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Abstract 

Colorectal cancer (CRC) is the second most commonly diagnosed cancer in women and the third in men 
in North America and Europe. CRC is associated with inflammatory responses in which intestinal 
pathology is caused by different cell populations including a T cell dysregulation that concludes in an 
imbalance between activated T (Tact) and regulatory T (Treg) cells. Treg cells are CD4+Foxp3+ cells that 
actively suppress pathological and physiological immune responses, contributing to the maintenance of 
immune homeostasis. A tumor-promoting function for Treg cells has been suggested in CRC, but the 
kinetics of Treg cells during CRC development are poorly known. Therefore, using a mouse model of 
colitis-associated colon cancer (CAC) induced by azoxymethane and dextran sodium sulfate, we 
observed the dynamic and differential kinetics of Treg cells in blood, spleen and mesenteric lymph nodes 
(MLNs) as CAC progresses, highlighting a significant reduction in Treg cells in blood and spleen during 
early CAC development, whereas increasing percentages of Treg cells were detected in late stages in 
MLNs. Interestingly, when Treg cells were decreased, Tact cells were increased and vice versa. Treg cells 
from late stages of CAC displayed an activated phenotype by expressing PD1, CD127 and Tim-3, 
suggesting an increased suppressive capacity. Suppression assays showed that T-CD4+ and T-CD8+ cells 
were suppressed more efficiently by MLN Treg cells from CAC animals. Finally, an antibody-mediated 
reduction in Treg cells during early CAC development resulted in a better prognostic value, because 
animals showed a reduction in tumor progression associated with an increased percentage of activated 
CD4+CD25+Foxp3- and CD8+CD25+ T cells in MLNs, suggesting that Treg cells suppress T cell activation 
at early steps during CAC development. 
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Introduction 
Colorectal cancer (CRC) is one of the most 

common and deadly cancers in the world [1] and is 
also globally the second most common cancer in 
women and the third in men. The incidence rates are 
higher in developed countries than in developing 

countries, but the mortality rate is higher in the latter 
[2-6]. Approximately, one million new cases of CRC 
emerge per year with more than half a million deaths 
annually [7]. There is clearly a role for both genetic 
and epigenetic alterations underlying the 
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development of CRC [8-10], contributing to the 
formation of immunogenic tumor-specific and 
tumor-associated antigens [11]. These tumor antigens 
allow for the identification and elimination of CRC 
cells by cells of the immune response [7, 12]. 
However, some self-regulation immunological 
mechanisms play a role in the avoidance of efficient 
tumor elimination, inducing immunosuppression. 
Examples for immunosuppressive cells are 
tumor-associated macrophages (TAMs), 
myeloid-derived suppressor cells (MDSCs) and 
regulatory T (Treg) cells, which foster tumor 
progression and the formation of metastases [2, 13]  

Treg cells are CD4+ T lymphocytes having a 
major role in the immunological self-tolerance and 
immune homeostasis  during pathological and 
physiological immune responses [14]. Treg cells 
constitutively express the transcription factor Foxp3, 
which is required during their development and for 
their suppressive function [15, 16].  They also express 
constitutively some molecules associated with T cell 
activation: CD25, CTLA-4, GITR and LAG-3 [17]. 
Some mechanisms of suppression used by Treg cells 
have been described, which include: modulation of 
the expression of costimulatory molecules, secretion 
of immunosuppressive cytokines, IL-2 deprivation, 
induction of tryptophan catabolism and cytotoxicity 
[18].   

In recent years, understanding the role that the 
immune response plays during CRC development has 
been a growing research of interest [19, 20], given that 
it is a clear example about how inflammation 
influences the onset of this type of cancer [21, 22]. 
Different studies have noted a deleterious role for 
inflammatory responses where IL-17 as well as STAT6 
appear to be implicated [23, 24], but 
anti-inflammatory cells such as TAMs and MDSCs 
also appear to play a negative role in CRC 
development [13, 25]. Indeed, a tumor-promoting role 
for Treg cells during CRC has recently been described, 
and the ablation of Treg cells can evoke antitumor 
responses [26]. However, such ablation early in 
disease development results in an exacerbated 
inflammatory response with fatal consequences for 
the host. The timing of Treg cell ablation is therefore 
critical. In other studies on different types of cancer, 
the role of Tregs remains controversial [27-29]. In 
contrast, in a model of CRC using APCMin/+ mice, the 
depletion of Treg cells was shown to increase the 
accumulation of conventional T cells in intestinal 
tumors [30] However, in these background and 
pioneer papers, the experimental design was only 
focused on the final phase of CRC  and excluded the 
possible role for Treg cells during CRC development. 
In the other hand, the use of monoclonal antibodies 

against some immune-regulatory molecules has been 
tested [31]; for example, blocking of the PD-1 pathway 
has been demonstrated to induce a limited 
improvement in patients with CRC [32].Therefore, 
targeting Treg cells could be a possible anti-tumor 
immunotherapy. 

In the present work, we analyzed the kinetics of 
the recruitment of Treg cells as well as the kinetics of 
activated T cells (Tact) in spleen, mesenteric lymph 
nodes (MLN) and blood during the development of 
CRC by  using a mouse model of colitis-associated 
colon cancer (CAC) induced by azoxymethane (AOM) 
and dextran sodium sulfate (DSS). Our data indicate 
that as CAC progressed, the percentage of Treg cells 
increased in MLN and spleen and became more 
suppressive, whereas the inflammatory response was 
ablated. When Treg depletion was performed early 
during CAC development, an improvement in CD4+ 
and CD8+ T cell activation was observed, which was 
associated with a reduction in tumor numbers 
without side effects on the host.  

Materials and methods   
Mice 

Eight-ten-week-old female Foxp3EGFP knock-in 
female BALB/c mice (C.Cg-Foxp3tm2Tch/J, The Jackson 
Laboratory) were bred in our animal house and 
maintained in microisolator cages according to 
institutional guidelines.   

CRC induction and sacrifice days 
 Foxp3EGFP mice were treated to induce CAC as 

described [33]. Briefly, mice were injected with 
azoxymethane at 12.5 mg per kg of weight. Then, 7, 
29, and 51 days after AOM injection, 2% dextran 
sodium sulfate was added to the drinking water for a 
duration of 7 days. Animals were sacrificed at 15, 37 
and 73 days after AOM injection. 

Immunofluorescence and flow cytometry 
Splenocytes, blood and mesenteric nodules 

(MLNs) (107 cells/ml) were incubated (30 min, 4°C, 
darkness) with the indicated mAbs in FACS Sheath 
(Becton Dikinson®). Cells were washed once, 
resuspended in FACS Sheath (BD®) and analyzed by 
flow cytometry using a FACSAria Fusion (BD®) or 
Attune NxT (ThermoFisher®) cytometer. A detailed 
analysis of each experiment is indicated in the figure 
legends. Five thousand gated events were captured 
and analyzed. Data were analyzed using the FlowJo 
software V X (Tree Star). 

Monoclonal antibodies (mAbs) 
The following fluorochrome-conjugated mAbs 

were used: anti-CD4-Pacific Blue, or -APC (GK1.5), 
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anti-CD8-Brilliant Violet 605 (53-6.7), anti-CD25- 
APC/Cy7 (PC61), anti-CD127-PE/Cy7 (A7R34), 
anti-CD279 (PD-1)-PE and anti-CD366 (TIM-3)-APC 
(B8.2C12) from Biolegend.  

Histology 
 Colon tissue samples were collected, set in 

absolute ethanol, and later processed and embedded 
in paraffin for histopathological analysis. Then, 
5-µm-thick sections were stained with hematoxylin 
and eosin (H&E), and inflammatory changes were 
evaluated in 5 sections from each sample. Three 
samples of each experimental group from 3 different 
experiments were analyzed.   

Quantification of cytokines in the supernatant 
For quantification of cytokines in the 

supernatant, splenocytes or MLN cells (1x105 
cells/ml) were incubated with the anti-CD3 antibody 
(5 µg/ml) in complete RPMI medium in each well of a 
96-well plate (Costar) in a humidified atmosphere 
containing 5% CO2 in air at 37°C. At 48 hours, the 
supernatants were harvested and stored at -20°C until 
required for analyses. Cytokines were quantified 
using LEGENDplex™ Mouse Th17 Panel 
(Biolegend®) following the instructions provided by 
the manufacturer.  

RT-PCR assay for the determination of 
cytokine gene expression in the colon 

Colons from different groups of mice were 
obtained and processed for RT-PCR as previously 
described [30]. The RNA was purified using a 
PureLink™ RNA Mini Kit (ThermoFisher) following 
the manufacturer’s instructions. The cDNA was 
amplified using SuperScript™ First-Strand Synthesis 
System for RT-PCR (Invitrogen) for IL-7, TGF-β and 
IL-2-specific primers as described [34]. The gene 
expression was normalized to the expression of a 
reference gene (GAPDH) as described [34]. The 
primers used to amplify the genes were as follows: for 
IL-2, IL-2-F (AGCAGCACCTGGAGCAGCTG) and 
IL-2-R (GTCCACCACAGTTGCTGACT); for IL-7, 
IL-7-F (GCCTGTCACATCATCTGAGTGCC) and 
IL-7-R (CAGGAGGCATCCAGGAACTTCTG); for 
TGF-β,  TGF-β-F (GCCCTTCCTGCTCCTCAT) and 
TGF-β-R (TTGGCATGGTAGCCCTTG); and for 
GAPDH, GAPDH-F (CTCATGACCACAGTCCATG 
C) and GAPDH-R (CACATTGGGGGTAGGAACAC) 
(Sigma). 

Purification of Treg cells and suppression 
assays 

 CD4+ cells from splenocytes of healthy or CAC 
Foxp3EGFP mice were first enriched by positive 

selection using anti-CD4 microbeads by MACS, 
following the instructions provided by the 
manufacturer (Milteny Biotec). CD4+ T cells were 
sorted in a FACSaria Fusion cytometer (Beckton 
Dickinson), and the CD4+ EGFP+ cells (CD4+Foxp3+) 
and CD4+EGFP- cells (CD4+Foxp3-) were obtained. 
The purity of CD4+Foxp3+ (Treg) cells was ≥ 95%. 
Treg CD4+EGFP+ cells were incubated in complete 
RPMI medium in each well of a 96-well plate (Costar) 
with anti-CD3 antibody (5 µg/ml) in a 1:1, 1:3, 1:5 and 
1:10 ratio of splenocytes from healthy mice in a 
humidified atmosphere containing 5% CO2 in air at 
37°C. Splenocytes used as suppressed cells were 
stained with Cell Trace Violet ™ (ThermoFisher®) 
following the manufacturer’s instructions. After 72 
hours of incubation, cells were harvested, stained for 
CD4 and CD8 molecules, and immediately analyzed 
by flow cytometry. 

Anti-CD25 antibody injection 
PC61 Hybridoma (ATCC TIB-222) secreting rat 

IgG1 against murine IL-2α chain receptor was grown 
in CD Hybridoma medium (GIBCO) supplemented 
with 4% L-glutamine. Monoclonal antibodies (mAbs) 
were purified from hybridoma culture supernatants 
by ammonium sulfate (45%) precipitation. After 
dialysis against PBS for 2 days, the antibody 
concentration was quantified by spectrophotometry at 
280 nm. Antibodies were stored at -20°C until they 
were used [35]. Then, 200 µg PC61 antibody was 
intraperitoneally injected into mice 37 days after 
AOM injection. 

Statistical analysis 
Statistical differences between groups were 

determined by One-Way ANOVA with Tukey’s 
Multiple Comparison test. All statistical analyses 
were performed using PRISM 5 software (GraphPad). 

Results 
 Induction of CAC in BALB/c Foxp3EGFP mice 

A tumor-promoting role for Treg cells during 
CAC was previously described [26]. Since we are 
interested in understanding the role of Treg cells 
during CAC development, we treated Foxp3EGFP mice 
with AOM and 3 DSS cycles, as described in the 
material and methods. First, we observed differences 
in weight. Animals under CAC treatment exhibited a 
reduction in weight at the end of every DSS cycle (Fig. 
1A), which was remarkable until 10 weeks. Foxp3EGFP 
mice showed a reduction in the colon length at each 
DSS cycle (Fig. 1B and D). Additionally, they showed 
increased tumor numbers mainly after the third 
round of DSS (Fig. 1C and D). Histological analyses 
by H&E staining showed that CAC-induced mice 
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showed increased inflammatory infiltrate with a 
severe destruction of intestinal muscle and mucosa 
(Fig. 1E). These results demonstrate a progressive 
development of CAC in every DSS cycle, which 
concludes in the formation of tumors and a reduction 
in the length of the colon, being a hallmark for 
colorectal cancer. Thus, Foxp3EGFP mice are as 
susceptible to develop CAC as regular BALB/c mice. 

Different kinetics of Treg cells in blood, spleen 
and MLNs during CAC  

Next, we analyzed the kinetics of Treg cells at 15, 
37 and 73 days (at the end of each DSS cycle) after 
AOM injection by flow cytometry during the 
development of CAC. We first observed a significant 
decrease in the percentage of Treg cells at the first DSS 
cycle in the blood and spleen but not in MLNs (Fig. 
2A and B). During the second DSS cycle, there was no 
difference in the percentage of Treg cells in the blood 
or spleen of control animals, but a slightly increased 
percentage in MLNs was observed (Fig. 2A and B). 
Treg cells in the CAC-induced mice were maintained 
at a similar percentage as those in control animals in 
the blood during the third DSS cycle, but, remarkably, 
a significant increase in the percentage of Treg cells in 
the spleen and MLNs (Fig. 2A and B) was observed. 
These results showed different kinetics of Treg cells 
dependent on the site analyzed.  

The increase in Treg cells is probably the result of 
cytokines promoting their development in a specific 
site. To determine whether some critical cytokines 
such as IL-7, TGF-β and IL-2, which are involved in 
Treg cell development and survival, were altered 
during CAC, we analyzed their gene expression in 
total colon samples by RT-PCR in both control and 
CAC-induced mice. As shown in figure 2C, the 
expression of IL-2 and IL-7 was not significantly 
different between control and CAC mice. In contrast, 
a significant increase in the transcript levels of TGF-β 
was observed in the CAC-induced mice (Fig. 2C). 

To determine whether these differential kinetics 
of the recruitment of Treg cells had an impact on the 
local immune response, we isolated spleen cells as 
well as MLN cells from naïve and CAC-induced mice 
and stimulated them with a polyclonal stimulus such 
as plate-bound anti-CD3 antibody, and we detected 
an early production of several inflammatory 
cytokines in the splenocytes of CAC-induced mice, 
with higher levels of IFN-γ, TNF-α, IL-17, IL-6 and 
IL-22 during the first DSS cycle (Fig. 2D). As CAC 
progressed, a weaker production of these cytokines 
was displayed with a significant reduction in all of 
these cytokines at the end of the third DSS cycle, 
including a total abrogated production of IL-17, IL-6 

and IL-22. In contrast, the IL-10 production in spleen 
cell cultures displayed an inverse behavior, with low 
levels of IL-10 early in CAC induction, which 
increased as CAC progressed (Fig. 2D). Similar 
kinetics were observed with the MLN cell culture, 
where the higher levels of the same inflammatory 
cytokines dropped towards the end of the third DSS 
cycle (Fig. 2D). Similarly, the IL-10 levels were 
significantly increased at the last DSS cycle. These 
results suggest that during CAC progression, a 
modulation of the inflammatory response is caused 
by an increased suppressor immune response 
distinguished by elevated TGF-β, IL-10 and Treg cells. 

Treg cells from MLNs and the spleen display 
an activated phenotype 

Next, we searched for possible differences in the 
CD4+ and CD8+ cell population in the spleen and 
MLNs induced by CAC. We observed a reduction in 
the percentage of CD3+CD4+ and CD3+CD8+ T cells in 
the spleen and MLNs (Fig. 3A, B, F and G) in the third 
DSS cycle. To determine whether the Tregs from the 
CAC-induced mice displayed some different markers 
compared to those displayed by Tregs from the 
control mice, we analyzed the expression of some 
markers associated with activation in Treg cells. As 
shown in figure 3C and H, as CAC progressed, we 
observed a higher expression of PD-1, CD127 and 
TIM-3 on CD3+CD4+Foxp3+ cells from both the spleen 
and MLNs, which was more remarkable towards the 
end of the experiment (Fig. 3C and H). We also 
analyzed the percentage of CD3+CD4+Foxp3+ Treg 
cells expressing CD25 so that we could distinguish 
between Treg and Tact cells.  We detected an inverse 
correlation between Treg and Tact cells as CAC 
progressed, given that early in CAC induction, Tact 
cells reached 21% in the MLN (Fig. 3 D and E) and 
15% in the spleen at the same time of analysis (Fig. 3 I 
and J). However, as CAC progressed, the percentages 
of Tact cells dropped significantly until they were less 
than 10% in both the MLN and spleen (Fig. 3D, E, I 
and J). Thus, when Tact cells were increased early in 
the development of CAC, Treg cells were decreased in 
the spleen and MLNs (Fig. 3D, E, I and J), whereas the 
increased percentages of Treg cells detected during 
the second and third DSS cycles were associated with 
lower levels of Tact cells (Fig. 3D, E, I and J). When we 
evaluated the ratio of Tact:Treg cells, we confirmed 
this fact (Fig. 3E and J). These results suggest that Treg 
cells from CAC-induced mice display an activated 
phenotype that may more strongly down-modulate 
the activation of CD4+ and CD8+ T cells during CAC 
development. 
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Fig. 1. Induction of CRC in Foxp3EGFP mice. A) Percentage of weight loss. The mean weight of mice on day 0 of treatment was taken as 100% and was compared 
with the weekly weight until the end of the experiment. B) Length and C) number of tumors in the colon 73 days after AOM injection. D) Macroscopic images of the 
colon length and number of tumors 73 days after AOM injection (arrows are pointing the tumors). E) Hematoxylin and eosin staining of the colon to investigate the 
morphology of healthy and CAC-induced mice 73 days after AOM injection. Total data (A, B, C) and representative (D and E) of 2 different experiments with at least 
3 mice per group per day of the analysis. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; one-way ANOVA and Tukey’s multiple comparison test. 

 

 
Fig. 2. Different kinetics of Treg cells in blood, spleen and MLNs during CAC development. At 15, 37 and 73 days after AOM injection, Treg cells were 
analyzed, shown in a A) representative dot plot, in B) total blood, spleen and MLN from Foxp3EGFP mice. The lymphocyte region was first defined by FSC and SSC 
characteristics and further subgated based on CD3 and CD4 expression. Five thousand events from either subgate were captured. C) Representative (IL-2, IL-7 and 
TGF-β) and total (TGF-β) RT-PCR data from colon samples. D) 1x105 spleen and MLN cells were stimulated with α-CD3 for 48 hours to analyze the expression of 
IFN-γ, TNF-α, IL-6, IL-10, IL-17A and IL-22 cytokines using Th17 LEGENDPlex (Biolegend). Data from 2 different experiments with at least 3 mice per group per day 
of the analysis. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; one-way ANOVA and Tukey’s multiple comparison test. 
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Fig. 3. Treg cells from the MLN and spleen display an activated phenotype. At 15, 37 and 73 days after AOM injection, CD4+, CD8+ (A-B MLN, F-G 
spleen) and Treg cells were analyzed for PD-1, TIM-3 and CD127 expression in the MLN (C) and spleen (H). CD3+CD4+Foxp3+ was the gate for C and H. 
Representative (left) and total (right) data. Additionally, the Treg and Tact percentages were analyzed in the MLN (D, E) and spleen (I, J). Ratio of Treg cells (3E right) 
was calculated from data obtained from figure 3E left. The lymphocyte region was first defined by FSC and SSC characteristics and further subgated based on CD3 and 
CD4 or CD8 expression. Five thousand events from either subgate were captured. Data from 2 different experiments with at least 3 mice per group per day of the 
analysis. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; one-way ANOVA and Tukey’s multiple comparison test. 

 

Treg cells from CAC-induced mice display an 
increased suppressive capacity over T-CD4+ 
and T-CD8+ cells 

Given that the expression of PD1, CD127 and 
TIM-3 on Treg cells has been associated with a higher 
suppressive activity [36-40], we decided to evaluate 
whether Treg cells isolated from the late stage of CAC 
development may show a different suppressive 
capacity. We evaluated the suppressive capacity of 
Tregs sorted from splenocytes from healthy and 
CAC-induced mice over naïve splenocytes stimulated 
with α-CD3, which were exposed to different ratios of 
Treg cells. When total splenocytes were stimulated 
with α-CD3, they proliferated strongly as expected 
(Fig. 4A, B, C and D). When Treg cells came from 
healthy mice and the Treg:splenocytes ratio was 
diluted, we observed a higher proliferative capacity of 
CD4+ and CD8+ cells (Fig. 4A, B, C and D). However, 
CAC-derived Treg cells strongly inhibited the 
proliferative capacity of CD4+ cells but mainly CD8+ 
cells from both the MLN and spleen (Fig. 4A, B and 
C). These results confirm that Treg cells from 
CAC-induced mice have an increased suppressive 
capacity over CD4+ and CD8+ T cells with a more 
remarkable effect on CD8+ T cells. 

Injection of the α-CD25 antibody during the 
second DSS cycle impacts Treg and not Tact 
cells 

Because we observed an inverse correlation 
between Tact and Treg cells such that when Treg cells 
were increased, Tact cells were decreased and vice 
versa (Fig. 3D, E, I and J), and we also observed an 
increased suppressive capacity of Treg cells from 
CAC-induced mice in vitro, we inferred that the 
increased percentage of Treg cells may modulate both 
CD4+ and CD8+ cells in vivo. For this reason, we 
focused on reducing the percentage of Treg cells 
during CAC development. The injection of the 
anti-CD25 antibody PC61 has been largely used as a 
mechanism to deplete Treg cells in vivo; however, it 
has some disadvantages, as it can eliminate Tact cells 
as well as Treg cells [35]. However, on the basis that 
Tact cells only increase transiently after the first DSS 
cycle (Fig. 3D, E, I and J), we decided to perform an 
intraperitoneal injection of 200 µg anti-CD25 PC61 
before the second DSS cycle (Fig. 5A) and analyzed 
the percentage of Treg cells and the reduction in Tact 
in the blood. We found that Treg cells in 
CAC-induced mice receiving PC61 antibody were 
reduced by 50.19±3.78% at 3 days after injection and 
57.7±7.20% at 7 days after injection (Fig. 5A and D) 
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compared to that in the untreated mice. However, we 
observed only a 14.58±12.08% reduction in Treg cells 
12 days after PC61 injection (Fig. 5A and D). We 
previously reported that the depletion of Treg cells 
with 200 µg PC61 is transient, and the reduction of 
Treg cells lasts approximately 14 days [41]. We only 
observed a slight decrease in the percentage of Tact 
cells 3 and 7 days after PC61 injection, but 
surprisingly, we found a significant increase in Tact 
cells 12 days after PC61 injection (Fig. 5B and C). 
These results suggest that Treg cells from 
CAC-induced mice prevent an increased percentage 
of Tact CD4+CD25+Foxp3- cells. We did not need to 
inject more PC61 antibody at the third DSS cycle 
because the levels of Tact cells remained high (data 
not shown), and if we injected PC61 at this time, a 
major depletion of Tact and no Treg cells would 
probably be observed.  

Early reduction in Treg cells with the 
anti-CD25 antibody in CAC-induced mice 
increases the percentage of CD8+CD25+ cells 

Finally, we analyzed whether PC61 injection had 
an effect on the health of CAC-induced mice at the 
end of the third DSS cycle. We observed that 
CAC-induced mice that received the PC61 antibody 
showed a less pronounced reduction in colon length, 
and had significantly fewer tumors than the untreated 
mice (Fig. 6A, B and C). Additionally, by H&E 
staining, we observed an increased inflammatory 
infiltrate in the colon but only in the mucosa and the 
villi but not in the intestinal muscle in CAC-induced 
mice injected with the PC61 antibody (Fig. 6D). 
Injection of the PC61 antibody decreased the presence 
of Treg cells in the colon (Fig. 6E). Furthermore, the 
Treg cell depletion induced by PC61 increased the 
percentages of T-CD4+ and T-CD8+ cells in the MLNs 
of CAC-induced mice (Fig. 6D). Moreover, a higher 
expression of CD25 in CD8+ T cells was observed in 
CAC-induced mice treated with PC61 (Fig. 6E). These 
results confirm that Treg cells play a role in the 
modulation of T-CD4+ and T-CD8+ cells and that the 
reduction in Treg cells is vital during CAC. 

Discussion 
Treg cells have largely been known to be able to 

down-modulate immune responses during different 
diseases or infections [42, 43]; however, the kinetics by 
which this population appears is much less known. 
Moreover, the mechanism by which these cells 
become more suppressive in different pathologies 
such as cancer is still mainly unknown. In the present 
study, we investigated the kinetics and the role of 
Treg cells during the development of colorectal 
cancer. Notwithstanding that a tumor-promoting 

function for Treg cells during CRC had been 
demonstrated in previous studies [26], here, we found 
that during CAC development there are several 
conditions favoring an increased percentage of Treg 
cells, which is reflected in the formation of tumors. 

Our data show that in each site analyzed, there 
was a different kinetic of Treg cell recruitment and 
activation. Interestingly, in the MLNs, which are 
located near to the colon where the tumors develop, 
there was no reduction in the Treg cell percentage 
during the first DSS cycle, and there was an 
outstanding increase in Treg cells during the second 
and third cycles. A tumor-promoting function for 
Treg cells during CAC had been demonstrated, where 
the complete ablation of Treg cells using the DEREG 
model was shown to result in a reduction of the 
number of tumors during CAC, but these animals 
died around the third DSS cycle due to an exacerbated 
intestinal inflammation [26]. Our data showed similar 
results; however, importantly, in our experiments 
using the PC61 antibody, the animals did not die or 
show any sign of sickness. This result is probably the 
consequence of a limited reduction (approximately 
50%) of Treg cells during the second DSS cycle 
followed by a Treg cell percentage similar to that in 
healthy mice. The use of monoclonal antibodies 
against different regulatory molecules or cytokines 
has been widely used in patients over the last few 
years with some success in different pathologies; for 
example, recently, the use of monoclonal antibodies as 
an early treatment during CRC has been reported [44]. 
Pembrolizumab, a monoclonal antibody directed 
against PD-1, has been used in mismatch-repair 
deficiency in CRC patients [45]. Also some 
combination of treatment included monoclonal 
antibodies directed against CTLA-4, PD-1 and PDL-1 
has been reported [44].Thus, it is possible that we 
could have a better chance to treat CRC in humans by 
reducing Treg cells instead a complete ablation of 
them. We are aware about the difficulties to deplete 
specifically Treg cells in humans, because activated T 
cells can also express Foxp3 [46]; as well Treg cells 
may express some activation markers shared with 
Tact cells, including CD25. Despite these 
disadvantages, we hope that future research will 
clarify the real possibility or not to use monoclonal 
antibodies or combined therapy to eliminate or reduce 
Treg cells in humans in order to analyze their impact 
on colon cancer. 

Part of our data confirms previous work 
published in the literature, where Treg cells from mice 
with CAC have an activated phenotype [26, 30]. 
However, our data demonstrate that the activation 
phenotype is gradual and dependent on each DSS 
cycle or the chronicity of the inflammatory stimulus. 
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Our data showed a gradual increase in the expression 
of PD-1, TIM-3 and CD127 molecules during CAC. 
PD-1 expressed on Treg cells has been demonstrated 
to favor the promotion of Treg cell development and 
function, inhibiting pathogenic self-reactive T cells 
[47]. Most likely, this is one of the causes for an 
increased percentage of CD8+ cells given the 
reduction in Treg cells observed. Also, PD-1 
expression has been identified as a marker for 
induced Treg cells [48, 49]; thus, CAC development 
may promote a greater transformation of Tact cells to 
induced Treg cells. TIM-3 is an inhibitory molecule 
that has emerged as a key regulator of dysfunctional 
or exhausted T-CD8+ cells in cancer [36, 38]. However, 
intratumoral Treg cells have been demonstrated to 
express both TIM-3 and PD-1, which together induce 
a higher suppressive effect [39]. CD127 is the α chain 
for the IL-7 receptor [50]. A role for IL-7 in Treg cell 
maintenance has been demonstrated. Importantly, 
natural Treg cells only express a low level of CD127 
[40], but memory and induced Treg cells require IL-7 
and no IL-2 for their maintenance in peripheral tissues 
[51, 52]. These observations are in accordance with 
our results because we detected an increased 
suppressor capacity for CAC-induced Treg cells 
associated with an increased expression of PD-1, 
TIM-3 and CD127. However, we only observed an 
increased percentage of CD127 in Treg cells and not 
for the IL-7 gene in the colon samples. Most likely, a 

more exhaustive investigation of the IL-7 cytokine is 
necessary. 

Remarkably, the percentage of Tact cells is 
dynamic and dependent on the percentage of Treg 
cells present in the different tissues. We have already 
published some articles confirming this fact but under 
other inflammatory contexts such as infection with 
the protozoa T. gondii [34, 35, 41]. However, in such 
cases, the inflammatory process is so severe that it 
leads to death during the acute phase of the infection. 
In the case of CAC, there is a chronic inflammatory 
process modulated at an early stage by increased 
percentages of Treg cells, but this modulation is 
exacerbated and prevents the immune system cells 
from exerting their effector function on transformed 
cells. Other populations of cells of the immune system 
that have a role in modulating the immune response 
have been reported, such as TAMs with an 
anti-inflammatory profile, as well as neutrophils, 
which present surface markers that induce 
immunosuppression [2, 7, 13]. Analyzing whether 
there is a synergistic involvement between Treg cells, 
TAMs and suppressor neutrophils and determining if 
the Treg cells have a role in promoting the 
development of the other cell populations to induce a 
suppressive microenvironment or if the 
anti-inflammatory microenvironment produced by 
the presence of TAMs and suppressor neutrophils 
favors the migration and induction of Treg cells are 
crucial. 

 

 
Fig. 4. Treg cells from CAC-induced mice suppress CD4+ and CD8+ cells more efficiently. Cells were treated as described in the materials and methods. 
A, C) Representative data and B, D) total divided CD4+ and CD8+ cells stimulated with the α-CD3 antibody. The lymphocyte region was first defined by FSC and SSC 
characteristics and further subgated based on CD4 expression. Five thousand events from either subgate were captured. Data at 73 days post-AOM administration 
of 2 experiments with at least 3 mice per group per day of the analysis. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; one-way ANOVA and Tukey’s multiple comparison test. 
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Fig. 5. Injection of the PC61 antibody transiently reduces the percentage of Treg cells in CAC-induced mice. A) On the same day as the 
administration of DSS into the drinking water in the second cycle, mice were injected with 200 µg of anti-CD25 PC61 intraperitoneally. At 3, 7 and 12 days after the 
antibody injection, mice were bled to analyze the percentage of Treg and Tact cells. B) Representative data and C) total percentage of Treg (CD4+CD25+Foxp3+) and 
Tact (CD4+CD25+Foxp3-) cells. D) The reduction in Treg cells was calculated by expressing the Treg cells 3, 7, and 12 days after PC61 depletion as a percentage of 
those on day 0. The lymphocyte region was first defined by FSC and SSC characteristics and further subgated based on CD4 expression. Five thousand events from 
either subgate were captured. Data from 2 experiments with at least 3 mice per group per day of the analysis. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; one-way ANOVA 
and Tukey’s multiple comparison test. 

 

 
Fig. 6. Injection of the PC61 antibody decreases the tumor number by the increased percentage of CD4+ and CD8+ cells during CAC. Mice that 
were treated as described in figure 5 were sacrificed 73 days after administration of AOM. A) Representative data of the colon morphology of the different groups. 
Total data of the B) length of the colon and C) number of tumors in the different groups. D) H&E histology to detect morphological changes in the different groups. 
E) Confocal immunofluorescence of the different groups showing the expression of green fluorescent protein in the cells (Tregs) from the colon tissue. F) 
Representative dot plot data and G) total percentage of CD4+ and CD8+ T cells and CD8+CD25+ T cells from the MLN of the different experimental groups. The 
lymphocyte region was first defined by FSC and SSC characteristics and further subgated based on CD3 and CD4 expression. Five thousand events from either 
subgate were captured. Data from 2 experiments with at least 3 mice per group per day of the analysis. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001; one-way ANOVA and 
Tukey’s multiple comparison test. 
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Finally, our suppression assays demonstrated 
that Treg cells isolated from MLNs of CAC-induced 
mice more efficiently suppress CD4+ and CD8+ cells 
than Treg cells from healthy mice. These data, 
together with those obtained by reducing the 
percentage of Treg cells with the injection of the 
anti-CD25 antibody, suggest that Treg cells are clear 
suppressors of CD8+ cells. CD8 cells are a population 
that play a major role in the elimination of tumors [7, 
13, 37]; therefore, when Treg cells are reduced, CD8+ T 
cells are expected to be able to recover their role in 
reducing the number of tumors. However, in our 
experiments, we observed that CAC-induced mice 
under treatment with anti-CD25 continued having 
tumors. This may be because 200 µg of the anti-CD25 
antibody only removed approximately 50% of CD4+ 
Foxp3+ cells [35, 41]. In the literature, a different 
strategy has been used, which is the use of a 
transgenic mouse that expresses the diphtheria toxin 
receptor after the Foxp3 promoter; in these mice, up of 
90% of Treg cells are eliminated with low doses of 
diphtheria toxin [53], but, as we have discussed 
above, these experiments concluded in the death of 
the animals before the conclusion of the third cycle of 
AOM induction [17]. Perhaps, with the use of the 
anti-CD25 antibody during induction of the second 
DSS cycle, we have found a way to modulate the 
action of the Treg cells that favors a protective 
response elicited by CD4+ and CD8+ cells. 
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