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Abstract: The objective of this study was to evaluate some of the mechanisms involved in the activation of the immune system in 
patients with advanced-stage cancer (n = 7) who received an autologous dendritic cell vaccine. We examined the immune response 
mediated by macrophages (CD14+), natural killer cells (CD56+), and B lymphocytes (CD19+) by flow cytometry and assessed the 
expression of Th1 (IFN-γ, TNF-α, IL-2, and IL-12), Th2 (IL-4), and Treg (TGF-β) cytokines by flow cytometry and an enzyme-linked 
immunosorbent assay. The CD14+ TNF-α+ population was significantly increased (P , 0.04) when patients received the vaccine; IL-2 
expression in both NK cells and in B lymphocytes was increased after a transient initial increase showed a nearly significant decrease 
(P , 0.07 and P , 0.06 respectively), whereas the CD19+ and CD56+ populations did not show significant changes. Dendritic cell-
based immunotherapy led to increased secretion of IFN-γ and IL-12 and reduced secretion of TGF-β. In conclusion, it is likely that the 
autologous dendritic cell vaccine stimulated the immune cells from the peripheral blood of patients with cancer and generally increased 
the production of Th1 cytokines, which are related to immunomodulatory responses against cancer.
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Introduction
Tumor cells engage in complex interactions with the 
immune system of the host, involving various cell 
lineages and mediators. In some hosts, the immune 
response can inhibit tumor growth, leading to spon-
taneous remission; in others, it may promote chronic 
inflammation, induced by tumor progression and 
angiogenesis.1 Population studies show that patients 
who maintain a chronic inflammatory state are more 
predisposed to develop cancer.2 In contrast, other 
authors have found extensive infiltration of natural 
killer (NK) cells in gastric and colorectal cancers 
and have associated this finding with an improved 
prognosis.3,4

When the immune system is stimulated, inflam-
matory cells are recruited and activated. These cells 
include innate immune cells and macrophages, den-
dritic cells (DCs), NK cells, mastocytes, and neu-
trophils, which participate in the first line of defense 
against pathogens and depend on the synthesis and 
liberation of specific cytokines and chemokines.5 
The antitumor immune response is mediated by these 
innate immune cells that, in turn, form complex acti-
vation chains of adaptive immunity that involve par-
ticipation of T and B lymphocytes and liberation of 
further immunoregulatory components. In addition, 
the IL-12 produced by macrophages and other anti-
gen-presenting cells stimulates NK cells to exercise 
cytotoxicity and produce more IFN-γ, increasing the 
tumoricidal potential of the macrophages.6–10

Macrophage infiltrates are frequently found in 
neoplastic tissues, known as tumor-associated mac-
rophages, which can be polarized into different func-
tional phenotypes according to the stimulus and the 
microenvironment. Studies distinguish two popula-
tions of macrophages. The M1 population is found 
in active states and basically produces cytokines and 
immunoregulatory agents of the proinflammatory pro-
file, such as interleukin (IL)-12, IL-23, tumor necro-
sis factor (TNF)-α, inducible nitric oxide synthase 
(iNOS), major histocompatibility complex I (MHCI), 
and MHCII. The M2 population is frequently found in 
tumors; it expresses cytokines and anti-inflammatory 
agents, such as IL-10 and transforming growth fac-
tor (TGF)-β, and provides a favorable atmosphere for 
tumor development.10

Other important cells of the mononuclear phago-
cytic system include the DCs. Through their ability to 

present antigens, DCs act between innate and acquired 
immune responses. Studies have been conceived to 
develop a vaccine for patients with neoplasias based 
on tumor antigen-pulsed and in vitro-matured DCs. 
In this new form of therapeutic intervention, the 
immune system is stimulated to generate a specific 
response and to discriminate its targets with great pre-
cision, making the attack mechanism highly directed 
towards the neoplastic tissue. The vaccine against 
cancer causes few side effects because it does not 
lead to immunosuppression, unlike chemotherapy or 
radiation therapy.11–14

In a previous study, we evaluated the action of 
immunotherapy with a DC vaccine on the acquired 
immune response in patients with advanced cancer.15

Another important element to highlight is the inter-
action between innate and acquired immunity when 
confronted with DC therapy. The innate immune sys-
tem is potentially able to recognize mutated cells and 
to induce an antitumor response, orchestrated in tran-
sition with acquired immune cells, particularly DCs. 
The objective of this study was to evaluate the activa-
tion of key cells that defend against tumors, including 
macrophages, NK cells, and B lymphocytes, as well 
as the expression of cytokines with Th1 (IL-2, IL-12, 
TNF-α and IFN-γ), Th2 (IL-4), and Treg (TGF-β) 
profiles in patients with advanced cancer receiving an 
autologous DC vaccine.

Methods
We evaluated the innate immune response, represented 
by NK cells (CD56+) and macrophages (CD14+), the 
humoral immune response, represented by B lympho-
cytes (CD19+), and serum cytokine expression levels 
(IFN-γ, IL-4, IL-12, and TGF-β).

Patients and DC vaccine
The volunteers and procedures for DC vaccine used in 
this study were described previously by our group.15 
Inclusion criteria were advanced or recurrence of 
solid tumor in an adult and patients who refused con-
ventional treatment. Exclusion criteria were immu-
nosuppressive diseases, such as AIDS, autoimmune 
diseases, patients who had not received any treatment 
(chemotherapy, radiotherapy or hormone therapy) for 
at least two months before the DC vaccine.

The patients received doses of vaccine DCs every 
two weeks and were evaluated by clinical  examination 
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and laboratory tests, such as blood count, cervico-
 vaginal cytology, colposcopy, ultrasound, and 
computed tomography for analysis of stability or pro-
gression of the disease. Table 1 shows a summary of 
the general characteristics for each patient participat-
ing in the study. The patients receiving treatment did 
not have any major side effects, except for one patient 
with vaginal melanoma who showed an exacerbation 
of a previous disease (vitiligo).

Flow cytometry
Peripheral blood samples were drawn from the 
patients and cells were evaluated by flow cytometry 
(BD FACS Calibur cytometer and cell sorter, BD 
Biosciences, Franklin Lakes, NJ, USA). Cytometry 
protocols were deployed in accordance with those 
suggested by the manufacturer. The peripheral blood 
cells were collected to examine the following markers 
in all patients: B lymphocytes (CD19+), macrophages 
(CD14+), and NK cells (CD56+). The procedure 
was performed prior to initiating therapy with DCs 
(pretreatment analysis). Additional analysis was per-
formed every 15 days.

Leukocytes were isolated from peripheral blood 
samples via centrifugation at 4 °C by using a standard 
cell lysing protocol (FACSTM Lysing Solution, BD 
Biosciences) in accordance with the  manufacturer’s 
instructions. Cells were initially resuspended in 
phosphate-buffered saline (PBS) for extracellular 
tagging with α-CD19 PE, α-CD14 PE, α-CD56 PE, 
and α-CD25 fluorescein isothiocyanate (FITC). After 
extracellular tagging, the cells were incubated at 4 °C 

for 30 min, rinsed twice by centrifugation with PBS, 
and incubated with a fixation and permeabilization 
solution (BD Cytofix/CytopermTM) for 20 min at 4°C. 
The cells were rinsed twice with Perm/Wash buffer 
(BD Biosciences) prior to the second tagging.

For intracellular tagging, α-IL-2 FITC antibodies 
were utilized for B cells. Macrophages were also tagged 
with α-TNF-α FITC and α-IFN-γ FITC  antibodies. 
An α-IL-2 FITC antibody was used to tag NK cells. 
After intracellular tagging, cells were incubated at 
4 °C for 30 min and resuspended in 500 µL of PBS 
for cytometric analysis with a BD FACSCalibur™. 
To determine which cells corresponded to lympho-
cytes and macrophages, we identified the region to 
be analyzed by constructing a gate according to a 
chart control for relative size (forward scatter; FSC) 
and granularity and complexity (side scatter; SSC) in 
each experiment and for each patient.

Cytokine levels
Serum cytokine levels (IL-4, IL-12, IFN-γ, and 
TGF-β) were measured using an enzyme-linked 
immunosorbent assay (ELISA) with pairs of monoclo-
nal antibodies from BD OptEIA™ (BD  Biosciences). 
The procedure was performed in accordance with the 
manufacturer’s protocol. Plates (384-well) were sen-
sitized with 25 µL of specific monoclonal antibodies 
for uptake of the desired cytokine diluted in a coat-
ing buffer. For the standards, 25 µL of recombinant 
cytokine were added to wells in the first row of each 
plate according to a 1:2 dilution series based on ini-
tial concentrations. To the other rows, 25 µL of serum 

Table 1. Patient characteristics based on age, tumor type, stage, and previous treatments.

Patient Age (y) Tumor type Stage (TNM)* Previous treatments Treatment period  
(number of applications)

1 76 Vaginal cancer IIIB (T3N1M0) – 2 years and 6 months (60)
2 77 Vaginal melanoma IIC (T4NxMx) – 1 year and 3 months (30)
3 48 Vaginal recurrence  

of cervical cancer
I (T1N0M0) radiotherapy, surgery,  

IFN
2 years (48)

4 66 Breast cancer IV (T4dN2M1) Chemotherapy, radiation  
therapy, surgery

4 months (8)

5 39 Cervical cancer IVB (T2bN0M1) – 3 months (6)
6 80 Breast cancer IIIC (T4dN3Mx) Chemotherapy, radiation  

therapy, surgery
5 months (10)

7 27 Breast cancer IV (T2N1M1) Chemotherapy, radiation  
therapy, surgery

5 months (10)

Note: *TNM = classification of cancer staging, where T refers to the tumor size, N refers to any involved lymph nodes, and M refers to the presence of 
metastasis.
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containing the cytokine to be dosed were added to 
each well. The plates were incubated at room tem-
perature for 2 hours and washed five times with a 
solution containing 0.05% PBS-Tween. Next, detec-
tor antibody (25 µL/well) for the cytokine to be dosed 
was added. The plates were incubated for 1 hour at 
room temperature and washed again five times in 
PBS-Tween.

After this step, 25 µL/well of TMB Substrate 
Reagent Set (BD OptEIATM) was added. After 30 min, 
25 µL/well of Stop Solution (2 N  phosphoric acid) was 
added. The ELISA plate was read with a Spectramax 
384 Plus automatic reader. The results reflected the 
difference between the absorbance at 450 and 570 nm. 
The serum concentration of each cytokine was 
expressed in pg/mL by comparison with a standard 
curve, which was obtained  simultaneously. The sensi-
tivities of the assay for the cytokines were as  follows: 
4.7–300 pg/mL for IFN-γ, 7.8–500 pg/mL for IL-4, 
31.3–2000 pg/mL for IL-12, and 125–8000 pg/mL for 
TGF-β.

Statistical analysis
The tables show the results of statistical analysis, 
including the average and standard error of the mean 
for serum cytokine dosages. We evaluated the pre-
treatment steps and 10 post treatment analyses for the 
DC vaccine.

Data are shown as the mean and standard error of 
the mean (SEM). The results were analyzed using the 
Kruskal-Wallis nonparametric test. Statistical analy-
sis and graphing were performed with GraphPad 
Prism version 5.0 (GraphPad Software, Inc., La Jolla, 
CA, USA). Results were considered statistically sig-
nificant when P # 0.05.

Results
An evaluation of the macrophage population revealed 
oscillations in the percentage of fluorescence after the 
start of treatment. High values were obtained between 
the second and fourth doses of the vaccine, with a 
slight decrease between the fifth and sixth doses and a 
return to a peak after the eighth application (Table 2). 
IFN-γ expression by macrophages showed a marked 
stimulation after the start of DC immunotherapy, 
although the fluorescence percentage for the CD14/
IFN-γ double marker generally decreased after the 
eighth analysis. In analyzing the TNF-α expression 

by the macrophages, we observed significant changes 
(P = 0.04) at the start of therapy, with a representative 
peak at the sixth dose of the vaccine.

The NK cells (CD56+) showed peak in fluo-
rescence around the third analysis, with a decrease 
occurring over the course of therapy. The expression 
of the alpha chain of the IL-2 receptor (CD25+) by 
the NK cells, which provides evidence of cell activa-
tion, showed a representative increase after the start 
of DC-based immunotherapy. However, the CD25+ 
expression generally decreased from the third analysis 
onward. IL-2 expression by NK cells varied from the 
start to approximately the fourth analysis (P = 0.07).

The induction of the humoral immune response 
can be evaluated using the lymphocyte B (CD19+) 
marker. This marker showed an oscillation in fluores-
cence after the start of immunotherapy, with higher 
positivity peaks between the fourth, eighth, and ninth 
analyses, after which there was a period of reduc-
tion. The IL-2 cytokine expression by B lymphocytes 
(CD19+/IL-2) showed a sharp decline after immuno-
therapy, with a reversion starting from the third anal-
ysis and generally increasing up to the tenth analysis 
(P = 0.06); however, there was no evidence of statisti-
cally significant differences between these analyses.

Figure 1 shows the tendencies of the markers to 
show significant or near-significant changes when 
we analyzed the influence of the DC vaccine in treat-
ing patients with advanced cancer. Before and during 
DC-based immunotherapy, we collected blood sam-
ples to measure serum cytokine levels. Th1 cytok-
ines were capacitated by DC-based immunotherapy 
(Table 2). Over the course of therapy, the IFN-γ 
cytokine showed an arguable increase in synthesis 
(Fig. 2). IL-12 showed a substantial, but not signifi-
cant, increase in production after therapy with DCs 
and over the course of treatment (Fig. 2). The serum 
expressions of IL-4 and TGF-β generally decreased 
after the start of treatment (Table 3 and Figure 2).

Discussion
DCs capture and process tumor antigens and present 
parts of those antigens through the major histocom-
patibility complex (MHC) for T-effector cells.16 In this 
study, we performed immunotherapy with autologous 
DCs differentiated in vitro and sensitized with antigens 
obtained through biopsies of the primary tumor site 
(breast or vagina) or the metastatic site (lungs or liver) 
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of the patient. The patients receiving treatment did not 
have any major side effects, such as coetaneous rash, 
hypotension, itching, hyperthermia,  myalgia, edema, 
or infection, which has been observed in previous 
studies.17,18 Only one patient with vaginal melanoma 
showed an  exacerbation of a previous disease, vitiligo. 
This exacerbation may have occurred through activa-
tion of an immune response against melanocytes dur-
ing treatment, a common finding in patients with this 
type of tumor.19 Similar studies involving the treat-
ment of melanoma have demonstrated the potential 
induction of systemic antitumor immune response and 
tumor regression with low toxicity.20

With respect to the intercellular expression of 
TNF-α by the macrophages, our results showed a sig-
nificant increase (P # 0.05) during the first cell analy-
ses after DC immunotherapy. Our results indicate that 
these cells are stimulated and can participate through 
innate immunity in the process of inducing and main-
taining antitumor responses. Studies examining adop-
tive cell immunotherapy with monocytes/macrophages 
have demonstrated biological responses related to an 
increase in TNF-α in the peritoneal fluid, although sig-
nificant tumor regression has not been achieved.21

We evaluated the expression of IL-2 and the α chain 
of its receptor, CD25, in NK cells. However, nearly sig-
nificant decreases in IL-2 expression in NK occurred 
successively (P , 0.07). We observed an increase in 
these markers after the first DC  vaccines. Our findings 
suggest that DC immunotherapy can induce effector 
immune responses in NK cells, stimulating a Th1 pro-
file response after the start of immunotherapy.

We observed that the IFN-γ level in the blood was 
higher during therapy than in the pretreatment period. 
Soleimani et al (2009)22 observed similar results, 
demonstrating that patients with metastatic renal car-
cinoma and treated with an autologous pulsed DC vac-
cine with allogeneic tumor lysate showed an increase 
in IFN-γ levels, mainly after the 13th application of 
the vaccine and most relevant in patients with disease 
stabilization. There was also an increase in the levels 
of IL-12 after the fourth and sixth applications of the 
vaccine. We also observed generally increasing IL-12 
levels.

Tumor-derived TGF-β can increase expression of 
chemokine receptors in immature DCs and suppress 
expression of CCR7, thereby impeding the migration 
of DCs through the lymph nodes and maintaining 
the DCs immature at the tumor site.23 In our patients, 
serum TGF-β levels oscillated considerably. The 
levels of this cytokine generally decreased between 
pretreatment and the end of therapy, as well as after 
various applications of the vaccine.

The immunotherapy developed in this study did 
not cause damage to the patients, but did increase 
the quality of life and stabilized the disease in nearly 
all cases. This fact has already been verified in a 
phase II study in patients with small-cell lung cancer.24 
 Therefore, the transient increase in these cell popu-
lations indicates that DC immunotherapy positively 
influenced the target cells for innate and acquired 
immunity in patients with advanced cancer. However, 
after a period of therapy, there was a decline in all 
cell populations, most obviously between the eighth 
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and tenth analyses. These findings indicate that even 
with an initial stimulation of immune response, after 
a specific period the tumors can develop new tumor 
escape mechanisms.

There are many possible mechanisms involved 
in the ineffectiveness of the DC vaccine for treat-
ing cancer, such as heterogeneity of the DC popula-
tions, inadequate protocols for vaccine preparation, 
an incomplete stage of DC maturity and inability of 
DC trafficking, mutations in the tumor antigen, tumor 
immunosuppression mediated by  self-tolerance, use 
of tumor antigens from biopsy tissues with an abun-
dance of proteins, carbohydrates, nucleic acids, or 
other components that are also present in healthy cells, 
low avidity in the immune response cells for antigens 
associated with the tumor, and suppression by T regu-
latory cells.25–28 The DC vaccine is a new therapeutic 
approach for treating cancer. The state of the disease 
directly influences the success of  immunotherapy. 
Because it is still an investigatory therapeutic mea-
sure, patients are normally directed to this approach 
at an advanced or terminal stage of disease when they 
have severe immunosuppression, compromising the 
effectiveness of immunotherapeutic treatment.

The association of clinical and immunological 
parameters indicates a direct correlation between 
the improvement of clinical outcomes and the 
favorable outcomes to DC vaccine-activated 
immune response, as demonstrated by the increase 
in NK cells and macrophages activities, as well as 
increased synthesis of Th1 cytokines such as IL-12, 
associated with a reduction of TGF-β, likely a regu-
latory T profile.

These results show an activation of the systemic 
immune response in patients receiving autologous DC 
immunotherapy. This activation generally increased 
cytokines of the Th1 profile (IFN-γ and IL-12), which 
act on immune cell response, and reduced cytokines 
of the Th2 profile (IL-4 and TGF-β), which stimulate 
the humoral immune response.
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