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Breast cancer is the most common women’s tumor. Treatments though effective, are often aggressive and leave the
patients vulnerable to developing opportunistic infections. There is a need for less aggressive more effective new therapies.
In this study, we have made an attempt to evaluate DCs immunotherapy by flow cytometry, analyzing the presence of
infiltrating cells, cytokines and transcription factors in the spleens, lymph nodes and tumors of breast cancer mice
undergoing immunotherapy. The 4T1 cell transfection was used to induce breast cancer in Balb/c mice aged 6 to 8 weeks.
Mice were treated with 3 doses of DCs vaccine. After the treatment, animals were euthanized, the spleen, lymphnodes and
tumors were removed and used to perform flow cytometry. Results have shown higher CD4* T lymphocytes that produce
IL-12 in the spleen of group treated with DCs vaccine (149,8-271,3) 172,4. Further, there was an increase in T-bet (976,1-
1075) 1022 in the lymph nodes of tumor group treated with DCs and less FOXP3 (795,7 - 895) 832. Tumoral volume and
the FOXP3 were decreased in the treated group. There was an increase in the transcription factor of Thl profile, and of
cytotoxic T lymphocytes, inferring a good immune response. With these observations, it can be concluded that the DC

vaccine is effective in combating the development of tumors.
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The IL-12 secretion stimulates and activates the
immune response by T cells of the Thl profile. This
profile is ideal in an antitumoral response®. At low
IL-12 level, the balance between Th1/Th2 induces
secretion of Th2 profile cytokines®. 1L-12 acts on
T lymphocytes as well in natural killer cells (NK),
prompting the production of IFN-y°. Banchereau &
Palucka report in the same paper that cytotoxic
T lymphocytes (CD8+) stimulated by IL-12 have a
higher amount of CDA40L, which increases its
cytotoxicity.

The Dendritic Cells (DCs) play a fundamental role
in the polarization of the T lymphocytes profiles, in
which we have Thl, Th2, Thl7, and Treg. The DC
participation in the activation of these T lymphocytes
profiles happens with the activation process of the
T lymphocyte, whereby the specific cytokine secretion
for each profile the DCs induct this polarization®.

The polarization of T cells in Thl cells also
stimulates the secretion of IFNs among them IFN-y,
a cytokine, produced mainly by NK and Thl
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lymphocytes’. Tumor produces immunosuppressor
cytokines capable of polarizing immune cells to an
absence of antitumoral response or even modulate an
active T cell in an immunosuppressor profile®. Treg is
an immune-suppressor profile characterized by the
presence of the surface markers CD25, IL-10R, and
the presence of the transcription factor FOXP3®.

For many years, numerous studies have tried to
classify helper T lymphocytes according to cytokine
synthesis and secretion. However, one of the
difficulties is that the expression of these mediators is
carried out by various profiles, such as IL-10%.
Therefore, one of the most accurate tools for
classifying the profile of T lymphocytes is the
expression of transcription factors™. Thereby: T-bet is
essential for Th1 polarization'®, GATAS3 for the Th2
polarization®®, FOXP3 for Treg polarization'?, and
RORyt is necessary for the Th17 polarization®

The reversion of immunosuppression induced by
tumor escape mechanisms is essential for an effective
treatment and a good prognosis. Therefore, in this
study, we intended to verify if the dendritic cell
vaccination could alter the main profile of helper
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T lymphocytes both at the systemic level (lymph
nodes and spleen) and in the tumor microenvironment
using an experimental model of cell line-induced
breast tumor 4T1.

Materials and Methods
Experimental models

About 180 mice were used in four independent
experiments, all Balb/c (Mus musculus) females aged 6-
8 weeks, acquired at the biological sciences institute of
the Federal University of Minas Gerais - UFMG and
kept in plastic cages in the vivarium of the Oncology
Research Institute - IPON, from the Federal University
of Triangulo Mineiro - UFTM, with controlled
dark/light cycle and temperature maintained at 23°C,
with food and water. The animals were euthanized with
ketamine hydrochloride (50 mg/kg) and xylazine
(15 mg/kg). All procedures performed in this study were
approved by the Ethics Committee on Animal Use -
CEUA of the Federal University of Triangulo Mineiro
under registration no. 327.

Experimental groups

The experimental groups were divided as follows:
Gr. |, control group, without breast cancer induction
and there was no vaccination with DCs; Gr. Il, Tumor
group, breast cancer was induced by transplantation
of 4T1 cells, but not treated with DCs; and Gr. Ill,
tumor group treated with DC vaccine.

DC vaccine

For each dose of DC vaccine, two Balb/c mice
were euthanized with an excessive dose of anesthetic
ketamine and xylazine to obtain bone marrow cells
and differentiate them in DCs to make the DC
vaccine. The cells were removed with a 4.5 x 13 mm®
syringe containing 0,9% saline and placed in a conical
tube. Then, they were centrifuged @ 290xg for
10 min at 4°C and added to Iscove's Modified
Dulbecco's Medium - Thermo Fisher Scientific®
(IMDM) culture medium complete with 0.1 mM
vitamins, 2 mM L-glutamine, 100 mg/mL of
gentamicin, 1 mM sodium pyruvate and 5% fetal
bovine serum (Sigma) bone marrow cells.

The cells were then transferred to a culture bottle
with a final volume of 7.5 mL of IMDM 32x10° of
cells. The day after the cells were plated in the bottles,
granulocyte colony stimulating factor (GM-CSF,
13 pL; 10 ng/pL) and interleukin 4 (IL-4, 13pL;
10 ng/pL) were added. The cultures were kept in a
CO, chamber with 5% humidity at 37°C for 5 days*.
On the 7™ day, the cells received tumor necrosis

factor (TNF-a, 23 upL; 10 ng/ul), followed by the
tumor antigen (10ug/ml), obtained by the lysis of 4T1
cells. On the 9" day, the cells were washed and
resuspended in 0.9% saline. During the four weeks in
the experimental period, 3 doses of DCs vaccine were
applied @ 2x10° cells per animal, with one dose per
week applied to the tumor group treated with DC
vaccine after application of the last dose one week
was saved for euthanasia of animals.

Flow cytometry

On the 21% day after tumor induction, the animals
were euthanized, and it was removed, the spleen, the
lymph node, and the tumor of animals from three
groups. Flow cytometry was performed on the spleen,
lymph node, and tumor cells, but spleen cells were
subjected to osmotic lysis with a BD Bioscience®
solution - FACSTM (lysis solution) in a 1:20 ratio. After
incubation at room temperature (23°C) for 20 min, the
tube was removed and centrifuged for 10 min @290xg
at 4°C. Later, for cells of all organs (spleen, lymph node
and tumor), the inhibitory protein transporter (BD
GOLGI STOP TM) was added in a proportion of 2 pL
for each 2 mL of cell solution, then it was incubated for
20 min and washed with 30 mL of PBS. Subsequently,
the cell counting was performed by adding 180 pL of
Turk's solution and 20 uL of cells ins a separate conical
tube and counted in a Neubauer chamber.

About 1.0 x 10° cells were added to each flow
cytometry tube. The first staining was performed with
surface marker antibodies (BD PharmingenTM®)
with a volume of 0.5 pL for each 2.0 x 10° cells. The
antibodies used were: CD3, CD4, CD19, CD25,
CD11C, CD80, CD86, IA, incubated for 30 min at
room temperature. After extracellular staining, the
cells were washed, and 100 pL of BD CitofixTM®
was added to each tube to permeabilize the cells. The
cells were then labeled with intracellular antibodies
(BD PharmingenTM®): T-bet, GATA3, RORft,
FOXP3, TNF-a, IL-12 IFN-y, IL-10 and IL-17.
The cells were rewashed. During the incubation
of extracellular antibodies, the wash buffer (BD
PERM/WASHTM Buffer) was diluted. The wash
buffer was diluted 1X, and after incubation, the
samples were washed twice with it and centrifuged
for 10 min @290xg, 4°C, and. After being washed
with the washing solution, approximately 50 pL of
BD PERM/WASH was left in each tube, and 0.5 pL
of intracellular antibodies added. It was incubated for
30 min at 4°C in the dark and washed twice with BD
PERM/WASH washing buffer. The cells were
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submitted to the BD FACS Calibur Biosciences
cytometer, Franklin Lakes, New Jersey, USA.

Statistical analysis

The data were analyzed and when the distribution
was considered normal, a parametric test was
performed to compare the groups. When the
distribution was not considered normal or Gaussian,
nonparametric tests were performed between groups
such as the Mann-Whitney test. The results were
expressed as medians and values of P <0.05 were
considered statistically significant. For data analysis
we used the GraphPad Prism 5 software.

Results
Tumoral volume
Regarding the development of the tumor volume,
in the first two weeks of the experiment, we noticed
that in the tumor group and the tumor group treated
with DCs, the tumor volume did not change
significantly. However, in the subsequent week, we
observed a higher volume in the tumor group
compared to the tumor group treated with DCs. In the
fourth week of experimental observation, the tumor
group had a tumor volume twice as large as the tumor
group treated with DCs, as shown in Fig,. 1.
Presence of helper t lymphocytes (CD4%) and cytotoxic
t lymphocytes (CD8") in the spleen, tumor and lymph node
When analyzing the presence of TCD4+ and
TCD8+ lymphocytes in spleens, lymph nodes and

tumors of the mice in the experimental groups, we
observed, through the flow cytometry technique, the
presence in a more significant quantity of CD4+ T
cells in lymph nodes in the tumor group. In the
spleen, we obtained a higher CD4+ MFI in the tumor
group treated with DCs when compared to the other
groups (P <0.001) Fig, 2. About T CD8+ cells, we
noticed that the control group had a higher amount of
these cells both in the spleen and in the lymph node
of this group when compared to the other groups
(P <0.001). We can infer that these cells may be in
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Fig. 1 — Measurement of tumor volume against immunotherapy
with DCs. [It represents in mm3 the tumor volume of the
experimental groups induced to develop a tumor with 2x10° of
4T1 cells over 4 weeks of the experiment. The groups in question
are: the tumor group represented by e was induced to develop a
tumor, but was not treated with the DCs vaccine. The second
group represented by A was induced to develop breast tumor in
4T1 cells and was treated with 3 doses of the DCs vaccine.]
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Fig. 2 — Analysis of the presence of T helper (CD4") and cytotoxic (CD8") T lymphocytes in the spleen, lymph node and tumors of
tumor-induced mice treated with DCs immunotherapy (DCs). Represents the mean fluorescence intensity (MFI) obtained by flow
cytometry of the CD4" and CD8" clusters of differentiation (CD's) present in total T lymphocytes (CD3") in the spleen, lymph node and
tumor in the mice of the three experimental groups: control group, tumor group and tumor group treated with DCs vaccine. (A-C) MFI of
CD4"; and (D-F) MFI of CD8" in the spleen, lymph nodes and the tumors of the experimental groups, respectively. [*P <0.0001 in the

turkey statistical test]
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these organs because they don’t need to perform an
activity possibly. In the tumor, we noticed a higher MFI
of CD8+ cells in the tumor group treated with DCs.
Synthesis of cytokines and transcription factors in the spleen,
tumor and lymph node of helper t cells (CD4™)

To verify which profile of activated CD4+ T cells
found in these lymphoid organs, we analyzed by flow
cytometry the main transcription factors present, and
their respective produced cytokines that could
characterize a given profile. Regarding the Thl cell
profile, our results showed that there is a higher mean
fluorescence intensity of the transcription factor T-bet
in the lymph nodes of the tumor group treated with
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DCs when compared to the other groups and the
spleen and tumor Fig, 3.

Regarding cytokines IL-12, IFN-y and IL-10, we
noticed that the tumor group treated with DCs vaccine
presented a higher IL-12 MFI in the tumor group treated
with DCs vaccine in the lymph nodes (P <0.001) and in
the tumor when compared to the other groups, of IFN-
vy the tumor group treated with DCs vaccine showed a
higher MFI in the spleen (P <0.001) and in the tumor
when compared to the other groups, IL-10 had a
higher MFI in the spleen tumor group
(P <0.001) and lymph nodes (P <0.001) when
compared to the tumor group treated with DC vaccine
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Fig. 3 — Satellite graphs showing the relationship in the distribution of mean fluorescence intensity (MFI) between 3 analyzed organs,
spleen, lymph node and tumor (A) IL-12 and IFN-y labeling; (B) TNF-o, IL-17 and IL-10 labeling; and (C) T-bet, GATA3, RORyt and
FOXP3 marking. [The spleen, lymph node and tumor of animals from the tumor group and the tumor group treated with DCs were
removed, mechanically grounded, placed in suspension and analyzed by flow cytometry technique]
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Fig, 3. IL-12 was found with a higher MFI in the
lymph nodes of the tumor group treated with DCs
when compared to the tumor group. Concerning the
tumor, this cytokine is increased in the treated tumor
group DC when compared to the tumor group.

The IFN-y cytokine, in the group treated with DCs,
showed an increase in the MFI in the group that
received immunotherapy with DCs observed the
spleen. In lymph nodes, the increase of this cytokine
in the tumor group was relevant in comparison to the
tumor group treated with DCs. However, when we
observe the tumor of the animals, the tumor group
treated with DCs, we noticed a higher MFI of the
studied cytokine, when compared to the tumor group.

Studying the cytokine IL-10, we noticed that the
MFI in the spleens and lymph nodes and tumors
analyzed was higher in the tumor group when
compared to the tumor group treated with DCs Fig, 3.
The presence of CD4+ T cells producing 1L-17, one
of the critical cytokines of the Th17 pattern, was more
significant in the analyzed lymph nodes when
compared to the spleen and tumor. In the lymph
nodes, the highest MFI of the cytokine IL-17 was in
charge of the tumor group treated with DCs when
compared to the other groups (P <0.001) Fig, 2,
whereas in the tumors and spleens analyzed, the
highest MFI of IL- 17 17 was in charge of the tumor
group Fig, 2.

We found a higher MFI of IL-17 in the lymph
nodes of the tumor group treated with DCs immune
therapies when compared to the others (P <0.001),
and subsequently, we found a higher MFI of TNF-a in
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tumors in the same group. When spleen and lymph
nodes were analyzed, we found a higher MFI of
TNF-o in the tumor group when compared to the
tumor group treated with DC immunotherapies
(P <0.001) Fig, 3. TNF-a, on the other hand, found a
higher MFI in the spleens and lymph nodes analyzed
in the tumor group when compared to the tumor group
treated with DCs. In tumors, we observed that the
average MFI was higher in the tumor group treated
with DCs immunotherapy when compared to the
tumor group.

For Th2 profile, we only performed flow cytometry
for its main transcription factor, GATA3, and we
noticed that there is a higher MFI of GATAS in the
lymph nodes when compared to the spleen and the
tumor. In lymph nodes, the MFI of GATAZ3 is similar
in the tumor group and the tumor group treated with
DCs vaccine. In the spleen, there is a higher MFI in
the tumor group when compared to the tumor group
treated with DCs vaccine (P <0.001) Fig, 4. In lymph
nodes, the highest MFI of FOXP3 was in charge of
the tumor group treated with DCs immunotherapy
when compared to the other groups (P <0.001),
whereas in the spleen, the highest average intensity of
FOXP3 fluorescence was in charge of the tumor
group when compared to the other groups, the
opposite result when the tumor was analyzed. RORyt,
the main transcription factor of the Th17 cell profile,
showed a higher MFI in the lymph node of the tumor
group when compared to the other groups (P <0.001)
Fig, 4. In tumors and spleens, the transcription factor
also had a higher MFI in the tumor group when
compared to the tumor treated with the DCs vaccine.
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Fig. 4 — Presence of CD11c in the spleen, lymph node and tumors of tumor-induced mice treated with dendritic cells immunotherapy
(DCs). It represents the average fluorescence intensity by flow cytometry of the cluster of differentiation (CD11c™) in CD11b" cells in the
spleens, lymph nodes and tumors of the mice in the experimental groups. The control group was not subjected to tumor induction by 4T1
cells or treatment with DCs vaccine, the tumor group was subjected to breast tumor induction with 4T1 cells, but was not treated with
DCs vaccine and the tumor group treated with DCs vaccine was subjected to breast tumor induction by 4T1 cells and treated with 3 doses
of DCs vaccine. [*statistically significant values (P <0.0001) in the turkey test]
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Presence of co-stimulatory molecules in the spleen, tumor and
lymph node

Flow cytometry for CD1lc was performed to
verify whether the DCs exercise their effector
function and the location where the highest
concentration of functional myeloid DCs is present
and which had the highest MFI of co-stimulatory
molecules such as CD80, CD86 and the MHCII (1A)
Fig, 5.

Analyzing the antigen presentation molecules, our
results showed that the presence of IA was more
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significant in the lymph nodes and tumors analyzed.
In the lymph nodes, when the tumor group and treated
tumor were compared, the highest MFI of the IA was
in charge of the treated tumor group, a result similar
to that found in the analyzed tumors Fig, 6. Of the co-
stimulatory molecules analyzed, CD80 had its most
significant expression in the spleens, and lymph nodes
analyzed, in the spleens, the highest MFI of CD80
was in charge of the treated tumor group when
compared to the untreated tumor group, a result
similar to that found in lymph nodes and tumors
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Fig. 5 — Presence of co-stimulatory molecules and MHCII in CD11c" cells in the spleen, lymph node and tumors of tumor-induced mice
treated with dendritic cells immunotherapy (DCs). It represents the average fluorescence intensity by flow cytometry of co-stimulatory
molecules (CD80 and CD86) and MHCII (IA) of CD11b* and CD11c" cells in the spleens, lymph nodes and tumors of the mice in the
experimental groups. The control group was not subjected to tumor induction by 4T1 cells or treatment with a DCs vaccine, the tumor
group was subjected to breast tumor induction with 4T1 cells, but was not treated with DCs vaccine and the tumor group treated with DCs
vaccine was subjected to breast tumor induction by 4T1 cells and treated with 3 doses of DCs vaccine. (A-C) IA MFI; and (D-F) MFI of
CD80; and (G-1) MFI of CD86 in the spleens, lymph nodes and the tumors of the experimental groups, respectively. [*statistically

significant values (P <0.0001) in the turkey test]
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analyzed. The co-stimulatory molecule CD86 had its
highest MFI in the analyzed tumors, where the tumor
group had a more significant presence when
compared to the treated tumor group, similar results
were found in the analyzed spleens and lymph nodes.

On transcription factors, our data demonstrated that
the highest MFI was found in the analyzed lymph
nodes. Comparing the tumor and tumor groups treated
with DCs vaccine in the lymph nodes, the
transcription factor that had the highest MFI was
RORyT in the tumor group followed by FOXP3,
T-bet, and GATAS. In the tumor group treated with
DCs vaccine, the largest MFI was in charge of the
T-bet, FOXP3 RORYT, and GATAS3, respectively Fig,
7. In the spleens analyzed, the largest MFI in the
tumor group was in charge of FOXP3, RORyT, T-
BET, and GATAS, respectively. In the tumor group
treated with DCs vaccine, the largest MFI was in
charge of FOXP3, T-BET, RORyT, and GATA3,
respectively. In the analyzed tumors, we observed the
same pattern both in the tumor group and in the tumor
group treated with DCs vaccine, where the largest
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Fig. 6 — Satellite graph showing the relationship in the
distribution of the mean fluorescence intensity (MFI) between 3
organs analyzed, spleen, lymph node and tumor. CD4" and CD8+
marking. The spleen, lymph node and tumor of animals from the
tumor group and the tumor group treated with DCs were removed,
mechanically grounded, placed in suspension and analyzed by
flow cytometry technique.

MFTI was in charge of RORyT, FOXP3, T-BET, and
GATAS respectively Fig, 7.

Discussion

The effectiveness of the various immunotherapies
in combating tumor development is known. Several
works in the literature demonstrate its effectiveness.
Coca et al.'® have reported the development of
colorectal tumors with dimethylhydrazine in Wistar
rats induced and treated with intraperitoneal injections
of IL-12 and this cytokine in combination with 1L-2.
It was found that combined treatment was more
effective when compared to IL-12 injections only. It
has suggested that the efficacy of immunotherapies is
related to the development of tumors, but to
understand how immunotherapy with DCs influences
this decrease in tumor volume, other experiments
were carried out. It is known that CD4+ T cells after
maturation migrate to lymphoid organs to end the
process and exercise its effector function'’. We can
relate this function to the more significant presence of
CD4 + T cells in the lymph nodes both in the tumor
group and in the tumor group treated with DCs
immunotherapy since we know that the first place
where the dendritic cells migrate to exercise their
effector function and end their maturation process is
the lymph nodes®. After the activation of CD4+
T cells, its effector function is the production of
cytokines to help in the combat or tumor
development®®.

In our study, the presence of CD4+ T cells in the
tumors had no difference when compared to the tumor
group to the tumor group treated with DCs
immunotherapy. However, the profile of cytokine
production and transcription factors showed a
difference. It is known that lymphoid organs have the
function of ending the maturation process of T cells
and that in the same CD4 T cells, they perform their
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Fig. 7 — Representative line graph showing the transcription factors with the highest mean fluorescence intensity (MFI) in the spleens,
lymph nodes and tumors analyzed from the tumor and tumor groups treated with DCs vaccine. Spleen, lymph node and tumor of animals
from the tumor group and the tumor group treated with DCs were removed, mechanically grounded, placed in suspension and analyzed

by flow cytometry technique.
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effector function'®. Our results showed that among the
three organs analyzed, the most significant amount of
CD4 T lymphocytes was in charge of the lymph nodes
both in the tumor group and in the treated tumor
group, confirming that in the lymph nodes, as a
lymphoid organ, the activation, maturation and
effector function of the lymphocytes occurs. The
density of lymphoid organs is associated with a more
significant presence of lymphocytes of the Thl
profile’’, our results showed that there is an attempt
by the immune system to fight the tumor since there is
a higher production of cytokines than profile Thl as
IL-12 and IFN-y in the lymph nodes of the tumor
group and tumor treated with DCs.

However, some indications circulating T lympho-
cytes with a Treg profile induced by the tumor
environment can induce a change in the class of cells
that are not in the lymphoid organs®, our results
indicate the significant presence of lymphocytes with
a regulatory profile. By the significant presence of
IL-10 and FOXP3 in the lymphoid organs, both in the
spleen and in the lymph nodes, as well as the high
presence of the transcription factor of the Th1 profile,
T-bet in the lymph nodes, showing that there
is a balance between the attempt of the immune
response to tumor and the influence of the tumor
environment.

It is known that CD8+ T cells are responsible for
destroying tumor cells releasing their granular
content, and it is also known that the density of these
cells present in the tumor in immunotherapy is related
to a better prognosis®’. Our results showed a lower
mean fluorescence intensity of CD8+ T cells in the
spleen and lymph nodes in all groups when compared
to the tumor. In the tumor, the tumor group treated
with DCs immunotherapy showed a higher mean
intensity of CD8+ T cell fluorescence when compared
to the tumor group. As previously mentioned, several
studies demonstrate that a more significant infiltration
of CD8+ T cells is associated with a better
prognosis®® a result that goes in agreement with
results obtained when analyzing the tumor volume.
The presence of a CD8 T lymphocyte tumor infiltrate
gives the patient a good prognosis concerning cancer
treatment, since the lymphocytes have the function of
destroying cells that present the antigens to which
they were presented in the lymphoid organs®. Our
results demonstrate that there is a large amount of
tumor infiltrate both in the tumor group and in the
treated tumor group.

What should be analyzed is under what influence
these CD8 T lymphocytes are activated, there is
evidence that there are cells in the CD8 T lymphocyte
tumor infiltrate that also express FOXP3 and have the
ability to suppress the function of other lymphocytes
such as IFN-y production by CD4 T lymphocytes®.
Our results demonstrate that among the 3 organs
analyzed, the highest MFI of T-bet is in the lymph
nodes, and when compared to the transcription factors
of the CD4 T lymphocyte profiles, the largest MFI in
the lymph nodes is T-bet followed by FOXP3 in the
treated tumor group. With DCs and then in the tumor
group without treatment.

The coexpression of T-bet and FOXP3 is related to
the development of tumor volume. This cell initially
expresses T-bet can start to express the only FOXP3
at a specific moment of the immune response to the
tumor, or even express the two transcription factors
when the cells express the two transcription factors
the tendency is to develop an immunosuppressive
profile’>. The prognosis for patients who express
FOXP3 in tumor infiltrates in several is not
favorable?®.

Naive CD4 T cells can present after activating one
of the four known T cell subtypes: Thl, Th2, Th17 or
Treg. It is known that the Thl profile is present in
responses to intracellular pathogens, and its main
transcription factor is the T-bet and among its
signature cytokines IFN-y and IL-12°. The profile of
Th2 cells is present in immune responses against
parasites and allergens, and this profile has GATA3 as
its main transcription factor and as IL-4 signature
cytokines®. Th17 profile cells are present in
inflammatory responses, and their main transcription
factor is RORyt and the central signature
cytokines IL-17, TNF-o. and IL-23. Finally, the
immunosuppressive cell profile, also called Treg, has
FOXP3 as its main transcription factor and TGF-$
and IL-10 as the central signature cytokines®®. Our
results also demonstrate that there are large amounts
in the lymph nodes of the tumor group treated with
DCs of the transcription factors of the profiles Thl
and Thl7, T-bet and RORyt, respectively, as well as
their signature cytokines IL-12, IFN-y, IL-17 and
TNF antitumor immune response with the Thil7
profile is beneficial for the patient, but if the Th17
response extends the Thl7 profile can further
accelerate tumor development as well as all adverse
developments induced by the disease, such for
example, cachexia induced by high TNF-o*" 2.
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Similar results are described in the literature, in a
study published in 2016, a higher level of gene
expression of GATA3 was found when compared to
T-bet in low and medium grade bladder cancer®.
FOXP3, the main transcription factor of regulatory
CD4+ T cells, has a higher mean intensity of
fluorescence in the lymph nodes when compared to
the spleen and tumor™.

The presence of CD4+ T cells producing 1L-17,
one of the critical cytokines of the Th17 pattern, was
more significant in the analyzed lymph nodes when
compared to the spleen and tumor. In the lymph
nodes, the highest mean intensity of IL-17
fluorescence was in charge of the tumor group treated
with DCs immunotherapy, whereas in the tumors and
spleens analyzed, the highest mean intensity of IL-17
fluorescence was in charge of the tumor group. There
is a correlation with the profile of Th17 cells and their
cytokines with the production of TNF-o, as
demonstrated by Lin et al.*, where the treatment of
patients with an antibody against Thl7 cells
(adalimumab) reduced the presence of TNF-o in the
serum of these patients.

Myeloid DCs are the primary antigen-presenting
cells, and among its main markers, we can mention
the integrin CD11c®, among other co-stimulatory
molecules. During activation of the specific immune
response to combat a particular antigen, activation
and signaling of three signals must occur. The first
being the link between MHC to the T cell receptor
(TCR), the second the interaction of co-stimulatory
molecules such as CD80 (B7.1), CD86 (B7.2) of the
CD with the CD28 or CD152 (CD152) of the
lymphocytes and finally, the production of cytokines
that enhance or inhibit the immune response®. In the
absence of the co-stimulatory molecules CD80 and
CD86, although there is the first signal from the MHC
binding to the T cell receptor, there is no progression
in the activation of the immune system®. Our results
showed a higher MFI of the co-stimulatory molecule
CD80 in the spleens, lymph nodes, and tumors of the
tumor group treated with DCs and CD86 in the
spleens, lymph nodes and tumors of the tumor group.
This inversion in the CD80 and CD86 values can be
explained by the works published earlier where it was
verified that in DCs at rest the presence of CD80% is
slightly higher when compared to the presence of
CD86%. CD80 and CD86 are known to correlate with
better prognosis in some types of cancer®®. The
importance of CD80 and CD86 in the induction of

essential cytokines for the immune response, such as
IFN-y, is also noteworthy™.

For both the CD11c+ cell population, cytokine
production was verified of these cells present in the
spleens, lymph nodes and tumors. Regarding the
cytokines that work together with the profile of Thi,
IL-12, and IFN-y cells, we noticed that both in the
spleen and in the lymph nodes, there is a higher
average intensity of fluorescence in the tumor group
treated with DCs immunotherapy when compared to
the tumor group.

In the analyzed tumors, we noticed that the average
fluorescence intensity of IL-12 is higher in the tumor
group compared to the treated tumor group, the
average fluorescence intensity of IFN-y is slightly
higher in the tumor group treated with dendritic cell
immunotherapies when compared to the tumor group.
As cited by Galina et al. in a review published in
2013, the cytokines produced in the tumor
microenvironment can polarize the DCs to a protumor
profile as well*.

We note that there is a balance between the profile
of pro-tumor cells and those that aim to combat tumor
development. Even so, we realized that DCs
immunotherapy effectively activates the immune
system, but the tumor environment unbalances this
response, inducing the transformation of different
activated cells into cells of an immunosuppressive
profile. It is necessary to understand the dynamics of
the immune response to tumors and to verify when
this change occurs so that there is an effective
intervention.

Conclusion

The observations from the above study suggest that
the dendritic cell vaccine is effective in combating
tumor development because the treated group has less
tumor volume. It is indicated by the increase in
infiltration of cytotoxic T lymphocytes in the tumors
of the treated group. We can also infer that in the
treated tumor group there is a greater activation of
lymphocytes of the Thl profile in the lymph nodes,
which are essential in combating tumor development
by increasing the signature cytokine of this profile,
IL-12. Another factor by which we can affirm that
immunotherapy of dendritic cells is effective in
combating tumor development is the smaller tumor
volume present in the treated tumor group when
compared to the untreated tumor group. With regard
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to combating tumor development, the role of
lymphocytes of the Th17 profile should be further
investigated, as well as of the cytokines of this
profile.
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