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Summary

Objective: To evaluate Tpc expression by flow cytometry for surface markers (CD4, CD8 and CD86), transcription factors (Tbet,
Foxp3, Gata3 and Ror~t), and cytokines (IFN-vy, TNF-a, IL-10, IL-12 and IL-17) in spleen, liver, lymph node, bone marrow and tumor
of 4T1 induced and healthy mice. Results: T pc are more frequent in lymph nodes in the control and tumor groups, compared to the other
environments studied (p < 0.0001). When we compare the expression of surface markers between control and 4T1 induced groupswe
noted decreased CD4 Tp¢ expression in liver (p = 0.0001), and the same with CD8 T p¢ expression in spleen (p = 0.0012) and liver (p
=0.0028), as well as the expression of CD86 Tpcin spleen and liver (p = 0.0337), in the 4T1-induced tumor group. When comparing
transcription factors, there was a decrease Tpc Tbet and Tpc Foxp3 in spleen and liver (p = 0.0001); and the same with Tpc Gata3
in liver (p = 0.0028), and increase in Tpc Roryt in bone marrow in the tumor group (p < 0.0001). Regarding cytokines, we found
decreased IFN-y Tp¢ in spleen (p < 0.0001) and bone marrow (p = 0.0002), and the same with TNF-a Tpc¢ in spleen and liver (p <
0.0001), as well as the expression of IL-10 Tpc in spleen (p < 0.0001), liver (p < 0.0001) and bone marrow (p < 0,001), of IL-12
Tpc in spleen and bone marrow (p < 0,001), and IL-17 Tpc in spleen and liver (p < 0,001) in the 4T1-induced tumor group in all
comparisons.Phenotypic changes may be driven by the tissue microenvironment in the presence of the tumor. Directions are needed to
understand the functionality associated with possible antitumor immunotherapy.
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Introduction These cells have similar characteristics in their origin and
development to conventional DCs and T cells, being called
Tpcecells. In addition, they are self-sufficient for antigen
presentation and, when stimulated with lipopolysaccharides
(LPS), are capable of producing IL-12 cytokine and exhibit-
ing cytotoxic gene expression [1].

Tpe cells represent a rare and newly discovered subset
of hematopoietic cells [1]. Phenotypic characteristics refer
to the nomenclature of this cell type, as they have the T-cell
receptor (TCR«3) marker as well as conventional dendritic
cells (CD11c and MHC 1I) [2].

T lymphocytes, functionally important for the immune
system, have in their structure the TCR receptor, consist-
ing of an alpha and beta chain or a gamma and delta chain.
This receptor recognizes major histocompatibility complex
(CHP) molecules present in almost all nucleated cells, thus
enabling T cell activation leading to a multitude of immune
responses [3].

Understanding and exploring the phenotypic character-
istics of Tpe cells regarding the expression of surface
markers, transcription factors and cytokines in the spleen,
liver, lymph node, bone marrow and tumor in healthy con-
ditions and in the presence of tumor cells in mice is of ut-
most importance.

However, few studies directed to this characterization
have been performed. Thus, the objectives of the present
study were to verify the frequency of T p¢ cell expression
in the tissues of the 4T1 cell-induced control and tumor
groups, as well as to compare such cell frequency between
the tissues of both groups, by evaluating the phenotypic

DCs constitute about 1% of mononuclear leukocytes  characteristics of related T p¢ cells. surface markers (CD4,
present in peripheral blood, and their localization in other CDS8 and CD86), transcription factors (Tbet, Foxp3, Gata3

CDllc and MHC II surface markers are expressed by
dendritic cells (DCs), ie professional antigen presenting
cells, derived from pluripotent hematopoietic progenitors
in the bone marrow [4-5].

tissues provides the function of immune system sentinels, and Rort), and cytokine expression (INF-v, TNF-a, IL-10,

continuously monitoring antigens [6]. IL-12 and IL-17) in spleens, livers, sentinel lymph nodes,
In healthy mice 7% of splenic DCs express the TCRa3 bone marrow and tumors obtained from healthy mice and

receptor, a different characteristic from conventional DCs. 4T1-induced breast cancer.
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Table 1. — Antibody reagentes for flow cytometry

Reagent Supplier Cat. No/lot no. Isotype Clone
FITC-anti-mouse TCRS BD Biosciences 553170 Hamster 1gG2 H57-597
PE-Cy 5-anti-mouse CD4 BD Biosciences 553050 Rat (DA) IgG2a, RM4-5
PerCP-Cy 5.5-anti-mouse CD8a BD Biosciences 551162 Rat (LOU) IgG2a, x 53-6.7
APC-anti-mouse CD11c BD Biosciences 550261 Hamster I1gG1, A2 HL3
APC-anti-mouse CD86 BD Biosciences 553768 Rat (LOU) IgG2a, k GL1
PE-anti-mouse MHC Class II (I-A) BD Biosciences 553548 Mouse (SJL) IgG2b, MAS-32.1
ALEXA FLUOR®488-anti-mouse Tbet BD Biosciences 561266 Mouse IgG1, 04-46
ALEXA FLUOR®488-anti-mouse Foxp3  BD Biosciences 560407 Rat IgG2b MF23
PE-anti-mouse Gata3 BD Biosciences 560074 Mouse (BALB/c) IgG1, « L50-823
PE-anti-mouse Roryt BD Biosciences 562607 Mouse IgG2a, Q31-378
FITC-anti-mouse IFN-y BD Biosciences 554411 Rat IgG1, XMG1.2
PE-anti-mouse TNF-« BD Biosciences 554419 Rat IgG1 MP6-XT22
FITC-anti-mouse 1L-10 BD Biosciences 554466 Rat IgG2b JES5-16E3
PE-anti-mouse 1L-12 BD Biosciences 554479 Rat IgG1 Cl15.6

Materials and Methods

Animals and experimental groups

For this study, 30 8-week-old female Balb/c mice were
obtained from the Oncology Research Institute (IPON) of
the Federal University of Tridngulo Mineiro in Uberaba,
Minas Gerais. The animals were divided into two groups:
control (n = 15), without tumor cell inoculation, and 4T1-
induced tumor group (n = 15), which were inoculated with
breast cancer tumor cells of the 4T1 cell line. During the ex-
perimental phase, mice were kept in plastic cages undera 12
h light / dark cycle at 21 £ 3 °C, with food and water avail-
able ad libitum. After 28 days they were euthanized by an
overdose of 50mg/kg ketamine and 15mg/kg xylazine. This
study was approved by the Animal Use Ethics Committee
(CEUA) of the Federal University of Tridngulo Mineiro,
under number 317.

Tumor induction

The 4T1 cells were cultured in RPMI medium in a hu-
midified greenhouse (Water Jacket Incubator 3110, Thermo
Fisher Scientific, Marietta, OH) at 37 °C and 5% COs. For
tumor induction, cells were washed with 0.9% saline and
centrifuged at 290 xg at 4 °C for 10 minutes. Subsequently,
when removing the supernatant, the cells were counted and
2 x 10 cells were injected into the left mammary gland of
the last pair of breasts of the 4T1 mouse group (Figure 1).

Tpc cell characterization

Tpe cells were characterized according to immunophe-
notypic analysis by flow cytometry, performed by Kuka et
al. (2012) by simultaneous expression of TCRa3 (T lym-
phocyte receptor), CD11c¢ (adhesion molecule) and MHC 11
(Molecule Histocompatibility Complex) [1].

To characterize Tpc cells in different tissues, we per-
formed the phenotypic analysis with surface markers with
the same methodology as the authors cited above, that
is, using the same gate strategy, revealing differences be-
tween the control and 4T 1-induced tumor groups. Surface
molecules represented by CD4 (helper T lymphocytes),

CD8 (cytotoxic T lymphocytes) and CD86/B7-2 (costimu-
latory molecules) were analyzed, as were helper T lympho-
cytes, transcription factors (Tbet, Gata3, Roryt and Foxp3)
and cytokine expression (INF-v, TNF-a, IL-10, IL-12 and
IL-17).

Flow cytometry

After 28 days of the experimental period, the 4T1-
induced Control and Tumor mice were euthanized and the
spleens, livers, sentinel lymph nodes and tumors were re-
moved and subjected to a mechanical rupture process to
obtain suspended cells. Bone marrow cells were extracted
from the femur and tibia of the mice of the studied groups as
well. The suspended cells were homogenized and washed
with 0.9% saline and centrifuged at 290xg for 10 minutes
at 4 °C. The supernatant was collected and the cell pellet
counted and distributed at 1 x 10° cells in each cytometry
tube.

The obtained tissue cells were incubated for 30 minutes
at 4 °C in the dark with extracellular monoclonal antibodies
listed in Table 1. They were then washed with PBS (phos-
phate buffered saline) in order to remove unattached anti-
bodies. After this procedure, cells in the tubes that would
receive the intracellular labeling were permeabilized, fixed
and incubated for 20 min with permeabilizing solution (BD
Cytofix / CytopermTM) and then washed with buffered so-
lution (BD Perm / WashTM Buffer) and intracellularly la-
beled.

For intracellular labeling we used monoclonal antibod-
ies (Table 1) for transcription factors and cytokines, which
were incubated for 30 min according to the pre-established
protocol and then washed with Perm/Wash Buffer solution
(BD Perm / Wash ™) to remove excess antibodies. Subse-
quently, they were resuspended in 50 L of PBS for reading
using a BD FACSCalibur”™™ cytometer.

The collected data were analyzed and the average fluo-
rescence intensities were determined by Flowing Software.

The gating strategy used was primarily size and gran-
ularity delimitation (FSCxSSC). In lymphocytes, positive
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Statistical analysis
For statistical data analysis we used the GraphPad Prism o
6.0 software (GraphPad Software). The Mann-Whitney test -
A Control 4T1 tumor induced

was used to compare the 4T1-induced tumor and control
groups and the Kruskal-Wallis and Dunn’s post hoc tests  gjgure 2. — Expression of Tpccells in tissues of control and

to compare TDC cell expression in tissue microenviron-
ments: spleens, livers, sentinel lymph nodes, bone marrow
and tumors. Results were expressed as medians (minimum
and maximum values). Differences were considered statis-
tically significant when p was less than 5% (p < 0.05)

Results

Toc cells predominate in healthy and tumor-induced 4T1 mouse
lymph nodes

The representative cytometric cell flow pro-
file revealed a predominant Tpe cell infiltrate
(TCRaB+TCD11¢™MHCII™) in the lymph nodes (Figure
2) of healthy mice (control) and 4T1 cell-induced breast
cancer animals.

The frequency of rpc cells was significantly higher in
the sentinel lymph nodes of the control group 70.05 (52.78-
87.32) and 4T 1-induced tumor group 67.02 (67.02 - 97.88)
(p < 0.0001) compared to the other environments studied:
lymph node versus spleen (*p < 0.05), lymph node ver-
sus liver (**p < 0.001), lymph node versus bone marrow
(***p < 0.0001) of the control group; and lymph node
versus spleen (*p < 0.05), lymph node versus liver (***p
< 0.0001), lymph node versus bone marrow (*p < 0.05),
lymph nodes versus tumor (**p < 0.0001) of the 4T1-
induced tumor group.

The tissue microenvironment determines the immunosuppressive
phenotype of Tpc cells in the 4T1 cell-induced tumor group.

We evaluated surface markers (CD4, CD8 and CD86)
and found in healthy mice (control group) increased ex-
pression of the CD4 molecule (helper T lymphocytes) in

4T1 tumor induced. (a) Representative graphs of two indepen-
dent experiments (n = 15) of flow cytometric analyses to identify
TCRaBT CD11ct MHC 1T Tpes cells in spleen, liver, lymph
node, bone marrow and tumor of control and 4T1 tumor induced.
(b) Percentual TCRCMﬁ+ CDllet MHCIIT Tpes cells in spleen,
liver, lymph node, bone marrow and tumor of control and 4T1 tu-
mor induced. The results were analyzed by Kruskal-Wallis and
Dunn’s post hoc tests to compare the percentage of Tpcs cells in
organs (represent by median with range). Differences were con-
sidered statistically significant at p < 0.05 (5%). *p < 0.05; **p
< 0.001; ***p < 0.0001.

Tpe cells in the liver compared to the other organs ana-
lyzed with median of 1662 (1551-1662) (p = 0.0001) (Fig-
ure 3a). When looking at the 4T 1-induced Tumor group, we
noted that the tumor has the highest CD4+ T expression
in tumor, with median of 2621 (1243 - 4962) (p = 0.0001)
(Figure 3a). When comparing groups, we observed in the
4T1-induced tumor group there was a significant decrease
in CD4™" Tpc compared to the control group with median
of 1662 (1551 - 1662) (p = 0.0001) in the livers of the mice
studied (Figure 3a).

Liver-resident T p¢ express significantly high levels of
the CD8" marker in the control group, with median of 3593
(2372 -3593) (p=0.0089) (Figures 3b). In the 4T1-Induced
Tumor group we found high CD8* Tp¢ in lymph node,
with median of 2911 (1181 - 4342), but reduced in bone
marrow 488.5 (488.5 - 2678) (p < 0.0001) (Figures 3b).
Comparing the control and 4T 1-induced tumor groups, we
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Figure 3. — The tissue microenvironment determines the T pc cells phenotype positive for CD4, CD8 and CD86 control mice and 4T1
tumor induced. (a, b)Flow cytometric analyses to identify Tpcs CD4T, CD8* and CD86™ cells in spleen, liver, lymph node, bone
marrow and tumor of control and 4T1 tumor induced. Representative graphs of two independent experiments, n = 15 each (median with
range). (c) Mean fluorescence intensity of Tpc CD4™ cells in spleen, liver, lymph node, bone marrow and tumor of control mice and
4T1 tumor induced. (d) Mean fluorescence intensity of TpcCD8™ cells in spleen, liver, lymph node, bone marrow and tumor of control
mice and 4T1 tumor induced. (e) Mean fluorescence intensity of T pcCD86 " cells in spleen, liver, lymph node, bone marrow and tumor
of control mice and 4T1 tumor induced. The results were analyzed by and Kruskal-Wallis and Dunn’s post hoc tests to compare the mean
fluorescence instensity of T pcs cells in organs statistical differences represented by solid line) and Mann-Whitney test to compare control
and 4T1 tumor induced groups (statistical differences represented by dashed line). Differences were considered statistically significant
at p < 0.05 (5%). *p < 0.05; **p < 0.001; ***p < 0.0001. BM: Bone Marrow, LN: Limp node, LV: Liver, MFI: Mean fluorescence
intensity, T: Tumor.

noted low levels of CD8' T cells in spleen, with median
of 764.7 (485.8 - 1467) and liver with 2078 (2078-2602) (p
=0.0012 and p = 0.0028, respectively) in the 4T 1-induced
tumor group. compared to the control group (Figure 3b).

In the analysis of the organs studied, we observed that
in the control group, the spleen showed higher expression
of CD86™, with median of 3997 (1550-7700) Tp¢ cells (p
< 0.0001) and bone marrow showed lower expression of
these cells, with 398.0 (398.0 - 829.9) (p < 0.0001) (Fig-
ures 3c). In the 4T1-induced Tumor group we found higher
CD86™ Tpc expression in tumor, with median of 3395
(1757-3604) (p = 0.0021) (Figure 3c). By analyzing the

relationship of CD86™ T p¢ cells between control and 4T1-
induced Tumor we identified low levels in spleen, with me-
dian of 3997 (1550-7700) and liver with 2742 (2197-2742)
of'the 4T 1-induced tumor group (p=0.0012 and p=0.0337,
respectively) (Figure 3c¢).

Different tissue microenvironments induce the positivity of
transcription factors in Tpc cells

We investigated Tbet expression levels in Tpc cells in
the various tissues studied (spleen, liver, lymph node, bone
marrow and tumor). We observed that in the control group
high levels of TpcTbet™ levels were found in the sentinel
lymph nodes, with a median of 6425 (6153 - 6697) (p <
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Figure 4. — Different tissue microenvironments induce positivity of transcription factors in Tpc cells Tbet™, Foxp3™, Gata3™ and

Roryt™ cells in control and 4T1 tumor induced mice. Flow cytometric analyses to identify Tpc Tbet™, Foxp3™, Gata3™ and Roryt™ cells
in spleen, liver, lymph node, bone marrow and tumor of control and 4T1 tumor induced mice. Representative graphs of two independent
experiments, n = 15 each. (a, b, ¢ and d). Graphs represent mean fluorescence intensity data from two independent experiments,
n = 15 each (median with range); (¢) Representation by heat map about mean fluorescence intensity of Tbet™, Foxp3™, Gata3*and
Roryt™ Tpes, respectively cells in spleen, liver, lymph node, bone marrow and tumor of control and 4T1 tumor induced mice. The
results were analyzed by Kruskal-Wallis and Dunn’s post hoc tests to (statistical differences represented by solid line) compare the mean
fluorescence instensity of Tpcs cells in organs in A, B, C.and D. The Mann-Whitney test to compare control and 4T1 tumor induced
mice groups in A, B and C (statistical differences represented by dashed line). Differences were considered statistically significant atp <
0.05 (5%). *p < 0.05; **p < 0.001; ***p < 0.0001. BM: Bone Marrow, LN: Limp node, LV: Liver, MFI: Mean fluorescence intensity,
T: Tumor.

0.0001), while in the 4T1-induced tumor group, we found
greater expression of this transcription factor in liver, with

showed higher expression in the sentinel lymph nodes of
the control group, with a median of 5404 (4371 - 6436) (p

a median of 5338 (4804 - 5338) (p < 0.0001). Compar-
ing control and 4T1-induced tumor groups, we found that
the presence of Tpc Tbett in 4T1-induced breast cancer
animals were decreased in spleen, with a median of 1427
(704.1-1517) (p < 0.0001) and liver with a median of 5338
(4804 - 5338) (p = 0.0001) compared to the control group
(Figure 4a).

Analyzing the organs, we found that the presence of
Tpe cells positive for the transcription factor Foxp3,

< 0.0001) and also of the 4T1 induced tumor group, with
a median of 5165 (5165 - 7473) (p < 0.0001). Evaluat-
ing between the 4T 1-induced tumor and control groups, we
noted a decrease in Foxp3+ Tp¢ in the 4T 1-induced tumor
group in spleen, with a median of 1016 (962.9 - 2265) (p <
0.0001) and in liver with a median of 5133 (5133 - 6077)
(p=0.0337) (Figure 4b).

Gata3™ Tpccells showed significantly higher levels in
the liver of the control mice, with a median of 5788 (4700-
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Figure 5. — Increased proinflammatory cytokine levels in Tpos IFN-y, TNF-c, IL-10T, IL-127 and IL-17" from different tissue
microenvironments from control and 4T1 tumor induced mice.Flow cytometric analyses to identify Tpcs IFN-y+, TNF-, IL-10T,
IL-12% and IL-177 cells in spleen, liver, lymph node, bone marrow and tumor of control and 4T1 tumor induced mice. Representative
graphs of two independent experiments, n = 15 each. (a, b, ¢, d, e, f, g, h, i and j) mean fluorescence intensity of Tpcs IFN-y+, TNF-q,
IL-10", IL-127F and IL-17", respectively cells in spleen, liver, lymph node, bone marrow and control group 4T1 tumor induced mice.

Graphs represent Mean fluorescence intensity data from two independent experiments, n = 15 each (median with range). The results were
analyzed by Kruskal-Wallis and Dunn’s post hoc tests to (statistical differences represented by solid line) compare the mean fluorescence
instensity of T pcs cells in organs and Mann-Whitney test to compare control and 4T1 tumor induced mice groups (statistical differences
represented by dashed line). Differences were considered statistically significant at p < 0.05 (5%). *p < 0.05; **p < 0.001; ***p <
0.0001. BM: Bone Marrow, LN: Limp node, LV: Liver, MFI: Mean fluorescence intensity, T: Tumor.

5788) (p <0.0001) and the 4T1-induced tumor group, with
a median of 3346 (3346 - 5101) (p <0.0001), compared to
the spleen, lymph node, boné marrow and tumor. However,
comparing the control group with the 4T 1-induced tumor
group we found a lower expression of these cells in the liver
of the 4T1-induced tumor group, with a median of 3346
(3346 - 5101) compared to the 5788 (4700- 5788) control
group (p = 0, 0028) (Figure 4c).

Comparing organs, we found in the lymph node of the
control group a higher level of Tpcexpression Roryt™,
with a median of 5589 (1373 - 9805) (p=0.0010) and in the
group of mice induced by 4T1, the tumor has a higher ex-
pression, with a median of 3340 (3223 - 3722) (p < 0.0001)
(Figure 4d).

Increased levels of proinflammatory cytokines in TDCs from
different tissue microenvironments

The positive IFN-vy antiinflammatory cytokine in Tp¢
was higher in the liver tissue microenvironment of con-
trol mice, with a median of 7010 (7010 - 7293), data also
found in the 4T-induced tumor group, with a median of 7590

(6335-7590) (p < 0.0001). In the comparison between the
two groups studied, we found that in the 4T1-induced tu-
mor group, the expression of IFN-y™ T p¢ significantly de-
creased in the spleen, with a median of 1554 (705.3 - 1885)
(p < 0.0001) and bone marrow, 733.1 (733.1 - 1307) (p =
0.0002) (Figure Sa).

We evaluated the expression of cytokine IL-10in Tp¢ in
the tissues studied, and higher expression was found in the
control mouse liver with a median of 8777 (6999 - 8777) (p
< 0.0001) and in the 4T 1-induced tumor group lymph node
with 6791 (6791 - 8162) (p < 0.0001). The results found
showed that when tumor cells were involved, IL-10" Tpco
expression decreased significantly in spleen, with a median
of 1689 (914.3 - 2049) (p < 0.0001), 5219 (5219 - 5619)
(p < 0.0001) in liver, and and 894.0 (894.0 - 1712) (p =
0.0002) in bone marrow (Figure 5b).

The IL-12T Tpc evaluated were more evident in the
liver of both study groups, control the median was 6153
(6153 - 7415) (p = 0.0022) and 4T 1-induced tumor the me-
dian was 5300 (5300-7415) (p < 0.0001). Again, we note
that the presence of tumor cells induces a significant de-



Phenotypic differences of tecidual Tpc s obtained from breast cancer mice 695

crease in tumor cell expression, particularly in the spleen
with a median of 1841 (360.7-2728) and bone marrow with
a median of 791.0 (688.8 - 791.0) of 4T1-induced breast
cancer mice (p = 0.0002) (figure 5c).

Represented by Figure 5d, tumor necrosis factor (TNF-
a) expressed in Tpc was found to be highest in the liver
of both groups, with control with a median of 5303 (5303 -
5454) (p = 0.0001) and 4T1-induced tumor with a median
of 4494 (4494 - 5032), respectively. Findings observed in
the comparison between both groups, we found significant
decrease in TNF-a™ T pclevels in spleen, with a median of
1655 (403.8 —2673) and bone marrow 819.2 (819.2 - 1521)
(p < 0.0001).

We also analyzed the expression of IL-17 + Tpe and
observed elevated levels in the liver of the control group,
with a median of 4793 (4783 - 5717) mice (p = 0.0026)
and the 4T1-induced tumor lymph node with a median of
4776 (1590 - 4776) (p < 0.0001). We found that in the
presence of tumor cells this immunosuppressive cytokine
was decreased in the spleen, with a median of 578.5 (326.3
- 873.8) (p <0.0001) and liver cancer-induced mice with
1200 (1200 - 1988) (p = 0.0001) (Figure 5e).

Discussion

Kuka et al. (2012), pioneers in the discovery and char-
acterization of Tp¢ cells, reported that approximately 7%
of mouse DCs expressed on their surface the TCR af re-
ceptor, with 0.04% present in the spleen, a differentiated
characteristic related to conventional a8 T cells [1].

Recent studies have shown that some subpopulations
of macrophages have the expression combinatorial recep-
tor TCRaf [7]. This immune receptor is present in
macrophages in autoimmune diseases [8], in diseases such
as atherosclerosis [9] and in the tumor microenvironment
playing an anti-inflammatory role [10]. A study carried
out with human neoplasms (colon cancer, esophageal can-
cer, liver carcinoma, melanoma) demonstrated that 40% of
macrophages express TCRa in the tumor microenviron-
ment and more than 30% in experimental breast cancer in-
duced in mice with adenocarcinoma cells breast [9].

In our studies, we used a 4T1 murine mammary ade-
nocarcinoma cell line. This experimental model is widely
used in the evaluation and better understanding of tumor
biology. It is a highly tumorigenic and invasive cell line,
that is, spontaneous metastases are observed in various or-
gans [11]. According to the literature, research uses this
line because it allows to evaluate the immune response to
malignant neoplasms effectively [11-15].

The mouse mammary carcinoma 4T 1 was originally iso-
lated as subpopulation 410.4 derived from a spontaneously
arising mammary tumour in BALB/c fC3H mice [16-17].
The 6-thioguanine-resistant 4T1 tumour metastasizes via
the haematogenous route to liver, lungs, bone and brain,
making it a good model of human metastatic breast can-
cer [18]. 4T1 grows progressively and causes a uniformly
lethal disease, even after excision of the primary tumour

[19].

According to the experimental design used, the parame-
ters related to the animals’ weight were not evaluated. The
mice used in our study were born, raised and fed under the
same conditions, according to international standards for
the management of experimental animals [20]. Thus, the
animals showed no obvious signs of obesity or malnutri-
tion. The time required for the study was not enough for
the malignancy to result in weight changes due to obesity
or cachexia.

In lymph nodes, this same characterization study found
that 0.06% of lymph node DCs had the TCR o3 marker [1] .
In view of this, this study verified the presence of these cells
in different tissue microenvironments such as the spleen,
liver, lymph node, bone marrow and tumor in healthy con-
ditions and in the presence of breast cancer in mice induced
by the 4T1 cell line.

Lymph nodes are frameworks that specialize in inter-
ception between innate and adaptive immunity. Profes-
sional antigen presenting cells (APCs) such as dendritic
cells (DCs) and lymphocytes are brought to this organ for
antigens [21]. Tp¢ are believed to perform the same mech-
anism [1].

As a result, we found that Tpc are present in larger
amounts in lymph nodes when studying the expression
of these cells in the other environments studied (p <
0.0001). Regarding the comparison between healthy and
breast cancer-induced mice, no significant differences were
observed related to the expression of these cells.

Taken together, these results suggest that T p¢ cells play
a previously unknown role in the presentation or recog-
nition of antigens on lymph nodes. In addition, we also
demonstrate that the presence of neoplastic cells has no in-
fluence on the frequency of Tp¢ cells.

Following the phenotypic characterization line of
Tpce in different tissue microenvironments, we analyzed
molecules that characterize helper T lymphocytes (CD4)
and cytotoxic T lymphocytes (CD8) and dendritic cells with
the presence of the B7-2 costimulatory molecule (CD86).

In healthy mice we found helper T p¢ (CD4" Tpe) and
cytotoxic Tpc (CD8T Tpe) cells in greater quantity in the
liver compared to the other organs (p < 0.0001). In contrast
to animals with breast cancer, these markers were more evi-
dent in the tumor and sentinel lymph nodes, so we can infer
from the regulatory cells, ie, suppressed by the tumor con-
ditions present there (p < 0.0001).

Our results corroborate the study by Rad et al. (2015)
which indicated that the ratio of helper and cytotoxic T
lymphocytes was somewhat different in peripheral blood,
tumor microenvironment and lymph nodes, resulting in
lymph node as tissue. with the largest amount of these lym-
phocytes followed by peripheral blood and tumor tissues
[6-22].

Another hypothesis would be that these cells may be in
a stage of lymphocyte or dendritic cell maturation, thus not
being able to migrate to the tumor microenvironment, thus



696 Polyana Barbosa Silva, Millena Prata Jammal, Marcia Antoniazi Michelin, Eddie Fernando Candido Murta

inferring the characterization of a greater presence of these
cells in the lymph node compartments. Studies with mouse
models and human samples have shown that metabolic dys-
regulation caused by hepatic tumor precursor non-alcoholic
fatty liver disease (DHGNA) causes selective loss of intra-
hepatic T-lymphocytes, but this change was not found with
regard to hepatic cytotoxic T lymphocytes in the presence
of tumor cells, which consequently accelerate the processes
of hepatocarcinogenesis [23].

The liver is considered an immunological organ formed
by a complex histological structure composed of 70% hepa-
tocytes, 16 to 22% intrahepatic lymphocytes and 30% non-
parenchymal cells [24] of which the hepatic macrophages
correspond 80 to 90% [24-25].

Recent studies have demonstrated the presence of sev-
eral types of lymphocytes residing in the liver. We find
in the microenvironment of this organ CD8 memory lym-
phocytes, invariant natural killer cells (iNKT), mucosa as-
sociated T cells (MAIT) and 4T cells, in addition to in-
nate lymphoid cells (ILCs) and NK that can remodel phe-
notypic and functional regulatory characteristics transcrip-
tional [25].

Functionally, these lymphocytes recognize a wide vari-
ety of harmful signals, playing the role of sentinels con-
tributing to immune surveillance in the face of infectious
and non-infectious responses in the liver [25].

Regarding Tpo cells positive for the B7-2 molecule
(Tpc CD86T), we observed the presence of significant
spleen in healthy mice and breast cancer-induced tumor (p
<0.0001) (p < 0,0001).

The CD86 costimulatory molecule is related to the B7/
CD28 family and the tumor necrosis factor (TNF) fam-
ily, which are involved in triggering the cell-mediated im-
mune response, and in later stages, by activating T-receptor-
bound T lymphocytes (TCR) [26]. Thus, the Tpc were
characterized and studied because they have a functional
TCR and are self-sufficient for antigen presentation. (1).
Our results indicate that the B7-2 molecule may be present
in splenic T p¢ and favor antigen presentation by Tpc. The
immune system cells present in the spleen include various
subsets of T cells, B and DCs, and other cell types [27].

Studies by Slits and colleagues (2016) analyzed sub-
sets of myeloid cell-derived suppressor cells (MDSC) in
the hepatic parenchyma of mice with hepatocellular carci-
noma, which may cause phenotypic changes in efficient de-
fensive cells called Kupffer cells, and found that these cells
expressed less CD86 and MHCII costimulatory molecule in
the livers of these mice [28].

In order to verify the Tpe cell profile, we evaluated
the transcription factors Tbet, Gata3, Roryt and Foxp3.
Changes in these transcription factors were found in TDCs
from different tissues in both groups.

Our results demonstrated that Tbet transcription factor in
TDCs is present more in lymph nodes of healthy mice and
liver of mice with breast cancer (p < 0.0001). Tbet is con-
sidered a chief regulator of Thl lymphocytes [29]. Kach-

ler and colleagues (2018) observed increased expression of
Tbet and Foxp3 transcription factors in pulmonary helper T
lymphocytes (TCD47) of lung cancer mice, accompanied
by increased production of TGF-3, immunosuppressive cy-
tokine [31]. In our study, we observed an increase in Foxp3
expression in Tpe in sentinel lymph nodes (p < 0.0001)
and a decrease in spleen and liver in mice with breast can-
cer (p < 0,0001).

In Gata3 Tp¢, we found a marked presence in the liver
(p < 0.0001) in both healthy and breast cancer mice. Gata3
transcription factor is a major determinant of Th2 lympho-
cyte polarization [31] and studies suggest that expression
of this marker in breast cancer is highly related to luminal
transcription of this cancer [32], in part because it causes an
inflammatory process and favors tumor growth [33].

Wei et al. (2017) reported that Gata3 expression was
negatively regulated in the presence of gastric cancer
mainly in humans, and was still associated with tumor size,
stage in which it was present and episodes of metastasis
[34]. In our study, we also identified a remarkable expres-
sion of Tpe Roryt cells in the tumors of mice with exper-
imental breast cancer (p < 0.0001), thus assuming that the
high levels of this transcription factor are related to a Th17
profile that can influence the tumor microenvironment in
its promotion and also regulate the activity of neighboring
stromal cells [35] . The results are similar to those observed
in the study by Wang et al. (2016), who reported in their
studies that the transcription factor Roryt was strongly ex-
pressed in human prostate cancer tumors [36].

With these results we can establish that the expression of
transcription factors in TDCs cells varies according to the
tissue in which they are found, and this variation can often
be due to the escape mechanism that tumor cells acquire for
an ineffective immune response. .

By evaluating the phenotypic and functional character-
istics of TDCs cells related to expression of INF-vy, TNF-
«, IL-10, IL-12 and IL-17 cytokines in tissues obtained
from healthy mice and 4T 1-induced breast cancer, we have
seen that IFN-vy expression in TDC cells was suppressed in
lymph nodes obtained from mice with experimental breast
cancer (p < 0,0001).

IFN-v cytokine plays an important role in immune re-
sponse to infectious agents and tumors [37]. Studies by
Tanner and colleagues (2016) have suggested that immune
system failures responsible for carcinogenesis may con-
tribute to tumor development and progression; furthermore,
mice with colorectal cancer demonstrated that helper T lym-
phocytes produced less IFN-y due to mutations caused by
tumor cells to immune cells [38].

We evaluated the expression of tumor necrosis factor al-
pha (TNF-«) in Tpe cells in the tissues studied and found
a higher amount of this cytokine in the liver of healthy and
breast cancer mice (p < 0,0001). TNF-« is a cytokine with
proinflammatory effect comprised in inflammatory circum-
stances [39], but also present in advanced tumors, respon-
sible for cachexia and even involved in escape mechanisms



Phenotypic differences of tecidual Tpc s obtained from breast cancer mice 697

[40]. Studies by Kastl et al. (2014) have shown that hep-
atocellular carcinoma (HCC) is enriched by high levels of
TNF-a responsible for NF-£B activation, favoring the mi-
gration of immune cells to the site [41].

We found that T p¢ cells constitute a cellular repertoire,
which is IL-10 producing, and in mice with experimen-
tal breast cancer, IL-10T T were reduced in all studied
organs, being more evident in sentinel lymph nodes (p <
0,0001).

Studies related to IL-10 cytokine have shown that many
cells have the ability to produce it, including immune sys-
tem cells such as monocytes/macrophages, dendritic cells,
B lymphocytes, regulatory T cells, CD4 T lymphocytes,
CD8 T and NK cells [42].

In addition to IL-12, we also studied the production of
IL-17 by Tp¢ in different tissue microenvironments. Our
results consisted of the decrease in IL-17T T ¢ cells in the
lymph node, spleen and liver obtained from mice with ex-
perimental breast cancer (p < 0.0001). IL-17 is a cytokine
produced by Th17 profile T helper cells which is associated
with down regulation of immune cells and tumor promotion
to various immune responses [43].

Studies of mice with cervical cancer by Yang et al.
(2016) showed that lymphocyte expression of this cytokine
may reduce the size of tumors in transplanted mice, and as-
sociation with tumor cells may increase lymphocytic infil-
tration into the tumor tissue microenvironment [44].

Overall, these data show that although there were dif-
ferences in tissue microenvironment, the phenotype of cy-
tokine expression in T p showed detectable differences in
the presence of tumor cells, thus inferring the action of the
tumor evasion mechanism provided by the presence of tu-
mor cells.

Among the limitations of this study, it should be men-
tioned that the methodology did not include performing cell
sorting or cDNA microarray analysis in order to provide a
better evaluation of gene expression of Tp¢ cells, which
would have allowed us to achieve more.

The main objectives have been elucidated, allowing a
further explanation of the importance and functionality of
these cells. This study is unprecedented in the analysis of
Tpe cells, with respect to the surface markers (CD4, CDS8
and CD86), transcription factors (Tbet, Foxp3, Gata3 and
Ror+t) and cytokine expression (INF-v, TNF-«, IL-10, IL-
12 and IL-17 in different mouse organs (spleen, liver, lymph
node, bone marrow and tumor) under the influence of breast
cancer tumor cells.

Conclusions

Tpe cells showed a decrease in several surface mark-
ers, transcription factors and cytokines in the studied tissue
microenvironments obtained from animals with 4T1 cell-
induced cancer. In the lymph nodes the presence of Tp¢
cells was quite evident, but it is in the liver that we found
that these cells can play an immunoactivating role, as evi-
denced by positive T lymphocyte markers characteristic of

the Th1 profile, by the expression of Tbet and also the pro-
duction of cytokines favorable to effective antitumor im-
mune response such as TNF-a, INF-v and IL-12.

Taken together, these results reveal that the tissue mi-
croenvironment provides strong indications for a pheno-
typic adequacy of Tpc, raising the question of whether
phenotypic alterations can be driven by the tissue microen-
vironment in the presence of the tumor and thus result in
functional differences in relation to the tumor expression of
these markers against an immune response.

Future research is needed to address crucial issues re-
lated to Tp¢ cell immaturity, which will certainly provide
additional information on the expression process and func-
tionality related to possible cancer immunotherapy.

Acknowledments

The authors would like to thank members of the lab for
theis contributions to the development. The authors were
supported by the CNPq (National Council for Scientific
and Technological Development — grant no. 30211/2015-
3), FUNEPU (Education Foundation and Uberaba Research
— grant no. 255/2012), CAPES (Higher Education Person-
nel Improvement Coordination) and FAPEMIG (Research
Support Foundation Minas Gerais state — grant no. Rede
11/14).

Conflict of Interest
The authors declare no conflicts of interest.

Submitted: November 21, 2019
Accepted: April 03, 2020
Published: October 15, 2020

References

[1] Kuka M, Munitic 1., Ashwell J.D.: “Identification and characteri-
zation of polyclonal af-T cells with dendritic cell properties”. Nat
Commun. 2012, 3, 1223.

[2] Kuka M., Ashwell J.D.: “A method for high purity sorting of rare
cell subsets applied to TDC”. J Immunol Methods. 2013, 400-401,
111.

[3] CruzM.S., Diamond A., Russell A., Jameson J.M.: “Human off and
v T Cells in Skin Immunity and Disease”. Front Immunol. 2018, 9,
1304.

[4] Banchereau J., Briere F., Caux C., Davoust J., Lebecque S., Liu Y-
J, et al.: “Immunobiology of Dendritic Cells”. Annual Review of
Immunology. 2000, 18, 767.

[5] Laydon D.J., Bangham C.R.M., Asquith B.: “Estimating T-cell
repertoire diversity: limitations of classical estimators and a new ap-
proach”. Philos Trans R Soc Lond B Biol Sci. 2015, 370,20140291.

[6] Joffre O., Nolte M.A., Sporri R., Sousa C.R.E.: “Inflammatory sig-
nals in dendritic cell activation and the induction of adaptive immu-
nity”. Immunological Reviews. 2009, 227, 234.

[71 Beham A.W., Puellmann K., Laird R., Fuchs T., Streich R., Breysach
C,, et al.: “A TNF-regulated recombinatorial macrophage immune
receptor implicated in granuloma formation in tuberculosis”. PLoS
Pathog. 2011, 7, €1002375.

[8] Fuchs T., Puellmann K., Schneider S., Kruth J., Schulze T.J., Neu-
maier M., et al.: “An autoimmune double attack”. The Lancet. 2012,
379, 1364.

[9] Fuchs T., Puellmann K., Emmert A., Fleig J., Oniga S., Laird R., et
al.: “The macrophage-TCRap is a cholesterol-responsive combina-
torial immune receptor and implicated in atherosclerosis”. Biochem-
ical and Biophysical Research Communications. 2015, 456, 59.



698

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Polyana Barbosa Silva, Millena Prata Jammal, Marcia Antoniazi Michelin, Eddie Fernando Candido Murta

Fuchs T., Hahn M., Riabov V., Yin S., Kzhyshkowska J., Busch S., et
al.: “A combinatorial aff T cell receptor expressed by macrophages
in the tumor microenvironment”. Immunobiology. 2017, 222, 39.
Garcia C.M.S., Aratjo M.R.D., Lopes M.T.P., Ferreira M.A.N.D.,
Cassali G.D.: “Morphological and immunophenotipical characteri-
zation of murine mammary carcinoma 4t1”. 2014, 7, 158.

Madera L., Greenshields A., Coombs M.R.P., Hoskin D.W.:
“4T1 Murine Mammary Carcinoma Cells Enhance Macrophage-
Mediated Innate Inflammatory Responses”. PLoS One. 2015, 10,
€0133385.

DuPré S.A., Redelman D., Hunter K.W.: “The mouse mammary
carcinoma 4T1: characterization of the cellular landscape of primary
tumours and metastatic tumour foci”. Int J Exp Pathol. 2007, 88,
351.

Lasso P., Llano Murcia M., Sandoval T.A., Urueiia C., Barreto
A., Fiorentino S.: “Breast Tumor Cells Highly Resistant to Drugs
Are Controlled Only by the Immune Response Induced in an Im-
munocompetent Mouse Model”. Integr Cancer Ther. 2019, 18,
1534735419848047.

Jovanovic 1., Radosavljevic G., Mitrovic M., Juranic V.L., McKen-
zie A.NJ., Arsenijevic N., ef al.: “ST2 deletion enhances innate
and acquired immunity to murine mammary carcinoma”. Eur J Im-
munol. 2011, 41, 1902.

Dexter D.L.J., Kowalski H.M., Blazar B.A., Fligiel Z., Heppner
G.H.H. “Heterogeneity of tumor cells from a single mouse mam-
mary tumor”. 1978, 38, 3174.

Heppner G.H., Dexter D.L., Denucci T., Miller F.R., Calabresi P.
“Heterogeneity in drug sensitivity among tumor cell subpopulations
of a single mammary tumor”. 1978, 38, 3758.

Heppner G.H., Miller F.R., Shekhar P.M.: “Nontransgenic models
of breast cancer”. Breast Cancer Res. 2000, 2, 331.

Morecki S., Yacovlev L., Slavin S.: “Effect of indomethacin on tu-
morigenicity and immunity induction in a murine model of mam-
mary carcinoma”. International Journal of Cancer. 1998, 75, 894.
Canadian Council on Animal Care (CCAC). CCAC guidelines
on: euthanasia of animals used in science [Internet]. 2017. 1-32
p. Available from: http://ccac.ca/Documents/Standards/Guidelines/
Euthanasia.pdf

Druzd D., Matveeva O., Ince L., Harrison U., He W., Schmal C., et
al.: “Lymphocyte Circadian Clocks Control Lymph Node Traffick-
ing and Adaptive Immune Responses”. Immunity. 2017, 46, 120.
Riazi Rad F., Ajdary S., Omranipour R., Alimohammadian M.H.,
Hassan Z.M.: “Comparative analysis of CD4+ and CD8+ T cells in
tumor tissues, lymph nodes and the peripheral blood from patients
with breast cancer”. Iran Biomed J. 2015, 19, 35.

Ma C., Kesarwala A.H., Eggert T., Medina-Echeverz J., Kleiner
D.E., Jin P, et al.: “NAFLD causes selective CD4(+) T lympho-
cyte loss and promotes hepatocarcinogenesis”. Nature. 2016, 531,
253.

Morsy M.A., Norman P.J., Mitry R., Rela M., Heaton N.D.,
Vaughan R.W.: “Isolation, purification and flow cytometric analysis
of human intrahepatic lymphocytes using an improved technique”.
Laboratory Investigation. 2005, 85, 285.

Wang Y., Zhang C.: “The Roles of Liver-Resident Lymphocytes in
Liver Diseases”. Front Immunol. 2019, 10, 1582.

Driessens G., Kline J., Gajewski T.F.: “Costimulatory and coin-
hibitory receptors in anti-tumor immunity”. Immunological reviews.
2009, 229, 126.

Mebius R.E., Kraal G.: “Structure and function of the spleen”. Na-
ture Reviews Immunology. 2005, 5, 606.

Lacotte S., Slits F., Orci L.A., Meyer J., Oldani G., Delaune V.,
et al.: “Impact of myeloid-derived suppressor cell on Kupffer cells

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

from mouse livers with hepatocellular carcinoma”. Oncoimmunol-
ogy. 2016, 5, €1234565.

Hertweck A., Evans C.M., Eskandarpour M., Lau J.C.H., Oleinika
K., Jackson L, et al.: “T-bet Activates Th1 Genes through Mediator
and the Super Elongation Complex”. Cell Rep. 2016, 15, 2756.
Kachler K., Holzinger C., Trufa D.I., Sirbu H., Finotto S.: “The
role of Foxp3 and Tbet co-expressing Treg cells in lung carcinoma”.
Oncoimmunology. 2018, 61, e1456612.

Samson S.I., Richard O., Tavian M., Ranson T., Vosshenrich C.A.J.,
Colucci F., et al.: “GATA-3 Promotes Maturation, IFN-y Produc-
tion, and Liver-Specific Homing of NK Cells”. Immunity. 2003, 19,
701.

Takaku M., Grimm S.A., Wade P.A.: “GATA3 in Breast Cancer:
Tumor Suppressor or Oncogene?”. Gene Expr. 2015, 16, 163.
Protti M.P., De Monte L.: “Cross-talk within the tumor microen-
vironment mediates Th2-type inflammation in pancreatic cancer”.
Oncoimmunology. 2012, 1, 89.

Wei S., Zhong L., Wang X., Zhang W.: “Low expression of GATA3
promotes cell proliferation and metastasis in gastric cancer”. Cancer
Manag Res. 2017, 9, 769.

Kargbo R.B.: “ROR(GMMA)T Modulating Activity for the Treat-
ment of Cancers”. ACS Med Chem Lett. 2018, 9, 590.

Wang J., Zou J.X., Xue X., Cai D., Zhang Y., Duan Z., et al.: “ROR-
v drives androgen receptor expression and represents a therapeu-
tic target in castration-resistant prostate cancer”. Nature Medicine.
2016, 5, 1.

Yang L., Wei Y., Sun Y., Shi W., Yang J., Zhu L., et al:
“Interferon-gamma Inhibits Melanogenesis and Induces Apoptosis
in Melanocytes: A Pivotal Role of CD8+ Cytotoxic T Lymphocytes
in Vitiligo”. Acta Dermato Venereologica. 2015, 95, 664.

Tanner S.M., Daft J.G., Hill S.A., Martin C.A., Lorenz R.G.: “Al-
tered T-Cell Balance in Lymphoid Organs of a Mouse Model of Col-
orectal Cancer”. J Histochem Cytochem. 2016, 64, 753.

Lebrec H., Ponce R., Preston B.D., Iles J., Born T.L., Hooper M.:
“Tumor necrosis factor, tumor necrosis factor inhibition, and cancer
risk”. Current Medical Research and Opinion. 2015, 31, 557.
Johannes C.M., Musser M.L.: “Anorexia and the Cancer Patient”.
Veterinary Clinics of North America: Small Animal Practice. 2019,
49, 837.

Kastl L., Sauer S.W., Ruppert T., Beissbarth T., Becker M.S., Siiss
D., et al.: “TNF-a mediates mitochondrial uncoupling and enhances
ROS-dependent cell migrationviaNF-kB activation in liver cells”.
FEBS Letters. 2013, 588, 175.

Mannino M.H., Zhu Z., Xiao H., Bai Q., Wakefield M.R., Fang Y.:
“The paradoxical role of IL-10 in immunity and cancer”. Cancer
Letters. 2015, 367, 103.

Taleb S., Tedgui A., Mallat Z.: “IL-17 and Th17 Cells in Atheroscle-
rosis”. Arteriosclerosis, Thrombosis, and Vascular Biology. 2015,
35,258.

Yang L., Liu H., Zhang L., Hu J., Chen H., Wang L., et al.: “Effect
of IL-17 in the development of colon cancer in mice”. Oncol Lett.
2016, 12, 4929.

Corresponding Author:

EDDIE FERNANDO CANDIDO MURTA Ph.D

The Oncology Research Institute (IPON)/Titular Pro-
fessor, Departament of Gynecology and Obstetrics,
(UFTM), Avenida Getulio Guarita, sn, CEP 38025-440,
District Abadia, Uberaba-MG (Brazil)

e-Mail: eddiemurta@mednet.com.br


http://ccac.ca/Documents/Standards/Guidelines/Euthanasia.pdf
http://ccac.ca/Documents/Standards/Guidelines/Euthanasia.pdf

	Introduction
	Materials and Methods 
	Animals and experimental groups
	Tumor induction
	TDC cell characterization
	Flow cytometry 
	Statistical analysis

	Results
	TDC cells predominate in healthy and tumor-induced 4T1 mouse lymph nodes
	The tissue microenvironment determines the immunosuppressive phenotype of TDC cells in the 4T1 cell-induced tumor group.
	Different tissue microenvironments induce the positivity of transcription factors in TDC cells
	Increased levels of proinflammatory cytokines in TDCs from different tissue microenvironments

	Discussion
	Conclusions
	Acknowledments
	Conflict of Interest
	References

