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ARTICLE INFO ABSTRACT
Received: & August 10, 2020 We have previously observed that treatment of both human and murine dendritic
Published: E2 August 18, 2020 cells (DCs) treated with ultra-low doses of the antitumor agent 5- fluorouracil (5-FU)

improves their maturation/activation and increases the antigen presentation activity.
Thus, the present study was designed to evaluate whether the modulatory effects of low
Citation: Marcela R de C, Suzanne Os-  concentration of 5- FU combined with DC-based vaccine also occurs in vivo using the
trand-R, Pedro Vand Ramon K. Low Dose Of  experimental model of murine colorectal cancer MC-38 cells. Tumor-bearing C57BL/6
5-Fluorouracil Combined with A Dendritic  mice were subcutaneously inoculated with syngeneic MC-38 cells and ten days later we
Cell Vaccine Delays the Growth of Colorec-  started to treat them twice a week with a DC vaccine plus 5-FU. Thirty days after tumor
tal Cancer in Mice. Biomed ] Sci & Tech Res  implantation, the tumors were evaluated for the infiltration of MDSC and T cell subsets.
29(4)-2020. BJSTR. MS.ID.004826. Combination of DC vaccine with a low dose of 5-FU induced tumor regression in 77%
of the animals, while progressed in all other control groups. Combinatory therapy also
reduced the number of circulating MDSC in comparison with non-treated animals. Our
results indicate that low dose 5-FU enhances the therapeutic efficacy of DC vaccine.
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Short Communication

cells exposed to low concentrations of 5-FU, show increased ability
Colorectal Cancer (CRC) ranks the 3rd most frequent type of ) ) . .
to stimulate lymphoproliferation. Similarly, the pre-treatment of
cancer in many developed countries, with estimated 147,950 new
cases and 53,200 deaths in 2020 [1]. The standard treatment has

been 5-Fluorouracil (5-FU) therapy alone or combined with other

tumor cells with low concentrations of paclitaxel, increases their
immunogenicity, facilitating the generation of specific cytotoxic

T lymphocytes [8]. The generation of a T cell antitumor response

drugs, while combination with immunotherapies have also been is highly dependent on the role of DCs and we also have observed

d [2,3]. The potential role of the i tem in limiting th e . .
used [2,3]. The potential role of the immune system in limiting the that sensitization of human DCs with tumor lysate is enhanced by
progression of colorectal cancer (CRC) is supported by the finding
that patients with CRC who have high numbers of NK, CD4+ and

CD8+ T cells in their peripheral blood or tumor tissue have higher

previous incubation with low concentration of paclitaxel [9]. In
addition, we have recently observed that treatment of tumor cells

with low concentration of 5-FU in association with pharmacological

survival rates compared with patients with lower numbers of . . ,
blockage of autophagy, is able to improve tumor lisates to enhance

th 1ls [4,5]. W iously ob d that both h 6] and
ese cells [4,5]. We previously observed that both human [6] an DC activity to both improve the potential T cell responsiveness and

murine Dendritic Cells (DC) [7] sensitized with the lisate of tumor
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the specific antitumor response [10]. Then, we were stimulated to
investigate the feasibility of in vivo handling of antitumor resistance,
combining low dose 5-FU therapy with DC-vaccine.

For the in vitro generation of DC, bone marrow was collected
from the tibia and femurs of healthy C57BL/6 male mice.
Erythrocytes were lysed with Gey’s hemolytic solution and T and B
lymphocytes were depleted with anti-CD4, CD8 and B220 magnetic
beads (Miltenyi, Inc.). Resulting cells were cultured in complete
culture medium supplemented with 80 mg/ml of both murine
recombinant GM-CSF and IL-4 at 37°Cina 5% CO2 incubator. After 3
days, non-adherent and loosely adherent cells were harvested, split
into 6- well culture plates and also cultured with complete culture
medium supplemented with both cytokines. Three days later DC
were loaded with tumor cell lysates (100 pg protein/106 cells)
and harvested 24 h later. Control DC were cultured without MC38
lysate and referred as “DC” and those cultured with MC38 lysate
are referred to as “VAX”. Both VAX and DC preparations contained

CD11c+ cells that expressed CD40, CD86, and MHC class II. These
markers were slightly increased in VAX. Macrophages accounted for
~10% of the total cells.

C57BL/6 mice were s c inoculated in the back with MC-38 cells
on day 0 and treated with either PBS, DC or VAX on day 10th and
17th after tumor inoculation. Animals receiving VAX or DC were
also treated with a low dose of 5-FU (20pg/animal) plus folic acid
(1,8mg/animal) twice a week during 3 weeks. Mice were bled on
days 0 and 30, when the animals were euthanized. We observed
that 5-FU-VAX combination resulted in significantly reduced tumor
growth as compared to PBS-treatment (p<0.01). Treatments with
unstimulated DC, VAX or 5-FU alone resulted in intermediate profile
of tumor progression (Figure 1). Despite the discrete improvement
on the maturation of lysate-loaded DC it is interesting that the
combined administration of 5-FU and vaccine delayed the tumor
growth by 70% of the tumor mass.

Tumor growth
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Figure 1: C57BL/6 mice were inoculated s.c. with MC38 tumor cells and treated with 5-FU, VAX (tumor lysate-loaded DC), DC
(unstimulated DC), 5-FU+VAX), or PBS. Mice were monitored weekly for tumor progression and received 5-FU twice a week.
Data were analyzed by ANOVA and Tukey-Kramer Multiple Comparisons Test. a#b; p<0.01. N=6.
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A.  Combinatory therapy reduces the levels of circulating MDSC and

B.  Tregs
C. But does not alter CD4 or

D. CD8T cells levels. Tumor-bearing mice were bled on days 0 and 30 and the circulating leukocytes tested for the percent
of MDSC (CD11b+Gr1+), Th (CD3+CD4+), Tc (CD3+CD8+), and Treg (CD3+/CD4+/CD25+/FOXP3+). Statistical analysis
made by Dunn and Kruskal-Wallis Test. Data represents the median of two independent experiments; p<0.05; N=6.
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DC vaccines can be hindered by tumor-induced regulatory
cytokines and immune suppressive cells that create an anti-
inflammatory microenvironment [10]. In order to evaluate whether
the combinatory therapy altered either pro-tumor or anti-tumor
immune cells, circulating leukocytes were obtained at the day
zero and at the 30th day of tumor development, and analyzed by
flow cytometry for the expression of markers of myeloid- derived
suppressor cells (MDSC; Gr1+CD11b+), T regulatory cells (Tregs,
CD3+CD4+CD15+Foxp3+), CD4+ T cells (CD3+CD4+), and CD8+
T cells (CD3+CD8+). We observed that the levels of circulating
CD11b+/Grl+ cells increased as tumor progressed (Figure 2A),
however, lowest MDSC levels were found in mice treated with the
combination of 5-FU and VAX. Interestingly the highest levels of
MDSC were observed in mice treated with 5-FU alone. Combinatory
therapy also resulted in the lowest levels of circulating Tregs while
treatment with VAX alone induced the highest levels of Tregs
(Figure 2B). Levels of CD4+ and CD8+ T cells were not changed by
none of the treatments tested in this study (Figure 2C & 2D).

Immunocompetent cells migration and homing is dependent
on the expression of L- selectin (CD62L) by leukocytes. L-selectin
actively take part in the T cell homing at lymphoid organs and
infiltration into the tumor site [11] so that effector and memory cells
differentially express CD62L [12]. Interestingly, both the treatment
with 5-FU alone and its combination with 5-FU+VAX increased
the percent of CD8+CD62L+ spleen cells (Figure 3). Diverse cells
in solid tumors contribute to modulate tumor microenvironment
and facilitate tumor progression or regression. Analysis of tumor-
infiltrating cells by flow cytometry showed the presence of CD4+
and CD8+ cells, as well as a small proportion of Treg (Figures 4A-
4C). Treatment with 5-FU and 5-FU-VAX slightly increased the
numbers of both CD4 and CD8 lymphocytes. Effective antitumor
responsiveness involves migration of immunocompetents cells for
the lymphoid organs and further migration of effector memory T
lymphocytes to the tumor site. Such migration and cell homing are
dependent on the expression of L-selectin (CD62L) by leukocytes
that promotes extravasation from blood to lymphoid organs
through the high endothelial vascular cells (HEV) [11,13].
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Figure 3: Therapy does not alter spleen content of CD4, CDS, or Tregs, but 5-FU monotherapy and combination therapy
increase the level of CD8+CD62L+ cells in the spleen. Mice were euthanized on day 30 and the splenocytes assayed by flow
cytometry for CD4, CD8, Foxp3 Statistical analysis made by Dunn and Kruskal-Wallis Test, , a#b; p<0.05.N=6.
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A.  Phenotype of tumor-infiltrating cells showing the T lymphocytes subsets CD4+T , CD8+T and Treg cells.

B.  CD8+ T cells expressing L-selectin (CD62L).

C.  MDSC and macrophages. Comparison among all groups on 30th day of experiment. Statistical analysis made by Dunn

and Kruskal-Wallis Test, N=6.
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On the other hand, L-selectin also take part in the infiltration
of effector memory cells into the tumor site. Here, we observed
that expression of L-selectin on CD8+ cells from 5-FU+VAX group
is higher than in both DC and VAX groups suggesting that the
combination 5-FU+VAX enhances the homing of T cells to lymphoid
organs and tumor sites. According to Chao et al, [14] and Raffler
et al, [12] murine CD8+ cells stimulated with anti-CD3 antibody
presented initial loss of surface L-selectin due to cleavage and all
cells became L- selectinlow/negative some days later. Activated cells
rapidly divide and differentiate into L- selectinlow/positive effector
memory cells that migrate to inflammatory sites. After that, most T
cells undergo apoptosis but some of them evolve into memory cells.
Besides that, 5-FU at maximum dose, shows to be contradictory
into its ability to favor the immune system and effectively helps
downregulating tumor growth [15], suggesting low doses as a good
alternative for cancer treatment.

We observed that the numbers of CD4+ and CD8+ circulating
cells decreased as the tumor growth, while MDSC increased. Murine
MDSC are described as CD11b+/Gr1+ cells, that are hypothesized to
originate in the bone marrow of tumor bearing mice [16,17]. These
cells populate the blood and peripheral lymphoid organs during
the tumor growth and enter the tumor site where they play an
immunomodulatory/immunosuppressive role [16,18]. Tongu et al.
[19] observed that combination of low doses of cyclophosphamide
and gemcitabine suppressed growing of CT26 colon cancer cells in
Balb/c mice. This treatment decreased the percentages of tumor-
infiltrating Gr-1high/CD11b+ MDSCs. In accordance with these
results, depletion of this population prevents tumor growth in
murine models [20]. In our study, contrasting with the findings
in peripheral blood, analysis of tumor infiltrating cells showed
that both 5-FU and 5-FU+VAX groups have similarly high levels
of MDSC. This increased frequency suggests they would have
infiltrate the tumor site to induce local modulation, even though the
combinatory treatment had delayed the tumor growth. Presence
of immuneregulatory elements at the tumor sites, such as FoxP3+
T cells (Tregs) is closely associated with lower survival, while
intratumor CD8+ cytotoxic T cells have favorable clinical outcomes
in diverse cancers [21].

Therefore, our results show that combinatory therapy in
C57BIl/6 mice was able to delay the tumor growth avoiding the
expansion of MDSC cells and increasing CD62L expression on CD8+
cells. We suggest that immunomodulation with 5-FU can enhance
an in vivo tumor-specific immune response against MC-38 response
and the association with DC vaccine improves the communication
between cells against tumor growth by both activating a T cell-
mediated antitumor response and inhibiting immunossupressive
cells.
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