery, or radi-
ation have been developed to prolong survival, rapid modi-
fication of breast cancer cell properties enables tumors to
overcome the effects of these therapies. With this in mind,
DC therapy was used in this study to evaluate its effects in a
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murine model bearing breast tumors. To optimize the exper-
imental conditions, 4T1 cells, a murine breast cancer cell
line, were used along with allogeneic dendritic cells.

MATERIALS — METHODS
4T1 cell culture and tumor cell lysate preparation

The mouse breast cancer cell line, 4T1 was supplied by
American Type Culture Collection (ATCC, USA). Cells were
cultured in RPMI-1640 medium supplemented with 10%
heat-inactivated fetal bovine serum (FBS), L-glutamine and
penicillin/streptomycin (all from Sigma-Aldrich, St Louis,
MO) at 37°C in 5% CO-.

Tumor cell lysates were prepared as described previously
(Kotera et al., 2001). Cells grown to 70-80% confluency were
detached with 0.25% trypsin/EDTA and washed two times
with D-PBS. Tumor cell lysates were generated from 5 x 10°
tumor cells by 3 rapid freeze-thaw cycles in liquid nitrogen
and a water bath at 37°C. The time of freeze-thaw cycles was
set individually to 3, 5, or 7 min in liquid nitrogen and 7 min
in the water bath, to select which protocol was the best with
the highest number of necrotic cells. The tumor cell lysates
were then spun at 700 rpm at 4°C for 10 min to remove cel-
lular debris, and the supernatant was collected. Protein con-
centration in the lysates was detected by the Bradford meth-
od (Ernst and Zor, 2010). The protein component of lysates
was detected by SDS-PAGE and stained with Coomassie
Brilliant Blue (Brunelle and Green, 2014). All lysates were
stored at -80°C until used.

To detect necrotic cells, the cells were stained with both An-
nexin V and PI and analyzed by flow cytometry (according
to manufacturer’s instructions, BD Biosciences). Briefly, 4T1
tumor cells (5 x 10° cells/ml) in different protocols were
washed and re-suspended in binding buffer. Then, 5 ul of
Annexin V conjugated with FITC, and 10 ul of propidium
iodide were added to each cell suspension. After 10-min
incubations in the dark at room temperature, cells were ana-
lyzed on a FACSCalibur (BD Bioscience) using Cell Quest
software (BD Biosciences).

Dendritic cell culture

Dendritic cells were produced according to a previously
described method (Pham Van Phuc, 2011). Briefly, bone mar-
row-derived mononuclear cells (MNCs) were collected by
flushing femurs and tibias with RPMI 1640 medium (Sigma-
Aldrich, St Louis, MO). After centrifugation at 2,000 rpm for
five minutes, the MNCs were re-suspended in complete
RPMI 1640 medium supplemented with 10% FBS, 1% L-
glutamine, 1% penicillin/streptomycin, 20 ng/ml murine
recombinant GM-CSF (SantaCruz Biotechnology, Canada)
and 20 ng/ml murine recombinant IL-4 (SantaCruz Biotech-
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nology, Canada). After 3 days, 75% of the medium was re-
moved, and fresh medium was added. On day 6, dendritic
cell maturation was induced by supplementing the complete
medium with 100 ng/mL, 1000 ng/mL, or 10000 ng/mL tu-
mor cell lysate, and TNF-a (100 ng/mL) as a control. After
three days, cells were harvested and used in the next exper-
iments.

To evaluate the phenotype of mature dendritic cells, the dif-
ferentiated cells were stained with specific surface markers
CD14 (CD14-FITC), CD40 (CD40-FITC), CD80 (CD80-
PERCP), CD83 (CD83-APC), and CD86 (CD86-PE) in stain-
ing buffer (PBS pH 7.4, 0.5% BSA, 0.02% azide). The stained
cells were analyzed by BD FACSCalibur flow cytometer.

Animal treatment

Female mice (6-8 weeks old) were injected with 107 4T1 tu-
mor cells (suspended in 100 pl cold PBS) into the mammary
gland. On day 3, tumor-bearing mice were treated with in-
travenous (i.v.) injections of DCs pulsed with tumor cell ly-
sates in a total volume of 100 ul PBS. These tumor-bearing
mice were separated into four groups receiving different

Breast cancer 4T1 Breast cancer 4T1
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RESULTS

Preparation of cancer cell lysates

The rate of apoptosis and necrosis in tumor cells was evalu-
ated by FACS analysis using a Annexin-V-FITC (Ann) and
propidium iodide (PI) staining kit. FACS analysis for Annex-
in V-FITC and propidium iodide was able to differentiate
between living cells (Ann V-PI-), cells in primary necrosis
(Ann V-/PI+), cells in early apoptosis (Ann V+/PI-), and cells
in secondary necrosis (Ann V+/PI+). The result of FACS
analysis showed that most cells (98% + 0.5; n = 3) were in
secondary necrosis and this was true for all lysate samples
(Figure 1). For the quantification of protein concentrations,
we used the Bradford method of protein quantification. The
results showed the concentration of protein in all groups
from 2.8 + 0.06 pg/ml to 5.3 + 0.2 ug/ml (p = 0.05; n = 3). The
concentration of protein in group 3 was the highest, while
the concentration of protein in group 1 was the lowest. To
sum up, the lysate from the 4T1 cells which was broken in
liquid nitrogen for three minutes before transfer to the water
bath at 37°C (group 1) had the lowest protein concentration,

Breast cancer 4T1 Breast cancer 4T1
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Figure 1. 4T1 cell necrosis by freeze-thaw procedure. 4T1 mouse breast cancer cells were induced to undergo exclusive necrosis by lysate treated
under various conditions: 3 cycles of freeze-thaw for 3 min in liquid nitrogen and 7 min in the water bath at 37°C (B), 5 min in liquid nitrogen and 7
min in the water bath at 37°C (C), 7 min in liquid nitrogen and 7 min in the water bath at 37°C (D), and control (A).

doses of DCs: (1) injected with 5 x 10* mature DCs; (2) inject-
ed with 10° mature DCs; (3) injected with 10° mature DCs;
(4) no treatment control. Blood samples were collected from
all animals on days 3, 7 and 13 of the study. The marker CD4
was used to analyze the immune response of mice in all ex-
perimental groups. Diameter of tumor sizes was followed
every two days.

Statistical analysis

Each experiment was repeated three times. All statistical
analysis was performed using the GraphPad Prism software
(v 6.0). The data were presented as mean values + standard
deviation (SD). Statistical analysis was performed using
ANOVA followed by least-significant difference (LSD). The
result with p < 0.05 was considered to be statistically signifi-
cant.

while the lysate from the 4T1 cells which was broken in lig-
uid nitrogen for seven minutes then placed in the water bath
at 37°C (group 3) had the highest protein concentration
(Figure 2A).

To assess whether there were differences based on molecular
weight of the proteins in the sample, SDS-PAGE was used
for analysis (Figure 2 B). Results showed that group 1 (lane
3) and group 2 (lane 4) had many fragments of protein with
high molecular weight, while proteins in group 3 (lane 5)
had lower molecular weight (<40 KDa). The low molecular
weight protein fragments or peptides were suitable to in-
duce maturation of dendritic cells (Ahmadabad et al., 2011;
Hasan et al., 2012).
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Dendritic cell differentiation

After 24 h of culture, the cells began to adhere to the surface
of the culture flasks (Figure 3A). The cells spread on the
surface of the culture flasks by the third day (Figure 3B).
The next day, the monocytes transformed from round to
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Effects of tumor antigen-loaded DCs in the tumor-bearing
mouse model

After three days, tumor-bearing mice were injected with
tumor cell lysate-loaded DCs at different concentrations.
Mice injected with PBS were used as controls. The mice im-

Figure 2. Lysate analysis by Bradford and SDS-PAGE electrophoresis. Total protein concentration of the tumor cell lysates in three different
groups (A) and SDS-PAGE electrophoresis of lysates (B). Lane 1: protein molecular marker; lane 2: BSA; lane 3: group 1; lane 4: group 2; lane 5:

group 3. *p > 0.05 and “p = 0.05.

stretched and adhered to the surface of the flasks. Some cells
exhibited the particular shape of dendritic cells (Figure 3C,
D).

The maturation of tumor cell lysate-loaded DCs is shown in
Figure 4. Phenotypic analysis of dendritic cells showed that
most of the cells were negative for CD14 marker in all

munized with tumor cell lysate-loaded DCs showed a signif-
icant improvement compared with the control group. After
seven days, tumor growth in all groups injected with tumor
cell lysate-loaded DCs was reduced in comparison with the
control group. The reduction in growth of the tumor size did
not differ between treatment groups from day 7 to day 13 (p
= 0.05, n = 3). However, from day 15 to 17, these differences

Figure 3. Morphological changes during the induction. Morphology of mature dendritic cells in medium supplemented with GM-CSF and IL-4

after 24 hours (A), 3 davs (B), 4 davs (C), 6 davs (D).

groups. These cells expressed markers related to dendritic
cells such as CD86 (12-19%), CD40 (14-24%), CD80 (49-62%),
CD83 (63-83%) (Figure 4). Statistical analysis showed no
difference between the different antigen concentrations
compared with the positive control group that matured by
TNF-alpha. These results demonstrate that the mononuclear
cells were induced to become mature dendritic cells.

were significant between the group with 10° DCs injected
compared with other groups (10° and 5 x 10* DCs injected)
and the control group (Figure 5A). These results show that
tumor-bearing mice had a positive response to injected ly-
sate-pulsed DCs. Moreover, this response was the strongest
at a dose of 10° DCs.
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Figure 4. DC marker expression analyzed by flow cytometry. The results showed that dendritic cells became mature when induced by tumor cell
lysates. They were positive with CD40, CD80, CD83, and CD86, and negative with CD14 (monocyte marker).

After 17 days immunization, tumors in all groups were ob-
tained. The results showed that tumor sizes of treatment
groups were significantly reduced versus the control. After
17 days, tumor size of the control group had decreased by
44%. Meanwhile, in the treated groups, tumor sizes were
decreased to 43%, 50% and 87.5% of their original size re-
spectively with the doses of injected DCs 5.10¢, 105, and 10°
cells (Figure 5B). Tumor size in the experimental group in-
jected with 10° tumor cells lysates-loaded DCs was more
strongly decreased vs. the other groups.

To evaluate the immune response after DC injection, CD4*
cells percentages were counted and compared between dif-
ferent groups. The results were presented in Figure 5C. DCs
trigger the immune system, especially T helper cells (CD4*
cells). CD4* cell percentage gradually increased in a manner
depending on the injected DC doses. In all investigated
groups, CD4* cell percentage strongly increased at dose of
10° DCs.

DiscussION

Dendritic cells are professional antigen-presenting cells and
play a central role in triggering an immune response. There-
fore, dendritic cells are interesting for many studies. To this
point, there have been many clinical studies of dendritic
cells in cancer treatment that have shown promising results.
By using a breast cancer model in mice and the breast cancer
cell line 4T1 from mice, this study aimed to re-evaluate the
effects of dendritic cell therapy in breast cancer treatment.

In this experiment, dendritic cells were successfully induced
from bone marrow-derived mononuclear cells with tumor
lysates and cytokines GMCSF and IL-4. These cells not only
expressed the particular shapes of dendritic cells but also
expressed dendritic cell-related markers such as CDA40,
CD80, CD86 and CD83. In fact, these proteins hold some
important functions of DCs that help DCs to recognize and
present the antigens to other immune cells, especially T cells
and B cells. CD40 was initially characterized as a co-
stimulatory molecule that played a central role in B and T
cell activation (Ma and Clark, 2009). CD80/CD86 co-
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Figure 5. Changes in tumor sizes and percentage of CD4+ cells in experimental groups. Immunization of mice with tumor cell lysate-loaded DCs
elicits host resistance against tumors. Although tumor size in the control group was also reduced after 17 days of immunization, in the experi-
mental groups, tumor sizes were strongly decreased, especially in the group with 106 DCs (A). At the end of the assay, tumors obtained from mice
also showed that tumor cell lysate-loaded DCs efficiently suppressed tumor growth (B). DC injections caused increases of CD4* cell percentage in

the peripheral blood (C).

stimulation on DCs is extremely essential during activation
of naive T cells into TH2 (van Rijt et al., 2004). Moreover,
CD83 acts as co-stimulatory signal for stimulation of naive
and memory T cells (Aerts-Toegaert et al., 2007). To sum up,
MNCs were successfully induced to become functional DCs,
and these DCs were used in further experiments.

These DCs primed with tumor lysates exhibited their roles
in vivo. In the next experiment, mature DCs injected into
mice bearing tumors created by 4T1 cancer cells, efficiently
reduced tumor growth. Moreover, effects of DC therapy had
some particular characteristics. Firstly, the effect depended
on the dose of DCs. At the low dose of DCs, 5 x 10* DCs al-
most did not have any effects to tumor growth. In fact, at
this dose, the tumor size decreased to a similar extent as in
the control. This difference was gradually significant when
the dose of DCs increased to 10° and 10° cells/mouse. At a
dose of 10° DCs, the tumor size was strongly reduced and
exhibited half the size of the tumor in the control.

This study has been one of few studies that evaluate doses of
DCs for treatment. In some previously published studies,
doses of more than 10° DCs have been applied in DC thera-
py (Gatza and Okada, 2002; Kim et al., 2004; Sato et al,,
2003). At high dose of DCs, some previous authors also rec-
orded that DC therapy gave many beneficial effects on
breast cancer treatment in animal models as well as in hu-
mans, especially on prolonging survival. The first clinical
trial using DCs in breast cancer treatment was performed in
2000 by Brossart et al. (Brossart et al.,, 2000). In this study,
DCs were derived from peripheral blood monocytes and
induced by cytokines IL-4, GMCSF, and TNF-alpha for 7
days, and pulsed with peptides from Her-2/neu. The results
showed that the vaccination of DCs could induce immuno-
logic responses in patients and no significant side effects in
patients (Brossart et al., 2000). To date, there have been
about 20 clinical trials carried out over the world involving
breast cancer treatment using dendritic cells (according to
clinicaltrial.gov). In recent years, some studies have im-

proved the immune response by combining treatment with
IL-12 injection (Baek et al., 2011) or cytokine induced killer
cells (Arafar, 2014).

The results also showed that effects of DC vaccination de-
pended on the treating time. Significant differences concern-
ing tumor size between treated groups and control were
recognized after 14 days. This timing is consistent with the
development of an immune response in the body. For fur-
ther understanding, we analyzed the percentage of CD4 T
cells in mice blood. At the high dose of DCs, after 14 days,
CD4" cells were strongly stimulated to expand and double
the amount of DCs. This demonstrated that DCs triggered
the immune system after being injected into peripheral
blood. It is expected that DCs would migrate to the spleen
after intravenous injection [10] or to lymph node [27] and
then trigger a specific immune response. As antigen present-
ing cells, DCs would then activate the Tho cells to become
Thi and Thz cells (Pal, 2014; Thery and Amigorena, 2001).
The high increase of CD4"* cells was evidence of stimulation
by injected DCs. In other studies, DCs were also recognized
as stimulators of CD8* cells (Pal, 2014; Wang et al., 2014).
Different to CD4* cells that help activity of other immune
cells by their released cytokines, CD8* cells can kill cancer
cells directly. By effecting CD4* and CD8* cells, DC vaccina-
tion could create a cancer cell-specific attack and eliminate
these cells.

CONCLUSION

In summary, the finding of this study demonstrated that
4T1-cell derived antigen-primed DCs had the ability to in-
hibit breast tumor growth in mice. The highest efficacy of
tumor reduction occurred at a dose of 10° DCs per mouse.
Significant effects of DC vaccination were recorded after 14
days of treatment. DCs could efficiently stimulate to expand

90

Dendritic cell therapy for breast cancer in murine model



Pham et al., 2014

CD4" cells. These results showed that DC therapy is a prom-
ising therapy for cancer treatment. This important role of
DCs was recognized as an award to Ralph Steinman of the
Nobel Prize for Medicine or Physiology in 2011. However,
DC therapy for cancer might be a long road. Further exper-
iments need to be performed in other models, especial breast
tumors formed by breast cancer stem cells.
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